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Summary  

The comparative study had the purpose to highlight the surgically manipulated 
capacity of the periosteal layer to influence bone healing. In 16 dogs, divided in two groups, 
were created tibial shaft bone defects of 2 cm, filled with homologous bone triturate and 
orthopedic set with a DCP plate. 

The DCP plate layout was made over the bone defect, uncovered with periosteum 
(group 1) and covered with periosteum (group 2). The dogs were clinically and 
radiographically evaluated every week for a two month period. The morphological recovery 
analysis was accomplished through microscopy and osteodensimetry. The obtained results 
show that the covering of the bone defects with periosteum shortens the healing period with 
about 25%. Microscopically, on the bone defects covered with periosteum it was shown an 
intense osteogenic activity of the cell layer of the periosteum, characterized through the 
presence of vascular- connective burgeons in bone tissue that will be organized, 
phenomenon not seen on the defects treated without periosteum manipulation.   

Key words: bone defects, periosteum, homologous bone triturate, dog 

 

Researches work of Frayssinet P. and Guichet J.M (1) shows that the 
destruction of both bone marrow and periosteum impairs the bone healing (2). The 
use of bone grafts increase to stimulate healing of long bone fractures that have 
failed to heal, to promote healing and to regenerate and replace bone lost. (8, 11). 

Because the literature studies regarding the bone substitutes used in dogs 
are not many (3), this study propose to evaluate the healing process in the 
presence of bone homologue triturate covered and uncovered with periosteal tissue 
for repair bone defects. 

 

Materials and methods 

The study was made on 16 dogs divided in two groups, of mixed breed, 
both sexes, with ages between 2 and 6 years and body weight between 19 and 34 
kg, placed under general anesthesia (acepromazine – ketamine – propofol - 
izofluran), The surgical approach at the tibial medial surface was classic, medial 
(10). On one tibia of each dog was made a defect of 3/1 cm, maintaining the 
periosteum integrity in the second group and removing both, periosteum and bone, 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Frayssinet%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Guichet%20JM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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in the first group. In the first group, the defect was filled with bone triturate and 
uncovered with the periosteum, in the second group the defect was filled bone 
triturate and covered with the periosteum. In both groups orthopedic fixation of the 
fracture outbreaks was made with a DCP (Dynamic Compression Plate) plate. 

The subjects were monitored intraoperatory by a standard protocol which 
include the measure at fixed time intervals (5 minutes), of the blood pressures 
(systolic, diastolic and average), the oxygen saturation of hemoglobin, the heart 
rate, the pulse rate and the respiratory rate. After the intervention, the analgesia 
was assured using Butorfanol 0.25 mg/kg b.w. administrated every 4 hours in the 
first 16 hours post-surgery. 

The post surgery observation of the dogs was made by clinical examination 
daily for 63 days. The X-ray evaluation was performed by digital radioscopy at 7 
days intervals (0, 7, 14, 21, 28, 35, 42, 49, 56, 63 days) for nine weeks. It was 
followed the density and the growth of new tissue on the defect site compared with 
the healthy bone tissue. 

In order to highlight the morphological recovery analysis of the bone tissue, 
at the end of the monitoring period, from all the dogs in both groups were taken 
biological bone samples from the defects in order to evaluate through classical 
microscopy and through osteodensimetry. 

For the microscopic exam, preparations were prepared after the technique 
presented by Igna et al. (5) and stained with Mansson and Novelli trichromic 
method. The examination was made with an optical microscope witch had 
incorporated a photo camera. 

The dual energy absorbtion (DXA) was used to measure bone mineral 
content (BMC) and bone mineral density (BMD). 

The bone samples embedded in epoxy resin were studied by determing 
the bone density with a Hologic Delphy W Elite osteodensimeter, manufactured in 
USA, using Hologic 11.1:7 program. For the results accuracy the osteodensimetric 
examination was realised twice for each sample, in logitudinal, rotational and 
vertical plan, with a piece spin of 180

o 
for a second determination. The images 

obtained were put under a pixel analysis using human lumbar spine software for 
the photonic absorption of X-rays. The scanned area (cm

2)
, mineral bone content 

(BMC)(g) and bone density (BMD, g/cm
2
), were registered for each determination. 

As a part of the quality control procedure, the sample scanning was 
repeated, only if there was a difference higher than 1 cm

2 
scanned area between 

the two scans. 

Results and discussions 

Radiographic images examination of the first group obtained in the first 28 
days of the monitoring period detected on the bone defect, a scratchy persistent 
aspect from a radio density point of view given by the material maintenance used to 
fill the defect (bone triturate). At 35 days post-surgery, the defect aspect is 
homogeneous from the defect radio density point of view. 
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It was detected a similar density of the surrounding healthy bone tissue 
after 42 days. 

A radiographic exam of subjects in group 2, reveals, starting with the 21
st
 

day post-surgery, a slightly higher radio opacity on the entire defect surface, in 
comparison with the images obtained in the first two weeks after surgery. At 28 
days the defect is filled until the normal cortical bone with a tissue that has a similar 
density with the healthy bone tissue. It can be seen a slightly periosteal reaction. At 
42 days post-surgery we can see an increased density of the new tissue all over 
the defect, the filling degree doesn‘t exceed the bone cortical, persisting the 
periosteal reaction observed at 28 days. The end of the monitoring period shows 
no changes in comparison with the one observed at 42 days. 

The radiological aspects of bone defects healing can be seen in both 
groups after 21 days post-surgery but indebted to the materials that filled the 
defects, the scratchy look is kept until 28 days post-surgery, similar aspects were 
signaled by Koivukangas (7) in rat. The radiodensity changes on the defects, bone 
healing specific can be seen at 28 days for the second group and on 35 days for 
group 1. The defect healing fits physiological limits of bone healing recorded by 
Johnson et al. (6),as well as Yuehuei et al.(14).The obtained data are similar with 
the one reported by Nienhuijs et al.(9) using the goat as an experimental model 
and Gao T.J. et al.(2),using the sheep as an experimental model.  

The osteodensimetry values at 63 days in both groups fit into 
characteristics values of healthy bone tissue, witch means a complete bone 
healing-table 1.  

 
Table 1 

Osteodensitometry values for subjects in group I and II 
Group Normal bone 

tissue(reference 
values) 

GROUP 1 
 

GROUP II
 

Subject BMC BMD BMC BMD BMC BMD 

1  
 
 

1,0-2,5 

 
 
 

<-1 

1,99 0,813 2,31 0,801 

2 2,00 0,792 2,36 0,823 

3 1,96 0,802 2,34 0,830 

4 1,98 0,771 2,33 0,867 

5 1,94 0784 2,32 0,825 

6 1,97 0,782 2,34 0,838 

7 2,02 0,792 2,37 0,843 

8 1,98 0,800 2,35 0,844 

Average values(16 
determinations 

/group) 

  1,98  
± 

 0.04 

0.792 
± 

0.021 

2,34  
± 

 0.03 

0.834 
± 

0.033 

 
Microscopic investigations in group 1 highlight Havers systems containing 

3-4 bone slides 20-24µm thickness, concentric arranged around Havers channels 
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with 70- 85µm diameter, and osteons with a 120-125 µm diameter- fig 1a. The 
bone tissue formed at the defects level, during the monitoring period has the 
features of a full-grown bone tissue with contoured Havers systems and a few 
Havers systems in training, a characteristic aspect of encondral ossification 
described by Hakimi et al.(4), in mini-pigs, also by Mata et al.(8). 
  

 
In group 2 there can be seen osteons (Havers systems) containing 2-3 

bone slides 24-26µm thickness, concentric arranged around Havers channels with 
70- 95µm diameter, with osteons in training where bone slides appear 
homogeneous and not delimited, with the presence of vascular-connective bays for 
osteogenic support-fig.1b. The well delimited Havers channels, as well as the 
osteogenic activity under the cell layer of periosteum through vascular-connective 
bays were described also by Wong (13) and Woo (12). 

Conclusions 

Bone healing, from a radiographic point of view is accomplished 7 days 
faster if defects are covered with periosteum rather that the ones uncovered. 

The bone healing under periosteum is realized under the influence of 
osteogenic activity of periosteum, the registered changes being characteristic to 
intramembranal healing. 

The healing of defects uncovered with periosteum is accomplished through 
encondral ossification supported by the bone tissue adjacent to the defect. 
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a  

 
b 

Fig. 1. Histological images (Novelli Stain: x 200)- a group 1 (subject 4) and – b 
group 2 (subject 8) 
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Summary 

 

For this study we used 10 pigs in which we performed abdominal aortic partial 
prosthesis using Darkon and PTFE prostheses. In five pigs we used Darkon prostheses, and 
in the other five subjects PTFE prostheses. The use of these prostheses was performed in 
order to certify their biocompatibility in animals, their behavior for a longer period of time (2.5 
months) and assessment of their integration. Abdominal aorta was the site of implantation, 
infrarenal portion, and the substituted portion was 3-5 cm in length. Anastomosis was 
performed with prosthetic whose lumen (diameter) was equal to that of the vessel. 
Postoperatively in four subjects it was observed a difficulty in lifting and moving but this 
condition disappeared within 12 hours of the intervention.  

There was no evidence of intolerance or adverse reactions from the animals. At 2.5 
months, after the slaughter of animals, we recorded the good behavior of the prosthesis and 
local tissue reaction. 

Key words: pigs, prostheses, abdominal aorta 

 
If vascular prostheses in human medicine are used for a long time with 

good results, in veterinary medicine they are used sporadically and in a lesser form 
of material (3). Use of vascular prostheses in veterinary medicine becomes a 
necessity in many pathological situations as: aneurysm, tumor state, septic 
processes, necrotic processes, loss of substance, etc. situation where a vessel 
segment smaller or greater must be replaced.  

Even if in the human medicine the mechanism of biological integration of 
vascular prostheses is well known, their behavior in animals is poorly understood 
(4, 5). This is why we wanted to appreciate some aspects related to time and 
anastomosis, tolerability in pigs, the presence or absence of adverse reactions and 
their behavior over time. 

Unlike other authors (1, 2) that are using polyurethane vascular 
prostheses, we used vascular prostheses made from a single element, polyester 
fibers even more since Zippela R. (6) specify their use in antigenic issue. 

 
 
 
 

mailto:aurel_muste@yahoo.com
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Material and method 

 
The investigations and observations were made on a total of 10 pigs, Large 

White breed, weighing between 35-55 kg, in which we performed abdominal aortic 
partial prosthesis using Darkon and PTFE prostheses.  

To assess tolerance and biocompatibility of prostheses in this species, we 
used different vascular prostheses: in 5 (five) animals we used braided Dacron 
vascular prostheses, and in the other 5 (five) pigs we used PTFE prosthesis both 
about 40 mm in length.  

Regarding the two prostheses we took into account that both their lumen 
and wall thickness is equivalent to that of the aorta.  

The animals were anesthetized by intubation with Isofuran and followed 
postoperative for 2.5 months. Surgical method consists in placing the animal in 
dorsal position after general anesthesia and performing laparotomy on the white 
line (fig. 1).  

 

 
Fig.1. Laparotomy on the white line 

 
By pulling away the abdominal wall the abdominal aorta is observed on a 

free and accessible portion for the surgical maneuvers (fig. 2). 
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Fig.2. Identification of abdominal aorta 

 
In our experiments we chose the infrarenal portion where the vascular 

segment is long enough for the intended purpose (fig. 3). After isolation, atraumatic 
clipping is performed with appropriate instruments, and between the forceps is cut 
off the desired segment. In our study, the segment of the aorta was between 3 and 
5 cm in length. 

 

 
Fig.3. Isolation of a portion of the abdominal aorta 

 
Darkon prostheses were treated prior to application by applying blood from 

the subject that undergone surgery. In PTFE prostheses that labor was not 
necessary. Prosthesis anastomosis with the aortic wall was performed with suture 
wire compatible with the material. Thus, in the Darkon prostheses were used 
monofilament synthetic Prolene sutures 4-0 and 6-0, while for PTFE vascular 
prostheses were used Gore-Tex sutures.  
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For anastomosis is necessary that the diameter (lumen) of vascular 
prosthesis to be identical (fig. 4) to the vessel lumen. Suture was initially applied on 
one side of the aortic graft anastomosis, and the not was positioned outside the 
lumen.  

 

 
Fig.4. Comparing the diameter of graft with the diameter of abdominal aorta  

 
Suture needle was passed from outside, through the wall of the aorta in the 

lumen of the artery, after which the back layer of the anastomosis was completed 
within the lumen (fig. 5). During the suture were included larger portions of the 
arterial wall, with parallel loops to avoid large gaps. Another aspect to be taken into 
account is that before reaching the anterior end of the anastomosis, must be fixed 
a deep lateral portion of the artery so that the needle passing through it, it remained 
outside the lumen thus realizing the anterior wall suture. The method is largely 
identical for both types of prostheses. 

 

 
Fig.5. Aortic prosthesis suture 
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After each anastomosis suture is mandatory to check the tightness of the 
graft by inserting a variable amount of 5-10 ml of heparinized saline. If the tightness 
is appropriate we open slowly the forceps thus avoiding embolism. The same 
applies to the proximal end aiming that the sutured to the aorta to be performed 
outside the lumen with immediate, small and complete suture steps, and finally to 
control the presence of arterial pulse in the distal anastomosis (fig. 6).  

 

 
Fig.6. The final aspect of the aortic prosthesis 

 
In places with limited access we recommend that the passage of the 

needle to be done separate for graft and blood vessel. 
 

Results and discussions 

 
During the prosthesis technique, both types of synthetic materials were 

ease to handle. The sutures did not cause the formation of vascular stenosis in the 
anastomosis. By choosing the appropriate prostheses diameter and thickness, 
following all the sutures steps, the prosthetic portion behave in the same way as 
the vessel after the forceps were withdrawn. During the surgical techniques the 
bleeding was minimal and had no influence in terms of hemodynamic on the 
subjects. In four of the subjects at 12 hours postoperatively there was a clear 
difficulty in getting up on hind legs and in particular to move. Also, at the ends of 
the hind limbs (pellet, pastern, half of the metatarsus) was present a stasis edema 
associated with cyanosis of the skin from this region. With adequate local and 
general treatment in the next three days, the overall condition of the subjects 
improved substantially. In this species the Dacron and PTFE vascular prostheses 
are well tolerated, which is why we have not noticed side effects, intolerance or 
postoperative complications. During performing the prosthesis attention should be 
given to the pulsatile arterial flow that must be present proximal, at the temporary 
release forceps. At 2.5 months (two and a half months) 4 subjects were 
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slaughtered for examination of prosthesis, assessment of the prosthesis and 
histological sampling. 

In terms of necropsy, the graft site was characterized by reactions in the 
form of visible fibrous conjunctive collars well consolidated, flexible and functional. 

In length, vascular prostheses were covered with reaction tissue uniformly 
distributed 1-2 mm thick, without adhesions, sometimes surrounded by omentum. 

 
Conclusions 

 
Synthetic vascular prostheses of Dacron and PTFE are an effective 

alternative to vascular defects in vascular tissue replacement.  
Postoperatively the only undesirable events are the difficulties encountered 

in lifting and moving of the hind limb caused by local ischemia during the operator 
act. 

Vascular prosthesis must have the lumen and wall thickness close to those 
of the vessel undergoing intervention, and after the anastomosis does not form 
folds. 

At the end of the experiment (2.5 months) after slaughter, the capsule 
around the implant was uniform. 
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Summary  
 

Cervical spine cord decompression was been made on 5 dogs with neurologic 
disorder from mild ataxia to nonambulatory tetraparesis. For all cases medical therapy 
provide only temporary improvement. Diagnosis of degenerative disk disease was confirmed 
by plain radiography and myelography. Just single extradural  static lesions compressing the 
ventral surface of spinal cord was identified. Surgical technique used for decompression was 

ventral slot without vertebral stabilization. Four of the five cases presented favorable 
evolution without neck pain and motor dysfunction 6 weeks after surgery. 

Key words: dog, cervical disk disease, ventral slot, decompression 

  
Intervertebral disk disease is the most common neurologic disorder in 

veterinary patients. Cervical disk diseases are associated with disk degeneration 
and protusion or extrusion causing spinal cord compression. Normally, cervical disk 
disease accounts for approximately 15% of all intervertebral disk extrusion. Eighty 
percent occur in chondrodystrophoid breeds (4). Commonly, dogs witch have 
cervical disk lesion will present with pain as the only symptom. Some of this exhibit 
signs of spinal cord dysfunction, varying from mild ataxia to non-ambulatory 
tetraparesis (2). Strict confinement and exercise control, as part of conservative 
treatment, may or may not be accompanied by administration of antiinflamatories 
drugs. Patients that fail to respond may benefit from surgery. The objective of this 
is to remove extruded disk fragments from spinal cord; a ventral slot is most 
commonly performed (1, 2, 4, 5). The aim of this study was to present the results 
decompression after ventral slot procedures in single ventral cervical disc extrusion 
in five cases. 
 

Materials and methods 
 

 The studies were performed on five dogs (Table 1) with cervical disk 
disease. For all cases the history show gait weakness  characterized by widening 
the base stance more intensive initial to rear legs, difficulty in raising and 
maintaining the standing position, difficulty in raising his head towards in order to 
take food and water. A non-steroidal and steroidal anti-inflammatory therapy had a 

mailto:salaaurel@yahoo.com
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transitory efficiency, the partially reducing intensity of symptoms only or continues 
worsen during therapy or after stopping it, was observed. 

The neurologic exam emphasized signs of spinal cord dysfunction with 
ambulatory tetraparesis and neck pain (cases 1 and 3) and nonambulatory 
tetraparesis (cases 2, 4 and 5). Neither of this have had total loss of pain 
sensation. 

 
Table 1  

Cases included in the study 
No  

Race 
 

Age (years 

old) 

 
Sex 

Intervertebral 
Space/Spaces 

injuries 
(radiography, 
myelography) 

Time from the signs 
appearance to 

surgical 
decompression 

(months) 

1 Doberman 6 years M C6-C7 10 months 
2 Peckinez  9 years M C3-C4, C6-C7 3 months 
3 Pudell 5,5 years F C3-C4 2 months 
4 Pechinez 6 years M C5-C6 2 months 
5 Mixed breed 8 years M C5-C6 8 months 

 
Latero-lateral and ventro-dorsal radiographic exam of cervical region 

confirmed cord compression syndrome caused by disc disease (fig. 1). To confirm 
the position of the disc or intervertebral discs responsible for compression, 
myelography was used (table 1). Suboccipital puncture for administration of the 
contrast substance was performed under general anesthesia. The anesthesia 
included xylazine and narcosis with Thiopenthal. Contrast substance (Omnipaque) 
at a dose of up to 0.3 to 0.4 mg/kg, but not exceeding 10 ml/animal, was introduced 
slowly over 1-2 minutes, to minimize the cranial flow effect and to facilitate mixing 
with cerebrospinal fluid. After administration the head was raised to facilitate 
distribution of the contrast in the caudal subarachnoid space. All dogs were 
intubated to assist breathing in case of respiratory apnea. Lesions identified by 
myelography were classified as extradural. In case 1, stress myelography in linear 
traction and flexion/extension did not modify spinal cord compression (fig.1).  

Anesthetic protocol for surgery was: premedication with xilasine and 
butorphanol, induction whit thiopental and maintenance with halothane. All cases 
received dexamethasone premedication, too. Synulox was used as prophylactic 
antibiotics. 

For decompression a ventral slots procedure was made to expose the 
ventral cervical spinal canal. Ventral cervical region was clip and prepared for 
aseptic surgery and animal positioned in dorsal recumbence. A midline ventral 
incision was made and paired sternohyoid muscle separate on their midline. 
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Fig. 1. Lateral myelograph of cases 3 with C5-C6 ventral extradural 
compression (a) and static C6-C7 ventral extradural lesion in cases 1 with 

disk associated Wobbbler syndrome (b) 

 
Esophagus and trachea was retracted to the left. The involved 

intervertebral space has been located by palpating the prominent ventral process of 
C1 and so C1-C2 space, identifying of C5-C6 cranial from the transverse process 
of C6 or fluoroscopically control after a needle implantation and couting caudally or 
cranially. Longus coli was been bluntly separated. The ventral spinous process of 
affected vertebrae was removed with rongeurs and ventral annulus fibrosus with 
scalpel. The defect in the vertebral body was made with burrs and curette. Small 
bone curette for remove of the portion of the intervertebral disk from the spinal 
canal, was used too (fig. 2). The spinal cord visualizing after removing of disk and 
dorsal longitudinal ligament allow evaluation of decompression. Gelfoam were used 
to control the hemorrhage when necessary. The muscle, subcutaneous tissue and 
skin were apposed with simple interrupted sutures. 

A disk fenestration is made just in case 2 for mineralized intervertebral disk 
C3-C4.  

Postoperative analgesia was provided by butorphanol (0.2 mg/kg IM) and 
antibiotic therapy with Synulox. Cage rest was assured for non-ambulatory cases. 
Frequent turning, bladder expression and physiotherapy were performed.  

Radiographs control was performed at 2 month (cases 2, 3, 4, 5) and 12 
month (cases 2 and 5) after surgery. 
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a.  

 
 
 
 
 
 
 
b.  

 
Fig. 2.  Removal of the disk from spinal canal with fine curette (a) 

and spinal cord visualization (b) 

 
Results and discussions 

 
In all dogs the compression of the spinal cord by only one disc, was made. 

Intraoperative revealed the compression imaging seat. One case (number 3) 
showed C3-C4 intervertebral disc protrusion. On two cases the clinically sings was 
due by C5-C6 disc protrusion (case 4) and extrusion (case 5). C6-C7 intervertebral 
disc caused compression by extrusion in case no 2 and also in Doberman case. To 
the latter, the caudal cervical spinal cord compression is assimilated with Wobbler 
syndrome affecting large dogs. C3-C4 intervertebral disc mineralized met in case 2 
did not exercise, according to myelography, compressive effect (fig. 3). 
 

 
 

Fig. 3. Lateral mielography on case 2: C3-C4 disk mineralization without 
spinal cord compression and C6-C7 protrusion 

 
Creating defect in the body of the vertebrae adjacent the affected disc was 

made without its width exceed half the width of the vertebral body. Also, the lateral 
portion of the intervertebral disc (annulus fibrosus) has been preserved. Thus, a 
good stability of the spine was assured, this aspect was emphasis clinical and 
radioghaphically at one week after intervention (fig. 4). 

Primary wound healing was observed. Reduced and passenger edema in 
caudal ventral cervical region was observed, aspect described by other authors (3). 
Except case 1, all others showed a neurological recovery. Functional improvement 
consisted initially in restoring normal sterno-abdominal decubitus 2-3 days after 
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surgery. The force of contraction was resumed at the higher intensity initial to 
thoracic limbs. Approximately one week later the possibility of lifting the head and 
take the dog sitting position was observed. 

Spontaneous mobilization was done initially with help of pelvic limbs in 
demi-flexed position. Adoption of the quadruped position held about 10 days with a 
broad support base to the pelvic limbs. The movement continued to make with 
small steps, rising of pelvine members from ground realizing hesitant, late and was 
preceded by horizontal movements of the head and neck. Reduced neck mobility 
was observed and feeding has remained difficult from ground level. 

Proprioceptive positioning assessed on the time required for the extremity 
members position correction remains delayed over two weeks than the normal one. 
Case 1, with disk associated Wobbler syndrome, showed no improvement in 
postoperative functional disorders. Ambulatory tetraparesis was maintained, 
consideration for the owner decided euthanasia at five weeks after surgery. 
Radiographically, at two month and one year after surgery a normal position and 

stable fusion of vertebrae adjacent to intervertebral affected disk were observed 
(fig. 4).  

Evolution was monitored also after patients discharged by telephone data 
obtained from the owner. For cases 2, 3 and 4 has been registered a complete 
healing. In case 5 step movement was classified as normal. In contrast the trap 
movement was going to be dissymmetric with extremity support outside of normal 
support base. 

 

 
 
 
 
 
 
 
 
a. 

 

 
 
 
 
 
 
 
 
b.  

 
Fig. 4. Ventrodorsal radiography: normal position and fusion between C5-C6 and C6-C7  

 
 

Commonly, in chondrodystrophoid breeds the most involved intervertebral 
disk extrusion/protrusion, is considered C2-C3 and the affection reducing caudally 
to C7-T1 (4). One case was encountered showing cranial cervical compressive, the 
others presented caudal C5-C6-C7 location. Wobbler syndrome was caused by the 
last cervical intervertebral space discopathy, similar with data from the literature (1, 
2, 4). 
 Conservative treatment is considered as having limited effectiveness or 
even inefficient and requires rest in the cage for a period of up to four weeks 
associated with anti-inflammatory medication. Its administration is sometimes 
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necessary to perform intermittently at certain time intervals (1, 5). Temporary 
improvement or ineffective anti-inflammatory therapy was observed. 
 Cervical spinal cord compression is considered a progressive affection in 
which surgery is needed to stop the progression of symptoms. There are dispute 
regarding the surgery technique which is able to give the best results in each case. 
However, several methods have been described with a success rate between 70 
and 90% or even 100% (1, 2, 4). 
 Ventral decompression by ventral slot technique is considered as adequate 
for unique and static lesions but postoperative morbidity and complications can be 
high (1, 4). We achieved functional recovery in four of the five cases (80%) rate 
similar to that reported by other authors (3, 4, 5). Failure in case number one, with 
Wobbler syndrome, could be assumed to incomplete removal of the compressive 
portion of the intervertebral disk and longitudinal dorsal ligament which is difficult in 
chronic diseases. Also, for dogs with long disease evolution and/or have a severe 
affection the prognostic is reserved. In such cases, surgery can sometimes provide 
only a stopped of symptoms progression in these cases it is considered that there 
were already irreversible spinal injuries (1). 
 

Conclusions 
 
Four (80%) of the five cases with single ventral spinal cord compression 

presented favorable evolution without neck pain and motor dysfunction 6 weeks  
after spinal decompression via a ventral slot. 

Postoperative radiographic exams reveal a normal report between 
vertebrae where decompression was done and interbody fusion two months after 
surgery. 
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Summary  
 

Intraosseous or intramedullary injection may represent an alternative for 
administration of fluids, anesthetics and various drugs into the systemic circulation in 
patients with small size at which vascular access is difficult or impossible to obtain. The 
purpose of this study was to establish the feasibility of the intraosseous injection in domestic 
pigeons. For this purpose intraosseous injections were performed on 20 adult pigeons in the 
distal ulna or proximal tibiotarsal. The intraosseous access was used for anesthetics 
administration. The accurately intraosseous placement of needle was verified 
radiographically in two views. Improper positioning of the needle or  intraosseous puncture 
failure at the first attempt was recorded in 15% of cases. Error rate reported in a study 
conducted on chickens was 21% (16), and 25% in a study conducted on eight pigeons (8). 
The observed values fall below the percentage recorded in literature for birds, and under the 
percentage of failure in children, 20% (5). In this study we did not observed the most 
common complication recorded in the literature, namely leakage of administered drugs into 
into the surrounding tissues. Also, we have not seen in any individual needle occlusion, 
anesthetics administration were made with low pressure, without effort. We found only in one 
bird a moderate reaction, reflected in the withdrawal of the wing, during penetration of bone 
cortex, the remaining 19 birds were calm, and none had any manifestation of pain occurred 
during the anesthetic injection. High success rate of intraosseous injection (85%), higher 
than that reported in literature, allows us to recommend it as a reliable and relatively simple 
technique in practical terms, for the pigeon.  

Key words: pigeon, intraosseous, tibiotarsal, ulnar. 

   
Vascular access is an important component of therapy in a patient in 

critical condition, especially for fluid resuscitation in the case of circulatory collapse 
or during cardio-pulmonary resuscitation (11). Intraosseous vascular access was 
first described in human patients in 1922 by Drinker, who in 1920 conducted a 
study of the circulation of the sternum before the development of appropriate 
techniques for intravenous catheterization (4). In 1940, several studies have been 
published, including studies of Henning and Tocantins, the best-known advocate of 
intraosseous infusion (7). 

Intraosseous injection was temporarily abandoned, but in the 1980s, 
alternatives to IV cannulation were investigated for situations in which peripheral IV 
access was unsuccessful, particularly the pre-hospital environment, and the 
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pediatric age population. Later this technique was reintroduced as an alternative for 
children, especially in patients younger than 6 years (7, 14). 

The veterinarians consider the intraosseous approach as a dangerous or 
complicated way of administering fluids and face the method as an intraoperative 
procedure (9). 

Intraosseous or intramedullary injection may represent an alternative for 
administration of fluids, anesthetics and various drugs into the systemic circulation 
in small size patients (cats, exotic mammals, lizards, small crocodiles, turtles, birds, 
new-born animals) or in patients in shock in which venous access is difficult or 
impossible to obtain (10, 11, 12). 

Injectable anesthetics are often administered intramuscularly in birds 
because of the difficulty obtaining intravenous access (3, 13), which has many 
disadvantages (6).  

The purpose of this study was to establish the feasibility of the 
intraosseous injection in domestic pigeons. 

Materials and methods 

In the study were involved 20 adults pigeons (Columba livia domestica) (13 
males and 7 females), 16 coming from one breeder at which were returned after 
completion of the study, clinically healthy (normal cloacal temperature, motion and 
active without signs of intestinal disorders) and 4 clinical cases with following 
diagnoses:  

- distal left tibial oblique, closed, completely, epiphyseal fracture;  
- the goitre penetrating wound with loss of tissue and wound edge and 

adjacent muscle tissue necrosis; 
 - left tibial malunion; 
- right distal intra-articular humeral fracture. 
Body masses of birds were approximately equal, mean body weight was 

252 g ± 18 g. All birds were aged less than one year.  
Intraosseous injection was performed at the distal left or right ulna in the 

half of the individuals, and at the left or right proximal tibiotarsal in the other half. 
Hypodermic needles 18 to 22 gauge were used, depending on bird‘s size. 

For distal ulnar intraosseous injection the feathers from that area were 
plucked and the skin was aseptically prepared with alcohol. The wing was 
supported in one hand, and with other hand the appropriate size needle was 
positioned at the distal end of the ulna, ventral to dorsal ulnar condyle, parallel to 
the diaphysis. When the needle penetrated the cortex, it was found that the cortex 
penetration was the time of maximal resistance, and loss of resistance means 
medullar penetration. After placement, the needle was flushed with an amount of 
0.1 ml heparinized solution and secured. 

Respecting the same aseptically principles, the needle placed proximal 
tibiotarsal was introduced in the tibial crest at site of the patellar ligament insertion 
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oriented along the medullary canal, parallel to the long axis of the bone. The needle 
was pushed through the bone cortex by a slight rotary motion.  

The accuracy of intraosseous needle placement was made by radiographic 
control (Siremobil Siemens Compact L) in two views (cranio-caudal and medio-
lateral) for both the ulna and tibia. The bone access gained was used for 
administration of anesthetics (stage of the study which is not subject of this 
communication). 

Results and discussions 

Improper positioning of the needle was recorded at three pigeons in 
radiographic control. In one case the needle has not been introduced in the marrow 
cavity of the ulna but in the space between the ulna and radius (fig. 1) and required 
repeated the maneuver to the opposite wing. As a result of incorrect placement a 
hematoma was formed, but had a small size and not endangered the pigeon.  

In the second bird was found that the needle was inserted into the radius 
bone (fig. 2), which allowed anesthesia administration, further after the procedure 
end the pigeon was closely monitored to identify any signs of joint mobility 
complications. 

 
  

Fig. 1. Improper needle placement in 
soft tissue in the space between the 

ulna and radius 

Fig. 2. Needle inserted in the radius, 
medio-lateral view 

 
In the third case the needle was stopped in the medial cortex of the tibia 

(fig. 3). Aware of the risk of bleeding if the needle crosses through the bone, we 
risked creating a too big entry hole in the bone and we repeated the bone puncture, 
this time successfully. We believe that failure to correct needle orientation into the 
medullary canal of the ulna was due to incorrectly angle under the bone was 
approached. 
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Of the ten ulnar intraosseous injections, two (20%) were failures at the first 
attempt, and of ten tibial intraosseous injection only in one case (10%) was 
necessary to resume the procedure in the same leg due to wrong initial orientation 
of the needle. Overall, the failure of intraosseous puncture on the first attempt in 
this study occurred in 15% of cases. Confirmation of needle placement can be 
difficult. The properly placed catheter should be firmly seated, but this can not be 
used as a confirmation of needle placement because a needle passing through 
both cortexes of bone will also appear to be firmly in place on palpation. Blood 
appeared in the hub of the needle may be marrow, but may be blood from soft 
tissues or periosteum. The inability of the bone marrow aspiration into the needle 
does not necessarily mean failure of proper placement. 

For intraosseous injection was chosen the ulna and tibiotarsus since 
intraosseous catheters should not be placed in pneumatic bones (humerus, femur) 
due to their association with the respiratory tract (1, 15). Because intraosseous 
catheter should occupy between 33% and 67% of the marrow cavity to the thinner 
portion (11) were used 18 to 22 gauge needles. 

Data from literature indicates on chickens a technique failure in 21% of 
cases (16), and in one study conducted on eight pigeons the failure was 25% (8). 
The observed values fall below the values set of literature for birds, and under the 
percentage of failure recorded in children, 20% (5). 

 
 

Fig. 3. Lock the needle into the caudal cortical face of tibia 
 

In this study we did not observed the most common complication that is 
recorded in the literature, given drug extravasation into adjacent tissues (2, 9). Lack 
of such complications can be attributed partly to the fact that anesthetics have not 
been injected into a faster rate or under pressure and partly because in only one 
case we have made two attempts to enter the needle in the same place, and this is 
likely to attract entail widening the entry site into the bone in relation to the diameter 
of the needle. Also, performing strict aseptically puncture technique were avoided 
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late complications such as subcutaneous abscess or osteomyelitis, recorded as 
complications associated with intraosseous injection/catheterisation (9). 

In a study conducted on exotic animals belonging to different species, it 
was found that the most common complication was occlusion of the needle 
followed by leakage of fluids subcutaneously and/or nearby soft tissues (11). 
Despite the fact that we use the needles without stylette we not found in any 
individual needle occlusion, subsequent drug administration was done with low 
pressure, without effort. 

We believe that those clinicians who know the anatomical shape of the 
bone in birds and accumulate experience through practice on cadavers could use 
intraosseous route without major complications, the technique proved to be simple 
and safe, and radiological control of needle placement is dispensable. 

If the needle is carefully placing in the way described in detail in the 
literature, is avoided the transversal entering in the cortex on the opposite site of 
needle entry, or even in the joint from the opposite end, accidents caused by rapid 
and indiscriminate introduction of the needle into the bone.  

Placement of an IO catheter is moderately uncomfortable (11). We found 

only in one bird a moderate reaction, reflected in the withdrawal of the wing, during 
penetration of bone cortex, the remaining 19 birds were calm, and none had any 
manifestation of pain occurred during the anesthetic injection. 

Conclusions 

The high rate of success of the intraosseous injection (85%) higher than 
that reported in the literature and lack of complications, recommend it as a viable 
alternative to intravenous injection for pigeons. 

 During the bone cortex penetration just in one bird, of the 20 who 
underwent injection intraosseous, there was a moderate response, reflected in the 
withdrawal of the wing, the remaining pigeons remained calm. 
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Summary 

 

It is well known that during either artificial insemination (A.I) or natural breeding an 
immune response takes place into the reproductive tract of the cow. Following insemination, 
polymorphonuclear leucocytes, mainly neutrophils and macrophages, migrate into the 
vagina, cervix and uterus, and phagocyte a considerable number of aged, dead or abnormal 
spermatozoa. The aim of this research was to use this physiological immune response to 
design a sperm phagocytosis test for determining the‘ non-phagocytable‘ and ‗phagocytable‘ 
sperm population within a frozen-thawed semen sample. To this end, 100 μl of whole blood 
was mixed with 50 μl of thawed bull sperm, and posteriorly incubated for 60 minutes at 37°C. 
Blood smears were stained and examined at a light microscope after incubation. At least 100 
sperm cells (being attacked or not by the phagocytic cells) were counted and the percentage 
of spermatozoa undergoing phagocytosis was determined. Different stages of sperm 
phagocytosis were observed; mostly neutrophils and monocytes were targeting the sperm 
cells in the acrosome region and tail, also spermatozoa from some samples showed a high 
tendency to be attached by the phagocytic cells only in the tail (midpiece and principal 
piece), and occurrence of eosinophil degranulation was very visible when these cells were 
targeting the tails. Percentages of phagocytosed spermatozoa ranging between 20% to 46% 
were found, which indicates that this test might discriminate between phagocytable 
spermatozoa (apoptotic sperm, necrotic sperm, dead sperm, abnormal sperm, etc) from 
viable sperm (spermatozoa resistant to phagocytosis). These findings provide a new 
approach to bull sperm quality assessment and in combination with other tests such as 
hypoosmotic swelling test (HOST) and CASA system analysis could contribute to the 
prediction of the fertilizing capacity of bull sperm. 

Key words: phagocytosis, bull, spermatozoa, test, leucocytes 

 
The surface of bull sperm cell exhibits many antigenic domains formed 

during spermatogenesis and epididymal maturation period, and modified at the 
time of ejaculation and migration through the female reproductive tract by the 
attachment of new molecules to the acceptor sites or by unmasking of pre-existing 
molecules (4,8,16). Immunostimulators such as saccharide molecules are 
distributed in different parts of the sperm membrane, but the major antigenic 
domains are in the head region; in the anterior acrosome (acrosomal cap), 
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equatorial segment (posterior acrosome) and post acrosomal region (4, 5, 7, 13). 
These structures can trigger an immune response via activation of the complement 
with recruitment and migration of phagocytic cells towards the spermatozoa into the 
cow reproductive tract. This leads to the adhesion, phagocytosis, production of 
reactive oxygen species (ROS), cytokine secretion, leucotrine synthesis and 
degranulation (9). Sperm cell-phagocyte contact and opsonization of the 
spermatozoa with serum host proteins (antisperm antibodies,C3,etc) enhance the 
phagocyte function as well(1, 2,3, 11, 12, 113, 14, 17,). Non-viable spermatozoa 
are known to activate the complement cascade and in this way they are 
phagocytosed. In the case of apoptosing sperm, macrophages bind to them by 
recognizing phagocytosis markers (phospholipid phosphatidylserine , PS), which 
appear on the surface of the target cells due to alteration of the plasma membrane 
during cryopreservation (10, 18, 19). 

On the other hand, seminal plasma constituents have the capacity of 
suppressing immune activation or immune adherence of spermatozoa to 
phagocytes which protects spermatozoa immediately after ejaculation (1, 2, 3). 
Seminal plasma fluid contains many cytokines, antioxidants, prostaglandins, growth 
factors, etc, that modify various physiological and immunological functions in cows 
(1, 2, 3, 14, 21). For example, the proteases present in seminal plasma may inhibit 
the neutrophils by altering their receptor activity, prostaglandins can down-regulate 
neutrophil function causing immunosuppression, seminal DNase assists the 
digestion of neutrophil extracellular traps (networks of fibers generated by 
neutrophils that bind pathogens) resulting in reduced sperm binding, antioxidant 
substances (vitamin C and E, superoxide dismutase, uric acid, glutathione and 
spermine) act directly to remove free radicals, sialic acid is present in the sperm 
surface and masks antigenic domains making the spermatozoa more resistant to 
phagocytosis, the seminal phospholipid PAF (platelet activating factor) regulate 
neutrophil activation, seminal TGF-β1 (transforming growth factor β1 ) influence in 
a positive way uterine reaction to artificial insemination (AI) by suppressing 
inflammatory reaction and creating a uterine environment that is favorable for 
fertilization and early embryonic survival (11, 21). The membrane vesicles which 
are transferred to define sperm surface domains during ejaculation, protect 
important proteins from proteolytic digestion, also mask sperm antigen epitopes, 
and exert antioxidant and immunosuppressive activity (6, 13, 21). These vesicles 
contain several complement inhibitory molecules which inhibit the C3-convertase 
(enzyme in the pathway of the complement system), and block the formation of the 
membrane attack complex, protecting the spermatozoa from being phagocytosed 
into the reproductive tract of the cow (20). 

Under physiological conditions, an estrous cow presents a picture which 
seems to be highly selective for the spermatozoa. For example, the estrogenic 
condition triggers increased leukocytic counts and activity in the uterus which 
speeds up alteration of sperm physiology and so sperm are rapidly phagocytized, 
the concentration of complements in follicular fluid increases during ovulation, low 
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concentrations of blood in the uterine fluid is present at the moment of 
insemination, and semen extender (mostly, egg yolk) increases the binding of 
frozen-thawed sperm to neutrophils(1, 2, 3) and stimulates antibody production in 
the female reproductive tract which have been reported to be associated with 
reduced fertility in cows. 

Even more important is that bull semen contains many substances which 
once deposited in the estrous cow‘s reproductive tract will be recognized by the 
immune system as foreign cells or foreign proteins, triggering in this way, an 
immune response, as it was reviewed above. The mounting of this response and its 
magnitude will depend greatly, on the kinds of sperm population (apoptotic sperm, 
necrotic sperm, dead sperm, viable motile sperm, etc), and on quality and quantity 
of seminal substances contained in bull semen. In view of this, one could suggest 
that a sperm sample containing increased levels of ‗phagocytable spermatozoa‘ 
(apoptotic sperm, necrotic sperm, dead sperm, etc) could have therefore high 
percentages of phagocytized sperm. Conversely, semen sample containing high 
viable motile sperm (‗phagocytosis resistant sperm‘) could have low percentages of 
phagocytosed sperm. In consequence, the present research work was focused on 
designing, standardizing and performing a sperm phagocytosis test at in vitro 
conditions. 

 
Materials and methods 

 
A volume of 10 ml of whole blood in heparin vacutainer was taken from the 

coccygeal vein from a healthy cow in heat. Four semen straws(from four different 
bulls) provided by an artificial insemination centre were thawed at 37°C for one 
minute, and posteriorly a volume of 100 μl of whole blood (1 million of leucocytes 
aprox.) was pipetted into four different eppendorf tubes and mixed with 50 μl (2 
million of spermatozoa aprox.) of each straw respectively. This mixture was 
incubated at 37°C for one hour. Twenty μl of Na2EDTA (10

–4
M) were added 5 min 

before the end of the incubation with the purpose of inhibition of calcium- 
dependent phogocytosis. Then, blood smears were prepared and stained 
according to Diff-quick staining protocol after the incubation. Posteriorly, in the light 
microscope using an oil-immersion lens, at least 100 sperm cells were examined at 
random in each smear to determine the existence of a sperm phagocytosis 
process. To this end, a spermatozoon was considered to be undergoing 
phagocytosis when one or more leucocytes were engulfing or targeting any region 
of the spermatozoon structure. The results were expressed as the percentage of 
spermatozoa exhibiting phagocytosis. 

 
Results and discussions 

 
Mainly neutrophils and monocytes were found exhibiting phagocytosis 

mostly in the posterior tail and acrosome region of the spermatozoa (see fig.1). 
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Also, different forms of these sperm-phagocytic cell attachments were observed 
including individual neutrophils phagocytizing one or more spermatozoa, and 
multiple monocytes bounded to a single spermatozoon. The regions of the 
spermatozoa where these phagocytizing cells were bounded are strong antigenic 
domains which in many studies have shown to be the most common antibody 
binding sites to bull spermatozoa, suggesting, in part, that phagocytosis of sperm 
was mediated by natural antibodies present in the blood of the cow. In effect, this 
process of phagocytosis can be mediated by opsonization of spermatozoa with 
antibodies, complement and other chemotactic factors which cause the phagocyte 
migration towards the sperm cell, adhesion and releasing of powerful oxidants and 
degranulation in the site of interaction with the sperm cell, leading to its destruction 
and digestion as it was observed in several cases (fig.1, fig. 3). The mounting of 
this immune reaction by different leucocytes observed in this study could eventually 
trigger a massive pro-inflammatory response in the cow reproductive tract which 
could be detrimental for fertilization. Some sperm cell aggregates targeted by either 
a macrophage or a neutrophil were observed (fig.2) indicating that a single 
phagocytic cell can bind and immobilize multiple spermatozoa. Even though, whole 
blood seemed not interfering the normal phagocytizing process, the formation of 
these sperm aggregates (agglutination) could be also due to the interaction of 
spermatozoa with some proteins in blood as it has been reported in some 
researches (1, 2, 3). In early observations (not published) at the light microscope 
using a drop of the sperm-blood mixture after incubation and without staining, it 
was seen in various fields that some motile spermatozoa were attached by cells 
and then released while others remained attached and immobilized. This suggests 
both, phagocytic cells have a great capability to recognize and discriminate 
phagocytic targets in the bull sperm membrane, and some bull spermatozoa have 
the conditions to avoid the phagocytic attack.  

Different predominant patterns of sperm- leucocyte binding in the four 
frozen-thawed straws were observed. Some sperm samples showed more 
leucocyte attachments at the level of the tail, while others tend to have more 
spermatozoa phagocytosed in the head. This could reflect the possible removal or 
alteration of protective coats placed to the sperm surface in these regions during 
epididymal transport and at ejaculation, with a resultant of an exposure of their 
receptors sites allowing spermatozoa to interact with immune elements 
(complement, antibodies, etc), and to undergo phagocytosis. In the same way, 
percentages of phagocytized sperm were different for every straw sample, ranging 
from 20 to 46%, which could indicate that under the same conditions the 
spermatozoa contained in each straw can elicit different intensities of cell immune 
response (fig 1, 2, 3), perhaps due to that altered pot-thaw antigenicity. 
Nonetheless, further studies regarding the differences in the antigenicity and 
immune cell response between fresh and frozen-thawed semen need to be 
investigated. 
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The incubation time and temperature were appropriate to the interactions 
between the immune elements of the whole blood and the spermatozoa contained 
in the straw sample. This allowed to count important number of phagocyte-
spermatozoa bindings, and if we assume that this interaction is not influenced by 
the source of the leucocytes, then this test potentially allow to calculate the 
percentage of fertilizing sperm (non-phagocytable sperm) reaching the oviductal 
isthmus after a current artificial insemination. 

 

 
 

Fig. 1. Bovine phagocytic cells approaching and engulfing different parts of bull 
spermatozoa (indicated by the arrows).Smears from an incubated mixture of 

frozen-thawed sperm and whole blood, and visualized with oil-immersion lens in a 
light microscope 

 
In this sense, Alghamdi and coworkers (2009) (2), found that in bovines an 

insemination with a dose of 30 million frozen sperm causes an influx of high 
number of neutrophils (13.5 million) into the uterus lumen, leading to a loss of more 
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than 40% of free sperm, and they established that the neutrophil influx peaks at two 
hours after artificial insemination in cows. 

To rule out a reduced or overestimated phagocytosis, in the present study 
an optimal ratio of approximately two spermatozoa for each phagocytic cell (2:1 
ratio) was used, giving high chances for phagocyte-sperm cell interaction, and as it 
was already described, different percentages of phagocytised spermatozoa were 
obtained, indicating that the sperm cells present in the samples were no 
homogeneous in their antigenicity, and then limited number of spermatozoa were 
bound or engulfed in the respective time and incubation conditions. In 
consequence, this test was able to discriminate between phagocytable 
spermatozoa and viable non-phagocytable spermatozoa within a sperm sample.  

 

 
 

Fig. 2. Spermatozoa aggregates 

 
 

Fig.3. Granulocytes targeting the spermatozoa and shedding their granular material 
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Conclusions 
 

These preliminary observations collected in the present research indicate 
that under these experiment conditions phagocytes kept their ability to react with 
the spermatozoa, and bound to those which were exhibiting certain antigenicity 
regions in their plasma membranes, either because they underwent some plasma 
membrane damage during maturation, semen processing, cryopreservation, etc, or 
because they did not have an optimal mechanism (immune protective molecules, 
motility, etc) which eventually allow them to avoid the phagocytic process to ensure 
successful fertilization. This allows us to conclude that this test may discriminate 
within a heterogeneous sperm population, a subpopulation of spermatozoa which 
are susceptible of being phagocytised. However, more experiments must be carry 
out, also in combination with other recognized test such as hypoosmotic swelling 
test (HOST), CASA system motility parameters, viability test, and morphology to 
search for any possible relationship. 

To our knowledge no research work has been done till now regarding the 
standardization of a phagocytic test for bull sperm quality assessment, therefore 
this study provide a new approach to sperm evaluation and could contribute to the 
understanding of the immunity process taking place during artificial insemination or 
natural breeding in bovines. 
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Summary 
 

This retrospective study was made to evaluate relationship between hormonal 
therapy with progestins, occurrence of pyometra and/or mammary tumours in the bitch. 

Key words: dog, progestins, mammary tumors, pyometra  
 

Conclusively, the literature shows that the etiology of pyometra is 
incompletely explained. Most researches admit that at the base of this condition is 
a progressive endocrine disorder which acts on the background of an increased 
sensibility of the canine uterus to progesterone (1, 2, 9, 12, 15, 22, 29, 30).The 
sequential estrogenic dominance followed by long periods of progesterone 
dominance leads to cystic endometrial hyperplasia (CEH), the main cause of 
mucometra or pyometra. All the details of the physiological mechanisms are not 
known yet, but it is unanimous accepted the fact that estrogens stimulate and 
potentate the action of progesterone on uterus (7, 8, 24). 

The association between pyometra and diestrus has been well-established 
(6, 18, 23), the precise mechanism is still not clear (6). More reports suggested that 
excessive or prolonged exposure to progesterone or synthetic progestins was 
responsible for the susceptibility to pyometra (13, 17, 19, 22, 23). Progestin therapy 
results in a high incidence of cystic endometrial hyperplasia and pyometra. 

Another reports show that in the dog progestins induce ectopic production 
of growth hormone in the mammary gland associated with a high incidence of 
mammary tumours (20, 25, 26). 

Starting from these findings, the purpose of this study was defined, being 
useful to describe the situation from Timisoara area, a retrospective study of the 
relation between hormonal treatments used to suppress or delay oestrus on 
beaches, the occurrence of pyometra and mammary tumors. 
 

Materials and methods 
 

The information used in this study was collected from the medical 
evidences of the Surgery and Reproduction Obstetrics and Gynecology Clinics of 
the Faculty of Veterinary Medicine Timisoara from the past ten years (January 
2001 - December 2010). 
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The data base consists exclusively of clinical accounts of the canine cases 
diagnosed with cystic endometrial hyperplasia (CEH) or pyometra (P) and 
surgically approached. We have determined the share of CEH-P from all the cases 
of the Surgery and Reproduction Obstetrics and Gynecology Clinics of the Faculty 
of the Veterinary Medicine Timisoara; the share of CEH-P from all patients 
(bitches) with reproductive pathology; average age of CEH-P patients; the breed 
wit the highest rate of CEH-P; the history of previous treatments registered for the 
oestrus delay or suppress and the type of medication used; the association of 
CEH-P with mammary tumors. 

The close study of data from anamnesis was performed to establish some 
correlations between the type of medical treatment used to delay or suppress 
oestrus on the beach and the occurrence of pathological changes specific to the 
CEH-P complex and/or mammary neoplasia. The diagnosis for pyometra or CEH-P 
complex was set following corroboration of data from medical history with those 
obtained after clinical, ultrasonographical and radiographical examination and 
confirmed by anatomopathological exam of uterus after ovariohisterectomy.  

 
Results and discussions 

 
The analyzed data from the medical evidences of the Surgery and 

Reproduction Obstetrics and Gynecology Clinics of the Faculty of the Veterinary 
Medicine Timisoara from the past ten years (January 2001 - December 2010) 
showed that from 1759 examined bitches, 559 (meaning 32%) were diagnosed with 
uro-genital pathology. From all the bitches with uro-genital disturbances, 362 were 
diagnosed with pyometra or cystic endometrial hyperplasia – pyometra complex 
(CEH-P). The results concerning P or CEH-P distribution on breeds, ages and 
treatment options are presented in table 1. 

Table 1 
Cases with CEH-P 

(2001-2010) 
Breed Poodle Pekinese Westy Coker Terrier German 

shepherd 
Doberman Mixed 

breed 
Total 

No. of cases 54 48 32 32 47 58 24 67 362 
Age 

(years) 
average /range 

7.1 
 

5-12 

8.5 
 

7-14 

7.0 
 

5-10 

6.8 
 

4-9 

7.9 
 

5-12 

7.7 
 

6-9 

5.8 
 

5-7 

7.6 
 

5-14 

7.3 
 

4-14 
Treatment for 

estrum 
suppression (no. 

of cases) 
From which with: 

45 
 

37 
 

26 
 

24 
 

42 
 

30 
 

16 
 

54 
 

274 
 

MA 23 21 17 13 22 12 5/ 28 140 

PR 22 16 9 11 20 18 11 26 134 

Legend 
MA - Medroxprogesterone acetate 
PR – Proligestone  
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The rate of pyometra or CEH-P diagnosis was 21% from the 1759 bitches 
included in our study, meaning 362 patients. These results are similar to those 
reported by Fukuda S. – 2001 (16) on a Beagle population where the pyometra 
incidence was 17% and by Ettinger S.J., Feldman E.C. – 1995 (14) which reported 
a 21% incidence. 

In all the investigated period was recorded an average of 36 pyometra 
cases a year. A larger number was recorded in mixed breeds, German shepherds 
and Poodles – table 2. 

The frequency of pyometra expressed as number of patients with CEH-P 
from all animals examined (same breed) is presented in table 2. 

Table 2 

The frequency of CEH-P on breeds 

Breed No. of cases 
examined 

No. of cases 
diagnosed with 

CEH-P 

Frequency 
% 

Poodle 183 54 30 

Pekinese 186 48 26 

Westy 130 32 25 

Cocker 174 32 18 

Terrier 83 47 57 

Shepherd 282 58 21 

Doberman 127 24 19 

Mixed-breed 594 67 11 

 
The hierarchy made by this analyze place Terrier and Poodle through the 

high sensitivity breeds and mixed-breeds and German shepherd through those with 
lower sensitivity. 

The distribution of the 362 pyometra cases on age categories shows that 
the diagnosis was put on the bitches with an average age of 7.3 years, the limits 
being between four and fourteen years – fig.1. 

The data are similar to the literature (18, 24) more liable to CEH-P being 
middle aged to older bitch: 6-8 years of age. 

The medical history of the 362 bitches diagnosed with CEH-P shows that 
75.7% of them presented previously, for a variable period, a progestin treatment 
(Medroxiprogesterone acetate or Proligestone) to suppress or delay oestrus 
(heats). 
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Fig.1. CEH-P distribution on age categories 

 
Comparing the small-breeds (Poodle, Pekinese, Westy, Terrier) with the 

middle/large-breeds (Cocker, mixed-breeds, Doberman, German shepherd) it can 
be observed that contraceptive treatment is used more frequently on small-breeds 
(82% of all cases) as in middle/large-breeds. 

The results suggest a higher CEH-P percentage of approximately 75% with 
iatrogenic etiology following progestin treatments. These data contradict other 
studies (3, 5, 11, 16) that reported the incapacity to reproduce pyometra on bitch by 
longer administration of high doses of progesterone and also with Niskanen M. and 
Thrusfield MV. - 1998 (21) which concluded that progestin treatments does not 
represent a significant risk for pyometra occurrence on bitches. Our results show 
that progestin administration represent a risk factor, or even trigger factor for CEH-
P occurrence in bitches, the values obtained having a value closer to those of 
estradiol usage reported in the literature (27, 32). 

From the 362 cases with CEH-P, 166 were diagnosed with mammary 
neoplasm. The progestines, by their ability to increase growth hormone secretion, 
to unbalance the hipotalamo-hipofizo-adrenal axis, act on the mammary gland and 
determine alveolar epitelithelia hyperplasia (4, 20, 25). Also they have the ability to 
induce a cystic hyperplasia of the uterus lining. Von Berky AG and Townsend WL – 
1993 (31) report a 45% prevalence of endometrial disorders on progestine 
treatment, 5% in the untreated bitches and 14.9% in the rest of canine population. 

The association between CEH-P complex, the treatment for oestrus 
suppressing or delaying and the presence of the mammary tumors is presented in 
table 3. 
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Table 3 
Frequency of CEH-P and CEH-P associated with mammary neoplasia  

Breed No. of 
cases 

examined 

No. of cases diagnosed with 
CEH-P 

No. of cases diagnosed with 
CEH-P * TM 

total from which: total from which: 

N P N P 

nr % nr % nr % nr % 

Poodle 183 54 9 17 45 83 22 2 9 20 91 

Pekingese 186 48 9 19 37 81 19 2 10 17 90 

Westy 130 32 6 19 26 81 0 0 0 0 0 

Cocker 174 32 8 25 24 75 16 1 6 15 94 

Terrier 83 47 5 11 42 89 2 0 0 2 100 

Shepherd 282 58 28 48 30 52 38 5 13 33 87 

Doberman 127 24 8 33 16 67 17 1 6 16 94 

Mixed-
breed 

594 67 13 19 54 81 52 6 12 46 88 

TOTAL 1759 362 88 X=24 274 X=76 166 17 X=7 149 X=81 

Legend 
CEH-P – cystic endometrial hyperplasia – pyometra complex; 
TM – mammary tumors; 
N – untreated;  
P – treated with progestines 
 

It can be observed an increased frequency of CEH-P associated with 
mammary tumors on progestin treated bitches – 39% (149 of 274 patients), 
compared with untreated bitches – 19% (17 of 88 cases). These data are sustained 
by the literature (20, 26, 28) and show a close association between mammary 
tumors and progestin treatment. 

 
Conclusions 

 
The frequency of cystic endometrial hyperplasia-pyometra complex on 

bitches presented in the Surgery, Reproduction, Obstetrics and Gynecology Clinics 
of the Faculty of the Veterinary Medicine Timisoara in the past ten years (January 
2001 - December 2010) was 21% from 1759 examined bitches. 

The average age of the patients with cystic endometrial hyperplasia-
pyometra complex was 7.3 years. 

Iatrogenic etiology of cystic endometrial hyperplasia-pyometra complex can 
be incriminated in 75% of cases. 

There is a positive correlation between progestin treatment and CEH-P and 
mammary tumors in bitches. 

Progestin administration represents an important risk, eventually a trigger 
factor for CEH-P and/or mammary tumors in bitches. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 38 
 

 

References 
 

1. Arora, N., Sandford, J., Browning, G.F., Sandy, J.R., Wright, P.J., A 
model for cystic endometrial hyperplasia/pyometra complex in the bitch, 
Theriogenology, 2006, 66 (6-7), 1530-1536.  

2. Austad, R., Blom, Ak., Borresen, B., Pyometra in the Dog: A 
pathophysiological investigation, Plasma Progesterone levels and ovarian 
morphology, Nord Veterinaermed, 1979, 31, 258–62. 

3. Bartoskova, A., Vitasek, R., Leva, L., Faldyna, M., Hysterectomy leads to 
fast improvement of haematological and immunological parameters in 
bitches with pyometra, J. Small Anim. Pract., 2007, 48 (10), 564-568. 

4. Beijerink, N.J., Bhatti, S.F., Okkens, AC., Dieleman, S.J., Mol, J.A., 
Duchateau, L., Van Ham, L,M,, Kooistra, H.S., Adenohypophyseal function 
in bitches treated with medroxyprogesterone acetate, Domest Anim 
Endocrinol., 2007, 32(2), 63-78. 

5. Biddle, D., Macintire, D.K., Obstetrical emergencies, Clin. Tech. Small 
Anim. Pract., 2000, 15 (2), 88-93.  

6. Borresen, B., Pyometra in the dog: a pathophysiological investigation. I. 
The pyometra syndrome, a review, Nord Veterinaermed., 1975, 27, 508–10 

7. Bowen, R.A., Olson, P.N., Behrendt, M.D., Wheeler, S.L., Husted, P.W., 
Nett, T.M., Efficacy and toxicity of estrogens commonly used to terminate 
canine pregnancy, Journal of the american veterinary medical association, 
1985, 186, 783-788. 

8. Bowen, R.A., Pregnancy termination in dogs and cats, 2004, 
http://www.vivo.colostate.edu/hbooks/pathphys/reprod/petpop/terminate.htm. 

9. Chaffaux, S., Thibier, M., Peripheral plasma concentrations of 
Progesterone in the bitch with pyometra, Annales de Recherches 
Veterinaires, 1978, 9, 587–92. 

10. Chen, Y.M.M., Lee, CS, Wright, P.J., The roles of progestagen and 
uterine irritant in the maintenance of cystic endometrial hyperplasia in the 
canine uterus, Theriogenology, 2006, 66, 1537–1544. 

11. Diaconescu, A., Piometrul, http://www.veterinarul.ro/clinica-si-
laborator/animale-de-companie/item/482-piometrul. 

12. De Bosschere, H., Ducatelle, R., Vermeirsch, H., Simoens, P., Coryn, 
M., Estrogen-alpha and progesterone receptor expression in cystic 
endometrial hyperplasia and pyometra in the bitch, Anim. Reprod. Sci., 2002, 
70 (3-4), 251-259. 

13. Dow, C., Experimental reproduction of cystic endometrial-pyometra 
complex in the bitch, J. Pathol. Bacteriol., 1959, 78, 267–79. 

14. Ettinger, S.J., Feldman, E.C., Textbook of Veterinary Internal Medicine, 
4th ed., W.B. Saunders Company, 1995. 

15. Fransson, B.A. and Ragle, C.A., Canine Pyometra: A Update on 
Pathogenesis and Treatment, Web: VetLearn.com, 2003, Vol 25, Nr. 8.  



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 39 
 

16. Fukuda, S., Incidence of pyometra in colony-raised Beagle dogs, Exp. 
Anim., 2001, 50, 325–9. 

17. Goyings, L.S., Sokolowski, J.H., Zimbelman, R.G., Geng, S., Clinical, 
morphologic and clinicopathologic findings in beagles treated for two years 
with Melengestrol acetate, Am J Vet Res, 1977, 38, 1923–1931. 

18. Hagman, R., Pyometra State of the Art, 7th EVSSAR Congress of The 
European Veterinary Society for Small Animal Reproduction, 2010, 42-4625 

19. Igna, C., Igna, Violeta, Schuszler, Larisa, Dascălu, Roxana, Sala, A., 
Sabău, M., Oestrus control with progestins and Cystic Endometrial 
Hyperplasia, Pyometra complex in the bitch, Lucrări Ştiinţifice Medicină 
Veterinară Timişoara, 2009, XLII (2), 84. 

20. Mo, J.A., Lantinga-van Leeuwen, I., van Garderen, E., Rijnberk, A., 
Progestin-induced mammary growth hormone (GH) production, Adv Exp Med 
Biol., 2000, 480:71-6 

21. Niskanen, M., Thrusfield, MV., Associations between age, parity, 
hormonal therapy and breed, and pyometra in Finnish dogs, Vet Rec., 1998, 
43: 493–8. 

22. Noakes, D.E., Dhaliwal, G.K., England, G.C., Cystic endometrial 
hyperplasia/pyometra in dogs: a review of the causes and pathogenesis, J. 
Reprod. Fertil. Suppl., 2001, 57:395-406. 

23. Romagnoli, S., Canine Pyometra: Pathogenesis, Therapy and Clinical 
Cases, 27 WSAWA Congress, http://www.vin.com/proceedings/Proceedings. 
plx?CID=WSAVA2002&PID=2686. 

24. Rubina Kumari Baithalu, Biswa Ranjan Maharana, Chinmoy Mishra, 
Laxminarayan Sarangi and Lipismita Samal, Canine pyometra, Veterinary 
World, 2010, 3(7), 340-342. 

25. Selman, P.J., van Garderen, E., Mol, J.A., van den Ingh, T.S., 
Comparison of the histological changes in the dog after treatment with the 
progestins medroxyprogesterone acetate and proligestone, Vet Q., 1995, 
17(4), 128-33. 

26. Støvring, M., Moe, L., Glattre, E., A population-based case-control study 
of canine mammary tumours and clinical use of medroxyprogesterone 
acetate, Acta Pathol. Microbiol. Imunol. Scandinavica., 1997, 105(8), 590-6. 

27. Sutton, D.J., Geary, M.R., Bergman, J.G., Prevention of pregnancy in 
bitches following unwanted mating: a clinical trial using low dose oestradiol 
benzoate, J Reprod Fertil Suppl., 1997, 51, 239-43. 

28. Thuróczy, J., Reisvaag, G.J., Perge, E., Tibold, A., Szilágyi, J., Balogh, 
L., Immunohistochemical detection of progesterone and cellular proliferation 
in canine mammary tumours, J. Comp .Pathol., 2007, 137(2-3), 122-9. 

29. Vermeirsch, H., Simoens, P., Hellemans, A., Coryn, M,, Lauwers, H., 
Immunohistochemical detection of progesterone receptors in the canine 
uterus and their relation to sex steroid hormone levels, Theriogenology, 
2000, 53(3), 773-88. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 40 
 

 

30. Ververidis, H.N., Boscos, C.M., Stamou, AI., Alexopoulos, C., 
Stefanakis, A., Pyometra in bitches following progestogen treatment: 
progesterone levels, ovarianuterine findings and symptoms, Reprod. Dom. 
Anim., 2003, 38, 345.  

31. Von Berky, A.G., Townsend, W.L., The relationship between the 
prevalence of uterine lesions and the use of medroxyprogesterone acetate 
for canine population control, Aust. Vet. J., 1993, 70(7), 249-50. 

32. Whitehead, M.L., Risk of pyometra in bitches treated for mismating with 
low doses of oestradiol benzoate The Veterinary Record, 2008, 162, 746-
749. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 41 
 

INFLUENCE OF CLINOPTILOLITE ON SOME MINERAL 
PARAMETERS IN NEONATAL CALVES  

 
SIMONA ZARCULA, CAMELIA TULCAN, H. CERNESCU, C. MIRCU, NATALIA 

ANCA LELESCU, R.I. URIAN-SUESCA, G. GODJA  
 

Faculty of Veterinary Medicine Timisoara, 300645, Calea Aradului No. 119, 
Timisoara, Romania 

E-mail: simo20_med@ yahoo.com 
 

Summary  
 

Natural and synthetic zeolites are used in animal nutrition for improving production 
performance and animal health. The aim of this study was to determine the effect of adding 
clinoptilolite in colostrum on some mineral parameters in newborn calves. 26 newborn 
Romanian Black and White calves were used in this study for establishing the influence of 
clinoptilolite on mineral content in newborn calf serum. Calves were divided in three groups, 
one representing control group (n=10) and the others experimental groups (E1, n=10; E2, 
n=6). All calves were bottle fed two times daily, with their mothers‘ colostrum 1.5L, at 12 
hours interval. Calves from experimental group I received colostrum with 5g/L clinoptilolite, 
starting immediately after parturition, at 12 and 24 hours. In the second experimental group, 
calves received 20g/L clinoptilolite in the same interval as the first experimental group. Blood 
samples were taken from all calves before feeding first colostrum, 6h, 16h and 30h after birth 

for determining calcium, phosphorus, magnesium and iron. Among all assayed minerals, 
iron increased the most in calves fed colostrum with zeolite added. 

Key words: calf, clinoptilolite, mineral content 
  

 
Minerals are essential for the proper functioning of the animal. They are 

present in all organs and tissues in the body. The major minerals (macro-minerals) 
as calcium, phosphorus, magnesium, potassium, sulfur, sodium and chlorine are 
present in the body in relatively larger amount than the trace mineral, such as iron, 
copper, manganese, molybdenum, cobalt, zinc, iodine and selenium. The macro-
minerals are important structural components of bone and other tissues and serve 
as important constituents of body fluids. They play vital roles in the maintenance of 
acid/base balance, osmotic pressure, membrane electric potential, and nervous 
transmission (5).  

Mineral profile in young animals is different from that one emphasized in 
adults; it varies in the first days postpartum. Knowledge of this profile provides 
information on consumption of colostrum, the main mineral source for newborn (8).
 The most important macro-minerals for calves are calcium and 
phosphorus, required for skeletal development. They are supplied in milk to the 
young calf and later, by good quality hay and pasture, grain and protein meals. 
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Calcium is one of the most abundant elements in the body with 99% being 
found in the skeleton (5). Magnesium is also important in skeletal development, 
neuromuscular function and is a component of several enzymes implicated in the 
metabolism of carbohydrates, lipids and proteins. Calves can mobilize skeletal 
magnesium for other functions, but deficiency can occur if fed solely on milk for 
long periods, as reserves are depleted. Requirement for trace minerals is 
dependent on their availability in feed and deficiency or excess in the local 
environment. They often serve as components of metalloenzymes and enzyme 
cofactors or as components of hormones of the endocrine system (10). 

Zeolites are crystalline, hydrated aluminosilicates of alkali and alkaline earth 
cations that have a threedimensional structure. The cation-exchange capacities (CEC) 
of zeolite is a function of the amount of Al that substitutes for Si in the framework 
tetrahedral; the grater the Al content, the more extraframework cations needed to 
balance the charge. Due to small amount of aluminium, clinoptilolite has a relatively low 
ion-exchange capacity (2.25meq/g). Its cation selectivity is: Cs > Rb > K > NH4 > Ba > 
Sr > Na > Ca > Fe > Al > Mg > Li. Through ion exchange property of zeolites, they 
have a significant importance on the mineral parameters (11). 

Zeolites are used in nutrition of ruminants for their potential as adsorbant and 
binding properties of certain macro and microelements. Katsoulsos et al. (2006) 
reported that cows that received 2.5% clinoptilolite in ratio for 4 weeks before calving 
had significantly fewer cases of clinical ketosis during the first month after calving and a 
higher total milk yielding. Long term use of clinoptilolite had no negative effect on 
concentration of Cu, Zn and Fe (6, 7).  

In newborn calves, clinoptilolite is used to increase immunoglobulin absorption 
and also to reduce morbidity in calf neonatal period (2,13). 

Reference values of the mineral parameters for newborn calves after Pârvu et 
al. are: 10 mg /dl Ca, 8.8 mg/dl P, 2.3 mg/dl Mg, 110 µg/dl Fe and 8.09 mg/dl P; 1.2-2.8 
mg/dl Mg, 148 µg/dl Fe after Ghergariu et al. (2000)(3,12). Kurz and Willett (1991) 
obtained from newborn calves 13.4 mg/dl Ca and 8.2 mg/dl P immediatly after birth 
and 12.1 mg/dl Ca and 7.5 mg/dl P after 24 hours postpartum (9). 

The aim of this study was to investigate the influence of natural mineral 
adsorbant zeolite (clinoptilolite) on the activities of some mineral parameters in blood 
serum of calves during the first two days of life.  

 
Materials and methods 

 
The study was carried out on 26 newborn Romanian Black and White 

calves from the University Research Farm. Calves were divided in three groups, 
one representing control group (n=10) and the others experimental groups (E1, 
n=10; E2, n=6). All calves were bottle fed two times daily, with their mothers‘ 
colostrum 1.5L, at 12 hours interval. 

Calves from experimental group I (E1) received colostrum combined with 5g/L 
clinoptilolite, starting immediately after parturition, at 12 and 24 hours. In the second 
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experimental group, calves received 20g/L clinoptilolite in the same interval as the first 
experimental group. Blood was sampled from jugular vein from all calves before feeding 
first colostrum, at 6, 16 and 30 hours after birth. The serum was separated after 
centrifugation at 3000 rpm for 5 min and stored at -20

0
C until analysis. 

The commercial product containing clinoptilolite, used in experimental groups, is 
named Min-a-Zel S and is produced by PATENTKOMERC, Belgrad, Serbia. The product 
is in the form of powder, having a white to light grey colour. The particles size are: 
76.57% between 1-10µm, 6.89% with 10-15 µm, 7.57% with 15-23 µm, 5.47% with 23-
33 µm, 2.33% with 33-44 µm and 1.17% over 44 µm. The chemical composition of Min-
a-Zel S is mostly SiO2 (64,21%) and Al2O3 (11,48%) and was determined at ITNMS, 
Serbia. 

 Serum samples were analyzed for calcium, phosphorus, magnesium and iron 
with commercially available kits (Hospitex Diagnostics, Italy) using biochemical 
automatically analyzer (EOS-BRAVO FORTE, Hospitex, Italy). Control serum (QC 
SERUM N, Hospitex, Italy) was used for controlling measurement accuracy. 

Values of growth performance are expressed as means ± SX. Statistical 
analysis was performed by ANOVA test.  

 
Results and discussions 

 
The concentration of minerals in blood serum of calves at parturition and 

after birth at different intervals is shown in table 1. 
 

Table 1 
The concentration of minerals in blood serum of calves  

Parameters 
(mg/dl) 

Lot at parturition 6h 16h 30h 

Ca 

C 10.32±1.36 10.56±2.98 10.74±1.95 10.55±2,27 

E1 13.79±3.08 13.94±3.74 12.60±5.21 14.49±3.50 

E2 7.96±4.04 10.30±5.21 13.40±5.20 12.81±3.65 

P 

C 6.91±2.36 6.71±1.08 8.49±0.87 6.38±1.42 

E1 6.18±0.61 5.97±1.22 8.83±5.34 14.55±6.98 

E2 5.05±1.45 5.32±1.87 14.63±7.83 5.26±1.21 

Mg 

C 2.34±0.74 2.66±0.41 3.36±1.16 2.72±0.59 

E1 2.60±0.39 2.99±0.61 2.68±0.90 3.56±0.51 

E2 1.33±0.69 2.16±1.01 2.81±1.03 2.60±0.77 

Fe 
(µg/dl) 

C 54.95±32.51 44.75±17.86 59.09±24.99 62.56±37.51 

E1 34.61±18.65 35.85±14.74 76.81±22.38 153.09±56.49 

E2 37.76±23.66 33.39±14.07 59.86±26.72 141.49±50.22 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 44 
 

 

In the present study, clinoptilolite supplementation increased serum Ca 
concentration in neonatal calves. Increased serum calcium suggests a better 
availability for growing. A possible explanation was offered by Mohri et al. (2008). 
Binding of calcium by clinoptilolite in the digestive tract reduce its absorption, 
leading to activation of calcium homeostatic mechanisms, resulting in an increase 
of parathyroid hormone and therefore an increase in serum calcium (10). In dairy 
calves, sodium zeolite A supplementation appeared to alter the rate of bone 
turnover without altering bone strength (18). Other researchers suggested that 
addition of synthetic zeolite A in ratio during the last month of pregnancy 
significantly increased the mean serum Ca level on the day of calving and 
efficienctly prevented hypocalcemia (serum Ca<2.00 mmol/l) with 58%. Mg and P 
level were significantly lower among the experimental cows, but were normalized 
within one week after calving. In contrast, Bosi et al. (2002), and Katsoulos et al. 
(2005) didn't find any modification of mineral content in milk cows (1,4,7,15,16,17).  
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Fig.1. The evolution of Ca in blood serum of calves in the first 30h postpartum 

 
 In the present study the evolution of phosphorus concentration was 
different from those obtained by Mohri et al. (2008) and Step et al. (2008) (10,14). 
After 30h in group E1 and E2 phosphorus concentration increased. Unlike zeolite 
A, clinoptilolite is more stable under acidic conditions, does not undergo major 
changes during transit through the digestive tract. Silicon and aluminum ions from 
the crystalline mineral matrix are not released; they do not interfere with 
phosphorus by forming insoluble phosphates (Valdivia, 1982 quoted by 10). 
Results regarding influence of clinoptilolite on mineral content are different between 
young and adult animals. Optim Ca/P ratio for growing animals is 1.3-1.5/1 (5). 
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Fig.2. The evolution of P in blood serum of calves in the first 30h postpartum 

 
 In our experiment, concentrations of serum magnesium increased 
significantly in groups that received colostrum supplemented with clinoptilolite. Our 
results are conflicting with those reported by other researchers (10).  
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Fig.3. The evolution of Mg in blood serum of calves in the first 30h postpartum 

 
 Among all assayed minerals, iron increased the most in calves fed 
colostrum with zeolite added.  
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Fig.4. The evolution of Fe in blood serum of calves in the first 30h postpartum 

 
 These results are even more important if we admit that calves have low 
liver stores of iron and low levels of iron can lead to anemia and adversely affect 
calf growth (19). Clinoptilolite may exert stimulating effects on hemopoiesis (10).  
    

 
Conclusions 

 
Serum mineral content increased in all groups after feeding calves with 

their mother colostrum; 
Serum calcium increased in all calves that received clinoptilolite in 

colostrum, with 37.34% in group E1, with 21.42% in group E2 in comparison with 
control group and with 13.11% in E1/E2 at 30 hours postpartum; 

Magnesium concentration increased in groups E1 in comparison with 
control group (p<0.003) and E2 (p <0.009) at 30h postpartum; 

Phosphorus was higher in group E1 at 30 hours postpartum in comparison 
with control group (p <0.001) and with E2 (p <0.006); 

Adding clinoptilolite in colostrum increased the iron concentration with 
+144.70% in group E1 (p<0.0005) and with +126.16% in group E2 (p<0.002) at 30h 
postpartum.  
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Summary 
 

This paper describes the case of a haematometra subsequent to a uterine torsion, 
discovered accidentally during a spaying surgery at a common breed bitch.  After celiotomy 
a spherical outgrowth, 12 centimeters in diameter, with hemorrhagic aspect could be 
noticed. Underneath this outgrowth a uterine torsion greater than 1080

o 
was found. The 

pathological examination of the uterus confirmed the macroscopic evaluation;   according to 
the latter, that round shape outgrowth was a haematometra. This being sectioned revealed 
two conception products of about 2 cm in length.  The length act as an indication, the 
pregnant uterine torsion may be predicted to have occurred approximately 33 days 
postfertilization. The postoperative evolution of the bitch was a favorable one. 

Key words: bitch, uterine torsion, haematometra, preganant   

 
Although the uterine horns are appreciable long within this species, the 

uterine torsion occurs rather rarely. Topographically speaking the uterine torsion at 
this breed may take place around the longitudinally axis (the most frequent type), at 
the uterus body level or twisting around each other.    Despite the fact that the uterine 
horns are long at this species, the uterine torsion is not often met(7). Among the 
causes for this topographic alteration, we can remind falling from grate high‘s, rolling 
or small quantities of fetus liquids (4). The torsion degree may also differ from 180

o
 to 

2160
o 

(1,6,7). Female with uterine torsion may show sever abdominal pain with 
abdominal distension, haemorragical vaginal discharge, tachycardia and signs of 
acute abdomen, or dystocia or may have few clinical signs (7). Severe torsion may 
cause obstruction of the blood supply to the uterus, with resulting in thrombosis or 
rupture of the uterine vessels tear, congestion, shock, and fetal and/or maternal 
death. At the parturition time the twisted uterus can suffer laceration (7). 
 

Case history and observation 
 

A common breed, aged about 4 years, weighing about 25 kg was brought 
to the Faculty of Veterinary Medicine Timişoara for spaying. The female already 
had a pregnancy the previous year. The bitch gave birth to 5 puppy about 2 month 
ago.  The birth process developed without any incidents. The bitch owners did not 
noticed a behavior alteration during the gestation or in the peripartum period.   At 
the owners request the gonadectomy surgery was performed. The anesthesia was 
made with acepromazine (0,5 mg/kg) and ketamin (15 mg/kg) administrated 
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intramuscular. Exploratory celiotomy revealed on the left uterine horn a 
haemorragical brown diverticul.  Above the diverticul the torsion of the uterus of 
about 1080

o
 along the longitudinal axis can be seen. Taking into account the 

surgical findings, an ovariohisterectomy was performed. After the surgical removal 
of the uterus and ovaries, the diverticulum was cut off by means off a pair of 
scissors. Following the cutting off, a brown liquid let out.  The haemorragical 
content of the uterine diverticulum is known as haematometra. It being also cut off 
revealed two conception products of about two centimeters in length. The embryos 
were connected to the uterine mucus membrane through the umbilical cord. The 
uterine wall was thickened, some sections being 1centimeter thick (Fig. 1) 
 

Discussion  
 

The case is unprecedented for a series of facts. First, the ample uterine 
torsion (approximate 1080

o
) was not followed by severe abdominal pain with 

abdominal distension, haemoragical vaginal discharge, tachycardia and other signs 
of acute abdomen. There are few bibliographical sources according to witch the 
uterine torsion evolves with few clinical symptoms (7). In addition, a similar few 
sources recorded the uterine torsion occurring during pregnancy(5). 
 

 
 

Fig.1. Aspect of haematometra following uterine torsion with two embryos inside 
 
Haematometra is often recorded at bitches subsequent to the uterine 

torsion (3,6,7).  The haemoragical liquid content in the uterine cavity is due to the 
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severe torsion. Presence of a hemoragical liquid in the uterine cavity is due to 
severe torsion (1080

o
 in this case) that can cause obstruction of the blood supply to 

the uterus, with  resulting of thrombosis or rupture of the uterine vessels, 
congestion, shock , and fetal and/or maternal death. (7) Provided the uterine 
torsion occurs during the pregnancy period, the parturition process may lead to the 
uterus being render (7), fact unspecific for the case presented. 

According to the measurements, the crown rump length was 2 centimeters 
Consistent with the data in the literature the gestation age is determined by the 
following formula:  

GA= (3xCRL)+27  
GA=gestational age and CRL= crown rump length (2) 
According to this formula, the conception product was about 33 days old. 

The uterine torsion may be predicted to have occurred after 33 days from the LH 
peak level. The uterine torsion being ample (aprox. 1080

o
), due to the obstruction 

of the blood supply to the uterus the conception products ceased to evolving. The 
ample torsion preserved a sterile uterine environment for about three month until 
the surgery was performed. Taking into account the hormonal status at the 
parturition time, it is rather unnatural for the uterus to keep it undamaged. The data 
in the literature record the possibility for the uterus to rend at the parturition time 
(7). The female post surgery evolution was a favorable one.  
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Summary 

 

The study followed the effects on prepuberal gilts of molds present in the feedstuff 
and the morphological features induced on the ovaries. 

The 30-day long study was conducted on a cohort of 30 gilts 35 - 40-day-old. 
During this period, the gilts were fed feedstuff with a 60% content of moldy corn. For the 
purposes of the experiment the corn was artificially molded by being stored in conditions 
similar to the ones in which swine food is oftentimes kept: dark, stuffy and humid rooms. 
Aspergillus spp., Rhizopus spp., Penicillium spp. and Mucor spp were isolated from the feed.  

At the end of the experiment 10 gilts were euthanasied. Internal genitalia were 
submitted for gross and microscopic examination.  

The gross examination of the ovaries revealed, in 7 out of 10 gilts, the presence of 
cysts, located bilaterally and measuring 0.5 - 0.8 centimeters. In addition, was observed 
cysts and numerous primary and secondary follicles. The oocytes with aspects of 
ratatination, vacuolisation or loss of structural architecture, basophilic cytoplasm and 
vacuolated, hyperchromic and picnotic nucleus were observed on microscopic examination. 
The cysts had a compressed and atrophied granulosa, with a disintegrated architecture. 

Ovarian lesions cause irreversible damage on germinative line, resulting in 
compromising the reproductive function by ovarian induced sterility. 

Key words: mycoestrogenic syndrome, gilts, ovarian lesions 

 

Fungi and mycotoxins often contaminate the feedstuff for swine. Females 
are particularly sensitive to mycotoxins, due to their effect of reproductive function. 
Clinical manifestations of mycotoxicosis depend on type of mycotoxin, quantity and 
duration of ingestion and the previous systemic status (1, 3, 6).  

Mycoestrogenic syndrome affects the sows and gilts fed with moldy feed, 
especially moldy corn. Fusarium spp., Aspergillus spp., Penicillium spp., Claviceps 
spp. are frequently isolated from the feed. Particularly, zearalelone is a major 
contaminant uterotropic mycotoxin produced by Fusarium spp. Feedstuff produced, 
stored and transported in inadequate conditions represents a suitable environment 
for infestation (4). Worldwide trade of feedstuff makes the contamination with 
mycotoxins an international topic. On the global scale, an estimated 25% of the 
feedstuff is contaminated with mycotoxins. Mycoestrogenic syndrome affects both 
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prepuberal and cycling sows, but the evolution and clinical signs depend on the 
age and physiological status of the female (2, 3, 5). 

Gilts suffering from mycoestrogenic syndrome often show edema and 
congestion of vulva, partial or complete vaginal prolaps turgescent mammary 
glands and nipples, follicular cysts and endometrial hyperplasia. Pseudopregnancy 
may be present, associated with uterine hypertrophy and prolonged maintenance 
of corpora lutea. Leiomyocyte hypeplasia and fibrosis result in uterus weighing 2.5-
4.5 times more than normal (1, 3, 5). 

 
Materials and methods 

 
The 30 days-period experiment was carried out on a total number of 30 

recently weaned gilts, with ages ranging from 35- to 40-day-old.  
The gilts were given diets containing 60% moldy corn. The corn was kept 

in a dark, unventilated and humid room in order to artificially create the inadequate 
conditions in witch the cereals for swine are often stored. Aspergillus spp., 
Rhizopus spp., Penicillium spp. and Mucor spp were identified in the feedstuff.  

At the end of the experiment 10 gilts were euthanatized and internal 
genitalia were submitted for gross and microscopic examination.  

Ovaries and other parts of internal genitalia were fixed in 10% 
formaldehyde solution and Bouin solution, paraffin embedded, sectioned at 4-5 µm 
and stained Masson trichrome, van Gieson and PAS. 

 
Results and discussions 

 
Results of macroscopic examination 
The ovaries presented severe damage, consisting of cysts of various 

diameters (0.5-0.8 cm). The cysts were constantly on both ovaries. Small cysts 
were disseminated on the ovarian surface, leading to the well-known aspect of 
polycystic ovary. In contrast, larger cysts were located mainly at one pole of the 
ovary. Constantly, the cysts content was clear, transparent and slightly citrine. 

Results of microscopic examination 
A large variety of lesions were observed on microscopic examination. All 

gilts had ovarian cysts (also seen on gross examination), numerous secondary 
follicles, but few primary follicles. The majority of follicles were degenerated, 
especially the ones located between the cysts and the surface of the ovary. These 
follicles were deformed and flattened. The oocyte was detached from stratum 
granulosum and had a shrunken aspect, with a basophylic and vacuolated 
cytoplasm. The nucleus of oocyte was vacuolated, hyperchromic and pycnotic. 
Zona pellucida was folded, fragmented or disorganized. Degenerated follicular 
cells, were detached of the basement membrane and formed clusters 
hyperchromic cells or isolated sheets. 
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The aspect of cysts depended on their size. The cells of granulosa were 
arranged in 4 or 5 layers, and had mainly euchromic nuclei, but also hyperchromic 
and pycnotic nuclei. The cytoplasm was vacuolated. The strong tendency toward 
disintegration of membrane granulosa generated the detachment of cells, those 
being in contact with the follicular fluid.  

Internal follicular sheet was represented by 2-3 layers of cells, compressed 
by the cysts. The cases in which the cystic fluid filled all the cortex, reaching the 
tunica albuginea, internal follicular sheet was represented only by fibrous tissue. 
The flattened and degenerated remaining nuclei of cells intermixed with the 
fibrocytes.  

Rarely, the oocyte was observed and appeared detached from cumulus 
proliger, with vacuolated cytoplasm and nucleus and folded, splited and 
disorganized zona pellucida. 

The results of this study demonstrate, once more, the irreversible 
morphological alteration of genitalia in prepuberal gilts, induced by the ingestion of 
moldy corn. The gross examination permitted noticing that the most affected 
organs were the ovaries, the predominant lesion being follicular cysts. 

Naturally or artificially induced mycoestrogenic syndrome in swine has 
been well documented both locally and internationally. It is generally accepted that 
prepuberal gilts show severe anatomo-clinical signs, including edema and 
congestion of vulva, partial or complete prolapsed vagina, swelling of mammary 
glands and nipples, follicular cysts and endometrial hyperplasia (1, 2, 4, 5). 

The differences between the lesions observed by us and other authors 
could be explained by the different doses of mycotoxins given to gilts, duration of 
administration and age of animals.  

One of the purposes of our study was to simulate the improper conditions 
in which the feedstuff for swine is often kept, especially in industrial farms. The 
results demonstrate the damaging effects of mycotoxins on the reproductive 
function. 

Genitalia of prepuberal gilts respond promptly to the aggression of 
mycotoxins represented by early sexual development, followed by degenerative 
lesions of the ovaries and other parts of reproductive system. 

 
Conclusions 

 
An inadequate condition for corn storing permits the infestations with 

Aspergillus spp., Rhizopus spp., Penicillium spp. and Mucor spp. 
Gilts fed with diets containing moldy corn had ovaries that reached maturity 

faster than normal (secondary, tertiary and de Graaf follicles were present in the 
ovarian cortex). 

The majority of the females (70%) had bilateral ovarian cysts. 
All the females had degenerated/necrotic follicles. 
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Ovarian lesions are irreversible and lead to permanent damage to 
germinative line followed by ovarian-induced sterility. 

Even if the moldy feed is eliminated and a good quality feed is introduced, 
the reproductive system of gilts does not revert to normal.  
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Summary 

 
This study evaluated the epidemiological features, along with the efficiency of 

cytological and histopathological diagnosis of cutaneous lesions in dogs. The study included 
dogs with cutaneous nodules presented during one year long period at the Department of 
Pathological Anatomy of Faculty of Veterinary Medicine Bucharest.  

During 2010, 807 dogs with various lesions were subjected to pathological 
diagnosis and 236 (29%) of them presented cutaneous/subcutaneous masses. Breed 
predilection was not detected, but the affected dogs were mainly of medium and large 
breeds (German shepherd, Boxer, Rottweiler, Amstaff, Cocker etc.). Sex predilection was 
not apparent, both sexes being almost equally represented (females 53% and males 47%). 
The age of the dogs ranged from 1-month-old and to 16-year-old (mean age 9-year-old). The 
trunk was the most common site (33%), followed by the legs (32%), head (27%) and neck 
(8%). The attempt to correlate the incidence of cutaneous tumors with the season revealed 
that most lesions appear during spring (35%) and the fewest during summer (15%). 

The samples were taken by fine needle aspiration (45%) and surgical removals 
(55%). 30% of the surgically excised tumors were submitted exclusively to cytological 
examination, 25% exclusively to histopathological examination and 45% were examined by 
both methods. This resulted in 86% of all the 236 cases to be cytologically examined. 

Most of the tumors were malignant mesenchymal neoplasms (29% as mast cell 
tumor, hemangiopericytoma, malignant fibrous histocytoma), followed by benign epithelial 
neoplasms (25% as follicular tumors), benign mesenchymal neoplasms (21% as lipoma and 
canine cutaneous histiocytoma) and tumor-like lesions (16% as granuloma/pyogranuloma, 
nodular panniculitis). 4% of the samples were inconclusive for diagnosis. Most of the 
malignant mesenchymal neoplasms were diagnosed during spring (34%). Benign epithelial 
neoplasms and benign mesenchymal neoplasms were diagnosed mainly in the winter and 
the tumor-like lesions were diagnosed during spring (19%) and summer (18%). 

Key words: cutaneous lesions, dog, epidemiology, morphological diagnosis 

 
The skin is the most common site of tumor development in dogs (4, 5). The 

structural complexity of canine integument could explain the existence of more than 
20 types of cutaneous neoplasms described in this species (3, 6). 

Gross examination alone is a poor diagnosis tool and has no value in 
predicting the biological behavior of cutaneous tumors (1, 2). Therefore, the 
morphological examination has a major role in diagnosis of cutaneous masses (3). 
The cytological examination of fine needle aspirates and histopathological 
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examination of biopsies/excised tumors allow both pathologist and clinician 
recognize the type of lesions, predict its biological behavior and establish the 
therapy (3, 4, 5). 

 
Materials and methods 

 
A total of 807 dogs were examined at the Department of Anatomical 

Pathology of Faculty of Veterinary Medicine Bucharest during 2010. Skin lesions 
were diagnosed in 236 dogs. 108 samples were taken by fine needle aspiration 
and submitted to cytological examination. 128 were excised tumors, of which 38 
samples were submitted solely to cytological examination, 33 samples to 
histopathological examination and 57 samples, to both examination methods. 

Cytological examination was carried out with oil immersion objective lens 
on May-Grünwald Giemsa stained samples. All tissues submitted to 
histopathological examination were fixed in 10% neutral buffered formalin, 
embedded in paraffin, sectioned at 4-6 microns, and stained with hematoxylin and 
eosin or Masson trichromic. 

 
Results and discussions 

 
A total number of 807 dogs were examined and skin lesions 

(cutaneous/subcutaneous) comprised 29% (236 dogs) of the cases. Breed 
predilection was not detected, but the affected dogs were mainly of medium and 
large breeds (German shepherd, Boxer, Rottweiler, Amstaff, Cocker etc.). No 
significant sex predilection was noted, both sexes showing close percentages 
(females 53% and males 47%). Mean age of affected dogs was 9-year-old (108 
months-old), the age of the studied dogs ranging from 1-month-old to 16-year-old 
(192-months-old). The trunk and legs was the most common location (33% and 
32%), head (27%) and neck (8%). The main data about the cases are summarized 
in Table 1. 

Table 1 
General data about studied cases 

Month 
No. of 
cases 

Sex Mean 
age 

in month 
(limit) 

Location Sample Examination in SR 

F/M H N T L FNA SR C Hi CH 

JAN 9 4/5 84 
(24-123) 

0 2 3 4 3 6 2 2 2 

FEB 15 7/8 114 
(7-192) 

3 2 5 5 9 6 1 0 5 

MAR 30 18/12 96 
(3-180) 

8 2 8 12 14 16 5 4 7 

APR 29 20/9 114 
(12-180) 

5 0 12 12 11 18 6 0 12 

MAY 24 13/11 102 
(12-168) 

6 1 9 8 14 10 2 4 4 

JUN 17 11/6 108 
(8-180) 

5 2 4 6 10 7 5 2 0 
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JUL 8 5/3 108 
(72-144) 

4 0 2 2 5 3 2 1 0 

AUG 11 5/6 132 
(96-144) 

3 1 4 3 4 7 2 3 2 

SEPT 17 7/10 114 
(6-192) 

6 2 7 2 4 13 2 6 5 

OCT 25 8/17 108 
(12-168) 

8 2 8 7 12 13 3 1 9 

NOV 27 14/13 90 
(2-180) 

8 2 9 8 10 17 3 7 7 

DEC 24 13/11 102 
(1-180) 

7 2 8 7 12 12 5 3 4 

TOTAL 236 125/111 108 
(1-192) 

63 18 79 76 108 128 38 33 57 

F=female, M=male, H=head, N=neck, T=trunk, L=legs, FNA= fine needle aspiration, 
SR=surgical removals, C=cytological, Hi=histological, CH=cytological/histological 

 

The attempt to correlate the incidence of the cutaneous neoplasms with the 
season revealed that most lesions appear during spring (35%), and the fewest 
during summer (15%) (fig. 1).  

Our data proved that benign epithelial and mesenchymal tumors were 
more frequently encountered in winter, and the number of malignant mesenchymal 
tumors was the highest in spring (Fig. 2). 

The drawn conclusions are arguable due to difficulty of marking the exact 
moment of debut. Furthermore, the tardiness of establishing the correct diagnosis 
must be noted, as weeks, months or even years have passed in some cases from 
the initial observation by the owner and the actual diagnosis. 

 

 
 

Fig. 1. The frequency of lesion in dogs according to season 
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Fig. 2. The frequency of lesion in dogs according to season 
 

The major lesional categories are summarized in Table 2. 
Table 2 

Results of morphological examination 

Month 
Nr. of 
cases 

B E T M E T B M T M M T M T T-l Inconclusive 

JAN 9 4 0 3 1 0 1 0 

FEB 15 4 1 2 6 0 1 1 

MAR 30 8 1 5 10 0 5 1 

APR 29 9 3 2 7 0 6 2 

MAY 24 3 1 6 10 0 4 0 

JUN 17 4 2 3 1 0 5 2 

JUL 8 3 2 2 1 0 0 0 

AUG 11 2 1 2 5 0 1 0 

SEPT 17 3 1 3 4 2 3 1 

OCT 25 4 3 5 8 1 3 1 

NOV 27 7 3 6 9 0 2 0 

DEC 24 6 1 8 4 0 4 1 
TOTAL 236 57  19  47 66 3  35  9  

BET= benign epithelial tumors, MET= malignant epithelial tumors, BMT= benign 
mesenchymal tumors, MMT= malignant mesenchymal tumors, MT= melanocytic tumors, T-
l= tumor-like  
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Following morphological examination, 192 (81%) of samples were 
classified as tumoral grows, 35 (15%) were diagnosed as tumor-like lesions and 9 
(4%) were inconclusive for diagnosis. 

Mesenchymal tumors had the highest occurrence in 2010 (50%), 
considering the presented data in cases with a final diagnosis (Fig. 3). 

 

 
Fig. 3. The frequency of cutaneous lesions 

 
 

Inconclusive cases were investigated solely by using fine needle 
aspiration, the percentage being similar with those presented by references (1, 6). 

Mast cell tumor, hemangiopericytoma and histiocytic-type tumors were the 
most commonly diagnosed malignant mesenchymal tumors. Follicular tumors were 
the most frequently recorded benign epithelial tumors. Benign mesenchymal 
tumors were represented mainly by lipoma and canine cutaneous histiocytoma. 
The number of melanocytic tumors was low, all of it appeared in summer and 
diagnosed in autumn, sun exposure being considered the main cause. The 
accuracy of cytological examination was 89%. 

The constant increasing of cases diagnosed with cutaneous lesions in dog, 
made us to perform an evaluation of the caseload in 2010. Further studies will 
include a longer period comparative study, for the assessment of the dynamic 
evolution and correlations with potential causes. Considering that the most of the 
dogs are hosted in Bucharest, the pollution being known in this area, it is possible 
that the occurrence of cutaneous lesions to be pollution related.  

 

Conclusions 
 

Cutaneous neoplasms comprise 29% of all the lesions diagnosed in dogs. 
Females represented 53% and males 47% of the total number of cases. 
Medium and large breeds were constantly affected. 
The mean age of the dogs was 9-year-old. 
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The most frequently involved areas were the trunk (33%), the legs (32%) and head 
(27%). 

81% of samples were tumors, 16% were tumor-like lesions and 4% were 
inconclusive. 

Malignant mesenchymal tumors were the most frequent (29%), followed by 
benign epithelial tumors (25%) and benign mesenchymal tumors (21%). 

Mast cell tumor, hemangiopericytoma and histiocytic-type tumors were the 
most commonly diagnosed malignant mesenchymal tumors.  

Follicular tumors were the most frequently recorded benign epithelial 
tumors.  

Benign mesenchymal tumors were represented mainly by lipoma and 
canine cutaneous histiocytoma. 

The accuracy of cytological examination was 89%. 
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Summary 
 

Arterial blood pressure measurements were obtained from 150 healthy calves using 
the oscillometric technique to establish reference values for the specie. 

Calves with ages between 2-13 years old (5.77±5.61 years) were examined in 
standing position. Arterial blood pressure was measured from coccygeal vertebra. Systolic 
arterial pressure value was 103.75 ± 1.68 mmHg. Diastolic arterial pressure was 56.48 ± 
1.29 mmHg. Mean arterial pressure was 72.26 ± 1.37 0.29mmHg.  

There were observed increases of arterial blood pressure in following situations: 
food administration, defecation and urination, and also in decubital state. 

Key words: blood pressure, cow, oscillometric method 

 
This paper is a continuation of researches on cardiovascular system in 

bovine (13, 2). If literature is rich in clinical studies regarding pets and equine 
cardiovascular system, bibliography on this subject (echocardiography, ECG or 
blood pressure) in bovine is quite limited (3, 4). In this research, we have studied 
the values of blood pressure in adult bovine, physiological variations and we have 
described 6 cases of arterial hypertension during clinical investigations. 

 
Materials and methods 

 
150 bovines from Holstein and Brown breeds, 1 to 10 years old (5.77 ± 

0.2), were examined while awake and in standing position. 
The oscillometric method – OMRON R1 device and ―HDO blood pressure 

system‖– was used in order to establish the blood pressure. 
The sleeve of the device was fixed at the tail`s base with the sensor 

situated ventrally on the coccygeal artery. 5 / 10 determinations were realized for 
each animal (systolic, diastolic and pulse) and the arithmetic mean was calculated. 
The mean arterial pressure was calculated based on the following formula: MBP = 
DBP + (SBP-DBP)/3, where MBP was mean arterial pressure, DBP was diastolic 
arterial pressure and SBP was systolic arterial pressure. Statistic interpretation was 
relied on the following parameters: arithmetic average, standard deviation, 
variance, error of the mean and the coefficient of variability. 
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Results and discussions 
 

The aim of the experiments was to establish: A) the values of systolic, 
diastolic and medium arterial pressure in clinical healthy cows; B) physiological 
variations of arterial pressure depending on animal position and different 
physiological states; C) variations of arterial pressure depending on age; D) 
pathological changes of arterial pressure – arterial hypertension. 
A) Values of arterial pressure in bovine are: 

- Systolic pressure = 103.75 ± 1.68 mmHg 
- Dyastolic pressure = 56.48 ± 1.29 mmHg 
- Mean arterial pressure = 72.26 ± 1.37 mmHg 

B) Physiological variations of arterial pressure. Increased values of arterial 
pressure were observed when the determinations were realized on recumbent 
position animals, ex: increase from 99.4/60.3 mmHg (Systolic/Dyastolic 
pressure) to 132.7/84.7 mmHg or increase from 93.33/53.83 to 148.28/108. It 
has been considered that the increasing values of arterial pressure are due to 
the pressure of the rumen on the thoracic cavity, implicitly on the heart and 
large vessels. 

The increase of arterial pressure was also determined by: the pulses 
caused by the noise of tractors bringing the food; defecation (ex. increase from 
66/32.2 mmHg to 69/36 mmHg); urination (ex. from 66/32.3 mmHg to 87/51 
mmHg). The decrease of arterial pressure has been observed after parturition 
(ex. from 90.57/43.42 to 76.42/41.37 mm Hg in the first day after parturitions). 

C) Variations of arterial pressure depending on age. If in human beings there is 
an increase of arterial pressure simultaneously with the age, followed by a 
decrease (Gauche curve), in bovine there no significant variations depending 
on the age of the animals. 

D) Pathological changes of arterial pressure – arterial hypertension. From the 150 
examined cows, 6 animals presented arterial hypertension (we could not 
establish the causes of the hypertension), ex. 186.66/52.33 mmHg, 177/61 
mm Hg, 161.33/88.93 mmHg, 153.66/95.26 mmHg, 146.6/60.06 mmHg and 
143.37/78.73 mmHg. 

 
Conclusions 

 
In bovine, the arterial pressure can be determined using the oscillometric 

method, the animals undergoing this method very well. The cows were examined 
while awake and in standing position. 

The values (mmHg) were: systolic arterial pressure = 103.75 ± 1.68, 
diastolic arterial pressure = 56.48 ± 1.29 and mean arterial pressure = 72.26 ± 
1.37. 

No significant variations related to animal age have been detected. 
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In case of determinations realized on recumbent position animals there 
was an increase of arterial pressure, also noticed during defecation, urination and 
stimuli which anteceded food administration. The decrease pressure has been 
observed in the first day after post – partum. 6 cases of arterial hypertension have 
been observed. 
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Summary 
 

Diabetes mellitus is a complex metabolic disorder who can affect disorders at 
coronary artery and determine a specific cardiomyopathy. 

Two lots were made, first – the lot with streptozocin administration (60 mg/kg - 50 
Mm citrate buffer) and the second lot – standard lot. Diabetics‘ animals (n.38) presented an 
acute course (15 animals) or a chronic course (23 rats). In the first situation, the rats had 
died in the first 10 days since diabetes mellitus has been induced and the animals 
presented: inappetence, emaciation, deep deviation – hyperglycemic coma, haematuria (one 
case) and bloody diarrhea (one case). Blood glucose value was 600mg/dl.  

The rats with a chronic course initially presented inappetence, then they started to 
feed themselves and the body weight started to be almost the same with the standard lot 
weight. Blood glucose value was 406.22±24.85 mg/dl. 

The rats with an acute course presented electrocardiographic changes: 
bradycardia, left bundle branch block, ST segment depression, atrial standstill, first, second 
and third degree AV block and ventricular fibrillation. 

In diabetics‘ rats with a chronic course the electrocardiographic diagnosis was: left 
ventricular enlargement, right ventricular enlargement and ST segment depression. In 
conclusion, we think that in rats with acute course the ECG‘s changes followed diabetic 
cetoacidosis (blood exams confirmed), but in rats with chronic course the changes were 
induced by cardiac and coronary artery changes (histological confirmed). 

Key words: diabetes mellitus, rats, streptozocina 

 
Diabetes mellitus is a complex metabolic disorder which can produce 

serious alterations of blood vessels (2). By influencing the cardiac circulation, 
diabetes mellitus produces changes of myocardium and of specific transmission 
system (3, 4). Consequently, diabetes mellitus will induce a specific 
cardiomyopathy which will be expressed by a heart failure (1, 3).The aim of this 
research is to study the effect of experimentally induced diabetes mellitus (by 
streptozocine) on myocardium of White Rats. 

This paper is a part of postdoctoral research contract of postdoctoral 
School Costin C. Kiriţescu from the Romanian Academy. 
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Materials and methods 
 

45 adult Wistar male rats, weighing 200-220gr were used in the 
experiment. 

They were divided in 2 groups:  
 the control group (n=7) 

 the group with induced diabetes mellitus by streptozocine 
administration (n=38) 

Diabetes mellitus was induced by one administration of streptozocine, 
intraperitoneally, in a dose of 60mg/kg in 50 Mm buffer citrate. 

A clinical and paraclinical diagnosis – determination of blood sugar with the 
Accu-Check Go (Roche) glucometer- of diabetes mellitus was realized. 

The blood samples were taken from the coccygeal arteries. 
The electrocardiograms were realized on awake and right lateral decubitus 

animals (manual setting of the animals). 
The ECG parameters were: standard leads; amplitude=1Mv=10mm; 25 

and 50mm/sec. 
Animal breeding, examination and euthanasia were realized according to 

the Romanian legislation of animal protection. 
The time-points for the sacrifice were at 14, 30 and 60 days. The 

euthanasia was realized after animals‘ anesthesia. Samples from heart, aorta, 
pancreas and liver were collected for the histological exam. 

 
Results and discussions 

 
The diabetes mellitus was diagnosed in 38 Wistar white rats after the 

administration of streptozocine, which means 60% of the animals receiving a 
streptozocine administration. 

15 rats developed the acute form of Diabetes mellitus and 23 the chronic 
form of Diabetes. 

 
Clinical diagnosis 
The clinical symptoms in the acute form of diabetes were represented by 

anorexia, cahexia, deep depression – hyperglicemic coma, haematuria (1 case) 
and bloody diarrhea (1 case). The rats died in the first 10 days from the 
administration of streptozocine. The glycemia level was over 406.22+/-24.85mg/ml. 

In the first stages of the chronic form, the symptoms were represented by 
anorexia and weakness. Afterwards, the animals begin to eat their meal and the 
body weigh became comparable with the control group. The animals were more 
weakened comparing to the control group which allowed multiple blood samples 
and EKG exams in very good conditions.  

The blood glucose level was 406.22+/-24.85mg/dl. 
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Electrocardiographic diagnosis 
The electrocardiograms were realized in awake, right lateral decubitus 

animals by manual setting.  
In the acute form, ECG changes were represented by: bradycadia, left 

bundle branch block, ST segment depression, nodal rhythm, first, second and third 
AV block and ventricular fibrillation (as terminal arrhythmia). 

In the chronic form, ECG changes were left ventricular hypertrophy, right 
ventricular hypertrophy and ST segment depression.  

We consider that these changes are due: 
A. in the acute form, to the diabetic ketoacidosis; 
B. in the chronic form, to the changes of the cardiac musculature  
The histolological lesions revealed: 

- strong vasodilatation, dystrophy and necrosis – in the case of rats with a 
fast evolution 

- vasodilatation and fibrosis in atrium and myocardium, particularly in the 
papilar muscles and interventricular septum 

 
Conclusions 

 
Diabetes mellitus was induced by streptozocine administration (60mg/kg) 

intraperitoneally, in unique dose. From the total number of male rats, only 60% (38 
rats) has developed diabetes mellitus. 15 rats (39.47%) have had a fast evolution 
and 23 (60.52%) a chronic form. 

The clinical signs in the acute form were: anorexia, fast and advanced 
weakening, deep depression (hyperglicemic coma), hematuria, bloody diarrhea and 
death in the first 10 days from the administration of streptozocin. The level of 
glycemia was 600 mg/dl. 

The symptoms of the chronic form were initial anorexia and decreased 
liveliness. The level of glycemia was 406.22+/-24.85mg/dl. 

The ECG changes in the acute form were represented by: bradycardia, left 
bundle branch block, ST segment depression, nodal rhythm, first, second and third 
AV block and ventricular fibrillation (as terminal arrhythmia). These changes are the 
consequence of the diabetic ketoacidosis. 

In the chronic form, EKG changes were: left ventricular hypertrophy, right 
ventricular hypertrophy and ST segment depression, which demonstrates 
myocardial changes, as a consequence of long term hyperglycemia. 

Histological changes were represented by strong vasodilatation, dystrophy 
and necrosis – in the case of rats with a fast evolution and vasodilatation and 
fibrosis in atrium and myocardium, particularly in the papilar muscles and 
interventricular septum. 

The injuries observed in these experimental studies are similar with the 
lesions of human patients (and also in dog), which represents a strong reason to 
continue the research and to transpose the results in the field of dog‘s cardiology. 
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Summary  

 

Pancreatic beta cells status is crucial for the appearance and evolution of diabetes 
mellitus in both animals and humans. Glycemic homeostasis of the organism depends on 

the condition and number of intact beta cells. A review of methods that contributed to the 

development and the strengthening of the pancreas regeneration techniques and also the 
new methods that generated better results is made. The most important methods that 
developed and improved in last years are islets grafts, stem cell transplantation and 
operative aggressions on the pancreas. Regeneration and replication of pre-existing beta 
cells following partial pancreatectomy has been proved in many animal models. It has been 
demonstrated that complete differentiated beta cells keep a significant proliferation capacity. 
New methods were developed in order to stimulate post-transplant islet survival, prevent 
apoptosis, promote cell growth, protect cells from the immune response and decrease the 
rate of auto and allograft rejection. In the last years researches were focused mainly on the 
transplantation of islets and pluripotent stem cells. Though it proved to be successful, 
pancreatic transplantation is an invasive method and can not be performed in patients 
having complications and advanced states of diabetes. The decrease of rejection rate is 
being followed, by using different types of immunosuppressants that prevent autoimmune 
reactions from the body. Rapamycin (sirolimus) or / and calcineurin inhibitor tacrolimus 
(FK506), that have been mostly used, were toxic for the pancreas having deleterious effects 
on beta function and/or insulin sensitivity, thus the euglycemic state is kept for a short period 
of time and only for 10% of the cases. Combining these methods could mean the elimination 
of the necessity for insulin treatment which controls glucose concentration but is expensive 
and has major and life threatening risks. At the end, current and innovative directions to 
developing new techniques of restoring a normal number of beta cells for a normal function 
of the body are presented. 

Key words: pancreas, beta cell, regeneration, replication, stem cell. 

 

The mammalian pancreas is a mixed gland of the digestive tract, 
composed of about 99% of exocrine cells and 1% of endocrine cells. The major 
part of the organ, with exocrine function consists of acinar and ductal cells 
responsible for the synthesis of digestive enzymes and for their transport by ductal 
system into the duodenum (1). These are organized in four different peptide-
hormone-producing cell types, alpha, beta, delta and PP-cells, producing glucagon, 
insulin, somatostatin and pancreatic polypeptide (PP). In rodents 80% of the islets 
core is formed by insulin-producing beta cells surrounded by the three other cell 
types. The epsilon cells are a rare fifth cell type, found mainly during pancreatic 
development, which produce ghrelin (2, 3). Low plasma ghrelin levels are 
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associated with elevated fasting insulin levels and insulin resistance, suggesting 
both physiological and pathophysiological roles for ghrelin in glucose metabolism. 
Ghrelin inhibits insulin release in mice, rats and humans (3). 

New insights for beta cell development, with focus on replacement and 
regeneration of insulin-producing cells will be presented together with measures 
that prevent their immune-mediated destruction. Also methods of islet 
transplantation that can provide insulin independence in patients with type 1 
diabetes mellitus are presented. Experiments in rodent models have found that 
pancreatic stem cells and replicating beta-cells can all contribute to insulin-
producing cell regeneration. The most important task of the fully differentiated beta-
cells is to maintain the euglycemic status of the organism by secreting insulin into 
the blood stream. One major goal of diabetes research is to understand the 
molecular mechanisms of controlling the development of beta-cells during 
pancreas morphogenesis, but also those underlying the regeneration of adult 
injured pancreas.  
 

Neogenesis, replication and reprograming of beta cells 
 
The pancreas is an organ well known to inherit a strong regenerative 

potential. Beta cells are the products of uniform self-renewal, slowed by a 
replication refractory period that prevents them from immediately re-dividing. In the 
adults, beta cell mass expands, increasing insulin secretion capacity to match 
peripheral requirements meaning pregnancy or obesity (4). Three principal 
regeneration processes have been described or proposed: neogenesis – 
undifferentiated precursor or progenitor cell differentiation to islet cells, replication 
of the remaining intact beta-cells, and more recently, trans-differentiation of 
pancreatic fully differentiated cells, conversion of one cell type into another (non-
beta cells to beta-cells) by reprogramming. 

Pancreatic duct cells have been suggested to be involved in beta cell 
neogenesis (3, 4). They were defined as a source of homogeneous cells from 
which few dedifferentiate into progenitor cells or transdifferentiate. Ducts can 
contain rare persistent distinct undifferentiated progenitor cells (5, 7) and it has 
been reported that partial pancreatectomy triggers the expression of insulin 
promoter factor 1 (Pdx1). Pdx1 is a transcription factor necessary for pancreatic 
development and beta-cell maturation. This suggests that pancreatic ducts are a 
potential reservoir of adult progenitor cells. On the other hand, direct contribution of 
ductal cells to the formation of new beta cells after birth or after pancreatic duct 
ligation has recently been challenged (4, 5). An important activity seems to be 
exerted by the Insulin-like growth factor 1 (IGF-1) also known as somatomedin C or 
mechano growth factor. 

It was demonstrated that intestinal hormones are involved in establishing a 
normoglycemic state of the organism. Classical gut hormones such as gastrin have 
been shown to induce beta-cell differentiation, while cholecystokinin A (CCK) 
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receptor has been shown to be important during pancreatic regeneration. Recent 
studies report the intestinal hormone glucagon-like peptide 1 (GLP-1) stimulated 
insulin secretion (7). The existence of an undefined multipotent adult pancreatic 
stem/progenitor cell, particularly of ductal origin, is a matter of controversy, with 
contradictory results provided by cell lineage-tracking analyses (5). 

Several studies describe increased beta cell mitotic indexes in injured 
pancreas and this suggests that regeneration can result from the replication of pre-
existing cells. Dor, et al. (2004) demonstrated that tissues generate and maintain 
the right number of cells by the duplication of existing differentiated cells rather 
than stem-cell differentiation (24). This was demonstrated by labeling fully 
differentiated beta cells with tamoxifen-inducible Cre/lox system. Results suggested 
that terminally differentiated beta cells retain a significant proliferative capacity in 
vivo and cast doubt on the idea that adult stem cells have a significant role in beta 
cell replenishment (24). Replication of these cells can be the most important 
compensatory mechanism for beta-cell mass maintenance in different injury 
models in which significant proportion (20– 30%) of b-cells persist (6, 7, 8), or in 
situations of high metabolic demand, with increased resistance to insulin (2). 

Trans-differentiation of adult differentiated cells to another phenotype is a 
rare event that may occur either by direct conversion or indirectly through a 
transient intermediate de-differentiated stage, which does not systematically 
involve the passage through a transitional pluripotent stage. In different rodent 
injury models the detection of transitional cells (cells expressing multiple markers) 
suggests that exocrine cells can transdifferentiate directly into beta cells, ductal 
cells after 90% pancreatectomy (2) and acinar cells after pancreatic duct ligation 
(9). The coexpression of insulin and amylase has led to the hypothesis that acinar 
cells could represent progenitors for beta cells during regeneration in different 
models (3, 13). Studies using genetic lineage-tracking approaches have so far 
demonstrated direct reprogramming of adult acinar cells, either to beta cells or to 
adipocytes, by ectopic beta cell specific transcription factor expression. The 
molecular mechanisms governing the alpha to beta-cell conversion have not yet 
been deciphered (2, 3, 5). Neogenesis seems to occur firstly by division of ductal 
epithelial cells and insulin expression of these cells. Afterward, they begin migrating 
to form islet-like cell clusters near ducts, which were thought to add continually 
endocrine cells, until complete new islets are formed (5). 
 

Regeneration of adult beta cell preceded by operative and chemical injury 
 
In response to increased metabolic demand or after injury, the adult 

pancreas maintains or acquires the ability to produce new cells, particularly beta 
cells. The ability of the pancreas to regenerate and the effects of trophic hormones 
on regeneration of the pancreas after partial pancreatectomy are not completely 
understood. Considering the different approaches and observations that have been 
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reported (2, 6, 7, 9) it now appears that the extent and mechanism of beta cell 
mass increase could be different and unique to each injury model (1). 

Typically, subdiabetogenic partial pancreatectomy (PX) (resection of 60–
70% of the pancreas) and diabetogenic PX (90% resection) (6) imply the loss of a 
substantial proportion of pancreatic cells, including beta cells and can trigger 
diabetes. Other surgical approaches such as cellophane wrapping (7) and 
pancreatic main duct ligation (PDL) or the administration of caerulein, are protocols 
that trigger acute pancreatitis, as does PX, but do not involve b-cell mass 
reduction. This can be considered models of pancreas tissue remodeling rather 
than models of pancreas regeneration. Substantial regeneration of endocrine and 
exocrine pancreas was observed after operative PX and has been demonstrated in 
many animal models (9). The outcome of PX seems to depend upon the degree of 
damage of the pancreas, ability of the remaining pancreas to respond to increased 
functional load (6, 9), persistence of destructive processes, genetic background 
(15) and age of the patient (5, 7). Thus it appears as if beta islet cells have 
potential to adapt to a sustained increased functional load depending on the 
severity and the consistency of the diabetogenic insult. Studies in 90% 
pancreactectomized rats revealed that pancreatic ductal epithelium is hosting the 
stem cells for beta islet cells and also a rapid increase in labeling indices in cells of 
ductal system and the centro-acinar cells as early as day two (6). Transcription 
factors, growth factors and peptides have been suggested to be involved in the 
proliferation, differentiation and maintenance of endocrine and exocrine pancreas, 
when major pancreatectomy was performed (7). Recent studies indicated that 50% 
PX in rats followed by simultaneous injections with nicotinamide and streptozotocin 
show beta cell neogenesis but in the same time a destruction of these cells (7, 9). 
While the nicotinamide stimulates beta cell neogenesis, streptozocin (STZ) 
selectively kills them, but if titrated, it will allow the residual beta cell population to 
survive, thus avoiding the uncontrolled hyperglycemia and substantially reducing 
the mortality in diabetic animals. Thus the partial pancreatectomy model provides 
sufficient documentary evidence to show that rodent pancreas in particular and 
mammalian in general has a potential to restore the islet cell mass (7, 9). 

It was demonstrated that treatment with GLP1, promotes beta cell 
regeneration and thereby improves islet function (3). GLP1 stimulates both the 
neogenesis of beta cells from ductal progenitor cells and proliferation when 
administered to rats (9). Combined treatment with epidermal growth factor and 
gastrin, also demonstrated to increase beta-cell mass and reduce hyperglycemia in 
rats treated with STZ (8) and mice treated with alloxan (9). Both agents are known 
to have preferential toxicity for beta cells. Despite the encouraging data, these are 
not recommended for systemic treatment because other tissues are also affected 
(6, 8, 9, 10). Since partial pancreatectomy in rat exhibits regeneration of the entire 
pancreas it is plausible that factors regulating exocrine and endocrine regeneration 
could be similar (9). It seems possible that the dispersion of islets throughout the 
pancreas reflects a requirement for factors or substances produced in exocrine 
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cells, which somehow affects the function of the endocrine component. The effect 
of camostat mesilate (FOY-305) a trypsin inhibitor and stimulator of endogenous 
cholecystokinin, on pancreatic regeneration after partial pancreatectomy in rats 
was studied. Results suggest that endogenous cholecystokinin released by FOY-
305 stimulated regeneration after partial pancreatectomy. In the regenerative 
process, firstly hypertrophy followed by hyperplasia, increasing with the treatment 
duration was observed (7). 

Insulinomas are the most common functioning islet cell tumors of the 
pancreas. The nature of this tumor beta cell defect has been studied by 
investigating the response of insulinoma-bearing rats to intravenous and intra-
gastric glucose (12). Implantation of solid insulinoma into NEDH rats causes 
dramatic suppression of the mass and function of their islet b-cells. This 
suppression is reversed rapidly by surgical removal of the tumor. Small insulinoma 
transplanted into the scapular region will determine the rat‘s own islet beta cells to 

reduce their insulin production and become progressively atrophic. The 
transplanted insulinoma will produce a significant amount of insulin and the blood 
glucose will decrease, resulting hypoglycemia. During the first 24–48 hours after 
removing the insulinoma a transient state of hypoinsulinemia and hyperglycemia 
will result, followed by regeneration of the islets and a normal insulin production (1). 
Beta cell replication is severely depressed in tumor-bearing animals and upon 
removal of the tumor thymidine incorporation increases dramatically, indicating 
increase in mitotic activity. Islet regeneration is rapid and can be studied without 
the necessity for prolonged animal manipulation and selective regeneration is 
achieved without physical manipulation of the pancreas. The model clearly 
indicates presence of a delicate intrinsic control of regulation of beta cell mass, 
which is governed by extrinsic implantation of tumor. This fine control of cell mass 
is facilitated by reduced and preferential expression of reg gene in the exocrine 
pancreas, suggesting plausible cross talk between exocrine and endocrine 
pancreas (7). D'Amico, et al. (2005) demonstrated that GLP-1 is able to preserve 
beta cell function and protect cells from apoptosis in mouse insulinoma, exposed to 
a cocktail of immunosuppressive drugs (11). 

The impaired insulin response to intraperitoneal and intravenous glucose 
suggests that rat insulinoma cells possess an intrinsic defect which makes them 
functioning different from normal rat beta cells. At higher glucose doses (2 g/kg 
body wt.), it was still not demonstrated an insulin release by these rats. It would 
appear therefore that the inability of the insulin to respond to i.v. glucose is a 
genuine defect. This insensitivity to glucose has also been reported in human 
insulinoma and in the hamster insulinoma (12). 

 
Immunology of islet transplantation and beta cell engraftment 
 
Immunosuppressive agents used in islet transplant should be non-

diabetogenic, reduce initial damage, promote engraftment, induce a functional 
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tolerance and manage autoimmunity, in addition to stop allograft rejection 
processes. Current immunosuppressive therapies use rapamycin (sirolimus), a 
macrolide fungicide with immunosuppressant properties, but may cause post-
transplant diabetes mellitus. Another macrolide used to reduce the activity of the 
patient's immune system and the risk of organ rejection is tacrolimus (13, 14). 
Studies in rats have demonstrated that rapamycin, with its known antiproliferative 
properties, is associated with insulin resistance and when combined with tacrolimus 
induces diabetes (13). Calcineurin inhibitors induce post-transplant diabetes by 
different mechanisms, including decreased insulin secretion and a direct toxic 
effect on the pancreatic cells. Recent in vitro studies showed increased apoptosis 
of beta-cells when exposed to these drugs (10). To determine the effect of 
rapamycin on the islets, a static glucose challenge was performed in the absence 
or presence of 3-methyladenine (3-MA) an inhibitor of class 3 phosphatidylinositol 
3-kinase, an inhibitor of autophagy. Deleterious effects of rapamycin on islet �cells 
were markedly improved by the addition of 3-MA (14).  

Bioartificial pancreas consisting of islets immunoprotected by a 
microcapsule provides a very promising approach to overcome the rejection (24, 
26). One of the newest methods of islet transplantation is the use of cryostored 
encapsulated islets demonstrated by Schneider and Harald in streptozocin diabetic 
Wistar rat. Encapsulation of pancreatic islets before transplantation enabled 
survival and function in an immunocompetent recipient (15). The technique was 
based on a protocol of cryopreservation rat islets, encapsulated in an alginate-
based microcapsule system. One of the major problems in islet transplantation is 
the insufficient availability of allogenic islet tissue. One concept to overcome these 
shortcomings is the cryopreservation of microencapsulated allogenic islets, to allow 
their unlimited collection and use on demand (15, 26). 

Islet transplantation to striated musculature in the rat was developed by 
Lund, et al. (2010) as a method to reverse diabetes. In this experiment were used 
Lewis rats and diabetes was induced by intraperitoneal injection of streptozocin. 
Transplantation of islets to the muscular interstitium avoids intravascular 
transplantation and minimizes islet–blood contact (16). The transplantation site is 
easy to access and allows application of bioengineered matrices carrying 
molecules which potentially could improve islet engraftment and revascularization 
(15). Muscular islet transplantation model was able to persistently reverse diabetes 
by injecting islets in biceps femoris, from proximal to distal part of the muscle. The 
inconvenient of this technique is that very small volumes of islets were implanted 
and if utilize larger transplant volumes aggregates of islets to one locus in the 
muscle, a significant post-transplant edema developed, with substantial peri-islet 
fibrosis as long term result (16). 

Up until 2007 all research were based on the idea that methods that 
required placing the grafts in direct contact with immunocompetent cells, were not 
feasible (10, 17). Bañuelos, et al. (2008) (17) considered that there is no empiric 
evidence indicating that direct exposure of allografts to the bone marrow will lead to 
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rejection and it may be possible that the bone marrow may offer a site for antigen 
presentation with induction of hyporesponsiveness or tolerance. The method was 
based on implanting pancreatic islet isografts, allografts, and xenografts into the 
bone marrow of nondiabetic rats and assessing survival by histology and 
immunocytochemistry. In this protocol no immunosuppression was used. 
Morphologic signs of apoptosis were shown only occasional. In the islet xenografts 
islets were present at 4 hours after implantation, but were destroyed within 24 
hours (17). The results showed that the bone marrow offers an extra hepatic, 
protected, and well vascularized microenvironment, capable to sustain islet grafts. 
Because of its broad distribution and easy access, bone marrow has the potential 
to overcome not only the physiologic loss of islets, but also the technical limitations 
and complications encountered with the intraportal infusion. In theory, bone marrow 
seeding has the potential of being a less-invasive, ambulatory procedure with 
almost unlimited opportunities for repeated implantation, as well as a low risk, 
easy-access site for graft biopsies (17, 22, 25). 

Lympho-myeloid chimerism achieved by spleen graft combined with 
pancreas transplantation method was designed as a strategy to induce donor-
specific tolerance (18). Large numbers of donor-derived leukocytes are delivered 
by spleen grafting and considered to have an essential immunomodulatory effect 
on the induction of allograft acceptance (13). The survival period of the grafted 
pancreas in combined pancreas-spleen transplant rats was significantly longer than 
that of pancreas transplant rats but the rate of survival was only 42 %. It was 
suggested that that multilineage chimerism was often induced by the spleen graft 
and protected the pancreatic graft against rejection for a long period (18). 

Along the years scientists tried to improve the Edmonton Protocol, but still 
only about 10% of islet recipients were insulin-independent after five years. 
Edmonton protocol consists in isolation and transplantation of islets isolated from 
cadaveric donors (25). The islets are infused into the patient's portal vein followed 
by immunosuppression treatment to prevent rejection (1, 2, 3, 4). This procedure is 
first of all limited by the critical supply of donor tissue (25). Cadaver islets are of 
insufficient number for this to become a widespread treatment (9, 11, 17). 
 

Stem cell therapy 
 

In the last years the molecular mechanisms of adult and embryonic beta 
cell, both in vitro and in vivo have been investigated. Experiments have found that 
pancreatic stem cells can commit progenitors and replicating beta-cells and can all 
contribute to insulin-producing cell regeneration (20, 21, 22).  

Embryonic stem cells (ESC) isolated from early embryos are self-renewing 
and have the intrinsic capacity to generate all types of differentiated cells (20). An 
alternative source of cells is adult pancreas stem/progenitor cells. Adult stem cells 
have been supposed to exist in the adult exocrine pancreas (18, 19), pancreatic 
ducts, and the islets themselves, in both human and rodents (8). Understanding the 
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processes that drive the differentiation of these cells into effective insulin-producing 
cells could result, not only a source of cells for transplantation, but potential 
therapeutic approaches (3). One of the major clinical concerns for ESC-derived cell 
therapy is the risk of uncontrolled proliferation and tumor formation from residual 
undifferentiated stem cells within the transplant. Although fully differentiated ESC 
show no obvious risk, some investigations provide evidence for the persistence of 
pluripotent cells (20, 21, 22). Recent work (21, 22, 23, ) has demonstrated that cells 
from both fetal and adult tissues can undergo forced nuclear reprogramming both 
in vivo and in vitro following introduction of dominant transcription factor genes or 
exposure to specific growth conditions and factors in the tissue culture medium. 
The nuclear reprogramming is able to shift the cells from their partially restricted 
developmental plan to a different lineage or to activate a new group of genes on 
top of those already active in the cells (23, 26). 

 
Conclusions 

 
Cell replication is considered to be the main compensatory mechanism for 

beta-cell mass maintenance by the duplication of existing differentiated. Islet 
transplantation is a strategy with high performances in the reconstitution of a 
functional beta cell mass and also for normalization of the glucose. Limited islet 
graft availability, high rates of islet graft failure and the need for life long, non-
specific immunosuppressive therapy poses significant barriers to the adoption of 
islet transplantation as a clinical option in treating diabetes. The goal of 
cryopreserved encapsulated islets is to will allow their unlimited collection and use 
on demand. Tests showed a well preserved insulin secretion capacity post thawing 
and a good response to high glucose stimulus Embryonic stem cell therapy could 
be performed without the risk of tumor formation if fully differentiated insulin-
producing cells generated in the laboratory were used in transplantation. Controlled 
differentiation of ESC shows a great promise for generating mature endocrine cells, 
if they can be selected free of any remaining undifferentiated contaminants prior to 
implantation. The future work must provide a solution that converges towards a 
cure and/or prevention and also improves the quality of life for individuals living with 
diabetes mellitus. 
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Summary  
 

Investigations were carried out at the Didactic Station of USAMVB Timisoara, on 
mature ewes from the indigenous Turcana breed. The ewes were inserted subcutaneous 
with Melatonin implants of 18 mg (Melovin). The current research, shown that from the local 
Turcana breed, can be obtained superior reproduction indexes if the animals are being 
inserted with Melatonin implants with 35 days before the mating season, differences from the 
untreated sheep are significantly (p<0.05). However, on sheep that were used Melatonin 
implants, the lambing interval was reduced with 50%. There is a suggestion that the use of 
melatonin implants Melovin ® type near the normal breeding season increases the 
reproductive performance of ewes from Turcana breed.  

Key words: ewes, melatonin, reproduction, Turcana  

 
In Romania, Turcana breed is the most widespread breed and represents 

around 70% from the Romanian total sheep population. Turcana breed is well 
appreciated by the farmers for her outstanding organic resistance to extreme 
weather, parasites and pour feeding conditions, but is a late maturing breed with 
low reproductive indices. 

Reproductive performances realized on this number of sheep are lower, 
compared with the Western European level. (8, 11) 

The administration of progesterone associated with PMSG vaginally 
became a widespread method for estrum induction and synchronization on sheep 
and goats, but it is an expensive method and requires a large volume of work, and 
all ways generates a anti-PMSG reaction that reduces substantially the 
reproductive efficiency. (4, 5) 

The use of Melatonin as a subcutaneous implant inserted in the ear area, 
has become a method used frequently on high performance sheep breeds from the 
Western Europe. (6, 7) 

The purpose of the research was to evaluate the influence of the 
Melatonine implants (MELOVIN ®) on the reproduction indexes of Romanian native 

Turcana sheep breed, reared in the western part of the country. 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 80 
 

 

Materials and methods 
 
The experiment was carried on Didactic Station of Banat's University of 

Agricultural Sciences and Veterinary Medicine Timisoara (USAMVB) from Turcana, 
Timis County. In 27 august 2009, to the experimental groups, ewes were implanted 
with Melatonin (product named MELOVIN) 82 from Turcana breed, each group 
having body weights ranging between 50-60 kg.  

After 28 days from the Melatonin implants insertion, in every group two 
rams were introduced. Thus, natural reproduction season and systems were 
resulted, during a 40 days period.  

Females from the experimental groups were monitored under the aspects 
of time of entrance in estrum, mating and the evolution of the pregnancy up to 
parturition and lambs survival until weaning. 

Based upon the primary data were calculated the prolificacy (number of 
lambs obtained from 100 laming ewes), the birth rate (number of lambing obtained 
from 100 females sheep), the survival rate (number of weaned lambs/100 born 
lambs) and the numeric productivity (number of weaned lambs from 100 ewes). 

In order to test the significance of the differences between the two 
experimental groups, Person test was performed, following the calculation model 
bellow: 

 

 Event organized Event unfullfild  

Group A a1 b1 a1 + b1 = n1 

Group B a2 b2 a2 + b2 = n2 

 a1 + a2 = n3 b1 + b2 = n4 n1 + n2 + n3 + n4 = N 

 


2  
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2
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Results and discussions 

 
The results obtained from Turcana sheep treated with Melatonin are 

presented in Table 1. 
Analysing the data from Table 1, it can be observe that all of the 80 

Turcana breed sheep from the experimental group have given birth to 77 lambs 
(96.2%) and in the control group of 49 ewes, 46 females (93.8%) lambed 51 lambs. 
Prolificacy of the ewes included in the experimental group (118.1%), was 7.3% 
higher than the prolificacy of the females from the control group (110.8%), 
difference was significantly (p<0.05). For the lambing rate, differences are higher. 
Ewes from the experimental group had a lambing rate of 113.7%, 9.7% higher than 
the lambing rate realised by the control group (104.7%) the difference were also 
significantly (p<0.05).  
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Table 1 
Postpartum reproduction indices in the Turcana ewes 

Group 
Ewes 

Lambed 
ewes 

Lambs Prolificacy Natality 
Survival 

rate 
Numerical 
productivity 

Alive 
day 
0 

Alive at 
lambing 

n % n % E-C % E-C n % % E-C 

Treated 82 80 77 96.2 91 118.1 7.3* 113.7 9.7* 90 98.9 112.5 10.5* 
Control 

50 49 46 93.8 51 110.8  
104.

0 
 50 98.0 102.0  

 
 

The survival rate of lambs from birth to weaning is normal and very close to 
the experimental group (98.9%) and control group (98%). Index of lambs weaned 
(numerical productivity) is also significantly higher (p <0.01) in the experimental 
group (112.5%), with 10.5% compared with the control group (102%). 

In Western Europe, several studies were conducted in order to establish 
the influence of melatonin implants on the reproductive performance in different 
sheep breeds. 

Experiments carried out on five French sheep breeds, shown that ewes 
treated with melatonin implants were producing an extra 16 lambs on 100 ewes 
lamb, compared with control groups, and the lambings occurred earlier and more 
grouped. (9, 10) 

In Spain, Abecia et al (2005), treating with 18 mg melatonin 71 ewes from 
Aragines breed on the start of March (8) they had introduced the rams in the herd 
after 42 days obtaining an significant increase (p<0.05) of the ewes in estrus. Ewes 
treated with melatonin manifested the first estrus sooner compared with untreated 
ewes, but more than 80% from the treated ewes had manifested silenced heats, 
followed by an normal cycle. The same authors collective (1) have done another 
experiment on an impressive number of sheep (1932) from three breeds: 
Aragonesa, Assaf and Merinos, belonging to 12 commercial farms. Ewes were 
inserted melatonin implants in the winter period (1 January-15 February and 1 
April-15 May). Ewes from Aragonesa breed had produced more lambs per ewe 
(1.16), compared with the ewes from the control lot (0.83) in April, and situation 
was repeated in May (1.23 compared with 0.97). In Assaf ewes results were 
modest in January (0.62 lambs /ewe), in February (0.64 compared to 0.32), and 
better results in May (0.77 compared to 0.54). In Merino treated with melatonin 
group, the effect was evident only in January- February period (0.91 lambs/ ewe, 
compared with 0.61). Authors conclusion was that the melatonin implant on big 
flocks have improved the lamb production from studied sheep breeds, even if 
economic efficiency may vary with the breed, season and farm conditions. Forcado 
et al (2006), from the University of Zaragoza reported that on older ewes (10-11 
years), melatonin can functionally restore the neuro-endocrine system, after it was 
affected by senescence. 
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In Romania, an similar experiment using melatonin implants was 
conducted on adult ewes from the Turcana breed, but the number of sheep tested 
was lower (n=34). Results shown thet the melatonin implants are grouping the 
lambings ant the lambing season is shortened, also the prolificacy is higher with 
4% in tested ewes compared with the ones from the control group, but results 
(p>0.05) were not statistically singnificant (8). 

Current experiment was carried out on a greater number of animals from 
the Turcana sheep breed (n=80), and results suggest that usage of melatonin 
implants Melovin ® type near the normal breeding season increases the 
reproductive performance of ewes from Turcana breed. 

 
Conclusions 

 
In Turcana ewes treated with melatonin implants (18 mg) prolificacy indices 

(+7.3%), natality (+9.7%) and numerical productivity (+10.5%) are significantly 
(p<0.05) higher compared with ewes from the control group. 

In treated ewes, lambing season was shortened by half (24 days) 
compared to untreated ewes (40 days). 
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Summary 
 

A 16-year-old female of Panthera tigris clinically diagnosed with chronic renal 
failure was submitted for necropsy. Cytological investigations were focused on effusions 
sampled from peritoneal cavity and thorax. Fragments of organs were used for routine 
histopathology. Gaffney‘s one-hour Giemsa stain was used for bacterial colony identification. 

Blunted teeth with pulp cavity exposure associated with periodontal disease and 
gingivitis, endocarditis confined to aortic, mitral, tricuspid valves and mural endocardium of right 
ventricle, myocardial fibrosis, ascites, hydrothorax, cardiac cirrhosis, interstitial nephritis and 
proliferative glomerulonephritis, uremic enteropathy and gastropathy, hemorrhages and infarction 
of spleen, embolic pneumonia and bronchointerstitial pneumonia were the most important gross 
and histological lesions. Bacterial colonies were identified in endocardium and lungs. 

Prolonged bacteriemia and antigenemia which produce high concentration of 
soluble immune complexes are associated with dental and endocardial injuries. Thus, 
glomerulonephritis may be the consequence of periodontal disease and endocarditis. 
Infective endocarditis and subsequent cardiac failure are also responsible for pulmonary 
inflammation, spleen infarction and cardiac cirrhosis. 

Key words: tiger, valvular and mural endocarditis 

 

Endocarditis of domestic cats and wild captive feline proved to be a rare 
event, being exclusively induced by bacterial infection (4, 15). Postmortem 
investigation identified large endocardial lesions confined mostly on left sided 
valves. Involvement of the right heart or mural endocardium is uncommon (9). 
Acute endocarditis includes yellowish, adherent and friable masses of fibrin; 
chronic endocarditis is the result of fibrous organization of the fibrin and seems to 
be associated with the healing process induced by the antibiotic treatment in acute 
phase of inflammation of endocardium (10). The pathogenesis of endocarditis still 
creates questions. It is generally accepted that endothelial injuries, a turbulent 
blood flow and hypercoagulation of blood, extracardiac bacterial inflammation of 
skin, teeth or gingiva are consistent with the occurrence of endocardial 
inflammation. The most frequently isolated bacteria from felidae endocardial 
lesions were Escherichia coli, Pasteurella haemolytica and Streptococcus spp. (3, 
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5, 7). Considering the importance of Bartonella spp. in human bacterial 
endocarditis, the studies on domestic carnivores were focused on the prevalence of 
antibodies in domestic cats (6). First case of endocarditis in cat induced by B. 
henselae type 1 revealed specific feature in aortic valve (2). 

This paper presents a new case of endocarditis in tiger, showing acute 
exudative lesions of valvular and mural endocardium of the left and right heart and 
describing the concurrent lesions. 

 
Materials and methods 

 
A 16-year-old female of Panthera tigris from Zoological Garden Bucharest 

clinically diagnosed prior death with chronic renal failure was submitted for 
necropsy. Three months before death, clinical data were represented by apathy, 
capricious appetite, uncoordinated movements and polyuria/polydipsia. Urinalysis 
identified proteinuria, glucosuria, red blood cells and leukocytes in urine sediment. 
The subsequent therapy was based on antibiotics, hepatic protectors and vitamins. 
Three weeks after this episode epistaxis from right nostril occurred, 
antihemorrhagic therapy being provided. Despite the good response to the 
medication within two weeks, the tigress refused the food afterwards and did not 
come out of her shelter. Minced beef was provided exclusively, she tried to eat 
small amounts, but during this period the lack of appetite and the illness result in 
cachexia.  

Gross necropsy was followed by cytological investigations focused on 
effusions sampled from peritoneal cavity and thorax (May-Grünwald Giemsa stain). 
Fragments of all organs were used for histopathology (fixation in 10% 
formaldehyde solution, histological sections Masson trichromic stained). Gaffney‘s 
one-hour Giemsa stain was used for bacterial colony identification (1). 

 
Results and discussions 

 
Gross findings were represented by a broad variety of lesions. External 

examination revealed a strong smell of ammonia. The tigress had a bad general 
condition, expressed clearly as thigh muscle atrophy.  

Almost all teeth (upper and lower incisors and canine teeth, lower 
premolars) were severely blunted with pulp cavity exposure and large quantities of 
dental calculus. The coresponding gingiva of these teeth expressed discrete 
inflammation and mild hemorrhage (Fig. 1). 

Serous atrophy of subcutaneus adipose tissue covered ventral regions of 
the abdomen and thorax, associated with suffusive hemorrhages in superficial and 
deep muscles of thoracic cage (mainly in mm intercostales and serratus ventralis). 
A large amount of blood tinged liquid was evacuated from peritoneal, thoracic and 
pericardic cavities (10 liters, 2 liters and 100 ml respectively). 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chomel%20BB%22%5BAuthor%5D
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Fig. 1. Panthera tigris, excessive wear of the front sided teeth with pulp cavity 

exposure and dental calculus 
 
The left part of the heart presented specific lesions of acute endocarditis in 

both left atrioventricular and aortic valve. First expressed yellow-red, friable, 
adherent vegetations limited only to the parietal cusp of the atrioventricular valve. 
All semilunar valvulae of the aortic valve were equally involved (Fig. 2). 

 

 
Fig. 2. Panthera tigris, acute endocarditis of semilunar valvulae  of aortic valve 
(black arrowheads) and confined to parietal cusp of left atrioventricular valve 

(arrow). Inflammation involves also mural endocardium beneath septal semilunar 
valvula (white arrowhead) 
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Mural endocardium beneath septal semilunar valvula presented a rough, 
granular surface (mural endocarditis of the left ventricle). The right side of the heart 
exhibited same acute endocarditis confined to parietal cusp of atrioventricular 
valve. This lesion was broadly extended to mural endocardium of the right ventricle 
wall (Fig. 3).  

The lungs were severely collapsed because of hydrothorax (acquired 
compressive atelectasis). Gross features expressed also early embolic pneumonia, 
with multifocal lesions as white foci surrounded by a red halo. 

The surface of the liver was mildly distorted by small sized nodules of 
regeneration. 

The spleen was small according the size of the animal (25 cm in length). 
Recently appeared lesions as acute hemorrhagic infarction were combined with 
capsule fibrosis and chronic splenic infarcts with fibrosed consistency. 

Despite the strong smell of ammonia, the kidneys did not exhibit obvious 
gross lesions, but a homogeneous, tawny cut surface of cortex and medulla.  

 

 
Fig. 3. Panthera tigris, mural endocarditis of right ventricular wall; the recent onset 

of the lesions is proved by broad, erosive surface, without important fibrinous 
masses (arrowhead) 

 

Multiple, small, different aged ulcers covered the gastric mucosa, 
especially around the pylorus (uremic gastropathy). The small intestine was almost 
entirely affected, exhibiting focal or diffuse erosions and hemorrhages. 

Cytology of fluid effusion sampled from peritoneal and thoracic cavities 
expressed a cell population specific for the modified transudate (unspecific mixture 
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of leucocytes and mesothelial cells, red blood cells and pigment into the 
macrophages cytoplasm).  

Histological findings specific for acute endocarditis were represented by the 
fibrin layer including large bacterial colonies, followed by inflammatory cells 
(neutrophils, macrophages) and a thickened endocardium caused by granulation 
tissue (connective tissue fibers, fibroblasts and blood vessels). Bacteria were blue 
stained, morphologically expressed as short rods, cocci or pleomorphic and 
embedded in fibrin masses or in the cytoplasm of the macrophages (Fig 4). Broad 
areas of myocardium fibrosis were observed together with small groups of necrotic 
cardiac myocytes.  

Histological lesions of lung were dominated by large or small septic emboli 
and chronic interstitial pneumonia, with severe interstitial infiltration of 
macrophages.  

Nodules of regenerative parenchyma and collapsed fibrous connective 
tissue were representative for cirrhosis. Hepatic fibrosis was observed around and 
near the remaining central veins and centrilobular areas.  

Kidneys presented limited chronic interstitial nephritis (lymphocytes were 
dominant) and proliferative glomerulonephritis. Only a small number of renal 
corpuscles expressed focal glomerulosclerosis.  

Most of the gastric ulcers submitted for histopathology proved to be healed, 
lamina propria being almost entirely replaced with fibrous connective tissue. The 
scar was well limited by mononuclear cells dominated by lymphocytes.  

 
Fig. 4. Panthera tigris, acute endocarditis, bacterial colonies embedded in fibrin, 

granulation tissue and underlining the endocardial surface (arrowheads).  
Gaffney‘s one-hour Giemsa 
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Small intestine presented large areas with severe necrosis and blunting of 
villi, hemorrhages and mononuclear infiltration in submucosa. 

In this reported case, the lesions of acute endocarditis involved aortic, left 
and right atrioventricular valves. Fibrin masses were equally identified on all 
semilunar valvulae and only on the parietal cusps of right and left atrioventricular 
valve. Mural endocardium of the right ventricular wall was severely damaged 
comparing with left counterpart. Previous studies proved that the lesions are 
frequently diagnosed in aortic valve and left atrioventricular valve (7, 3). Malik et al., 
1999 report a single case from six cats with endocarditis, the leaflets of right 
atrioventricular valve being involved in one cat. The cases of endocarditis 
described in tiger presented only left sided endocardial lesions (5, 10).  

Antemortem diagnosis of endocarditis is based on echocardiography, being a 
reliable method when the vegetations are medium sized (4). Unfortunately, this 
investigation could not be performed by attending veterinarian. Urine analysis was 
negative for bacteria in this case, but useful for the suspicion of 
nephritis/glomerulonephritis based on proteinuria, glucosuria, red blood cells and 
leukocytes in urine sediment (12).  

Isolation of bacteria from endocardial lesions or other organs could not be 
performed. Giemsa stain identified pleomorphic morphology of the bacterial colony. 
According to reference, Giemsa stain and morphology of bacteria may suspect 
Pasteurella spp. as causative agent of endocardial lesions (1). Hur et al., 2001 
reported also a case of endocarditis in tiger induced by Pasteurella haemolytica.  

Domestic cats and wild felidae develop various type of organ inflammation 
due to Pasteurella species. It is generally accepted that these bacteria may have 
access to the blood flow via traumas produced by ectoparasites or other cat bites 
(8, 17). Previous studies concluded that Pasteurella spp. was isolated from 80% of 
biting cats and 75% of patients bitted by cats expressed as P. multocida and P. 
septica isolates from their wounds (13, 14, 18). Aerobes isolates from oral 
microflora in healthy cats includes Pasteurella and Streptococcus, those two 
species being identified as etiological agents for endocarditis in felidae.  

Considering that tiger is generally a solitary animal and this female was 
hosted alone in her shelter, it is unlikely to accept previous bites or trauma induced 
by other carnivores. As it was previously described, buccal lesions were severely 
expressed as blunt teeth, pulp cavity exposure and dental calculus. Excessive wear 
of teeth is frequently reported in captive tigers, being associated with fighting or 
contact with cage material and shelter (11). The onset of periodontal disease is 
associated with soft diets which increase the frequency and severity of periodontal 
disease (16). According to these issues (bacterial microflora, lesions of teeth and 
gingiva) it is possible that endocardial inflammation to be the result of many 
episodes of bacteriemia generated by dental injuries.  

Concurrent lesions seem to be entirely the consequence of endocarditis or 
heart failure. Septic thromboembolism generates infarction or suppurative 
inflammation in heart, kidneys, lung, spleen and central nervous system (8, 15). 
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Extensive cardiac fibrosis diagnosed in this case may be correlated with this 
mechanism (fibrosis of a previous infarction of myocardium), but also considered 
an age related lesion. Old and recent lesions of the spleen (scars and infarction) 
may prove that the endocarditis was primarily induced. Septic emboli identified in 
pulmonary vessels and interstitial pneumonia were generated by vegetations of 
parietal cusp of right atrioventricular valve. Right sided lesions of the heart are also 
responsible for the cardiac cirrhosis. 

Renal lesions (glomerulonephritis) are correlated with prolonged 
antigenemia that produces high concentration of soluble immune complexes. This 
status is frequently generated by dental and endocardial injuries (9). 

 
Conclusions 

 
A 16-year-old female of Panthera tigris expressed acute bacterial 

endocarditis confined to aortic, mitral, tricuspid valves and mural endocardium of 
right ventricle. 

The concurrent lesions were the expression of thromboembolism (embolic 
pneumonia and infarction of spleen), congestive cardiac failure (cirrhosis), 
prolonged antigenemia (chronic interstitial nephritis and proliferative 
glomerunephritis) and chronic renal failure (uremic gastropathy and enteropathy). 
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Summary  

 

The study was carried out on 159 healthy cats, aged between 11 months and 14 
years, of different breeds. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and 
mean blood pressure (MBP) were measured by oscillometric method. In all cats, blood 
pressure was measured at the thoracic limb, on the medial artery level, by using cuffs width 
of about 30-40% of forearm circumference. In a subgroup of 54 cats, blood pressure was 
measured, successively, both at the base of the tail and at the thoracic limb. The blood 
pressure values obtained from the British Shorthair cats were significantly higher (p < 0.05) 
than at the Persian, Burmese, European or Siamese cats. No significant difference was 
found in the blood pressure obtained from the forelimb and the base of the tail. Blood 
pressure measurement after about 15 minutes of acclimatization to the clinical environment 
reduces significantly the influence exerted by stress on blood pressure values. 

Key words: blood pressure, cats, oscillometric method  

  
In clinical practice arterial blood pressure is usually measured by indirect 

non-invasive metods. The only non-invasive blood pressure measurement methods 
validated for use in veterinary medicine practice are doppler ultrasound and 
oscillometry (3, 4). The reference ranges for systolic and diastolic blood pressure 
established in cats vary between and within techniques of measurement (5, 6, 7, 8, 
10). Blood pressure values measured by indirect methods may be influenced by 
the temperament of the cat, the measurement itself, the use of restraint and 
unfamiliar surroundings (1, 4, 9, 10).  

The purpose of this study was to evaluate the differences between breeds 
of cats in relation to blood pressure and the influence of measurement site on blood 
pressure values. 

 
Materials and methods 

 
 The study was carried out on 159 healthy cats, aged between 11 months 

and 14 years (mean 5.96 ± 3.48 years), wich were brought into Veterinary Clinics 
of the Faculty of Veterinary Medicine Timisoara. The group was consisted of cats 
that belonged to the following breeds: European (n = 55), Persian (n = 38), 
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Burmese (n = 25), British short-haired (n = 20), Siamese (n = 11) mixed breed (n = 
10). The cats were assessed by physical examinations, clinical signs and routine 
blood profile to exclude renal disease or other disorders. 

Blood pressure (BP) was determined by oscillometric method, with the 
Cardell Veterinary Monitor 9401 device, which measures systolic blood pressure 
(SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MBP) and 
pulse frequency. In all cats blood pressure was measured at the thoracic limb, at 
median artery level, with cuffs width of about 30-40% of the forearm circumference. 
Blood pressure was measured with owner present after 15 minutes of 
acclimatization to reduce the magnitude of ―white coat‖ effect. The cats were 
allowed to assume its preferred position, most commonly sitting in the lateral or 
sternoabdominal decubitus. For each cat, the systemic blood pressure value was 
calculated as the mean of five consecutive measurements. 

To assess the influence of measurement site on the blood pressure, in a 
subgroup of 54 cats, blood pressure was measured, successively, both at the base 
of the tail (median caudal artery) and at the thoracic limb (median artery).  

In a subgroup of 36 cats was assessed the influence of stress caused by 
the presence in an unfamiliar place, by measuring the blood preessure before and 
after a period of acclimatization (15 minutes) with staff and measuring equipment. 

Comparisons of the blood pressure values between breeds of the cats 
were performed by one-way ANOVA with Tukey Post Hoc test. A paired Student‘s 
t-test was used for comparison of mean BP values before and after acclimatization 
and for comparison of mean BP values obtained from the forelimb and the tail. A 
value of p<0.05 was considered statistically significant. 

  
 

Results and discussions 
 
The values of blood pressure were higher at British short-hair cats than 

those recorded from the other breeds included in this study (table 1). Thus, DBP 
and MBP were statistically significantly higher (p<0.05) in British short-haired cats 
than the values obtained from the other breeds included in this study, while SBP 
showed significant differences only between British short-haired cats, European 
and Burmese cats.  

Between Burmese, Persian, Siamese and European breeds the differences 
of SBP, DBP and MBP were not significant (p>0.05). Also, the pulse rate showed 
no significant differences between this breeds. 
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Table 1 
 The mean values of blood pressure according to breed  

Variable 

Breed of cats  

Burmese 
(25) 

Persian 
(38) 

British 
short-

hair (20) 

European 
(55) 

Siamese 
(11) 

Mixed 
breed 
(10) 

SBP 
(mmHg) 

x 122.1 126.7 130.1 123.9 120.7 121.9 

s 8.26 7.92 10.17 8.32 6.5 5.27 

sx 1.65 1.28 2.27 1.12 1.96 1.66 

DBP 
(mmHg) 

x 76.6 75.37 85.5 73.1 66.81 75.4 

s 8.49 9.90 6.42 10.57 7.47 3.73 

sx 1.69 1.60 1.43 1.42 2.25 1.18 

MBP 
(mmHg) 

x 91.8 92.4 100.4 90.0 84.8 90.9 

s 5.96 8.67 6.37 8.77 6.69 2.70 

sx 1.19 1.40 1.42 1.18 2.01 0.85 

Pulse rate 

x 131.0 147.5 132.86 131.57 127.4 125.3 

s 14.45 23.49 17.92 19.22 12.10 11.68 

sx 2.89 3.81 4.00 2.59 3.65 3.69 

Note: SBP = systolic blood pressure; DBP = diastolic blood pressure; MBP = mean 
blood pressure x = mean; s = standard deviation; sx = standard error mean  

 
A 15-minute period of acclimatization to the clinical environment and the 

measuring equipment resulted in a significant (p<0.05) decrease in the SBP, DBP, 
MBP and the pulse rate (fig.1).  

 

 
SBP = systolic blood pressure; DBP = diastolic blood pressure; MBP = mean blood pressure  

Fig. 1. Mean values of blood pressure and pulse frequency before and after 
acclimatization 
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Thus, the mean value of SBP was reduced by 16.9 mmHg, mean DBP was 
lower by 10.3 mmHg, the mean value of MBP decreased by 12.6 mmHg and the 
mean of pulse rate was lower by 6.3 beats per minute after the acclimatization 
(table 2). These results are consistent with those obtained by Sparkes et al. (9), 
who found that the value of systolic blood pressure measured by Doppler method 
decreased from an initial mean of 176±17mmHg to 157± 21 mmHg after a 10-
minute period of acclimatization to the environment. 

 
Table 2  

Paired samples t test between blood pressure values measured before and 
after acclimatization 

 
Variable 

Paired differences 

p 
Mean 

Standard 
deviation 

Standard 
error mean 

95% confidence 
interval of the 

difference 

Lower Upper 

SBP 1-SBP 2 16.9 10.62 2.37 11.93 21.87 < 0.001 

DBP 1- DBP 2 10.3 9.80 2.19 5.80 14.98 < 0.001 

MBP 1- MBP 2 12.6 7.91 1.76 8.89 16.30 < 0.001 

Puls rate 1 – 

Pulse rate 2 
6.3 11.70 2.61 0.86 11.81 0.026 

Note: 1 – measurement before acclimatization; 2 – measurement after 15 minutes of acclimatization 
 

The influence of measurement site on BP was evaluated by comparing the 
results obtained from the thoracic limb (median artery) with those obtained from the 
base of the tail (caudal median artery). It was observed that the mean values of 
DBP and MBP were higher at the base of the tail than those obtained on the 
thoracic limb, but the differences were not significant (p>0.05). In contrast, the 
mean value of SBP measured on the forelimb was higher that the one measured 
on the base of tail, but the difference was not significant (p>0.05) 

Table 3  
Paired samples t test between blood pressure values measured at the base of 

the tail and at the thoracic limb 

 
Variable 

Paired differences 

Sig. 
(2-

tailed) Mean 
Standard 
deviation 

Standard 
error mean 

95% confidence 
interval of the 

difference 

Lower Upper 

SBPtail-SBPforelimb 1.2 5.47 0.83 -0.97 3.53 0.132 

DBPtail- DBPforelimb  -2.1 7.56 1.15 -5.22 1.00 0.074 

MBPtail- MBPforelimb -1.3 5.16 0.78 -3.43 0.81 0.103 

Puls ratetail – Pulse 

rateforelimb  
5.3 19.77 3.01 -2.83 13.43 0.086 
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In other studies in which blood pressure was measured by oscillometric 
method at the thoracic limb and at the base of the taill, no significant differences 
were found between the mean values of SBP, DBP or heart rate (2, 7). 

 
Conclusions 

 
In this study, the blood pressure values were significantly higher on the 

British Shorthair cats than at the Persian, Burmese, European or Siamese cats.  
No significant difference was found in the blood pressure obtained from the 

forelimb and the base of the tail.  
Blood pressure measurement after about 15 minutes of acclimatization to 

the clinical environment reduces significantly the influence exerted by stress on 
blood pressure values. 
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Summary 

 

The research was performed on 23 Lipizzan horses divided in two groups based on 
the training status – trained and untrained horses. The trained horses were used in carriage 
driving and dressage competition for at least two years. The following parameters were 
determined: red blood cells (RBC), white blood cells (WBC), hemoglobin (Hgb), hematocrit 
(Hct), erythrocyte indices. Differential WBC counts were determined from smears stained by 
the Diff-Quick method. In trained group, at rest, mean RBC count was within reference range 
without a significant difference compared with untrained group. Instead, there were 
significant differences (p<0.005) between groups for mean values of Hgb. Hct, erythrocyte 
indices, WBC counts were within reference values but we registered significant differences 
(p<0.005) regarding the percentage of neutrophiles and lymphocytes between groups. 

Keywords: horse, hemogram, breed, training, Lipizzan 

 

Over the years, evaluation of the hemogram and plasma or serum 
biochemistry has been used to assess the health status or function of a range of 
body systems in horses and it is a valuable tool for clinicians during observation of 
recovery period. Blood parameters can be influenced by breed, gender, age, 
reproductive status and training conditions, also handling and restraint method 
during blood collection.  

In sport horses these tests are commonly used to assess fitness and 
performance potential, as well as to investigate poor performance in horses. 
Assessment of training is difficult as they are influenced by the horse breed, age, 
amount of training the horse has received, when the sample was taken in relation 
to exercise, intensity of exercise, and type of event in which the animal is engaged. 
In spite of these variables, intense exercise is associated with transient 
erythrocytes changes including increased Hgb, Hct and RBC count. These 
erythrocyte changes are attributed to epinephrine release, an increase in 
sympathetic tone, spleen contraction and fluid shifts out of the vascular 
compartment. The degree of change and duration of elevations depend on the 
degree of training and intensity of exertion (2). 

On the other hand, when assessing hematology, the sampling technique, 
the horse‘s attitude and degree of excitement, relationship to feeding, and time of 
day when the samples were collected, can all have a profound effect on the values 
obtained. In addition, storage of blood samples overnight may result in a slight 
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elevation of Hct, probably due to enlargement of erythrocytes. Therefore, it is 
important to standardize sampling and handling techniques as much as possible. 
Also, automated determination of differential WBC counts has been attempted on 
several hematology instruments using species - specific programs, but to date no 
methods have been found to be completely reliable. Therefore, it is still 
recommended that leukocyte differential cell counts to be done or verified by 
examination of a peripheral blood film (1, 2, 4).  

Despite the fact that hemogram is an usual screening test there are 
relatively few reports establishing the hematological response to training of the 
Lippizan horses used in carriage driving competition in rest period. Therefore, the 
objective of the present research was to evaluate the differences of hematological 
parameters in Lipizzan horses trained for carriage driving, in the rest period and 
untrained horses from same breed. 
 

Materials and methods 
 

The research was performed on 23 Lipizzan horses from a private farm, 
divided in two groups based on the training state – trained (5-6 years old) and 
untrained horses (2-3 years old). The trained horses were used in carriage driving 
and dressage competition for at least two years. Each animal was considered to be 
clinically normal based upon careful assessment of the health history and physical 
examination prior to sampling. Blood samples were collected in February, at 9 a.m. 
from 12 trained horses and 11 samples from the untrained group from the jugular 
vein into tubes containing ethylenediaminetetra-acetic acid (EDTA) as an 
anticoagulant. Sampling was conducted in a manner least likely to excite the 
horses under controlled and standardized conditions of horses at rest for both 
groups. The following parameters were determined: RBC - hemocytometric 
method, WBC - hemocytometric method, Hgb - spectrophotometric method, Hct - 
microhematocrit centrifugation, erythrocyte indices: mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular haemoglobin 
concentration (MCHC) - by appropriate formulas. Differential WBC counts were 
determined from smears stained by the Diff-Quick method. 

Data achieved was processed by biostatistical methods, using the SPSS 
17.0 software. In order to test the difference significance, we applied the Anova 
test. 
 

Results and discussions 
 

The hemogram must be always evaluated in correlation with the breed of 
the horses because there are significant differences between them. Horses of 
Arabian ancestry (light - horse breeds) are called ―hot - blooded‖ and include 
Arabian and Thoroughbred breeds. ―Cold - blooded‖ horses are the draft horse and 
pony. Most horse breeds fall into the ―warm - blood‖ category which are crosses 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 100 
 

 

between hot -bloods and cold - bloods (Lipizzan, Standardbreds and Quarter 
Horses etc.) (4).  

Hot-blooded horses have been found to have higher RBC counts, Hgb 
concentration and Hct compared to cold-blooded horses. Minor differences have 
been found among various breeds in relation to WBC count, with hot-blooded 
horses having slightly higher WBC counts compared to cold-blooded horses (4).  

Beside the breed, exercise has variable effects on the hemogram depending 
on the work intensity by mobilization of splenic erythrocytes and, therefore, increases 
the oxygen transport capacity. The extent of the potential increase in circulating RBC 
mass is remarkable, as the spleen has the capacity to store up to 50% of the total red 
blood cell pool. There are, however, variations in splenic capacity in association with 
breed of the horse as well as age. Draught horses have lower relative splenic 
weights compared to Thoroughbred horses and it appears that splenic capacity alters 
in response to increasing age (from one to three years) in Trotters. While the majority 
of the increase in Hct during high-intensity exercise is attributable to splenic 
contraction, exercise-induced fluid shifts also play a role. The leukogram changes 
have been variable, and a leukocytosis characterized by a neutrophilia and 
lymphocytosis, or leukocytosis due to neutrophilia and lymphopenia have been 
reported and appear to depend on the type and intensity of exercise. These 
leukogram changes have been attributed to epinephrine and cortisol release. The 
effect of training on resting hematologic values has been variable and there haven‘t 
been reported decreases in erythrocyte parameters have been reported (1, 2, 4).  

Descriptive statistics for the untrained group it is presented in table 1. 
Comparing with reference range (4) for warm blooded horses, we can sustain that the 
mean values of RBC and WBC counts obtained were within the reference values 
stated for Lipizzan horses. Instead, MCV mean value was higher compared with the 
reference values (38–49 fL), while MCHC mean was lower for this group (37–40 g/dL).  

 
Table 1 

Descriptive statistics of the hematological parameters  
for untrained group of Lipizzan horses 

Variable n Mean 
Standard 
deviation 

Standard 
error 

Maximum 
value 

Minimum 
value 

RBC (10
6
/mm

3
) 11 7.75 0.94 0.23 9.60 6.68 

Hgb(g/dL) 11 14.34 1.07 0.67 16.00 13.00 

Hct (%) 11 47.43 2.88 0.37 51.00 42.00 

MCV (fL) 11 61.62 4.15 1.76 65.68 53.12 

MCH (pg) 11 18.73 2.42 0.63 20.83 13.75 

MCHC (g/dL) 11 30.31 2.53 1.10 33.33 25.88 

WBC(10
3
/mm

3
) 11 8.85 0.67 0.56 9.60 7.62 

Neutrophiles(%) 11 55.71 2.43 0.68 59.00 52.00 

Lymphocytes (%) 11 34.71 1.98 0.68 37.00 32.00 

Monocytes (%) 11 4.00 1.00 0.34 6.00 3.00 

Eosinophils (%) 11 5.57 0.79 0.51 7.00 5.00 

Basophils (%) 11 0.00 0.00 0.00 0.00 0.00 
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In trained group (table 2), mean Hgb concentration was slightly under 
minimum reference value (10.6 – 18.9) while the RBC indices MCH and MCHC, 
related with Hgb, were also lower than the minimum reference values (15 – 19 pg 
respectively 37 – 40 g/dL) (4).  
 

Table 2 
Descriptive statistics of the hematological parameters for trained group of 

Lipizzan horses used in carriage driving and dressage competition 

Variables 
n Mean 

Standard 
deviation 

Standard 
error 

Maximum 
value 

Minimum 
value 

RBC (10
6
/mm

3
) 12 7.44 0.60 0.23 8.60 6.79 

Hgb(g/dL) 12 10.25 0.97 0.37 11.50 9.10 

Hct (%) 12 33.98 1.79 0.67 36.30 31.50 

MCV (fL) 12 45.67 4.67 1.76 53.46 40.12 

MCH (pg) 12 13.78 1.66 0.63 16.74 12.10 

MCHC (g/dL) 12 30.16 2.92 1.10 34.02 25.34 

WBC(10
3
/mm

3
) 12 8.75 1.49 0.56 10.10 6.41 

Neutrophiles(%) 12 60.25 1.80 0.68 63.00 58.00 

Lymphocytes (%) 12 28.71 1.80 0.68 32.00 27.00 

Monocytes (%) 12 3.14 0.90 0.34 4.00 2.00 

Eosinophils (%) 12 4.85 1.35 0.51 7.00 3.00 

Basophils (%) 12 0.00 0.00 0.00 0.00 0.00 

 
Following statistical analysis (Anova test) we found significant differences 

(p<0.005) regarding some hematological parameters between trained and 
untrained groups (table 3). 

In trained group, at rest, mean RBC count (7.44x10
6
/mm

3
) was within 

reference range values without a significant difference compared with untrained 
group (7.75 x 10

6
/mm

3
). Instead, there were significant differences (p<0.005) 

between groups for mean values of Hgb, Hct, MCHC and MCH. 
WBC counts were within reference values but we registered significant 

differences (p<0.005) regarding the percentage of neutrophiles and lymphocytes 
between groups. 

Rose et al. (3), revealed that endurance-trained horses have lower resting 
RBC indices than race horses. In a group of Standardbred horses, after seven 
weeks of low-intensity exercise training there were no significant effects on the 
resting or recovery hemogram. Similarly, in a group of endurance horses 
(predominantly Arab crosses) there was no change in the resting Hct values over 
12 weeks of training, although quieter horses had significantly lower Hct values 
throughout the training period compared to the more apprehensive horses. 
Nevertheless, it is possible that there could be a reduction in Hct in endurance 
horses due to expansion of plasma volume.  
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Table 3 
Anova test between trained and untrained group of the Lipizzan horses 

Variabile 

Trained group 
(n=12) 

Untrained group 
(n=11) 

p 

Mean 
Standard 
deviation 

Mean 
Standard 
deviation 

RBC (10
6
/mm

3
) 7.44 0.60 7.75 0.94 0.492 

Hgb(g/dL) 10.25 0.97 14.34 1.07 0.0001 

Hct (%) 33.98 1.79 47.43 2.88 0.0001 

MCV (fL) 45.67 4.67 61.62 4.15 0.0001 

MCH (pg) 13.78 1.66 18.73 2.42 0.001 

MCHC (g/dL) 30.16 2.92 30.31 2.53 0.954 

WBC(10
3
/mm

3
) 8.75 1.49 8.85 0.67 0.872 

Neutrophiles(%) 60.25 1.80 55.71 2.43 0.002 

Lymphocytes (%) 28.71 1.80 34.71 1.98 0.0001 

Monocytes (%) 3.14 0.90 4.00 1.00 0.118 

Eosinophils (%) 4.85 1.35 5.57 0.79 0.249 

Basophils (%) 0.00 0.00 0.00 0.00 - 

 
Conclusions 

 
The hematological parameters for Lipizzan horses from those two groups 

were in reference range except MCV and MCHC. 
Significant diferences (p<0.005) were found between untrained group and 

trained group used in carriage driving and dressage competition regarding Hgb, 
Hct, MCHC and MCH.  

No significant diferences were found in leucogram between groups except 
percentage of neutrophiles and lymphocytes.  
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Summary 
 

The investigations performed on a number of 84 dogs (n=84 females and n=28 
males) with cardiac symptoms have been completed in order to emphasize some changes of 
the PQ or PR interval duration, recorded in the six bipolar and unipolar simple derivations 
(DI, DII, DIII, aVR, aVL, aVF). 

Analyzing the PQ or PR interval duration depending on sex it becomes clear that, 
regarding male dogs suffering from cardiac affections 73.25% were registered with a 
duration of this interval within physiologic limits (PR=0.06-0.13 sec.), 23.35% were 
registered over 0.13 sec., and 3.5% were beneath 0,6 sec. Regarding the female group 
72.3% had a PR interval duration within physiologic limits, 22.6% were above 0.13% 
seconds and 5.1 were registered with a duration beneath 0,06 seconds. 

A larger rate of males suffering from heart disease, comparing to females, were 
registered with a longer duration of this interval, which implies atrioventricular conduction 
abnormalities. 

Key words: dogs, heart, electrocardiogram, PQ or PR interval. 

 

Cardiac affections are common among animals, especially among dog 
populations. Physical examination in cardiac affections does not always provide 
enough information for the examiner which is why complementary exams of the 
cardiovascular system (radiography, electrocardiogram, phonocardiogram, and 
echocardiography) can be really useful in establishing the diagnosis.  

The PQ or PR interval represents the conduction of the impulse from the 
sinoatrial node to the atrioventricular node; it can be altered by the impairment of 
conduction (sinoatrial block) ob by prolonging its duration (I, II, III-rd degree 
atrioventricular block). 

 
Materials and metods 

 
Research was conducted at the Medical Pathology Clinic of the Faculty of 

Veterinary Medicine from Timisoara, on a number of 84 dogs of different sex, which 
were suffering from heart disease with diverse cardiac symptoms: dyspnea, effort 
intolerance, cough, and cyanosis. 
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Registrations were done using a digital, 12 derivations, fitted with a thermal 
high resolution printer with a 60 mm paper roll, type 1 Cardioline 
electrocardiograph. 

PQ or PR interval duration was established using the electrocardiogram in 
all six bipolar (DI, DII, DIII) and unipolar (aVR, aVL, aVF) derivations (1, 3, 5). 

Primary data, obtained during these investigations were mathematically 
and statistically processed and used as the base of interpretation and later 
transformed in graphs. 

As statistic processing methods there have been used: variation analysis 
using SPSS 17.0 computer program. 

Testing the importance of contrast between groups was obtained using the 
Student ―t‖ test, also with the SPSS 17.0 statistic program. 
 

Results and discussions 
 

Medium statistic values of the PQ or PR interval duration of 84 dogs 
suffering from heart disease, females (n=46) and males (n=38) were statistically 
analyzed using bipolar DI, DII, DIII and unipolar aVR, aVL, aVF derivations. These 
facts are presented in table 1. 

Considering the PR interval duration values listed in the existing literature 
(PR<0.2 seconds) the medium duration of this interval duration, which represents 
atrial depolarization has statistically been calculated.  

By analyzing bipolar (DI, DII, DIII) and unipolar (aVR, aVL, aVF) 
derivations, it is determined that there are no major distinctions between lots 
(p>0.05). To be pointed out that, within the bipolar derivation DII in female. the 
length of the PR interval duration was slightly above (about 2%) the medium values 
listed in the existent literature (0.1226±0.0056 seconds). 

This interval‘s variability is estimated in between 23% and 49%. A more 
significant variability of this interval has been observed in females, and a less 
important variability has been reported in males in all derivations, excepting aVR. 
 

Table 1 
Medium value and dispersion parameters of the PR interval duration in dogs 

suffering from heart disease (females and males) 
 

Specification 
PR Student test (t) 

xSx  s CV CI 95% t p 

I 

Female 
(n=46) 

0.1155±0.0060 0.040 35.38 
-0.015 0.018 0.19 ns 

Male (n=38) 0.1139±0.0058 0.036 31.78 

II 

Female 
(n=46) 

0.1226±0.0056 0.037 30.92 
-0.005 0.023 1.21 ns 

Male (n=38) 0.1139±0.0044 0.027 24.27 
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III 

Female 
(n=46) 

0.1134±0.0051 0.035 30.93 
-0.012 0.013 0.09 ns 

Male (n=38) 0.1128±0.0042 0.026 23.11 

aVR 

Female 
(n=46) 

0.1153±0.0063 0.042 37.18 
-0.011 0.025 0.71 ns 

Male (n=38) 0.1086±0.0068 0.041 38.57 

aVL 

Female 
(n=46) 

0.1045±0.0063 0.043 41.21 
-0.025 0.0079 

-
1.04 

ns 

Male (n=38) 0.1131±0.0053 0.032 29.06 

aVF 

Female 
(n=46) 

0.1082±0.0079 0.053 49.14 
-0.027 0.009 

-
1.01 

ns 

Male (n=38) 0.1176±0.0048 0.0297 25.27 

ns p>0.05 * p<0.05. ** p<0.01. *** p<0.001 

 

A graphical representation of the medium values obtained after statistically 
processing the existing data in the six derivations presented in figure 1. 

 

 
 

Fig. 1. Graphic representation of the PR interval duration in dogs suffering from 
heart disease (females and males) 

 

From this graphic representation it appears that females suffering from 
cardiac disease presented elevated values of the PQ or PR intervals in DI, DII and 
aVR derivations, and regarding the group of males suffering from heart disease 
presented elevated values in the aVL. aVF derivations. 

From the hypsographic analysis it appears that 73.6% of all dogs 
considered (n=82) presented normal values of the PR interval (0.06-0.12 seconds), 
and 22.8% of all had elevated values and 3.57% were reported with subjacent 
values, issues presented in figure 2. 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 106 
 

 

 

 
 

Fig. 2. The histogram of the PR interval in dogs suffering from heart disease 
(females and males) 

 

It has been reported that 22.6% of the females suffering from heart disease 
and 23.25% of males with heart disease symptoms presented elevated values of 
the PR interval duration above the physiologic limits (0.12) of the PR interval 
duration. The enhancement of this interval is due to some conduction abnormalities 
of the excite-conductive system and cardiac affections (conduction blocks). 

It was found that 72.3% of the 46 females suffering from heart disease had 
PR interval duration between 0.06 and 0.13 seconds (physiologic values). 22.6% 
had duration above 0.13 seconds and 5.1% beneath 0.06 seconds. 

Analyzing the PR interval duration according to sex it is observed that 
73.25% of the male dogs suffering from heart disease have been registered with 
PR interval duration within physiologic limits. 23.25% above 0.13 seconds and 
3.5% beneath 0.06 seconds (1, 2, 4). 

 

Conclusions 

 

From a statistical point of view there haven‘t been noticed important 
contrasts regarding the medium values of the PQ or PR interval duration. in the 
groups of dogs with cardiac symptoms grouped based on sex. at a barrier of 
acceptance of p>0.05 
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Analyzing the PQ or PR interval duration, depending on sex, a larger rate 
of males with cardiac disease, rather than females have been registered with a 
longer duration above the physiologic limit (0.12), assuming the presence of some 
atrioventricular conduction problems. 
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Summary 
 

The investigations were made on 84 dogs with heart disorders manifested through 
cough, dyspnoea, intolerance to effort, dyspeptic syndromes etc. had the purpose to 
evidence positive or negative gaps of the ST segment, in order to diagnose circulator 
disorders on myocardium, endocardium and epicardial level. The electrocardiograms were 
made in 6 simple unipolar, bipolar derivations (D1, D2, and D3, aVR, aVL and aVF). The 
analyse of the gap on ST segment amplitude found that 44.51% of female dogs with heart 
diseases presented an isoelecric ST segment, in 31.27% was elevated and in 24.3% was 
depressed. 

Key words: heart disorder, dog, electrocardiogram 

 
 

Lately, myocardiopathies registers a high frequency, especially in canine 
population. Detecting of this cardiac disease through clinical exams is not always 
conclusive and effective, imposing complementary exams like: radiography, 
electrocardiography, phonocardiography, echocardiography, ionogram (1, 4). The 
most used of these methods for diagnosing cardiovascular illnesses is the 
electrocardiogram; witch can point the existence of any pathological modifications 
at this level. ST segment represents slow ventricular polarization witch can record 
physiologically depressions of max 0.2 mVolts and elevations of max 0.5 mVolts, 
depending on the isoelectrical line on the electrocardiographic route (2). Any 
depression or elevation that is bigger than the point of reference represents the 
appearance of diffuse circulator disorder on cardiac level (3, 5). 

 
Materials and methods 

 
The investigations were made on a number of 84 cases in witch 46 of them 

were females and 38 males. The waves, segments and intervals were recorded 
with an electrocardiograph (CARDIOLIME MODEL DELTA 1) provided with 12 
endings. The recordings were mad in 6 derivations: bipolar (D1, D2, D3) and 
unipolar (aVR, aVL, aVF). The results were mathematically and statistically 
processed to substantiate their implementation, and then were graphically 
processed. 
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The methods used for statistical processing was the variation analysis, 
using a statistic program called SPSS 17.0. Testing the significance between the 
lots for the studied indexes was made with the help of the Student "t" test, using 
also the statistic program SPSS 17.0 

 
Results and discussions 

 
Data obtained from this statistical processing are presented in table 1, and 

averages obtained were graphically represented in fig. 1. 
 

Table 1 
Medium value and dispersion parameters of the ST segment amplitude in 

dogs suffering from heart disease (females and males) 

Amplitude (mv) 
ST segment Student Test (t) 

xSx  
s CV CI 95% t p 

I 
Female (n=46) 0,0315±0,0149 0,100 319,63 

-0,032 0,050 0,44 ns 
Male (n=38) 0,0224±0,0144 0,089 398,16 

II 
Female (n=46) -0,0620±0,0209 0,1419 229,01 

-0,088 0,051 -0,53 ns 
Male (n=38) -0,043±0,0280 0,172 398,15 

III 
Female (n=46) -0,0154±0,0199 0,134 874,12 

-0,041 0,084 0,68 ns 
Male (n=38) -0,0368±0,0244 0,1505 408,59 

aVR 
Female (n=46) 0,0489±0,0237 0,160 328,59 

-0,044 0,071 0,46 ns 
Male (n=38) 0,0355±0,0172 0,105 297,94 

aVL 
Female (n=46) 0,0326±0,0168 0,114 349,98 

-0,066 0,018 -1,13 ns 
Male (n=38) 0,0566±0,0128 0,079 139,61 

aVF 
Female (n=46) -0,0196±0,0206 0,139 713,68 

-0,034 0,087 0,86 ns 
Male (n=38) -0,0461±0,0228 0,140 305,40 

 
Table 1 shows data regarding the amplitude of the ST segment on a 

number of 84 dogs with heart disorders, assigned in 2 lots, by gender; and fig. 2 
the graphical representation of those. So in case of the ST segment depending of 
the isoelectrical line, it can be depressed (max. -0.2 mVolts) or elevated (max. +0.5 
mVolts). Amplitude of the ST segment obtained, fit in physiological limits according 
to specialized literature, average values of the amplitude that could be negative or 
positive. 
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Fig.1. Graphic representation of the ST segment amplitude in dogs suffering 

from heart disease (female and male) 
 

On both categories, females and males, the average amplitude of the ST 
segment is positive in I derivations (aVR and aVL). In II and III derivations, and also 
in VF derivation, the average amplitude of the ST segment recorded negative 
values, fitting physiological limits. Statistically the differences between amplitude 
averages of the ST segment, both females and males, are insignificant (p<0.05). 
The presence of depressions and elevations determined a high value of variability 
coefficient in ST segment. The pictographic representation of the amplitude of the 
ST segment on dogs with heart illnesses, depending on gender is showed in fig. 2. 

 

Fig. 2.  The histogram of the ST segment amplitude in dogs suffering from heart 
disease (female and male) 
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The histogram of the ST segment reveals that on 44.5% of the dogs with 
cardiac illnesses, the ST segment was isoelectric, on 31.27% of them was elevated 
and on 24.3% of the cases was depressed.  

Regarding dogs with heart disorders, only on 37% of the individuals the ST 
segment was isoelectric, on 35% of the cases was elevated and on 28% of them 
was depressed. 

It can be concluded, that on male dogs with heart disorders, witch 
displayed symptoms of cardiac disease the ST segment was elevated or 
suppressed on a very large number of individuals that implies the existence of 
heart hypoxia phenomena. 

 
Conclusions 

 
On male dogs with cardiac symptoms the ST segment presented 

depressions and elevations, depending on the isoelectrical line, on a higher 
number of individuals in comparison with the females in the same category. 

The average length of the ST segment on both male and female dogs with 
heart disorders, was between 0.05"-0.06", the differences between genders were 
statistically insignificant. 

Both patient categories (males and females) from a medical point of view, 
were presenting ischemia and heart failure symptoms. 
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Summary 
 

Chromium is found in many compounds of the Earth‘s crust. It exists in several 
oxidation states but Cr III and Cr VI species are the most stable and common forms. The 
main sources of hexavalent chromium are electroplating processes, stainless steel welding 
and vulcanizing industries, tanneries. The aim of this study was the evaluation of Cr VI 
compounds exposure impact on some male reproductive biomarkers. The objectives were 
evaluation of chromium level and histoarchitecture of genital organs (testis and epididymis) 
and sexual accessory glands (prostate, seminal vesicles and bulbo-urethral glands) in ―in 
utero‖ exposed rats. Female rats were exposed during gestation via drinking water to 
potassium dichromate as follows E1 group: 25 ppm Cr VI (LOAEL); E2 group: 50 ppm Cr VI; 
E3 group: 75 ppm Cr VI and the C group received tap water (without chromium content). 
After delivery, pups received tap water until sexual maturity when the rats were sacrificed 
following protocols and ethical procedures. The study pointed out that chromium is 
concentrating in genital organs and sexual accessory gland, the hierarchy being: prostate, 
bulbo-urethral glands, seminal vesicles, epididymis, testis, and induces changes in their 
structure – congestive and degenerative lesions. 

Key words: chromium VI, male, genital organs 

   
Chromium is found in many compounds of the Earth‘s crust (12). It exists in 

several oxidation states, but Cr III and Cr VI species are the most stable and common 
forms (9). 

Chromium III is essential for human and animal diet, it is poor soluble with little or 
no toxicity. In its hexavalent form chromium is 100 to 1000 times more toxic than the most 
trivalent compounds (12).  

Hexavalent chromium (Cr VI) is an important heavy metal pollutant used in more 
than 50 industries (2): refractory, pigment, stainless steel factory, leather tannery, wood 
processing, cement manufacturing factory etc. Cr VI from fossil fuel combustion and steel 
production plant comprises two-thirds of the chromium in the air urban areas (3). Like all 
metals, chromium is non-biodegradable, persisting in the environment (4).   

The aim of this study was the evaluation of Cr VI compounds exposure impact on 
some male reproductive biomarkers. The objectives were evaluation of chromium level and 
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histoarchitecture of genital organs (testis and epididymis) and sexual accessory glands 
(prostate, seminal vesicles and bulbo-urethral glands) in ―in utero‖ exposed rats.  

Materials and methods 

Female rats were exposed during gestation via drinking water to potassium 
dichromate as follows E1 group: 25 ppm Cr VI (LOAEL - 5); E2 group: 50 ppm Cr VI; 
E3 group: 75 ppm Cr VI and the C group received tap water (without chromium 
content).  

After delivery, pups received tap water until sexual maturity when the rats 
were sacrificed following protocols and ethical procedures and genital organs and 
sexual accessory glands were collected. Chromium level was determined by 
atomic absorption spectrometry (AAS – 6650 Shimadzu) and histoarchitecture on 
histological slides stained by Hematoxylin-Eosin method. 

 Animals were provided free access to food and water. The study was 
performed in compliance with national and international laws regarding animal 
welfare and ethics in animal experiments (143/400/2002; 471/2002; 205/2004; 
206/2004; 9/2008; 63/UE/2010; 86/609/CEE). 

The results were statistically analyzed by Anova method and Student test. 

Results and discussions 

The results are summarized in table 1 and figures 1-5. 
Male rats exposed in utero presented significant (p<0.01) increase of 

chromium level in genital organs (testis, epididymis) and sexual accessory glands 
(prostate, seminal vesicles, bulbo-urethral glands) comparative to control group: 

 Testis: E1/C: +193.10%; E2/C: +289.65%; E3/C: +393.10%. 
 Epididymis: E1/C: +236.66%; E2/C: +373.33%; E3/C: +550%. 
 Seminal vesicles: E1/C: +382.22%; E2/C: +431.11%; E3/C: +513.33%. 
 Prostate: E1/C: +629.62%; E2/C: +685.18%; E3/C: +740.74%. 
 Bulbo-urethral glands: E1/C: +579.62%; E2/C: +688.88%; E3/C: +774.07%. 

Increase of chromium concentration was in direct correlation with exposure 
level but with different degrees of signification:  

 Testis: E2/E1: +32.94%, p<0.01; E3/E2: +26.54%, p<0.01; E3/E1: +68.23%, 
p<0.01; 

 Epididymis: E2/E1: +40.59%, p<0.01; E3/E2: +37.32%, p<0.01; E3/E1: 
+93.06%, p<0.01; 

 Seminal vesicles: E2/E1: +10.13%, p˃0.05; E3/E2: +15.48%, p<0.01; E3/E1: 
+27.18%, p<0.01; 

 Prostate: E2/E1: +7.61%, p<0.01; E3/E2: +7.07%, p<0.01; E3/E1: +15.22%, 
p<0.05; 

 Bulbo-urethral glands: E2/E1: +16.07%, p<0.01; E3/E2: +10.79%, p<0.01; 
E3/E1: +28.61%, p<0.01. 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 114 
 

 

Table 1 
Chromium level (µg/g wet tissue) in genital organs and sexual 

accessory glands in male rats 

Specificaiton X ± SX S.D.  C.I. 95% 

 
 

Testis 

C 0.29±0.07 0.19 0.15 

E1 0.85±0.08
* 

0.21 0.15 

E2 1.13±0.06
*
 0.16 0.15 

E3 1.43±0.08
* 

0.20 0.15 

 
 

Epididymis 

C 0.30±0.03 0.07 0.06 

E1 1.01±0.05
* 

0.12 0.06 

E2 1.42±0.01
* 

0.01 0.06 

E3 1.95±0.01
* 

0.04 0.06 

 
 

Seminal 
vesicles  

C 0.45±0.07 0.19 0.19 

E1 2.17±0.11
* 

0.29 0.19 

E2 2.39±0.12
* 

0.32 0.19 

E3 2.76±0.05
* 

0.14 0.19 

 
 

Prostate 

C 0.54±0.03 0.09 0.15 

E1 3.94±0.06
* 

0.16 0.15 

E2 4.24±0.08
* 

0.22 0.15 

E3 4.54±0.09
* 

0.25 0.15 

 
Bublo-

urethral gl. 

C 0.54±0.03 0.09 0.16 

E1 3.67±0.11
* 

0.29 0.16 

E2 4.26±0.08
* 

0.21 0.16 

E3 4.72±0.07
* 

0.19 0.16 

E/C: 
*
 p<0.01  

 

 
Fig. 1. Chromium concentration dynamics in sexual organs 
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Based on chromium accumulation in genital organs and sexual accessory 
glands it was possible to assign the following hierarchy: prostate, bulbo-urethral 
glands, seminal vesicles, epididymis and testis. 

 

 
Fig. 2 Organ hierarchy depending on chromium level   

 
Almost it is possible to affirm that testes are target for chromium (organ of 

retention for chromium). Chromium presence in testes was emphasized by other 
authors too (1, 3, 10, 11, 13). 

Consecutive chromium accumulation in genital organs and sexual 
accessory glands histological changes appeared. These structural changes are 
presented in figures 3-5. 

 

 
Fig. 3 Testis section (75 ppm, H.E. 400x) 

A -interstitial edema,B- basal membrane degenerative-necrotic lesions, 
C - germinal and Sertoli cells degenerative lesions 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 116 
 

 

 
Fig. 4 Epididymis section (75 ppm, H.E. 400x) 

A - epithelial segmental necrosis, B - epithelial smoothing 
 

 
Fig. 5 Prostate section (75 ppm, H.E. 200x) 

A - total epithelial exfoliation and falling in lumen, B - epithelial necrosis 
 

The structural changes were: in testis - interstitial edema, basal membrane 
degenerative-necrotic lesions, epithelial necrosis and exfoliation, epithelial atrophy, 
Leydig cell necrosis, Sertoli and germinal cells degeneration; in epididymis – 
interstitial edema, epithelial necrosis and exfoliation, epithelial smoothing; in 
prostate, seminal vesicles and bulbo-urethral glands – epithelial necrosis, epithelial 
exfoliation and falling in lumen.  
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Appearance of histological changes in structure of genital organs and 
sexual accessory glands in males after exposure to potassium dichromate were 
demonstrated by the other authors too (3, 6, 7, 8).  

The explanation of degenerative changes in testes could be the fact that 
hexavalent chromium (Cr VI) is a biologically active oxidized form state of 
chromium, is involved in the redox cycle with the production of reactive oxigen 
species, followed by decrease of enzymes involved in seminal protection against 
oxidative stress activity: gluthatione S-transferase (13), testicular catalase, 
superoxide dismutase (SOD) (3).  

Conclusions 

Potassium dichromate exposure in utero of male rat exposure determined: 
 Significant accumulation of chromium in genital organs and sexual accessory 

glands comparative to control, directly correlated to exposure level but with 
different degrees of signification; 

 Structural changes in genital organs and sexual accessory glands (congestive 
and degenerative lesions); 

 The organ hierarchy based on chromium accumulation was: prostate, bulbo-
urethral glands, seminal vesicles, epididymis and testis.  
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Summary 
 

The aim of this study was the evaluation of morphological biomarkers of 
reproductive toxicity: body weight, weight of genital organs (testes, epididymis) and sexual 
accessory glands (seminal vesicle, prostate and bulbo-urethral gland) at sexual maturity 
after exposure to potassium dichromate (Cr VI) in suckling period. Female rats and their 
pups, divided in four groups: three experimental and one control, were exposed via drinking 
water to potassium dichromate after delivery as follows: E1  25 ppm Cr VI (LOAEL); E2  50 
ppm Cr VI; E3  75 ppm Cr VI, control received tap water without chromium content. After 
weaning and until sexual maturity pups received only tap water without chromium. 

The study pointed out: significant decrease of body weight comparative to control 
group and in inverse, significant, correlation to exposure level; significant decrease of all 
genital organs and sexual accessory glands weight comparative to control group and in 
inverse, significant correlation to exposure level.  

Key words: rat, male, weight, chromium VI 

 

Chromium is a transition element found in many compounds in the Earth‘s crust. It 
occurs in the environment mainly in two states, trivalent and hexavalent. Chromium III is an 
essential trace element, in small amount, whereas chromium VI is considered highly toxic 
to living beings. Chromium is used in the production of chromates, chromium plating, 
chromate pigment manufacture and the production of cement and stainless steel (7). 

The aim of this study was the evaluation of morphological biomarkers of 
reproductive toxicity: body weight, weight of genital organs (testes, epididymis) and sexual 
accessory glands (seminal vesicle, prostate and bulbo-urethral gland) at sexual maturity 
after exposure to potassium dichromate (Cr VI) in suckling period. 

Materials and methods 

The study was carried out on initially 8 white Wistar female rats purchased 
from Faculty of Medicine and Pharmacy Biobase Cluj-Napoca. Female rats and 
their pups, divided in four groups: three experimental and one control, were 
exposed via drinking water to potassium dichromate after delivery as follows: E1  25 
ppm Cr VI (LOAEL -5); E2  50 ppm Cr VI; E3  75 ppm Cr VI, control received tap 
water without chromium content. After weaning and until sexual maturity pups 
received only tap water without chromium.  
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At sexual maturity male rats were weighted with technical balance and then 
sacrificed following protocols and ethical procedures and morphological biomarkers 
were determined. The genital organs and sexual accessory glands were dissected 
out trimmed off the attached tissues and weighted using analytical balance 
Shimadzu AY 220. 

All the animals were provided free access to food and water. The study 
was performed in compliance with national and international laws regarding animal 
welfare and ethics in animal experiments: 143/400/2002; 471/2002; 205/2004; 
206/2004; 9/2008; 63/UE/2010; 86/609/CEE. 

The results were statistically analyzed by Anova method and Student test. 

Results and discussions 

The results are presented in table 1-2 and figures 1-2. 
Table 1 

Mean body weight (g) of male rats at sexual maturity 

Groups  
 

Final body weight (g) 

x±Sx SD CI 95% 

C 179.86±0.51 1.35 1.83 

E1 142.86±1.01
* 

2.67 1.83 

E2 136.43±0.92
* 

2.44 1.83 

E3 127.86±1.01
* 

2.67 1.83 

E/C: 
* 
p˂0.01 

 
Exposure of male pups during suckling period determined significant 

(p˂0.01) decrease of body weight in male pups at the sexual maturity comparative 
to control ones (E1/C: -20.58%; E2/C: -24.15%; E3/C: -28.92%). Correlation with 
exposure level was significant (p˂0.01) and indirect (E2/E1: -4.51%; E3/E2: -6.29%; 
E3/E1: -10.50%). 

 
Fig.1. Body weight dynamics in male rats at sexual maturity 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 121 
 

In all exposed male rats testicular weight at sexual maturity decreased 
significantly (p˂0.01) comparative to control group (E1/C: -13.86%; E2/C: -25.31%; 
E3/C: -30.13%) being in inverse, significant (p˂0.01) correlation to exposure level 
(E2/E1: -13.29%; E3/E2: -6.46%; E3/E1: -18.89%). 

Epididymis weight also significantly (p˂0.01) dropped off in potassium 
dichromate exposed individuals comparative to control ones (E1/C: -11.83%; E2/C: -
18.28%; E3/C: -23.66%). Epididymis weight dynamics was indirectly, significantly 
(p˂0.01) correlated to hexavalent chromium intake level (E2/E1: -7.32%; E3/E2: -
6.58%; E3/E1: -13.42%). 

Table 2 
Male rat genital organs and sexual accessory glands absolute weight 

values 

Specification x ± Sx SD Confidence interval 
95 % 

 
Testes 

C 1.66±0.01 0.02 0.02 

E1 1.43±0.01
* 

0.02 0.02 

E2 1.24±0.01
* 

0.03 0.02 

E3 1.16±0.01
* 

0.03 0.02 

 
Epididymis 

C 0.93±0.01 0.03 0.02 

E1 0.82±0.01
* 

0.04 0.02 

E2 0.76±0.01
* 

0.03 0.02 

E3 0.71±0.01
* 

0.01 0.02 

 
Seminal vesicle 

(with coagulating 
glands) 

C 1.11±0.01 0.01 0.03 

E1 0.99±0.01
* 

0.03 0.03 

E2 0.91±0.01
* 

0.02 0.03 

E3 0.84±0.02
* 

0.05 0.03 

 
Prostate 

C 0.71±0.01 0.02 0.01 

E1 0.56±0.01
* 

0.02 0.01 

E2 0.43±0.01
* 

0.01 0.01 

E3 0.38±0.01
* 

0.01 0.01 

 
Bulbo-urethral 

glands 

C 0.69±0.01 0.01 0.01 

E1 0.53±0.01
* 

0.02 0.01 

E2 0.45±0.01
* 

0.01 0.01 

E3 0.32±0.01
* 

0.01 0.01 

E/C: *: p<0.01 

 
Seminal vesicles weight in E group significantly (p˂0.01) decreased in 

comparison to C group (E1/C: -10.82%; E2/C: -18.02%; E3/C: -24.33%) and was in 
inverse, significant (p˂0.01) correlation to exposure level (E2/E1: -8.09%; E3/E2: -
7.70%; E3/E1: -15.16%). 
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Prostate weight decreased significantly (p˂0.01) in E groups comparative 
to C group (E1/C: -21.13%; E2/C: -39.44%; E3/C: -46.48%), being in indirect, 
significant (p˂0.01) correlation to exposure level (E2/E1: -23.22%; E3/E2: -11.63%; 
E3/E1: -32.15%). 

The bulbo-urethral glands weight had the same dynamics, respectively in E 
groups weight values had fallen away, significantly (p˂0.01), in comparison to C 
group (E1/C: -23.19%; E2/C: -34.79%; E3/C: -53.63%) and were in inverse, 
significant (p˂0.01) correlation to exposure level (E2/E1: -15.10%; E3/E2: -28.89%; 
E3/E1: -39.63). 

 

 
Fig. 2. Genital organs and sexual accessory glands weight dynamics in male rats at 

sexual maturity 
 
Decrease of weight values after exposure to hexavalent chromium 

compounds was reported by other authors (2, 6, 8, 10). Also decrease of testes (1, 
2, 3, 10), epididymis (2, 10) and seminal vesicles (2, 4) have been demonstrated. 

In contradiction Elbetieha and Al-Hamood, 1997, emphasized that mice 
exposure to Cr III and Cr VI determines testicular weight increase and Pereira et 
al., 2005, concluded that Cr VI has no influence on body, testicular and epididymis 
weight. 

Conclusions 

The exposure of female rats to potassium dichromate (Cr VI), via drinking 
water (25, 50 and 75 ppm Cr), during the suckling period determined in male pups 
at sexual maturity: 
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 Significant decrease of body weight in exposed individuals comparative to 
control ones, in inverse significant correlation to exposure level; 

 Significant decrease of testes, epididymis, seminal vesicle, prostate and 
bulbo-urethral glands weight comparative to control group and in inverse, 
significant correlation to exposure level. 
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Summary  

Chromium is a naturally occurring element found in rocks, animals, plants, soil and 
in volcanic dust and gases. It‘s an element that can exist in a variety of oxidation states. 
Chromium carcinogenicity was first identified over a century ago and Cr VI compounds were 
amongst the earliest chemicals to be classified as carcinogens. Hexavalent chromium 
compounds are generally man-made. The study carried out on 28 white Wistar male adult 
rats divided equally in three experimental (25 ppm Cr VI- LOAEL, 50 ppm Cr VI, 75 ppm Cr 
VI) and one control group which received tap water for six months, pointed out: significant 
accumulation of chromium in genital organs and sexual accessory glands comparative to 
control, directly, significantly, correlated to exposure level. The hierarchy was: prostate, 
bulbo-urethral glands, seminal vesicles, epididymis and testis.  

Key words: chromium VI, male rats, concentration, sexual organs 

 

Chromium is a naturally occurring element found in rocks, animals, plants, soil and 
in volcanic dust and gases. It is an element that can exist in a variety of oxidation states, but 
the most common forms are chromium (0), trivalent (III) and hexavalent (VI) (2).  Chromium 
ranks 21

th
 in elemental abundance in the Earth‘s crust (6), where it is combined with iron 

and oxygen in the form of chromites ore (4). 
Chromium carcinogenicity was first identified over a century ago and Cr VI 

compounds were amongst the earliest chemicals to be classified as carcinogens (8). 
Hexavalent chromium compounds are generally man-made and considered as more toxic 
than trivalent chromium (7). 

Chromium VI, is a metal used in more than 50 industries: leather tanning, chrome 
electroplating, welding, stainless steel factory, wood processing etc. (2). 

Manny heavy metals are known to affect testicular structure in man and animals 
(3). Testicular tissue is a major target for metal-induced oxidative damages because of its 
high content of polyunsaturated membrane lipids (1).  

The aim of this study was the evaluation of potassium dichromate impact on 
biomarker of exposure: chromium level in male rats after six month of exposure. 

Materials and methods 

The study was carried out on 28 white Wistar adult male rats divided in 
three experimental groups (E) and one control group (C). Experimental groups 
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received potassium dichromate in drinking water for six months as follows: E1: 25 
ppm (LOAEL - 5); E2: 50 ppm (2 x LOAEL); E3: 75 ppm (3 x LOAEL); C: tap water 
(without chromium content). 

Animals were provided free access to food and water. The study was 
performed in compliance with national and international law regarding animal 
welfare and ethics in animal experiments: 143/400/2002; 471/2002; 205/2004; 
206/2004; 9/2008; 63/UE/2010; 86/609/CEE. 

After six months of exposure all animals were sacrificed following protocols 
and ethical procedures and genital organs and sexual accessory glands were 
collected, chromium level determined by atomic absorption spectrometry (AAS – 
6650 Shimadzu). 

The results were statistically analyzed by Anova method and Student test. 

Results and discussions 

The results are summarized in table1 and figure 1-2. 
Table 1 

Chromium concentration (µg/g wet tissue) in male genital organs and 
sexual accessory glands 

Specification X ± SX S.D. C.I. 95% 

 
 

Testis 

C 0.31±0.01 0.01 0.01 

E1 2.32±0.01
* 

0.01 0.01 

E2 2.44±0.01
* 

0.01 0.01 

E3 2.50±0.01
* 

0.01 0.01 

 
 

Epididymis 

C 0.33±0.01 0.02 0.07 

E1 4.60±0.06
* 

0.17 0.07 

E2 4.86±0.01
* 

0.03 0.07 

E3 5.07±0.03
* 

0.08 0.07 

 
 

Seminal 
vesicles 

C 0.54±0.01 0.02 0.13 

E1 6.12±0.06
* 

0.15 0.13 

E2 7.23±0.11
*
 0.30 0.13 

E3 7.94±0.03
* 

0.09 0.13 

 
 

Prostate  

C 0.58±0.01 0.01 0.02 

E1 7.84±0.01
* 

0.04 0.02 

E2 8.31±0.01
* 

0.01 0.02 

E3 8.46±0.01
* 

0.01 0.02 

 
Bulbo-

urethral gl. 

C 0.65±0.01 0.02 0.27 

E1 12.18±0.24
* 

0.62 0.27 

E2 13.24±0.10
*
 0.26 0.27 

E3 14.37±0.06
* 

0.15 0.27 

E/C: * p<0.01 
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After six month of exposure chromium level in genital organs (testis, 
epididymis) and sexual accessory glands (prostate, seminal vesicles, bulbo-
urethral glands) increased significantly (p<0.01) in all experimental groups 
comparative to control: 

 Testis: E1/C: +648.38%; E2/C: +687.09%; E3/C: +706.45%;  
 Epididymis: E1/C: +1293.93%; E2/C: +1372.72%; E3/C: +1436.36%;  
 Seminal vesicle: E1/C: +1033.33%; E2/C: +1238.88%; E3/C: +1370.37%;  
 Prostate: E1/C: +1251.72%; E2/C: +1332.75%; E3/C: +1358.62%;  
 Bulbo-urethral glands: E1/C: +1773.84%; E2/C: +1936.92%; E3/C: 

+2110.76%. 
Increase of chromium concentration was in direct, significant (p<0.01), 

correlation with exposure level:  
 Testis: E2/E1: +5.17%, E3/E2: +2.45%; E3/E1: +7.75%;  
 Epididymis: E2/E1: +5.65%; E3/E2: +4.23%; E3/E1: +10.21%;  
 Seminal vesicle: E2/E1: +18.13%; E3/E2: +9.82%; E3/E1: +29.73%; 
 Prostate: E2/E1: +5.99%; E3/E2: +1.80%; E3/E1: +7.90%;  
 Bulbo-urethral glands: E2/E1: +8.70%; E3/E2: +8.53%; E3/E1: +17.98%. 

 

 
Fig.1. Chromium concentration dynamics after six months of exposure 

 
Organ hierarchy regarding chromium accumulation in genital organs and 

sexual accessory glands is established on experimental values average: prostate, 
bulbo-urethral glands, seminal vesicles, epididymis and testis. 
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Fig. 2 Organ hierarchy depending on chromium level   

 
In the literature exists few studies regarding chromium accumulation in 

male genital organs (testis and epididymis) and sexual accessory glands (seminal 
vesicle, prostate and bulbo-urethral glands). Muselin (9), Sutherland et al. (11) and 
Zha et al. (12) showed that chromium VI does accumulate in rat testes. The same 
result obtained Sipowicz et al.(10) after chromium III administration in mice. 

Conclusions 

The exposure of adult male rats to potassium dichromate (Cr VI) in drinking 
water (25, 50 and 75 ppm Cr) for six month determined: 

 Significant accumulation of chromium in genital organs and sexual 
accessory glands comparative to control group; 

 Increase of chromium level in genital organs (testis, epididymis) and sexual 
accessory glands (seminal vesicles, prostate, bulbo-urethral glands), 
direct, significant, correlated to exposure level; 

 The organ hierarchy based on chromium level was: prostate, bulbo-urethral 
glands, seminal vesicles, epididymis and testis.  
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Summary 
 

The exposure of male Wistar rats during one month to aluminium (1000 ppb in 
drinking water), melatonin (10 mg/100 ml water) and aqueous extract of Sempervivum 
tectorum (6% infusion) emphasised: significantly increased body weight in all cases of 
exposure substances comparative to control group and not significant differences regarding 
the body weight in groups exposed to aluminium, melatonin or Sempervivum extract 
administrated alone comparative to groups which received melatonin or Sempervivum 
extract combined with aluminium. 

Key words: aluminium, sempervivum, melatonin, body, weight 

 

Aluminium is released to the environment by natural proceses and from 
various anthropogenic sources. Aluminium occurs in silicates as hydrous 
aluminium oxides and hydroxides; it is not found as free metal and has only 
oxidation state (3). Aluminium is considered to have negative effects that exceed 
the benefic effects and, in conclusion, aluminium is a trace element with toxic risk 
potential (4, 6). 

Melatonin is a neurohormone synthesized and secreted at night mainly by 
the pineal gland in vertebrates. It affects various physiological functions such as 
seasonal reproduction, thermoregulation and energy metabolism in mammals and 
particularly in seasonal mammalian species (7). Sempervivum tectorum is part of 
Crasulaceae family. In medicine, either taken internally or used externally, it is 
extremely useful in skin diseases, inflamed eyes, and enlarged glands (5). It is also 
used in ear inflammations, herpetic skin eruption, minor burns and wounds (1). 

 
Materials and methods 

 
The study was carried out on 36 male Wistar rats divided in 6 groups as 

follows: one control group (C) receiving tape water and five experimental groups 
(E): E1 – 1000 ppb aluminium as aluminium sulphate (level found in drinking water 
for animal consumption in aluminium industry area), E2 – 1000 ppb aluminium 
combined with melatonin 10 mg/100 ml water, E3 – 1000 ppb aluminium combined 
with Sempervivum tectorum 6% extract, E4 – melatonin 10 mg/100 ml (9), E5 – 
Sempervivum 6% extract. All groups received food and water ad libitum for one 
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month period. The body weight evolution was recorded and statistically evaluated 
using ANOVA program and Student t-test. 

 
Results and discussions 

 
The results are presented in table 1 and fig. 1 
 

Table 1 
Body weight in rats exposed to aluminium, melatonin and Sempervivum 

extract 

Group X±Sx SD Confidence 
interval 95% 

C 416.67 ± 9.19 22.51 31.65 

E1 
** 

486.67 ± 14.3 35.02 31.65 

E2
 ** 

490 ± 4.47 10.95 31.65 

E3
 * 

448.33 ± 10.78 26.39 31.65 

E4
 ** 

478. 33 ± 7.92 19.41 31.65 

E5
 * 

500 ± 30.88 75.63 31.65 

 * p<0.05 
** p<0.01 
 

 
Fig.1. Dynamics of body weight in rats exposed to aluminium, melatonin and 

Sempervivum extract 
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Body weight increase significantly in all experimental groups comparative 
to C group (E1/C: +16.79%, p<0.01; E2/C: +17.59%, p<0.01; E3/C: +7.59%, p<0.05; 
E4/C: +14.79%, p<0.01; E5/C: +19.99%, p<0.05). 

Melatonin combined with aluminium increased the body weight 
comparative to aluminium administrated alone, but the differences were not 
significant (E2/E2: +0.68%, p>0.05). 

Sempervivum extract administrated together with aluminium, decreased, 
not significant, the body weight in comparison with aluminium exposed group 
(E3/E1: -7.87%, p>0.05). 

Statistically insignificant differences were observed, also, in groups 
received melatonin and Sempervivum extract comparative to aluminium exposed 
group, a slightly decrease in case of melatonin exposure (E4/E1: -1.71%, p>0.05) 
and a slightly increase in case of Sempervivum extract administration (E5/E1: 
+2.75%, p>0.05). 

Exposure to melatonin alone decrease the body weight comparative to 
groups exposed to aluminium combined with melatonin group, but the differences 
were not significant (E4/E2: -2.38%, p>0.05). 

The group exposed to Sempervivum extract alone, recorded an increase of 
body weight comparative with the group exposed to aluminium together with 
Sempervivum extract but the differences were not significant (E5/E3: +11.52%, 
p>0.05). 

The results regarding the body weight are in contradiction with other 
authors which sustain that the body weight decrease in case of aluminium 
exposure (2, 11) and also in case of melatonin exposure (7, 8, 10).   

 
Conclusions 

 
Rats exposure to aluminium, melatonin and Sempervivum extract 

emphasized:  
- increase of the body weight in all cases of exposure substances 

comparative to control group. 
- not significant differences regarding the body weight in groups exposed to 

aluminium, melatonin or Sempervivum extract administrated alone comparative to 
groups which received melatonin or Sempervivum extract combined with aluminium 
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Summary 
 

The study was carried out on 24 male Wistar rats divided in four groups as follows: 
one control group (C) receiving tape water and five experimental groups (E): E1 – 200 ppb 
aluminium, E2 – 400 ppb aluminium, E3 – 1000 ppb aluminium as aluminium sulphate in 
drinking water. After six months of exposure the rats are euthanized, the liver, spleen and 
kidney were sampled, fixed with alcohol and stained using haematoxylin-eosin method. The 
examination under light microscope emphasized: tubular epithelial necrosis and 
glomerulonephritis in kidney, necrosis in liver cells, limpho-hemopoietic zone reduction and 
vascular ectasia in spleen. 

Key words: aluminium, liver, spleen, kidney 

 
Aluminium has been proposed as an environmental factor that may contribute to 

some diseases, affect several enzymes and other biomolecules and induced free radical-
mediated cytotoxicity (4, 10). Also, aluminium induced reproductive toxicity and exerted a 

significant adverse effect on steroidogenesis (4, 8). 

Aluminium is considered to have negative effects that exceed the benefic 
effects and is considered as a trace element with toxic risk potential (3, 5). 

 
Materials and methods 

 
The study was carried out on 24 male Wistar rats divided in four groups as 

follows: one control group (C) receiving tape water and five experimental groups 
(E): E1 – 200 ppb aluminium as aluminium, E2 – 400 ppb aluminium, E3 – 1000 ppb 
aluminium (levels found in drinking water for animal consumption in aluminium 
industry area) as aluminium sulphate in drinking water. After six months of 
exposure the rats are euthanized by exsanguination after 50 mg/kb b.w. ketamin 
anaesthesia. The liver, spleen and kidney were sampled, fixed with alcohol, stained 
using haematoxylin-eosin method and examined under light microscope. 

 
Results and discussions 

 
In kidney were observed: tubular epithelial necrosis and glomerulonephritis 

(Fig. 1). 
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Fig.1. Kidney in rats chronically exposed to aluminium (200x) 
 

In liver the lesions were more severe especially in centro-lobular zone. 
Examination reveals necrosis as picnosis, cariorexix and hepato cellular cariolisis (Fig.2).  

 

 
 

Fig.2. Liver in rats chronically exposed to aluminium (200x) 
 

In spleen was observed limpho-hemopoietic zone reduction, erythropoiesis 
and vascular ectasia (Fig.3). 
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Fig.3. Spleen in rats exposed chronically to aluminium (400x) 
 

The main cause of hepatocites necrosis may be a consequence of 
oxidative stress induced by aluminium exposure (6, 9). The results are in 
concordance with the studies of other authors which found that aluminium 
produced mycrovesicular steatosis in rats exposed to a single high dose of 
aluminium (2) and in japonese Quail which received 2000 mg/kg aluminium in diet 
(1). Regarding the kidney effects following aluminium exposure other author 
sustain that aluminium did not affect the kidney (1) or even can have a benefic role 
and could be used to prevent the renal deterioration (7).    

 
Conclusions 

 
Rats chronic exposure to aluminium emphasized:  
    - in liver:  necrosis. 
    - in spleen: limpho-hemopoietic zone reduction and vascular ectasia 
    - in kidney: tubular epithelial necrosis and glomerulonephritis 
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Summary 

 

The objective of this study was the evaluation of the reproductive functionality 
represented by fundamental biomarkers (duration of sexual cycle and sexual cycle 
regularity) of adult female rats exposed to lead acetate during the prepubertal period. 

The study was carried out on 32 adult Wistar female rats exposed only during 
the prepubertal period to lead acetate (E1: 50 ppb Pb, E2: 100 ppb Pb, E3: 150 ppb Pb) 
and resulted in: significant increase of sexual cycle duration comparative to the control 
group, over the physiological limits and direct correlation to the exposure level; 
modification of sexual stages regularity: significant decrease of sexual cycles percentage 
with proestrus, estrus and diestrus I, diestrus II in physiological limits as duration 
comparative to the control group and inversely correlated with the exposure level; 
appearance of sexual cycles with absent estrus, directly correlated with the exposure 
level; appearance of sexual cycles with prolonged proestrus, diestrus I and II, directly, 
significantly correlated with the exposure level. 

Key words: lead, rats, sexual cycles, pubertal. 

 
Lead its natural state, lead is found only in the earth

‘
s crust. Humans 

have mined and used lead ore for thousands of years, resulting in lead pollution 
of water, air and soil. 

 
Table 1 

The phases and the characteristics of female estrus cycle 
The phases of the 

sexual cycle 
Course in hours Characteristics 

Proestrus ≈ 12 hours Nucleated epithelial cells 

Estrous ≈ 36 hours Large numbers of epithelial cells 

Diestrus I ≈ 24 hours 
Reduced numbers of epithelial 

cells and more leucocytes 

Diestrus II ≈ 24 hours 
Less and less epithelial cells 

and more leukocytes 
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Materials and methods 
 

The researches have been carried on with Wistar adult female rats. 
The evaluation of the toxic effect of the lead on reproductive function was 

carried on 32 female rats, divided in four groups: three experimental (E) and one 
control (C). 

The level of lead acetate in drinking water was assessed for the 
experimental groups: 

E1: 50 ppb Pb (maximum admitted level in drinking water according to 
Romanian Law no.485); E2: 100 ppb Pb E3: 150 ppb Pb. 

The control group received tape water. The forages and the water were ad 
libitum. 

The evaluation of reproduction function fundamental marker of breeding 
was based on the daily vaginal smear, colored May-Grunwald-Giemsa, for about 
four sexual cycles/8 females and determination of cycle interval, regularity and 
duration. 

The results were evaluated statistically with ANOVA and Student methods. 
All assays with animals were conducted in accordance with present laws 

regarding animal welfare and ethics in animal experiments (5, 6, 7, 8, 9, 10). 
 

Results and discussions 
 

 
 

Fig. 1. The aspect of the vaginal 
smear in proestrus phase at the C 

group →epithelial cells 

 
 

Fig. 2. The aspect of the vaginal 
smear in proestrus phase after 150 
ppb lead  exposure →epithelial cells 
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Fig.3. The aspect of the vaginal 

smear in estrus phase at the C group 
→epithelial enucleates cells 

 

 
Fig. 5. The aspect of the vaginal 

smear in diestrus I phase at the C 
group →epithelial  cells, →leucocytes 

 

 
Fig. 4. The aspect of the vaginal 

smear in estrus phase after 150 ppb 
lead exposure →epithelial enucleates 

cells 
 

 
Fig.6. The aspect of the vaginal 

smear in diestrus I phase after 150 
ppb lead exposure →epithelial  cells, 

→leucocytes 
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Fig. 7. The aspect of the vaginal 

smear in diestrus I phase at the C 
group → epithelial cells, →leucocytes, 

→mucous 
 

 
Fig. 8. The aspect of the vaginal 

smear in diestrus II phase after 150 
ppb lead exposure →epithelial cells, 

→leucocytes , → mucous 

 
The results are presented in table 2 and figures 1, 2, 3, 4 and 5. 

 

Table. 2 
Sexual cycle average duration (days) 
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Graph. 1. Dynamics of sexual cycle duration (days) 

Group X±Sx D.S. Confidence level 95% 

C 4.84±0.06 0.16 0.18 

E1 5.53±0.11 0.29 0.18 

E2 5.86±0.09 0.24 0.18 

E3 6.23±0.08 0.22 0.18 
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Duration of sexual cycle in female exposed to lead acetate was in 
physiological limits only in the group M. 

Exposure to lead caused a significant increase (p<0.01) of the sexual cycle 
time compared to group C and in direct correlation, significant, with the level of 
exposure (E1/C: +14.25%; E2/C: +2.07%; E3/C: +28.71%; E2/E1: +5.96%, p<0.05; 
E3/E2: +6.31%, p<0.05; E3/E1:+12.65%, p<0.01). 

Evolution of sexual cycle followed on 32 sexual cycle stages is presented 
in Table 3 and graphs 2, 3, 4 and 5. 

In group M, the stages of proestrus, estrus, diestrusI and diestrusII were 
within physiological limits in all sexual cycles analyzed. 

In group E1, the stage of proestrus was within physiological limits regarding 
duration to 92% of sexual cycles examined and prolonged in 8% of the cases. In 
group E3, proestrus was within physiological limits as duration in 78.29% of the 
cycles examined and increased in 21.71% of the cases. 

Compared with group M, the percentage of sexual cycles in proestrus 
within physiological limits as duration was significantly (p<0.01) lower and has 
evolved in inverse correlation, significantly (p<0.01) with the exposure level(E1/M: -
8%; E2/C:-15.86%; E3/C: -21.78%; E2/E1: -8.54%; E3/E2: -6.95%; E3/E1:-14.9%). 
The absence of proestrus was not reported in any of the groups E. 

The percentage of sexual cycles with prolonged proestrus was significantly 
(p<0.01) higher in groups E compared to group M, in direct correlation, significant 
with the level of exposure (E1/C: 8%/0%; E2/C: 15.86%/0%; E3/C: 21.71%/0%; 
E2/E1: +98.25%; E3/E2: +36.88%; E3/E1:+171.37%). 

Estrus stage duration in physiological limits was significantly (p<0.01) lower 
in groups E compared to group C and in inverse correlation, significant, with the 
level of exposure (E1/C: -9.29%; E2/C:-14.86%; E3/C: -20.29%; E2/E1: -6.14%; 
E3/E2: -6.37%; E3/E1:-12.12%). 

In groups E sexual cycles with absent oestrus occurred, the percentage 
increasing in direct correlation, significantly (p<0.01), with the level of exposure 
(E1/C: 929%/0%; E2/C: 14.86%/0%; E3/C: 20.29%/0%; E2/E1: +59.95%; E3/E2: 
+36.54%; E3/E1:+118.4%). 

In the sexual cycles examined no extended estrus stage was found. 
Exposure to lead acetate decreased significantly (p<0.01) the percentage 

of sexual cycles in diestrusI within physiological limits (E1/C: - 5.86%; E2/C:-
13.86%; E3/C: -16.71%).  

The percentage of sexual cycles with diestrusI in physiological limits 
decreased significantly (p<0.01) with the increase in the level of exposure, in 
inverse correlation, significant, with the level of exposure (E2/E1: -8.49%, p<0.01; 
E3/E2: -3.3%, p<0.05; E3/E1:-11.52%, p<0.01). 

The diestrus stage was present in all groups E. 
Exposure to lead caused sexual cycles with prolonged diestrusI (E1/C: 

5.86%/0%; E2/C: 13.86%/0%; E3/C: 16.71%/0%). Percentage of sexual cycles with 
prolonged diestrusI was in direct correlation, significant (p<0.01), with the level of 
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exposure (E2/E1: +136.5%; E3/E2: +20.56%; E3/E1:+185.15%). The percentage of 
sexual cycles with diestrusII in physiological limits was significantly (p<0.01) lower in 
groups E versus group C, in inverse correlation, significant (p<0.01), with the level of 
exposure (E1/C: -12.43%; E2/C:-18.86%; E3/C: -22.86%; E2/E1: -7.34%; E3/E2: -4.92%; 
E3/E1:-11.91%). 

DiestrusII was present in all the sexual cycles of groups E. 
Exposure to lead causes sexual cycles with prolonged diestrusII stage 

(E1/C: 12.43%/0%; E2/C:18.86%/0%; E3/C: 22.86%/0%), which were directly 
correlated, significantly (p<0.01), to the level of exposure (E2/E1: +51.72%; E3/E2: 
+21.20%; E3/E1:+83.9%). 
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Graph. 2. Proestrus stage characteristics (percent from total followed sexual 

cycles) 
 

0

20

40

60

80

100

N A P

M

E1

E2

E3

 
Graph. 3.Estrus stage characteristics (percent from total followed sexual cycles) 
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Graph 4. Diestrus I stage characteristics (percent from total followed sexual cycles) 
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Graph 5. Diestrus II stage characteristics (percent from total followed sexual 

cycles) 
 

Research on the influence of lead on the sexual cycle duration are 
reduced. Increase of the duration of the sexual cycle has been described by 
FOSTER et al., (1) in monkeys chronically exposed to lead acetate.  

Opinions about the impact of lead exposure on the sexual cycle stages are 
few and contradictory. Disruption of sexual cycle due to exposure to lead, as in the 
present study, has been found by other authors in adult females exposed during or 
after birth until the adult stage, RONIS et al., (3), or from intrauterine stage until the 
sexual maturity stage, RONIS et al., (4). 

In contrast, PILLAI and GUPTA (2) found no changes in the sexual cycle 
when lead acetate was administered subcutaneously during gestation, lactation, 
and before mating. 
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Conclusions 
 

Exposure to lead caused a significant increase (p<0.01) of the sexual cycle 
duration compared to group M and directly correlated, significantly, with the 
exposure level; 

 Compared with group C, the percentage of sexual cycles with proestrus in 
physiological limits was significantly (p<0.01) lower and has evolved in inverse 
correlation, significantly (p<0.01), with the level of exposure; 

 Proestrus was present in all groups E; 

 The percentage of sexual cycles with prolonged proestrus was significantly  
(p<0.01) higher in groups E versus group C, directly correlated, significantly, with 
the exposure level; 

 The stage of estrus with duration in physiological limits was significantly 
(p<0.01) lower in groups E compared to group C and in reversed correlation, 
significantly, with the level of exposure; 

 In groups E, sexual cycles with absent oestrus occurred, the percentage 
increasing in direct correlation, significantly (p<0.01), with the level of exposure; 

 In any of the sexual cycles examined, extended estrus stage was not 
found; 

 Exposure to lead acetate decreased significantly (p<0.01) the percentage 
of sexual cycles with diestrus I in physiological limits; 

 The percentage of sexual cycles with diestrus I in physiological limits 
decreased significantly (p<0.01) with the increase in the level of exposure, in 
inverse correlation, significant, with the level of exposure; 

 Diestrus I was present in all groups E; 

 Exposure to lead causes sexual cycles with extended diestrus I, this 
consequence being directly correlated, significantly (p<0.01), with the level of 
exposure; 

 The percentage of sexual cycles with diestrus II in physiological limits was, 
significantly (p<0.01), lower in groups E versus group C, in inverse correlation, 
significantly (p<0.01), with the level of exposure; 

 Diestrus II was present in all groups E; 

 Exposure to lead causes sexual cycles with prolonged diestrus II stage, 
which were directly correlated, significantly (p<0.01), with the level of exposure. 
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Summary  

 

The motivation of this study was to evaluate the impact of in utero 
exposure to lead acetate on organs and tissues of female rats.  

The objective was to assess the lead level in organs and tissues from 
exposure to lead acetate in drinking water (50, 100, 150 ppb Pb). Exposure to lead 
acetate resulted in significant increases in the concentration of lead in tissues and 
organs in the experiment (E) groups compared to the control (C) group and in direct 
correlation with the exposure level but with varying degrees of significance. 

Key words: lead, in utero, organs and tissues 
 

Lead its natural state, lead is found only in the earth
‘
s crust. The products 

that contain lead are: paints, accumulators, ceramics, shots and radiations 
generally, pigments, insecticides, linoleum, glass etc.  

The impact of this study, regarding the specialty literature is considerable, 
especially because, of the lack of data on this topic and also because the study of 
the correlation quality/environmental health–quality of life/health, including 
reproductive health, is a priority for international research. 

 

Materials and methods 
 

The control group received tap water. The forages and water have been 
assured ad libithum. The assessment of the toxic effect of lead on the organs and 
tissues was done on 32 female adult white Wistar rats exposed in utero to lead 
acetate. The females were divided into four groups (three experimental and one 
control) and exposed to lead acetate in drinking water (E1: 50 ppb Pb (the maximum 
admitted level); E2: 100 ppb Pb; E3: 150 ppb Pb).  

All assays with animals were conducted in accordance with present laws 
regarding animal welfare and ethics in animal experiments (6, 7, 8, 9, 10, 11). 

The lead level was determined in organs and tissues by atomic absorption 
spectrometry in the Laboratory of Nutrition and Toxicology from Faculty of 
Veterinary Medicine Timisoara, with the spectrometer - AAS AA-6650 Shimadzu, 
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with graphite oven, provided by the company Viola Bucharest. All results were 
statistically analyzed by Anova method and Student test. 
 

Results and discussions 
 

The results regarding lead level in organs and tissues are summarized in 
table 1 and figure 1. 

Table 1. 
Lead concentration (µg/g) in tissues and organs 

Group X±Sx D.S. Confidence level 95% 

L
iv

e
r 

M 2.03±0.25 0.66 0.78 

E1 7.50±0.44 1.17 0.78 

E2 9.65±0.30 0.78 0.78 

E3 13.92±0.48 1.28 0.78 

XE 10.35 - - 

L
u

n
g

 

M 0.32±0.07 0.20 0.22 

E1 1.02±0.13 0.34 0.22 

E2 1.72±0.06 0.17 0.22 

E3 2.50±0.14 0.36 0.22 

XE 1.74 - - 

H
e
a
rt

 

M 0.77±0.08 0.20 0.11 

E1 1.36±0.05 0.14 0.11 

E2 1.59±0.03 0.08 0.11 

E3 1.80±0.03 0.08 0.11 

XE 1.58 - - 

S
p

le
e
n

 

M 0.53±0.08 0.22 0.21 

E1 1.43±0.10 0.28 0.21 

E2 2.03±0.10 0.26 0.21 

E3 2.61±0.12 0.31 0.21 

XE 2.02 - - 

K
id

n
e
y

 

M 2.83±0.20 0.53 0.45 

E1 5.05±0.20 0.53 0.45 

E2 5.21±0.31 0.83 0.45 

E3 6.77±0.25 0.25 0.45 

XE 5.67 - - 

B
ra

in
 

M 0.84±0.12 0.32 0.14 

E1 1.37±0.04 0.09 0.14 

E2 1.62±0.02 0.05 0.14 

E3 1.84±0.04 0.09 0.14 

XE 1.61 - - 

M
u

s
c
le

 

M 0.99±0.08 0.21 0.22 

E1 1.60±0.16 0.42 0.22 

E2 1.80±0.11 0.28 0.22 

E3 2.05±0.04 0.11 0.22 

XE 1.81 - - 
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B
o

n
e

 

M 2.47±0.05 0.14 0.22 

E1 3.24±0.05 0.14 0.22 

E2 4.34±0.05 0.13 0.22 

E3 6.61±0.20 0.52 0.22 

XE 4.73 - - 

O
v
a
ry

 

M 1.32±0.03 0.08 0.40 

E1 3.56±0.15 0.41 0.40 

E2 5.00±0.21 0.55 0.40 

E3 6.12±0.29 0.76 0.40 

XE 4.89 - - 

F
a
ll

o
p

ia
n

 t
u

b
e

s
 

a
n

d
 u

te
ru

s
 M 1.09±0.06 0.16 0.30 

E1 2.46±0.19 0.49 0.30 

E2 2.96±0.20 0.53 0.30 

E3 3.06±0.07 0.19 0.30 

XE 2.82 - - 

 
Exposure to lead acetate caused a significant increase (p<0.01) of lead 

concentrations in the ovaries compared to group C (E1 / C: +169.9%, E2 / C: 
+278.78%, E3 / C: +363.63%) and significantly in direct correlation (p<0.01), to the 
level of exposure (E2/E1: +40.44%, E3/E2: +22.4%, E3/E1: +71.91%).  

In the fallopian tubes and uterus, the lead level also was significantly 
(p<0.01) higher in groups E versus group C (E1 / C: +125.68%, E2 / C: +171.55%, 
E3 / C: + 180.73%). Lead levels increased slightly with the increase in the level of 
exposure (E2/E1: +20.32%, p>0.05, E3/E2: +3.37%, p>0.05; 0.05, E3/E1: +24.39, 
p>0.05%). 

Lead levels increased significantly (p<0.01) in groups E compared to group 
C in other tissues and organs: liver (E1/C: +269.45%; E2/C: +375.36%; E3/C: 
+585.71%), lung (E1/C: +218.75%; E2/C: +437.5%; E3/C: +681.25%) , heart (E1/C: 
+76.62%; E2/C: +16.91%; E3/C: +199.55%), spleen (E1/C: +169.81%; E2/C: 
+283.01%; E3/C: +82.51%), kidney (E1/C: +78.44%; E2/C: +84.09%; E3/C: 
+139.22%), brain (E1/C: +63.09%; E2/C: +92.85%; E3/C: +119.04%), muscle (E1/C: 
+61.61%; E2/C: +12.5%; E3/C: +28.12%), bone (E1/C: +31.17%; E2/C: +75.7%; 
E3/C: +167.61%). 

Between the concentration of lead in tissues and organs and the exposure 
level, a direct correlation has been established, with varying degrees of 
significance: liver (E2/E1: +28.66%; E3/E2: +44.24%; E3/E1:+85.6%. p<0.01), lung 
(E2/E1: +68.62%; E3/E2: +45.34%; E3/E1:+145.09%. p<0.01), heart (E2/E1: +16.91%; 
E3/E2: +13.2%; E3/E1:+32.35%. p<0.01), spleen (E2/E1: +41.95%; E3/E2: +28.57%; 
E3/E1:+82.51%. p<0.01), kidney (E2/E1: +3.16%. p>0.05; E3/E2: +29.94%. p<0.01; 
E3/E1:+34.05%. p<0.01), brain (E2/E1: +18.24%; E3/E2: +13.58%; E3/E1:+34.3%. 
p<0.01), muscle (E2/E1: +12.5%. p>0.05; E3/E2: +13.88%. p>0.05; E3/E1:+28.12%. 
p<0.05), bone (E2/E1: +33.95%; E3/E2: +52.3%; E3/E1:+104.01%. p<0.01). In groups 
E, the hierarchy of organs and tissues depending on the accumulated level of lead 
(mean lots E) was: liver, kidney, ovary, bone, fallopian tubes and uterus, spleen, 
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muscle, lung, heart, and regarding group C: kidney, bone, liver, ovary, fallopian 
tubes and uterus, muscle, brain, heart and lungs. 
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Fig.1. Dynamics of lead level in tissues and organs 

 
The data on the presence of lead in the ovary, fallopian tubes and uterus 

were poor. Taupeau et al. (5), Piasek et al. (3), Silberstein et al. (4), noted the 
presence of lead in the follicular fluid and showed that lead level is higher in 
pregnant compared with nonpregnant patients, suggesting that high levels of lead 
leads to altered reproductive function. 

The literature referred to as target organs for lead accumulation the soft 
tissues in conditions of acute intake and the hard tissues in conditions of chronic 
intake (2). Specifically,the target organs are. especially. liver and kidney and bone 
(1). 
 

Conclusions 
 

Administration of lead as lead acetate in drinking water (50,100 and 150 
ppb) in utero resulted in: 

 significant increase in lead levels in the genital organs (ovaries, fallopian 
tubes and uterus) compared to the control group and regarding the direct 
correlation to the level of exposure, significantly for the ovary, and insignificantly in 
the case of the fallopian tubes the uterus; 

 significant increase in lead levels in organs and tissues compared with to 
the control group and the hierarchy is established as: liver, kidney, ovary, bone, 
fallopian tubes and uterus, spleen, muscle, lung, brain and heart regarding the 
direct correlation to the level of exposure. 
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Summary  
 

A total of 101 commercially available samples of cereals and cereal-based foods 
including small cereal grains intended for human use, bread and related products, pasta, 
breakfast cereals and other foods were purchased from Timis County producers and 
supermarkets during a period of three years (2008-2010). The trichothecene deoxynivalenol 
(DON) was analyzed quantitatively using competitive enzyme immunoassay (ELISA) kits. 
Detected levels ranged between 1.6 and 372.78 µg/kg. Both the highest and the lowest DON 
concentration were found in breakfast cereals. Overall, DON was detected in 67% of all 
samples, with an average concentration in positive samples of 111.28µg/kg and a median of 
80.58 µg/kg. However, none of the sample concentrations were above the maximum level 
adopted by the European Commission (EC). Whereas most surveys focus on DON 
contamination of different crops (wheat, barley, maize etc.) this paper represents the first 
screening on a variety of foodstuffs marketed in an area of western Romania. 

Key words: Deoxynivalenol, foodstuffs, ELISA, survey, Romania. 

 
Public health authorities present a growing interest and concern for the 

presence of mycotoxins in human food and food safety continues to be an 
important issue in the whole world (22). It has been estimated by FAO (Food and 
Agriculture Organization) that worldwide approximately 25% of the crops get 
contaminated and are affected by molds and their secondary metabolites 
(mycotoxins), leading to considerable financial losses and impaired animal and 
human health. One of the most prevalent (more than 50% worldwide) mycotoxins in 
cereals and cereal-based foods is Deoxynivalenol (1, 20, 22). 

Deoxynivalenol, colloquially known as ―vomitoxin‖ or ‖RD-toxin‖, is a 
natural occurring mycotoxin mainly produced by Fusarium graminearum and 
Fusarium culmorum, recognized as important plant pathogens, causing head blight 
in wheat and ear rot in maize (3, 20, 21). Chemically, DON is a member of the 
sesquiterpenoid family of mycotoxins, and structurally it is a polar organic 
compound, which belongs to the type B trichothecenes and its chemical name is 
12,13-epoxy-3, 4,15- trihydroxytrichotec-9-en-8-one, C15H20O6. Its molecule 
contains three free hydroxy groups (-OH), which are associated with its toxicity (6, 
10, 11, 12, 21).  

mailto:lavinia_galbenu@yahoo.com
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The main effects of DON at low dietary doses appear to be decreased 
growth and anorexia, while higher doses induce vomiting, immunologic effects 
(suppression and stimulation) and changes in brain neurochemicals (10, 11, 12, 
21). The emetic effects of this mycotoxin were firstly described in Japanese men 
consuming moldy barley containing Fusarium fungi in 1972 (11, 12, 21). Extremely 
high DON doses (i.e. unlikely to be encountered in food) can cause shock-like 
death. LD50 for mice ranges from 49 to 70 mg/kg b.w. intraperitoneal and 46 to 78 
mg/kg b.w. by oral administration (5, 10). At molecular level, DON disrupts normal 
cell function by inhibiting protein synthesis via binding to the ribosomes and by 
activating critical cellular kinases, such as MAPKs, involved in signal transduction 
related to proliferation, differentiation, and apoptosis (2, 12, 20, 21). Different 
research reported that the NOAELs for DON vary between 0.04-0.375 mg/kg 
b.w./day and based on the NOAEL (0.1 mg/kg b.w./day) of the chronic dietary 
study in mice a temporary TDI (tTDI) 1 µg/kg b.w. was calculated (21). 

In 1993, IARC (International Agency for Research on Cancer) classified 
DON in Category 3, i.e., not classifiable as to its carcinogenicity to humans (19, 
21). Although DON is among the least toxic of the trichothecenes, it is the most 
frequently detected one throughout the world and its occurrence is considered to 
be an indicator of the possible presence of other, more toxic trichothecenes (9). 

The survey described in this paper was designed to obtain first information 
on the incidence and levels of DON in foodstuffs in Timiș County, an area of 
western Romania. Food commodities included small cereal grains (wheat and 
maize) intended for human use, bread and related products (bakery and pastry 
products), pasta, breakfast cereals and other foods (maize cans and wheat flour) 
purchased from local producers and supermarkets during a period of three years 
(2008-2010). In selected samples DON content was analyzed using ELISA kits and 
results were compared to the existing maximum levels allowed by EC and with the 
available literature data worldwide and neighboring countries. As most data 
focuses on DON‘s occurrence in small cereal grains and crops such as wheat, 
barley, maize, etc., this screening is the first one reporting its levels in a variety of 
foodstuffs marketed in an area of western Romania, Timiș County. 
    

Materials and methods 
 
During the period 2008-2010, a total of 101 food samples purchased from 

the local producers and supermarkets from Timis County, an area in western 
Romania, were analyzed for DON presence and concentration using enzyme linked 
immunosorbent assay (ELISA) commercial kits (Ridascreen DON, R-biofarm AG., 
Darmstadt, Germany). The samples included unprocessed small cereal grains 
intended for human use - wheat (n=21) and maize (n=22), dry pasta (n=13), bread 
(n=13) and related products – bakery (n=2) and pastry (n=2), breakfast cereals (n= 
22), and other foods - wheat flour (n=4) and maize cans (2). Preparation and test 
method were conducted according to the instructions outlined in Ridascreen DON 
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kits (R-Biopharm) in the mycotoxin laboratory of the Sanitary Veterinary and Food 
Safety Directorate. Briefly, prior to the analysis, the raw food samples were milled 
and homogenized samples were extracted using distilled water. Then, the filtered 
sample solutions were treated according to the kit‘s specifications. The optical 
density (OD) was measured photometrically by a SUNRISE™ ELISA microplate 
reader (TECAN, Ltd.) at a wavelength of 450 nm and the results were interpreted 
using RIDAWIN software program. ELISA method was validated before the sample 
analysis. 

 
Results and discussions 

 
This study was designed to screen DON contamination of small cereal 

grains intended for human consumption and cereal-based foods from Timiș 
County, an area of western Romania, during 2008-2010 years, using commercial 
ELISA kits. As it can be seen in Table 1 and Fig.1, the highest DON incidence 
occurred in 2008: from 46 analyzed samples, 37 were found positive for DON 
contamination, representing 80.43%. From 30 samples analyzed, during 2009, only 
13 were found positive (43.33%), whereas in 2010 from 25 samples in 17 DON was 
above the detection limit (68%).  

Table 1 
DON occurrence in foodstuffs from Timiș County during 2008-2010 years 

Year No. of analyzed 
samples 

No. of positive 
samples (%) 

Positive Samples 

Range Mean Median 

2008 46 37 (80.43) 19.2 - 372.78 100.58 73.92 

2009 30 13 (43.33) 19.8 - 316.5 121.53 63.1 

2010 25 17 (68) 1.6 - 240.5 126.71 119.8 

Total 101 67 (66.33) 1.6 - 372.78 111.28 80.58 

80.43%

43.33%

68%

2008

2009

2010

 
Fig.1. DON occurrence in foodstuffs from Timis County during 2008-2010 years 
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The high prevalence of DON revealed in this study is in accordance with 
other screenings worldwide (20, 22). The range of contamination level varied 
between 19.2 - 372.78 µg/kg in 2008, 19.8 - 316.5 µg/kg in 2009 and 1.6 - 240.5 
µg/kg in 2010 with a minimum value of 1.6 (2010) and maximum of 372.78 (2009) 
µg/kg.  

Although ELISA methods are sensitive, rapid, and easy to use, none of the 
samples analyzed had DON concentrations above the maximum level adopted by 
the EC (1881/2006 and 1126/2007) (17, 18). Nevertheless, due to the reduced 
number of certain samples analyzed / year and the variety of foodstuffs, the results 
of DON determinations in the different categories of foodstuffs are analyzed 
according to Commission Regulations (EC) and discussed further for the whole 
period 2008-2010 (Table 2).  

Table 2 
DON occurrence in foodstuffs from Timis County during 2008-2010 period 

Food Type 
No. of 

analyzed 
samples 

No. of 
positive 

samples (%) 

Positive samples 

Range Mean Median % of MAL* 

Wheat 21 20 (95.24) 19.43 - 328.44 160.43 153.55 12.83 

Maize 22 9 (40.91) 20.5 - 185.56 59.87 41.13 3.42 

Pasta 13 4 (30.78) 45.51 - 206.05 109.01 92.25 14.53 

Bread 13 10 (76.92) 21.2 - 224.61 75.541 66.515 15.11 

Bakery 2 1 (50) 19.8 19.8 19.8 3.96 

Pastry 2 2 (100) 74 - 76.4 75.2 75.2 15.04 

Breakfast 
cereals 

22 16 (72.73) 1.6 - 372.78 99.63 82.06 19.93 

Maize cans 2 2 (100) 233.8 - 240.5 237.15 237.15 31.62 

Wheat flour 4 3 (75) 66.5 - 119.8 92.7 91.8 12.36 

*% of MAL (Maximum Admitted Level) was calculated according to Commission Regulation (EC) No 
1881/2006 (EC) No 1126/2007 of 28 September 2007 amending Regulation setting maximum levels for 
certain contaminants in foodstuffs as regards Fusarium toxins in maize and maize products (17, 18). 

 
The occurrence of DON in unprocessed wheat (n=21) was amongst the 

highest obtained (95.24%), whereas only 40.91% of the unprocessed maize 
samples were found positive. Wheat flour and maize cans, although in small 
number (n=4, n=2) were positive for DON contamination in 75% and 100% of 
samples, respectively. Also, in this screening, the highest registered mean and 
median values of DON were in maize cans (237.15µg/kg). 

 A high incidence of DON was also detected in bread (76.92%) and related 
products (bakery=50%, pastry=100) and in breakfast cereals (72.73%). Lowest 
DON occurrence was observed in pasta samples (30.78%) and unprocessed maize 
(40.91%). Lowest mean and median levels were also found in unprocessed maize 
and bakery products. Both highest and lowest DON concentrations were 
determined in breakfast cereals: 1.6 and 372.78 µg/kg, respectively. The percent of 
DON positive samples in foodstuffs from Timis County during the 2008-2010 period 
is presented in Fig.1. 
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Fig.2. DON positive samples (%) in foodstuffs from Timis County during 2008-2010 

period 
 

After DON determination, the concentrations obtained were compared to 
the maximum levels set by the EC in Commission Regulation No. 1881/2006 
setting maximum levels for certain contaminants in foodstuffs, amended by 
Commission Regulation No. 1126/2007 of 28 September 2007 as regards 
Fusarium toxins in maize and maize products. Because all samples had DON 
content lower than the MALs corresponding to the different foodstuffs, a percent of 
MAL was calculated for each group of samples (Table 2, Fig.3.).  
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Fig.3. DON concentration in positive samples represented as% of the Maximum 
Admitted Level (MAL) in foodstuffs from Timiș County during 2008-2010 period 
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In unprocessed wheat the maximum admitted level is 1250 µg/kg, whereas 
in this study DON was found in concentrations ranging between 19.43 - 328.44 
µg/kg, representing 12.83% of the MAL. Close to this percentage was pasta with 
14.53% of 750 µg/kg and bread and related products with 14.24% of 500 µg/kg 
MALs. 19.93% of the 500 µg/kg MAL was determined for DON concentration in 
breakfast cereals. The highest percent of MAL was found in the maize cans which 
pertain to the section with 750 µg/kg maximum admitted level (31.62). The lowest 
level was found in unprocessed maize, representing 3.42% of 1750 µg/kg, followed 
closely by bakery products, 3.96% of the 500 µg/kg MAL, which also had the lowest 
mean and median (19.8 µg/kg) levels, but also one of the least represented groups, 
with only two samples analyzed. Overall, DON concentration in the different types 
of foodstuff samples analyzed did not surpass 32% of the maximum admitted levels 
for each category. 

The results obtained in this study were compared to those found in 
worldwide surveys and to those pertaining to the neighboring countries, such as 
Hungary, Serbia and Bulgaria, with similar climatic conditions. The data analyzed 
are somewhat difficult to compare due to the differences in sensitivity of the 
different methods used to detect DON content. 

A worldwide review including data mostly from the years 1986 to 1998 was 
performed by JECFA which found DON as a frequent contaminant of cereal grains, 
(57% of 11,444 wheat samples and 40% of 1662 maize samples). The mean 
concentrations of DON were 3–3700 µg/kg for maize and 1-5700 µg/kg for wheat 
(20). The 2003 SCOOP Report (22) encompasses the contamination level with the 
most important Fusarium toxins from 11 European countries participating in this 
study from 1996 to 2002. DON was found as most prevalent mycotoxin with 57% 
positive samples of 11.022 analyzed samples, with a high frequency in maize 
(89%), and wheat and wheat flour (61%) (22).  

In Serbia, DON was found positive in 50% of the maize and wheat samples 
of the 2004 year of harvest with mean values of 0.536 mg/kg for maize and 1.235 
mg/kg for wheat (7). In the samples collected from the 2005-2007 harvest DON 
was found in 32.4% of the maize samples and 34.5% of the wheat samples with 
mean values of 0.223 mg/kg in maize and 0.190 mg/kg in wheat samples. Overall, 
three samples were above the maximum admitted level by the EC (two samples of 
maize and one of wheat). In this screening, Jarić et al. (7) used both HPLC and 
ELISA methods showing a lower limit of detection of for the ELISA test and that the 
results obtained by the immunochemical method are slightly higher than those 
obtained by HPLC method, which is in accordance with literature data. 

It should be noted that Romania is located in a region in which food 
production is one of the main industries, along with the neighboring countries 
Serbia and Hungary. Wheat, primarily intended for human consumption, dominates 
in this region as a primary crop, along with maize, which represents the most 
important component of feed used in livestock nourishment (7).  
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In Hungary more than 1300 cereal and flour samples intended for human 
use were examined for DON during 1995-1999 period at Veterinary and Food 
Control Stations. Altogether, 79 samples (7%) were contaminated with DON above 
the maximum permitted level. In the period 2000-2002, more than 700 samples 
were analyzed and the contamination levels much lower than the late nineties do to 
dry weather conditions (14). 

Curtui et al. (4) analyzed 25 samples of wheat and 30 samples of maize, 
collected from the 1997 harvest in western Romania, by enzyme immunoassay. 
The frequency of DON contamination was 100% in wheat samples (median value 
at 880 µg/kg and maximum concentration of 5.600 µg/kg), and 46% in maize 
samples (median value 890 µg/kg and maximum concentration of 160.000 µg/kg). 
Three years later (2010), in different areas of Banat (western Romania), Stroia et 
al. (13) investigated 56 samples of cereals using the immune-enzymatic method 
ELISA. In this study, in maize, DON was determined in all 25 samples (100%). In 
14 samples (56%) DON concentration surpassed the limit allowed by EC (1750 
µg/kg). The highest DON concentration was 2010.55µg/kg. In the 12 wheat 
samples analyzed, ten samples (83.33%) were containing DON in low 
concentrations (6.10 – 154.30 µg/kg). 

In Bulgaria, Vrabcheva et al. (15), by investigating 150 wheat samples from 
the 1995 harvest for the presence of Fusarium mycotoxins, found that DON and 
zearalenone are dominant, being present with 67% and 69%, respectively. The 
average level of DON in positive samples was 180µg/kg. The authors stated that 
regarding the climatic conditions, heavy rainfall has been observed in all regions of 
the country in the spring and summer months of 1995. 

 
Conclusions 

 
The findings of this first survey on the occurrence of DON in foodstuffs 

marketed in Timis County, during 2008-2010 period revealed: 
 high DON incidence (66.33%) with lowest DON occurrence in pasta (30.78%) 

and highest in pastry (100%), maize cans (100%) and wheat (95.24%); 
 values ranging between 1.6 µg/kg and 372.78 µg/kg, both being recorded in 

breakfast cereals;  
 highest mean and median levels found in maize cans (237.15 µg/kg); 
 lowest mean and median levels found in bakery (19.8 µg/kg) and unprocessed 

maize (mean 59.87 µg/kg, median 41.13 µg/kg); 
 none of the samples analyzed surpassed the maximum EC allowed levels;  
 DON content in the different types of foodstuff samples analyzed did not 

surpass 32% of the maximum admitted level.  
Although the concentrations found for almost each sample analyzed were 

low, may be assumed that these commodities have a small contribution to DON 
intake by the consumer. Hence, this survey stresses the need for regular screening 
of foodstuffs for DON contamination. 
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Summary 
 

The aim of the study was to assess some hematological parameters consecutive 
administration of the bromadiolone compound Lanirat (bromadiolone 0.25% a.i.).The study 
was carried out on 30 adult white Wistar rats divided in three groups: a control group(C) and 
two experimental  ones (E1 : 1.5 mg/Kg b.w. as unique dose in oily solution; E2: 0.30 mg/Kg 
b.w./day, in oily solution, five days consecutive).Hemoglobin (Hb), osmotic resistance (O.R.) 
(Drabkin`s method) and erythrocyte count (E) (automatic analyzer MS 9 VET) were 
determined at 2, 4, 24, 48, 72 and 96 hrs in E1, and at 2, 4, 24 hrs after the first 
administration, at 24hrs after the second, third, and fourth administration in E2 (after the fifth 
administration was not possible, because all the rats died). In E1, until 24 hrs, Hb values and 
E count decreased significantly (p<0.01) (Hb: - 5.18 %, 2 hrs; - 26.27% 4 hrs; -43.81% 24 
hrs; E: - 0.86 %, 2 hrs; - 39.66% 4 hrs; -60.82% 24 hrs; and, after that improvement of 
parameters values was recorded but not reaching the initial values (96/0 hrs Hb: - 24.05%; 
E: - 14.97%). In E2, Hb and E. values decreased continuously (96hrs/0 hrs: Hb: - 69.20%; E: 
- 61.59%). Minimal OR decreased continuously in both experimental groups, the hemolysis 
percentage being higher in E2 group. After the fifth administration all rats died, presenting 
unclotted blood, hemolysis tendency, liver fat degeneration and cerebral congestion. The 
study pointed out the more sever effect of bromadiolone repeated doses (E2) on all 
evaluated parameters. 

Key words: hemoglobin, erythrocyte, osmotic resistance, bromadiolone 

 

Bromadiolone is anti-clotting raticide. Cumarinic anticoagulants hinder the 
vitamin physiologically dependent post ribosomal modification of some 
procoagulant proteins synthesized in liver: protrombine, factor VII, IX and X (4). 
Cumarinic anticoagulants are well absorbed through the digestive tube, 
metabolized in liver, with great individual biotransforming variations (6). Hemorragic 
accidents are frequent during the cumarinic anticoagulant treatment (1,2) 
hemorrages occuring especially at the beginning of the treatment (3), aspect 
already known. Fewer studies were carried out about the effect of these 
anticoagulants on the erythrocytary membrane.  

The aim of the study was to assess some hematological parameters 
consecutive administration of bromadiolone compound Lanirat (bromadiolone 
0.25% a.i.). 

mailto:loredana.gabriela.stana@gmail.com
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Materials and methods 

The experiment was carried out on 30 adult Wistar rats divided into 3 
groups: a control (C) and two experimental ones (E1:Lanirat – bromadiolon 0.25% 
a.i., 1.5 mg/kg body weight – unique dose in oily solution and E2: Lanirat – 
bromadiolon 0.25% a.i., 0.3 mg/kg body weight/day, administrated 5 days on a row. 

The studied parameters were: hemoglobin (Hb), erythrocyte count (E) and 
osmotic resistance (OR), expresed by hemolysis level.   

Blood samples were taken before administration and at 2, 4, 24, 48, 72, 96 
hours, from the first administration in E1 and at 2, 4, 24 hours after 1

st
 

administration, 24 hrs after the 2
nd

, 3
rd

, and 4
th
 administration in E2. In C group 

blood samples were taken at 0 and 96 hrs of experiment. 
Hb and OR were determined by Drabkin`s colorimetric method (T60 UV-

VIS Spectrophotometer λ= 540 nm) and E with the automatic analyzer MS9VET. 

Results and discussions 

The results are presented in table 1, 2 and 3, and figures 1 and 2. 

Table 1 
Dynamics of hemoglobin and erythrocyte count mean values 

 

Time 
interval 

hrs 

E1 E2 C 

Hb % mil/mm
3 

Hb% mil/mm
3
 Hb% mil/mm

3
 

0 14.88±0.56 8.20±0.12 14.55±0.76 8.02±0.2 14.95±1.12 8.13±0.15 

2 14.11±0.98 8.15±0.08 14.07±0.67 7.78±0.05 - - 

4 10.97±1.25 4.96±0.18 12.31±1.01 4.32±0.087 - - 

24 8.36±0.81 3.22±0.11 9.77±1.11 4.05±0.1 - - 

48 8.88±1.05 6.75±0.08 7.02±0.78 3.68±0.096 - - 

72 9.05±0.57 6.70±0.33 3.18±1.14 3.0±0.11 - - 

96 11.30±1.14 6.98±0.098 4.48±0.89 3.08±0.109 14.34±0.81 8.1±0.22 

 
The study pointed out the decrease of Hb and E values, in both 

experimental groups. The most marked decrease was recorded in E1 at 24 hrs (Hb: 
- 46.34%; E: - 60.73%), and E2 – after 4 administrations – at 96 hrs ( Hb: - 69.20%; 
E: - 61.59%). 

Osmotic resistance in the experimental groups compared to control 
(graphs 1 and 2) expressed by hemolysis percentage in hipotonic solutions of 
NaCl, recorded as well a decrease. In group E1 the maximal reduction of the 
osmotic resistance was recorded at 24 hrs from the anticoagulant administration, 
and in E2, after the 4

th 
administration. 
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Table 2 
The main hemolysis degree values in experimental and control groups 

NaCl 
[%] 0 0.3 0.35 0.375 0.4 0.425 0.45 0.475 0.5 0.55 0.6 0.65 

C 100 100 100 
83.8± 
1.8 

72.3± 
1.18 

47.0± 
1.09 

7.8± 
0.22 

3.01± 
0.12 

0 0 0 0 

E1-
0hrs. 

100 100 100 
82.0± 
1.16 

73.5± 
0.97 

49.9± 
1.03 

8.0± 
0.32 

3.33± 
0.2 

0 0 0 0 

E1-
2hrs. 

100 100 100 
98.0± 
0.33 

82.2± 
0.89 

54.6± 
0.88 

23.6± 
0.42 

8.08± 
0.34 

3.6± 
0.72 

0 0 0 

E1-
4hrs. 

100 100 100 
93.1± 
0.93 

86.2± 
0.54 

62.0± 
0.25 

30.8± 
0.72 

9.22± 
1.15 

5.7± 
0.75 

3.4± 
0.44 

0 0 

E1-
24hrs. 

100 100 100 
99.8± 
0.02 

86.9± 
0.13 

64.5± 
2.22 

30.4± 
0.66 

9.61± 
0/98 

5.9± 
0.86 

4.9± 
0.28 

2.2± 
0.08 

1.67± 
0.27 

E1-
48hrs. 

100 100 100 
98.8± 
0.64 

80.2± 
0.12 

60.5± 
1.47 

14.2± 
0.43 

7.09± 
1.33 

3.8± 
0.11 

4.4± 
0.31 

2.9± 
0.3 

1.8± 
0.5 

E1-
72hrs. 

100 100 100 
98.2± 
0.36 

78.3± 
0.26 

58.5± 
1.68 

12.2± 
0.67 

6.92± 
0.42 

3.5± 
0.2 

3.8± 
0.35 

3.0± 
0.25 

2.0± 
0.18 

E1-
96hrs. 

100 100 100 
97± 
0.55 

77.2± 
0.54 

55.8± 
0.98 

9.15± 
0.09 

6.42± 
0.31 

3.2± 
0.23 

3.1± 
0.88 

2.83± 
0.11 

2.25± 
0.14 

 
Table 3 

The main hemolysis degree values in experimental and control 
groups

NaCl 
[%] 

0 0.3 0.35 
0.37

5 
0.4 0.425 0.45 

0.47
5 

0.5 0.55 0.6 0.65 

C 100 100 100 
83.8± 
1.8 

72.3± 
1.18 

47.0± 
1.09 

7.8± 
0.22 

3.01± 
0.12 

0 0 0 0 

E2-0 
hrs. 

100 100 100 
85.7± 
0.24 

69.3± 
0.65 

46.1± 
0.22 

7.7± 
1.22 

3. 8± 
0.32 

0 0 0 0 

E2-2 
hrs. 

100 100 100 
97.2± 
0.08 

80.1± 
1.18 

48.4± 
0.99 

8.6± 
3.14 

4.2± 
0.86 

2.0± 
0.8 

2.0± 
0.9 

0 0 

E2-4 
hrs. 

100 100 100 
98.8± 
0.35 

83.5± 
2.09 

49.0± 
0.44 

21.8± 
0.9 

24.5± 
0.54 

8.2± 
0.42 

14.4
± 

0.44 

2.0± 
0.8 

1.05
± 

0.5 

E2-
24 

hrs. 
100 100 100 

99± 
0.8 

88.4± 
1.12 

53.2± 
0.55 

23.1± 
2.02 

23.9± 
1.28 

9.1± 
0.15 

8.1± 
0.51 

4.2± 
0.45 

2.78
± 

0.7 

E2-
48 

hrs. 
100 100 100 100 

89.1± 
0.76 

53.2± 
1.08 

24.1± 
1.21 

22.9± 
1.56 

9.3± 
0.88 

8.9± 
0.33 

6.1± 
0.3 

3.8± 
0.4 

E2-72 
hrs. 

100 100 100 100 
89.1± 
0.34 

55.6± 
0.39 

25.8± 
0.65 

22.8± 
2.03 

9.4± 
0.32 

9.6± 
0.68 

6.5± 
0.1 

5.2± 
1.0 

E2-96 
hrs. 

100 100 100 100 
88.8± 
0.52 

54.6± 
0.8 

24.6± 
0.38 

21.3± 
3.06 

9.8± 
0.33 

9.3± 
0.9 

9.8± 
0.22 

9.89
± 

0.3 
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Fig.1.Dynamics of the erythrocytary osmotic resistance in C and E1 group 
 

 
Fig. 2. Dynamics of the erythrocytary osmotic resistance in C and E2 group 

 
Minimal OR in C was at concentration of 0.475% NaCL with 3.01% 

hemolysis. 
In E1 group was recorded a decrease of the minimal OR: from 0.475% 

NaCl with 3.33% hemolyse at to beginning of experiment to 0.65% NaCl with 
2.25% hemolyses at 96 hrs after administration. At the same percentage of NaCl, 
0.65% the hemolyses percentage increased from 24 hrs after administration 
(1.67%) until 96 hrs after administration (2.25%).  

In E2 group, the dynamics of minimal OR was similary to those recorded in 
E1 group, respectively minimal OR decreased from 0.475% NaCl with 3.8% 
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hemolysis at the beginning of experiment to 0.65% NaCl with 9.89% hemolysis at 
24 hrs after the 4

th
 administration (96 hrs). The hemolyses percentage, at the same 

percentage of NaCl increased continuously (1.05%) until 24 hrs after the 4
th 

administration (9.89%). 
The hemolysis could be characterized as ―sligh‖ but more pronounced after 

repeated doses (E2), even the level of unique dose was not reached. After the 5
th
 

administration all the individuals from E2 group died presenting: unclotted blood, 
hemolysis tendency, liver fat degeneration and cerebral congestion. 

Possible explanations for the tendencies towards hemolysis are: clotting 
factors determine blood vessels deterioration and the erythrocytes are fragmented at 
the contact with the altered vessels due to their pressing by cardiac contracting force 
and their blocking by the fibrin net formed (5); the erythrocytes`membrane skeleton is 
indirectly affected as a result of the calcium flow and its concentration modification by 
the anticoagulants (5). A2 phospholipase being activated may determine the release 
of the arachidonic acid that will be, when metabolized, a source of hydroxil radicals 
and peroxidic compounds with destructive potential (4); alteration of membrane 
permeability folowing the hepatic degeneration and modification of membrane 
architectonic following the decrease of hemoglobin concentration (6). 

Conclusions 

Administration of bromadiolone 1.5 md/kg b.w. in oily solution as unique 
dose or divided in five consecutive dose at 24 hrs (0.30 mg/kg b.w./day), 
determined increase of hemoglobin level, erythrocyte count and of osmotic 
resistance of the erythrocitary membrane with a tendency of slight hemolysis, more 
evident after repeated. 
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Summary 

 

The present paper concerns with the study of some hepatic enzymes activities 
response after deuterium depleted water (DDW) (30 ppm deuterium) administration in 
chromium (VI) intoxicated rats Chromium (VI) affects especially the liver. The hepatocyte 
status is depicted by the alanin aminotransferase (ALT), aspartat aminotransferase (AST) 
and alkaline phosphatase activities. The effect of chromium (VI) was maintained for 60 days 
for all groups. The 60

-th
 days treatment with DDW help the liver to recover (the activity of 

ALT, AST and PA became normal). 
Key words: Deuterium depleted water, chromium (VI), liver enzymes 

 

The chromium toxicity depends on the oxidation stage and its solubility. 
Cr(VI) is more toxic than Cr(III) (7).  

The acute oral toxicity for chromium(VI) have a range between 50 and 
150 ppb (µg/kg). In the body, chromium(VI) is reduced by several mechanisms to 
chromium(III) already in the blood before it enters the cells. The chromium(III) is 
excreted from the body, whereas the chromate ion is transferred into the cell by a 
transport mechanism, by which also sulfate and phosphate ions enter the cell. The 
acute toxicity of chromium(VI) is due to its strong oxidative properties. After it 
reaches the blood stream, it damages the kidneys, the liver and blood cells through 
oxidation reactions. The failure of these organs could be the results of these 
damages. (1, 5, 6) 

 
Materials and methods 

 
The experiment was carried out on 48 adult female Wistar rats, with a body 

weight of 220-240 g, maintained in good physiological conditions. They were 
divided in six groups. Each group included eight female rats.  
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Chromium (20ppm Cr /kg b.w as K2Cr2O7) in single dose was administrated 
by gastric tubing. 

L1- control, received tap water ad libitum during 61 days; L2 – received 
DDW (with a deuterium content of 30 ppm) ad libitum during 61 days; L3- received 
tap water during 30 days, in the 31 day, Cr (as K2Cr2O7) was administrated and 
after 24 hours were sacrificed; L4 – were pretreated with DDW ad libitum during 30 
days, in the 31 day Cr was administrated and after 24 hours were sacrificed; L5- 
received tap water during 30 days, in the 31 day, Cr was administrated and 30 
days more treated with tap water; L6 – were pretreated with DDW ad libitum during 
30 days, in the 31 day a Cr(VI) single dose was administrated and another 30 days 
more, treated with DDW ad libitum. 

After 31 days from the beginning of the experiment (respectively 24 hours 
after Cr intoxication) blood was collected (on heparine), by cardiac punction and 
than sacrificed (L1, L2, L3 and L4); a second sampling took place after 61 days at 
the end of the experiment (L5-L6). Blood and tissue samples were collected under 
general narcosis.  

Alanin aminotransferase (ALT), aspartat aminotransferase (AST) and 
alkaline phosphatase (PA) were determined in plasma by colorimetric methods (2). 

The deuterium depleted water was obtained in accordance with a contract 
between the Faculty of Veterinary Medicine of Timisoara and the Heavy Water 
Plant ROMAG, Drobeta-Turnu-Severin, Romania. 

  The investigations were carried out according to the Romanian law 205 
/2004, art.7, 18, 22 and the regulations no. 143/400/2002 and 37/2002, concerning 
with the protection of vertebrate animals used for experimental and other scientific 
purposes. 

   Data are presented as means ± S.D. values. ANOVA and the 
nonparametric test Mann-Whitney were used to analyze mean differences between 
experimental groups for each parameter separately and between groups. 

 
Results and discussions 

 
After 30 days from the beginning of the experiment the ALT‘s activity is 

maintained in normal limits for the L2 - DDW (30 ppm).treated group. 
The ALT‘s activity registered a significant decreasing (p < 0.001) at L3 

(Cr(VI) intoxicated), compared to the control (L1) and also with the DDW treated L2 
group (83.7% lower).This value indicate an important damage of the liver, as it is 
presented also in the literature data (5). 

At L4 - 30 days pre-treated DDW and single dose Cr (VI) intoxicated group, 
the ALT‘s activity decreased unsignificant, a little lower then the literature data. 
Unsignificant liver damage was determined at the 60 days DDW treated groups.60 
days DDW treatment improved the ALT‘s activity values (p<0.05).This value is in 
physiological limits according to literature data (2, 3). The rezults are presented in 
figure 1. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 167 
 

The AST‘s activity recorded significant lower values (p < 0.001) (8.508±0.28 U/l) at 
L3 groups ( Cr intoxicated) compared to control.  

In the pre-treated DDW group (L4) the AST‘activity was 46.3 % higher 
even as the control values (p<0.001). 

After 60 days of DDW treatment (L6 group), the AST‘s activity values 
showed unsignificant differences as the control and registered activity values as 
those presented in the literature data. The results are presented in figure 1. 

The alkaline phosphatase activity values registered at the 30 days DDW 
treated group (L2 group)-11.36% higher values as control (L1); at the Cr intoxicated 
group (L3) the PA registered also a higher value (with 16.82%)..  

After 60 days DDW treated group (L6), the alkaline phosphatase activity 
values registered similar activity values as the control group (L1). 

.  

0 5 10 15 20 25 30 35 40 45 50

L1      (H2O)

L2      (DDW 30)

L3      (H2O +Cr)

L4      (DDW +Cr)

L5      (H2O+Cr+H2O)

L6      (DDW +Cr+DDW)

ALT (U/l) AST (U/l) PA (U/L)x 10

 
Fig.1. The ALT, AST and PA activity values in Cr (VI) intoxicated and DDW 

treated rats 
 
This values are in accordance with the data obtained in liver. Chromium 

(VI) administration in experimental groups showed a strong augmentation of this 
toxic metal content (24 times as control), suggesting it‘s high bioavailability but after 
60 days of DDW treatment (4). 

DDW has an important scavenger role; after 60 days of DDW pretreatment 
and treatment the Cr liver amount registered 9,4 times lower average values at (L6) 
as at the intoxicated group (L3). 

DDW pretreatment has a liver protective role in Cr (VI) intoxication 
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Conclusions 
 

DDW has an important scavenger role; after 60 days of DDW treatment 
ALT and AST activities registered very low values at Cr (VI) intoxicated rats 

and are recoverd at similar values as controls after 60 days of DDW administration 
The liver function was recoverded after 60 days of DDW administration in 

rats intoxicated with a single dose of Cr (VI)  
DDW has a liver protective role in Cr (VI) intoxication 
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Summary 

 

Deuterium depleted water has a special influence on cells and tissues 
development. A decreasing of the deuterium concentration in tissues or bodies, significant 
slow down the proliferation of a lot of types of cancer. The aim of this work was to determine 
the antioxidant effect of deuterium depleted water (DDW) on rats with chromium induced 
oxidative damages (20 ppm Cr/ b.w. single dose as K2Cr2O7). 

Malondialdehyde (MDA) and glutathione (GSH) blood levels were determined. 
After Cr(VI) intoxication, as expected, increased MDA and low GSH levels were 

registered. DDW administration could maintain both normal MDA and GSH levels.  
Key words: Malondialdehyde, Glutathione, Deuterium depleted water, Cr (VI) 

 

The oxidative stress in living organisms generates free radicals, 
respectively reactive species of the oxigen (RSO) which in physiological 
concentration are stimulating the development and the cell division. 

In high doses, cronic doses, RSO have carcinogenic properties. In very large 
doses, ROS lead to apoptosis (7, 8). The acute toxicity of chromium (VI) is due to its 
strong oxidative properties. It increases the deuterium blood level. The water cell 
content has over 90 ppm deuterium concentration, so it is considered as structural 
water in comparison with the natural water which contains 155 ppm deuterium (1,3, 6). 
Replacing tap water with deuterium depleted water (30 ppm deuterium content) helps 
the organism to accumulate less deuterium, thus fighting against cell aging. (4) 

DDW is nontoxic, so a blood deuterium decreasing may be realized very 
easy by DDW every day consumption instead of the natural water. A decreasing of 
deuterium in different tissues and organs, slow down the proliferation of many tipes 
of cancer. (1,5,7,8) 
 

Materials and methods 
 
The experiment was carried out on 48 adult female Wistar rats, with a body 

weight of 220-240 g, maintained in good physiological conditions. They were 
divided in six groups. Each group included eight female rats.  
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Chromium (20ppm Cr /kg b.w as K2Cr2O7) in single dose was administrated 
by gastric tubing. 

L1 – control, received tap water ad libitum during 61 days; L2 – received 
DDW (with a deuterium content of 30 ppm) ad libitum during 61 days; L3- received 
tap water during 30 days, in the 31 day, Cr (as K2Cr2O7) was administrated and 
after 24 hours were sacrificed; L4 – were pretreated with DDW ad libitum during 30 
days, in the 31 day Cr was administrated and after 24 hours were sacrificed; L5- 
received tap water during 30 days, in the 31 day, Cr was administrated and 30 
days more treated with tap water; L6 – were pretreated with DDW ad libitum during 
30 days, in the 31 day a Cr(VI) single dose was administrated and another 30 days 
more, treated with DDW ad libitum. 

After 31 days from the beginning of the experiment (respectively 24 hours 
after Cr intoxication) blood was collected (on heparine), by cardiac punction and 
than sacrificed (L1, L2, L3 and L4); a second sampling took place after 61 days at 
the end of the experiment (L5-L6). Blood and tissue samples were collected under 
general narcosis.  

Malondialdehyde (MDA) was determined by the thiobarbituric acid reaction 
in plasma and the reduced glutathione was estimated by the method with 
5,5~ditiobis(2nitrobenzoic acid) at 412 nm (2,5) 

The deuterium depleted water was obtained in accordance with a contract 
between the Faculty of Veterinary Medicine of Timisoara and the Heavy Water 
Plant ROMAG, Drobeta-Turnu-Severin, Romania. 

The investigations were carried out according to the Romanian law 
205/2004, art.7, 18, 22 and the regulations no. 143/400/2002 and 37/2002, 
concerning with the protection of vertebrate animals used for experimental and 
other scientific purposes. 

Data are presented as means ± S.D. values. ANOVA and the 
nonparametric test Mann-Whitney were used to analyze mean differences between 
experimental groups for each parameter separately and between groups. 

 
Results and discussions 

 
The blood deuterium content has a significant influence both on the MDA 

and the GSH average levels.  
Malondyaldehide is an important oxidative stress marker, as well as 

reduced glutahione. 
 The administration of potassium dichromate-single dose, (L3), caused a 

significant increasing of MDA in rats` plasma (172.5 %, p < 0.001) compared to 
control (L1) and lower as the DDW pretreated and Cr intoxicated group (78.9%) 
(L4). In the DDW pretreated, Cr intoxicated and 30 days more DDW treatment 
group (L6) a MDA decreasing (45.54 %, p<0.001) as L3 group was registered in 
rats` plasma. In L6 group the lipid peroxidation decreased significant but the MDA 
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mean values were maintained at significant concentration differences as controls 
(21.5%, p < 0.05) (table 1, figure 1). 
 

Table 1 

The MDA and GSH blood levels in female Wistar rats intoxicated with Cr (VI), 
treated with DDW (30 ppm) 

 L1 

H2O 

L2 

DDW 

L3 

H2O +Cr 

L4 

DDW+Cr 

L5 

H2O+Cr+ 
H2O 

L6 

DDW+Cr+DDW 

MDA 
(μmol/g) 

19.07± 
0.831 

28.77± 
0.502 

32.78± 
1.850

** 
41.51± 
17.562

***
 

16.45± 
3.773 

14.93± 0.738
***

 

GSH 
(μmol/g) 

7.025± 
1.013 

6.25± 
0.142 

4.55± 
0.055

**
 

5.82± 
0.053

***
 

6.97± 
0.050 

9.05± 0.917
***

 

** p 0.05, *** p 0.001 

 

0 5 10 15 20 25 30 35 40 45

L1-H2O

L2-DDW

L3-H2O +Cr

L4-DDW+Cr

L5-H2O+Cr+ H2O

L6-DDW+Cr+DDW

MDA GSH 

 
Fig.1. MDA (μmol/g) and GSH (μmol/g) blood levels in female Wistar rats 

intoxicated with Cr (VI), treated with DDW (30 ppm) 
** p 0.05 *** p 0.001 

 
The reduced glutathione (GSH) had a predictive evolution. At Cr (VI) 

intoxicated group (L3) the average values were lower as at control group. Cr (VI) 
oxidized the GSH at GSSG form. After 30 days of treatment DDW reveal also a 
oxidative reaction (GSH average value decreased) at the L4 group. At the end of 
the experiment, 60 days DDW treated group L6, registered higher GSH average 
values as the control group L1. So, DDW reveals antioxidant properties after two 
month of daily DDW treatment. 

 
 

140,6 
***

 

**
 

***
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Conclusions 
 

The lipid peroxidation was installed after Cr(VI) intoxication and there was 
observed that a preventive treatment with DDW reduced the MDA concentration at 
Cr (VI) intoxicated groups (L3). A stimulation of the GSH production was revealed 
at the DDW treated and intoxicated group (L4), but the DDW treatment could repair 
entirely the damages provoked by the Cr (VI) administration.  

The GSH depletion in the Cr (VI) intoxicated groups was associated with 
the simultaneously increasing of lipid peroxidation (MDA increased levels). 
As at the previous researches (Cd intoxication in single dose) (8), one of the most 
important conclusions was that DDW treatment can fight against the oxidative 
stress generated during the intoxication, after 60 days of treatment 
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Summary 

 
The research was conducted by the necropsy of 15 cat cadavers, aged between 2 

months - 1.5 years, different races and sexes, of which eight cases (53%) presented, at the 
internal examination, parvovirus specific organic lesions. 

Macroscopically were highlighted: catarrhal-haemorrhagic gastritis and jejuno-ileitis, 
thymic, lymph node and spleen hypotrophy: marginal red splenic infarction and acute 
lymphohistiocitar myocarditis and also at two kittens, cerebellar hypoplasia. 

Histopathological, were detected: in the stomach and intestine, hydropic 
degeneration, detachment of epithelial coverage, and glandular-giganto syncytial cell formation 
with intranuclear viral inclusions oxifile presence, integrity and disintegrating in the enterocyte, 
pathognomonic for parvovirus, in the thymus, lymph nodes and spleen, lymphocyte migrations, 
lymphocyte destruction accompanied by atrophy, dystrophy and necrosis of myocardial fibers, 
the cerebellum, two kittens, neuronal lysis and neuronal dystrophy . 

Key words: cat parvovirosys, gastroenteritis lesions in lymphoid organs and 

cerebellum 

 
Feline parvovirus (PF) also called infectious gastroenteritis, cat 

panleucopenia, granulocytic feline infectious or ataxia is caused by Feline 
parvovirus and is regarded as one of the most contagious diseases in cats is 
characterized by sudden onset, fever, anorexia, depression, leukopenia, vomiting 
and diarrhea followed by dehydration and death in many cases (1,2,6,8). 

The corpses are strongly dehydrated and gastric mucosal present a 
catarhal – hemorhagic inflammation and the histopathology reveals the epithelial 
giant cellular sincitium with acidophilous intranuclear inclusions in enterocytes (3, 4, 
7). In the thymus, spleen and lymph nodes - lymphocyte migrations and 
lymphocyte destruction responsible for installation of thymic, lymph node and 
spleen hypotrophy (7, 8). 
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Materials and methods 
 

The research was conducted during February 2008 - May 2010, by the 
necropsy of 15 corpses of cats aged 2 months - 1.5 years, the different races and 
genders, to elucidate the cause of death. In 8 cases were identified anatomico-
pathological and macroscopic lesions that led to the diagnosis of parvovirosis. 

Thorough macroscopic examination was performed after evisceration of 
the intestine (jejunum, ileum), heart, lymph nodes, thymus and brain. Of those 
organs were sampled (pieces of tissue 2 / 1, 5 cm) for histopathological 
examination. Samples were fixed in formaldehyde solution 10%, were processed 
by paraffin technique, sectioned at 6 mm microtome and stained by the method of 
HEA. Histopathological samples obtained were examined and interpreted with 
ascending microscope objectives, interpreted and then the most characteristic 
lesions were micro-photographed. 

 

Results and discussions 
 

At the external examination of corpses, in 8 cases with parvovirosys 
suspection, there was a state of dehydration and lack of skin elasticity. Most cases 
showed a poor state of maintenance, enophtalmia and pale mucous membrane. 
Anal area was dirty with brown feces and smells repulsive. 

At the internal examination, in the chest cavity and in the pericardial cavity 
we noted the presence inside of a yellow liquid (serous exudate). In the abdominal 
cavity was reported the existence of a citrine liquid, the quantity was approximately 
20 ml (2 cases) - ascites. The small intestine was distended throughout its length and 
red-purple, color that was maintained after washing - hemorrhagic enteritis. 
Macroscopic examination revealed changes in physical features - structural (shape, 
size, color, layout, design lobular, consistency, etc.) in: heart, lymph nodes, spleen, 
thymus and cerebellum. 

Small intestine (jejunum and ileum) 
Macroscopically, in eight cases the bowel wall was swollen and edematiated 

and the serous at inspection and on the section was red-violet, characteristic of feline 
parvovirus (7), the contents were semifluid, yellowish-brown and yellow mixed with 
fibrin deposits, which allowed observation after removal of the lining of the reddish-
brown, covered with a gelatinous mass filante. Mucosal color was maintained after 
washing - jejunitis and catarrhal hemorrhagic ileitis. 

Microscopic reveals: peeling of coating and glandular epithelium with 
gigantocelular syncytial formation and the presence of viral intranuclear inclusions; 
chorionic atrophy by enterocytes from the crypts, the presence of a fbrino - 
hemorrhagic exudate and cellular detritus in lumen and mucosal surface, necrosis of 
coverage and gland epithelium, wet necrosis of lymphoid follicles and surrounding 
tissue, fibrin-leukocyte infiltration in the lamina propria of mucosa solid; submucosal 
weakness - catarrhal hemorrhagic jejunal (Fig.1 and 2.). 
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Thymus  
Macroscopically, cervical and thoracic thymus was greatly reduced in 

volume, showing areas as small solitary or confluent, pale aspect, barely visible to 
the thoracic aperture.  

Microscopic examination with increasing objective (x4, x10, x20, x40) was 
observed: decreasing thymic lobules as a result of conjunctive stroma 
compressions exerted excessive hyperplasia; thymic uniform structure (drawing 
loss bison zc / zm) intralobular foci of fibrosis, which in some areas in pseudolobuli 
divided lobes, increased interstitial fibrosis (more than 2-3 times), interstitial edema, 
hyperplasia and hypotrophy of Hassal corpuscles. These structural changes 
coupled, pathologically defined plan - pathological thymic hypotrophy (Fig.3.). 

Tracheo-bronchial and mediastinal lymph nodes 
Macroscopically, were gray, uniform, at inspection and section, wet, glossy 

and elastic consistency.  
Microscopically, was revealed many optically empty areas in the mass of 

lymph nodes, which represents lymphocyte migrations, lymphocyte destruction and / 
or lymphocyte lysis – lymphonodes hypotrophy (Fig. 4). This nodal lymphocyte 
destruction is consequence secondary replication the of virus, parvovirus / 
panleucopeniei in lymphocytes. The virus is located in the cells with increased mitotic 
activity, lymphoid tissue and small intestine (SIEGEL, 1976; MORAILON, 1994) 
quoted by PAUL (7). 

The heart  
Macroscopically, in all cases was slightly increased in volume and weight, 

white colored at the surface and section, matte, dull-looking, with an appearance of 
cooked or scalded meat. In some areas, small white nodules were detected, size of 
pea, which protrudes to the heart surface and also to the heart cavity - proliferative 
myocarditis.  

Microscopically, it is found: myocardium in cross section, swelling of 
myocardial capillaries (congestive heart muscle), interfibrilar and interfascicular 
lymphohistiocitar hyperplasia, atrophy, dystrophy and necrosis of myocardial fibers - 
lymphohistiocitar myocarditis (Fig.5.). 

Cerebellum at two kittens, was reduced in volume and on the meningeal 
surface with numerous bruises and petechiae.  

Microscopically, it is noted: disorganization of cerebellar cortex, molecular 
layer neurons, Purkinje and granular are very tenuous; haemorrhages all over the 
gray substance; precapilare hemorrhage, capillary hyaline thrombosis, the Purkinje 
cell layer is signaled alternation between normal neurons, dystrophic neurons and 
neurons lysates , giving the appearance of the foam layer. These structural changes 
define cerebellar hypoplasia (Fig.6.). 

This change adaptive, regressive, cerebellar virus is due to changes in the 
feline parvovirus pericarionii molecular layer, followed by reducing the rate of their 
division. Following this process, no cell migration occurs to form the granular layer 
and Purkinje cells (2, 4). 
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Fig.1. Catarrhal hemorrhagic jejunal: 
hemorrhagic exudate in the lamina 

propria, necrosis and desquamation of 
glandular epithelium and the presence of 
syncytial epithelial in the intestinal lumen 

H.E.A. x 400 

Fig.2.Cat parvovirus - gigantocelulare 
syncytial with presence of inclusions, 

integer and disintegrating in the 
enterocyte H.E.A. x 100. 

  
Fig.3. Pathological thymic hypotrophy: 
lymphocytic rarefaction trough massive 
limfocitolysis followed by the dual zone 
aspect (cortical areas - medullar areas); 
hypotrophy of Hassal corpuscles.  Col. 

H.E.A. x 200 

Fig.4. Lymphonodes hypotrophy: 
lymphocytic rarefaction followed by the 

disorganization of lymphoid follicles. 
H.E.A.  x 100. 
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Fig.5. Lymphohistiocitar myocarditis 

lymphohistiocitar hyperplasia followed by 
atrophy, dystrophy and necrosis of 

myocardial fibers. H.E.A.  x 200 

Fig. 6. Cerebellar hypoplasia: neurolysis 
in the molecular, Purkinje and granular 
layer which cause disruption to nerve 

bark. H.E.A. x 200 
 

Conclusions 
 

Parvovirus (panleucopenia) was diagnosed macroscopically and 
microscopically to eight corpses of cats (53%) of the 15 cat corpses necropsy, aged 
2 months to 1,5 years.  

Histopathologic were found in all cases: characteristic lesions of the disease: 
catarrhal-haemorrhagic gastroenteritis translated by hydropic degeneration and lysis 
of the glandular epithelium and subsequent coverage virus multiplication in these 
epithelia, thymic and lymph nodes hypotrophy by lymphocyte lysis and lymphocyte 
destruction, lymphohistiocitar myocarditis, interfibrilar lymphohistiocitar hyperplasia 
and translated by interfasciculare; red spleen infarctions exteriorized through massive 
lymphocyte lysis infiltration hemorrhagic areas, cerebellar hypoplasia in two kittens 
through dystrophic neurons and neurons lysates in the molecular layer, Purkinje cells 
and granular layer. 

Six cases were identified passive congestion and degenerative changes of 
heart, liver and kidney.  

Thymic and lymph node lymphoid depletion certify panleucopeniei feline 
presence.  

Highlighting the intranuclear inclusions are characteristic of enterocytes to 
determine histopathological diagnosis of feline parvovirus 
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Summary 

 
Avian infectious bronchitis, renal (kidney) form, was macroscopically and 

microscopically diagnosed in 50 corpses of chickens, aged 1-24 days, ROSS 308 hybrids, 
from 120 corpses necropsy at the discipline of forensic medicine between October 2009 and 
February 2011. 

Macroscopically, at the same corpses, we observed the following respiratory 
lesions: serous and/or sero-catarrhal tracheitis, active and/or passive pulmonary congestion, 
pulmonary edema, catarrhal bronchopneumonia and pulmonary dystrophies catarrhal 
laryngotracheitis, associated with renal lesions (nephrosis protides and obliterans uric 
stones). By collating epidemiological, clinical, morphological, data with the serological ones 
(ELISA technique) was established the diagnosis of avian infectious bronchitis. 

Histopathological was revealed: sero-catarrhal tracheitis, catarrhal 
bronchopneumonia, tubular granular nephrosis, lympho-histiocytic interstitial nephritis, at all 
cases; uric acid crystals in the renal tubule lumen , severe reno epithelial degeneration 
associated with cytolysis and epithelial desquamation in some places, at 24 chickens aged 
1-4 days; uric granuloma in 4 cases, 24 days old. 

Key words: chicken, avian infectious bronchitis, renal form, morphopathological 

aspects 

 
Avian infectious bronchitis (BIA) is a coronavirosis specified to all ages of 

hens but with greater lethality in chickens (1, 2, 4). Clinically affected chickens 
shows dyspnea, tracheal rales, sneezing with nasal discharge, and different 
pathological lesions depends on age, pathogenity of the strain and the immune 
status of birds (3, 5, 7). 

 
Materials and methods 

 
In the discipline of Legal Medicine, during October 2009 and February 

2011 , were carried morphological research on 120 corpses of chickens, ROSS 
308 hybrids, aged 4-24 days (42 for 4 days, 44 for 17 days, 34 for 24 days), coming 
from intensive systems growth. In 50 cases (corpses of chickens) was 
diagnosticated renal syndrome. Macroscopic examination reported structural 
changes translated by serous, catarrhal, fibrinous inflammation of airway and air 
sacs and congestion, edema and catarrhal bronchopneumonia in most 17-24 days 
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old chickens. These changes guided us to the morphopathological diagnosis of 
avian infectious bronchitis, respiratory form. 

Clear diagnosis was determined by ELISA technique. For this test were 
taken randomly blood sampled from chickens which clinical showed respiratory 
signs (dyspnea, tracheal rales, sneezing with nasal discharge). 

For performing histopathological examination were sampled from the 
trachea, lungs and air kidney. Samples were fixed in alcohol sol.10%, then 
processed by the paraffin technique, sectioned at 6 µm and colored by HEA and 
Giemsa method. Histological preparations thus obtained were microscopically 
examined with increasing targets, interpreted and then the most characteristic 
lesions were microphotographed. 

 
Results and discussion 

 
In the kidney, macroscopically in 50 cases, was found enlargement of the 

kidney with filling of the lombo-sacral fossa, the color was whitish-gray and a design 
emphasizing the form of whitish-yellow circles, the appearance was pale and dull and 
also friable consistency at surface and on section - uric nephrosis. At 24 chickens, 1-
4 days old were observed peripheral ureteral obliterans uric stones. (Fig.1) 

Histopathological examination with increasing objective (x4, x10, x20, x40) 
was observed: peritubular and periglomerular interstitial lymphohistiocytic hyperplasia, 
followed by atrophy through compression of the renal glomeruli and of renal tubules; 
granular and vacuolar dystrophy, and cytolysis of the renal epithelium (Fig.2, Fig. 3); at 
24 chickens, 1-4 days old were detected acicular crystals of uric acid, fan form, in the 
lumen of renal tubes, accompanied by the obstruction and thus accumulation and 
stagnation of urine in the tubular system, what caused atrophy, dystrophy and necrosis 
of the renal epithelium and thus of the vascular bundle (Fig. 4). 
 

  
Fig.1. Obliterans uric stones Fig. 2. Interstitial lymphohistiocytic 

hyperplasia followed by atrophy through 
compression of the renal glomeruli and 

of renal tubules. H.E.A. x200 
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Fig.3. Granular and vacuolar dystrophy 

and cytolysis of the renal epithelium. 
H.E.A. x100 

Fig. 4. Acicular crystals of uric acid what 
caused atrophy, dystrophy and necrosis 

of the renal epithelium. Giemsa x 400 
 

Conclusions 
 

Avian infectious bronchitis, renal (kidney) form, was anatomopathological 
diagnosed at 50 bodies of chickens (41%), Ros308 hybrids, aged between 1 and 
24 days, from the 120 bodies necropsy. 

In all cases were identified peritubular and periglomerular interstitial 
lymphohistiocytic hyperplasia accompanied by compression atrophy, dystrophy and 
necrosis of renal glomerule and renal tubes. 

At 24 chickens, 1-4 days old macroscopically were observed ureteral 
obliterans uric stones, and microscopically, crystals of uric acid in the lumen of 
renal tubes followed by granular and vacuolar dystrophy and cytolysis of urinifer 
epithelium - epithelial tubulonephritis, toxic or parenchymal nephritis. 

The presence of ureteral uric stones justifies this high percentage of 
mortality by uremia at 1-4 days old chicks. 
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Summary 

 

Interdigital sinus represents an invagination of the interdigital skin that appears only 
in sheep. This contains sweat and sebaceous glands which have various properties such as 
protection, sex-appeal, and neonatal recognition of the lambs. 

Key words: Interdigital sinus, sheep, sweat and sebaceous glands. 

 
In the interdigital space of the sheep there is present an invagination of the 

regional skin where sweat and sebaceous glands are located. The main roles of 
those glands are to protect the region, in sex-appeal and neonatal recognition of 
the own lambs (2, 3, 4). 

The failure of the proximal interdigital ligament is replaced by the 
mechanical function of the interdigital sinus and consolidated by the axial 
ligamentary structures of the hoof. 

 
Materials and methods 

 
The dissections were made over the 16 acropodial complex, 8 hoofs were 

coming from young animals and 8 from adult sheep. 
 
 

Results and discussions 
 

In the interdigital space, an inlet with the diameter of 2 mm surrounded by 
thin hair appears 1-1.5 cm proximally to the distal fold of the interdigital skin (Fig. 
1). 

The interdigital sinus is included in the interdigital connective tissue 
between two middle phalanx, being supported by the distal interdigital ligament 
(Fig. 2). 

The interdigital sinus has a specific aspect, like a flexible tube, presenting a 
dorsal part, a distal curvature and a palmar/plantar part (Fig. 3). 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 183 
 

 
Fig. 1. Interdigital region in lamb 

1. Interdigital skin; 2. The inlet of the interdigital sinuns. 

 
Fig. 2. Dorsal view of the interdigital sinus 

 
The dorsal part of the interdigital sinus is opened in the external surface of the 

limb through an orifice and the palmar/plantar part is ending into a cylindrical blind-ending 
sac which is placed between the axial heads of the symmetrical proximal phalanx, near 
the bifurcation of the tendon of the superficial digital flexor muscle. 
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The curvature of the interdigital sinus is supported by the distal interdigital 
ligament (Fig. 2). 

Total length of the interdigital sinus is between 2.5 and 3.5 cm. The dorsal part is 
longer, 1.5-2 cm length and the palmar/plantar part has 1-1.5 cm. The diameter of the 
channel is 6-7 mm. 

The interdigital sinus was compared with the correspondent middle phalanx and 
in the lambs has been noticed that the biflex channel is more developed than in the adult 
sheep. Based on this it is supposed that physiological activity of the sinus is greater 
knowing the importance of this organ in the neonatal recognition of the own lambs. 

In the abaxial part, the interdigital sinus is supported by the axial collateral 
ligaments of the proximal interphalangian joint and by the common axial collateral 
ligament of the digits joint. 

The secretion of the interdigital sinus is eliminated by the activity of the smooth 
muscular fibres which are presented in the structure of the of wall channel (1), activity 
supported by the action of the distal and interdigital and axial collateral ligaments. 

The failure of the proximal interdigital ligament will induce the interdigital sinus to 
function as an air cushion which will enhance the function of the hoof. 
 

 
Fig.3. Interdigital sinus in adult sheep 

 
Conclusions 

 
The shape and topographical relationship of the interdigital sinus in the 

acropodial complex includes the sinus in the shock-absorbing mechanism of the 
hoof in sheep. 

In correlation with the interdigital region the sinus is more develop in lambs 
than in adult sheep. 
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Summary 

 

The features of the palpable musculary lymph nodes in jackal are very poor studied 
in its complexity. Nevertheless, there is no study focused on the topography and on the 
comparison of musculary palpable lymph nodes in jackal and dog. 

Key words: lymph node, topography, jackal, dog. 
 

The topography and the morphology of the lymph nodes in the domestic 
animals have been fully presented in a number of texts (1, 2, 3) but in only one the 
comparative histological studies is readily available (4). Presentation of the features 
of the palpable musculary lymph nodes in jackal and comparison with the lymph 
nodes in dog is presented so that their location makes the access easier. 

The jackal is related on the canid family tree. Knowing the particularities of 
the lymph nodes in the jackal is necessary for the control of the healthy status in 
the population of the jackal in our country. Last decades the jackal has penetrate 
Romanian territory in Dobrogea, Danube plain. The presence of animals has been 
noticed also in south-west part, Oltenia and in Maramures. 

The study of the musculary lymph nodes is based on the lymph centre and 
lymph nodes in dog. 

 
Materials and methods 

 
The dissections were made over 4 cadavers of jackal provided by the 

hunters in south-west of Romania. The parotid, mandibular, superficial cervical, 
axillar and popliteal lymph centres were dissected, marked out, recorded and 
compared with those from dog. 
 

Results and discussions 
 

Parotid lymph centre (Lc. parotideum) is located subcutaneous, ventrally to 
the tempomandibular joint and caudo-ventrally to the zygomatic arch, on the 
surface of maseter muscle. Parotid lymph centre consists of only one rounded 
shape lymph node, having 0.8-1 cm diameter and caudal extremity covered by 
cranial border of parotid gland (Fig.1). 
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Mandibular lymph centre (Lc. mandibulare), placed medio-caudally to 
mandibular branch, near the angular process of the mandible, rostrally to 
mandibular gland, consists on one round lymph node, with the diameter of 1-1.5 cm 
(Fig. 1). 
 

 
 

Fig. 1. Parotid and mandibular lymph nodes in jackal 
1. Parotid lymph node.; 2. Parotid gland; 3. Maseter muscle; 4. Dorsal bucal branch of the 

facial nerve; 5. Mandibular gland; 6. Mandibular lymph node; 7. Angular process of 
mandible.  

 
Superficial cervical lymph centre (Lc. cervicale superficiale) consists of two 

lymph nodes located on the cranial border of scapula. The superficial cervical 
lymph node is greater and situated cranially to the neck of the scapula between the 
omotransversarius and brachiocephalic muscles, being oval, length of 3-3.5 cm 
and 1-1.5 cm wide (Fig. 2). 

The accessory superficial cervical lymph node is smaller, rounded shape, 
diameter of 0.5-0.7 cm, located dorsally to the previous lymph node, between the 
omotransversarius and the cervical part of trapezius muscle, having a contact with 
the caudal third of the supraspinous muscle. 
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Fig. 2. Parotid and mandibular lymph nodes in jackal 
1. Trapezius muscle, cervical part; 2. Omotransversarius muscle; 3. Accesory cervical 

superficial lymph node; 4. Brachiocephalic muscle; 5. Cervical superficial lymph node; 6. 
Shoulder joint 

 
The axillary centre (Lc axillaris) is located in the axillary fossa and consists 

an small axillar lymph node of 0,7-2 cm length and 0,3-0,5 cm wide. The axillary 
lymph node is placed on the end of broadest muscle of the back, in the angle 
formed by the end of subscapulary and brachial veins (Fig. 3). 

 

 
 

Fig. 3. Axillar lymph centre 
1. Terres major muscle; 2. Axillar lymph node 
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The popliteal lymph centre (Lc. popliteum) occupies laterally the popliteal 
fossa, formed of a single subcutaneous lymph node. Measures about 1-1,2 cm 
length and 0,8-1 cm wide, located between the semitendinous and biceps femoris 
muscles (Fig. 4). 

 

 
 

Fig. 4. Popliteal lymph centre 
1. Biceps femoris muscle; 2. Semitendineous muscle; 3. Popliteal lymph node; 

4.Popliteal fossae; 5. Patella; 6. Crural region 
 

The parotid lymph node is easily palpable in the rostral part of the parotid 
gland in the caudo-ventrally extremity of the zygomatic arch (Fig. 4). 

Mandibular lymph node is palpable in the ventral extremity of the angular 
process of mandible (Fig. 4). 

The superficial cervical lymph node can be easily touch cranial to the neck 
of scapula and the accessory superficial cervical lymph node at 2-3 cm dorsally to 
previous lymph node, on the cranial border of the scapula (Fig.4). 

In the center of axillar fossae the axillar lymph node is easily palpable and 
in the popliteal fossae the popliteal lymph node (Fig. 4). 
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Fig 5. The topography of the palpable musculary lymph nodes in jackal 
1. Parotid lymph node; 2. Mandibular lymph node; 3. Superficial cervical lymph node; 4. 

Axillary lymph node; 5. Popliteal lymph node. 

 

The palpable lymph centres in jackal presents no specific variations 
compared with the lymph centres in dog (Fig. 5). In the descriptive and 
topographical study of the palpable lymph centre in jackal compared with dog it can 
be seen that the parotid, mandibular, axillary and popliteal lymph centre consist of 
only one palpable lymph node in both species. The superficial cervical lymph 
centre presented two lymph nodes in jackal. 
 

Conclusions 
 

Topographically, the musculary palpable lymph centres in jackal are similar 
with those from the dog. 

Parotid, mandibular, axillar and popliteal lymph centres consist of only one 
lymph node, and the superficial cervical lymph centre presented two lymph nodes 
in jackal. 

In dog the parotid, axilar and popliteal lymph centres are composed by one 
lymph node, meanwhile mandibular and cervical superficial lymph centres consists 
1-4(5) lymph nodes. 
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Summary 
 

Because of their high metabolic rates, birds consume more food in proportion to 
their size than most animals. As a group, nocturnal bird of prey, owl consume just about any 
tipe of food what can imagine, including rodents, seeds, snails, grass, fruits, insects, larves. 
To meet their metabolic needs while remaining as light as possible and as efficient as 
posible, to be efficient flyes, the digestive system of birds has to be both as light as possible 
and as efficient as possible. The need to keep weight as low as possible also mean that, 
except perhaps prior to migration, there is a limit to the amount of a bird can store. Falco 
cherrug and owl differ in morphology of system digestive. Owl is bird of prey and hunts when 
light levels are low so if an atacking owl misses its prey, relocating it may be difficult. 

Key words: owl, falco cherrug, morphological aspects of tube digestif 

 

Materials and methods 
 

Four pieces of falco cherrug and owls have been dissected. As a research 
material it was used the components of digestive apparatus. The organs digestive 
tube were identified and described comparatively to both species. 

 
Results and discussions 

 
The falco cherrug has a wattle formed of two valves that have the apex 

sharp; the owl has the superior valve crooked with the ventral apex overflowing the 
apex of the inferior valve, use their hook-like bills to tear apart large prey. 

The long oesophagus presents cranial by the cranial aperture of the thorax 
a crop much more developed to the owl and falco cherrug to food. The muscular 
walls of the esophagus produce wave-like contractions, peristalsis, that help propel 
food from the oral cavity to stomach. Esophagus by owl and falco cherrug may 
serve for temporary storage of fod. The falco cherrug has no crop, out-pocketing of 
the esophagus that is particularly well-developed, specialized for ingest of. 
Morphologically,the total length of intestine is else long to the falco cherrug and it is 
limited by the owl. 

The glandular stomach is fusiform and communicates with the gizzard 
which is discoidal and biconvex similar to the both species. 
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The duodenum has the aspect of an loop and is longer to the falco cherrug 
than by owl. (Fig.1, Fig. 2). 

The duodenum by owl has the aspect of an loop, is shorter than of the 
falco cherrug. 

The jejunum-ileum morphologically, the total length of small intestine is 
else long to the falco cherrug and it is limited by the owl. 

The liver presents two lobes, the one right and the other left. The right lobe 
is smaller by the left lobe and it has not gall bladder by the falco cherrug. The owl 
liver has the lobes all most equal, incised by some interlobes fisures between the 
two lobes shelter an evident gall bladder (Fig. 1). 

. 

 
 

Fig. 1. The digestive apparatus in owl 
1. Oesophagus; 2. Glandular stomach; 3. Gizzard; 4. Duodenum; 5. Pancreas; 6. 

Liver;  6`. Gall bladder; 7. Jejunoileon; 8. Caecum; 9. Colon; 10 Cloaca. 
 
The jejunum-ileum morphologically unlimited is longer by the falco cherrug 

than by the owl, remarks are made that morfologic ileum is morphologically 
delimitated by the two blind-ending caecum. It can be observed that the jejunum-
ileum complex: the ileum is longer by the falco cherrug, and very shorter by the 
owl, because the blind-ending caecum are less developed (Fig. 1, Fig. 2). 

The two blind-ending caecum have the aspect of plug tube in the owl and 
they have the shape of papille in the falco cherrug (Fig. 1, Fig. 2). 
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The short colon in the falco cherrug and the shortest colon in the owl, it 
comunicates with the rectum, that opens itself in the cloaca (Fig. 1, Fig. 2). 

Comparatively, between two species there are differences regarding the 
length of ileum and the large intestine in favour of ileum by the falco cherrug and in 
favour large intestin and plug tube two blind-ending caecum by owl 

The pancreas contents in duodenal messo, between duoden‘ s loop is 
longer by the falco cherrug comparatively with the pancreas in owl (Fig. 1, Fig. 2). 

 

 
 

Fig. 2 . The digestive apparatus in Falco cherrug 
1.Oesofagus; 2. Glandular stomach; 3. Gizzard; 4. Duodenum; 5. Pancreas; 6. 

Jejunum; 7. Ileon; 8. Caecum; 9. Colon; 10. Cloaca 
 

Conclusions 
 

In order to recognise the digestive apparatus from the owl may be noticed 
the following aspects: 

 blind-ending caecum is large; food particles are acted upon by cecal 
secretions, bacteria and fungi and nutrients can been absorbed; 

 the gall bladder is present; 
 the lobes of the liver are almost equal and have depp notches; 
 large intestin is relatively short; primary function is to absorb water and 

electrolytes, wastes are voided as quickly as possible,such as owls 
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regurgitating non-digestible materials as pellets and fruit-eaters 
regurgitating fruit seeds or pits; 

 the intestinum tenue is shorther than falco cherrug. 
 

 

References 
 

1. Baumgard, W., Neue Brehm Bűcherei no.514.Ziemsen Verlag, Wittenberg, 
Germany, 1991. 

2. Carmen Vanda Ganţă, Splanchnologia animalelor domestice, Ed. 
Mirton,Timişoara, 1998. 

3. Clench, M.H., The avian cecum: update and motility review. Journal  of 
experimental Zoology 1999, 283:441- 447. 

4. Cotta, V., Bodea, M., Micu I., Vânatul şi vânătoarea în România,Ed. Ceres, 
Bucureşti, 2001. 

5. Duke, G.E., Anatomy and physiology of the digestive system in fowl. Anual 
Carolina Poultry Nutrition Conference,1994,46-49. 

6. Ivănescu, Şt., Pagini despre vânatul românesc, Ed. Sport şi turism, 
Bucureşti, 1987. 

7. Karasov, W.H., Digestion in birds:chemical and physiological determinants 
and ecological implications.Stud.Avian Biol.1990, 13:391- 415. 

8. Nittinger, F.,Gamauf,,W., Pinsker,M., Wink,E., Haring, Phylogeography 
and population structure of the Falco cherrug and the influence of 
hybrization, mitochondrial and microsatelite date, Molecular Ecology, 2007, 
16, 1496-1517. 

9. Pentea, M., Splanchnologia veterinară, Ed. Mirton, Timişoara, 2005. 
10. Victoria, Hristu, I. Ali, G. Ahmet-Nagi, Popescu Şt., Atlas zoologic, Ed. 

Did. Pedag. Bucureşti, 1979. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 196 
 

 

ASPECTS REGARDING THE MORPHOLOGY OF THE MUSCLES 
OF THE PECTORAL GIRDLE IN GUINEA – FOWL (NUMIDA 

MELEAGRIS) 
 

ANCA ŞEICARU, G. PREDOI, C. BELU, B. GEORGESCU, 
I. DUMITRESCU, PETRONELA ROŞU, CARMEN BITOIU 

 
Faculty of Veterinary Medicine, 050097, 105 Splaiul Independenţei, Bucharest, 

Romania 
 

Summary 
 

The study was realized on eight guinea fowls. Pectoral girdle muscles, adjacent to 
the shoulder joint were dissected. The directional terms used are based on the wing in a fully 
extendend position (flight position). Every muscle has been described the general 
appearance, origin and insertion as well as relationships with other parties. It has observed 
two distinct groups. The first represented by mm. latissimus dorsi, rhomboideus and serratus 
involved in attachment between the wing and the trunk and the second, represented by mm. 
scapulohumeralis cranialis and caudalis, subscapularis, subcoracoideus, coracobrachialis 
cranialis and caudalis, which are designed to provide specific localized control of the 
mouvements of the humerus, such that the powered downstroke and upstroke are both 
facilitated, as well as controlled, in the synchronized wingbeat. 

Key words: pectoral girdle muscles, guinea fowl 

 

The helmeted or domestic guinea fowl (Numida meleagris) is originally 
from a wide range in sub-Saharan Africa, where it is commonly hunted as a game 
bird, as are other wild species of guinea fowl. The domestic guinea fowl is kept as a 
source of meat and eggs, although it is used for these purposes much less 
commonly than the domestic chicken (Gallus gallus, family Phasianidae). In the 
literature there are few data on the wing muscles in guinea fowl. Some reference 
works in the anatomy of birds (1, 3, 4, 5, 7) provides very little information about 
muscle morphology in this species and some more recent (2.6), were the subject of 
pelvic limb muscles. For this reason we have conducted a detailed study of the 
muscles, highlighting the major issues encountered. 
 

Materials and methods 
 

The study was conducted on five specimens of the species Numida 
meleagris (three males and two females), purchased from private breeders. To 
maintain the integrity of the pectoral girdle muscles, the birds were slaughtered by 
cutting femural artery. 

Dissection was performed bilaterally in successive plans, using dissection 
kit, to limit visibility with stereomicroscope. Photographs were made on successive 
plans, the most suggestive being processed on computer (adding caption and 
adjusting brightness and contrast).  
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Identification, description and recognition of formations were done 
according Nomina Anatomica Avium - 1979. 

 
Results and discussions 

 
Latissimus dorsi muscle is the most superficial muscle on the dorsal aspect 

of the trunk, situated immediately beneath the fascia of the skin and overlying the 
rhomboideus superficialis. Is a flattened muscle, consists of two independent heads 
reffered to as the latissimus dorsi cranialis and caudalis. Lattisimus dorsi cranialis 
arisses from the spinous processes of the last cervical vertebrae and the first few 
thoracic vertebrae. Latissimus dorsi caudalis arises caudal to the preceding, from 
the remaining thoracic vertebrae. Both bellies of the latissimus dorsi are relatively 
thin and flattened, especially that of the cranial head. The cranial belly has a fleshy 
insertion on the caudal surface of the humerus, inserting between the scapular and 
humeral heads of the triceps brachii. The caudal belly forms a tendon, like a 
flattened aponeurosis which insert adjacent and ventral to the cranial head. It draw 
the wing caudally, flexing and elevating the humerus (shoulder joint) and control 
the mouvement of the humerus during the contraction of the powerful flight muscles 
– pectoralis and supracoracoideus (fig 1). 

 
Fig. 1. m. latissimus dorsi – cranial part, 1‘. . m. latissimus dorsi – caudal part, 2. 
dorsal border of scapula, 3. the spinous processes of thoracic vertebrae, 4. m. 

rhomboideus superficials, 5. m. scapulohumeralis caudalis, 6. m. cutaneus 
costohumeral, 7. m. triceps – scapular part, 8. m. propatagialis, 9. humerus 

Rhomboideus superficialis is a thin, flattened muscle, closely adherent to 
the muscle latissimus dorsi. It has the origin from the spinous processes of the last 
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few cervical vertebrae and thoracic vertebrae, as far caudat as the synsacrum. Is 
associated proximally with the origin of the latissimus dorsi.Its insertion is on the 
dorsomedial (vertebral) rim of the scapula, proximally with the origin of the 
latissimus dorsi. 

Rhomboideus profundus is somewhat better developed. The most cranial 
portion of the fleshy belly is concealed by overlying rhomboideus superficialis.. 
deep to the rhomboideus profundus lies the longissimus dorsi. It has the origin to 
the spinous processes of the cervical and thoracic vertebrae, mostly in common 
with the preceding muscle. Its insertion is on the dorsomedial surface of the 
scapula. 

Serratus profundus has the origin by multiple fleshy fascicles from the 
caudalmost cervical vertebrae and their processes and one or more of the thoracic 
ribs. Its inserition is on the medial (costal) surface of the scapula, deep to the 
insertion of the rhomboideus profundus and extending caudad adjacent to the 
insertion of the serratus superficialis. 

Serratus superficialis is comparable to the serratus ventralis of mammals. 
There are tow heads, a pars cranialis and a pars caudalis, often united by fascia to 
form a continuous muscular sheet. It has a origin by some fascicles from the lateral 
surface of the last cervical rib, extending caudad over several thoracic ribs at the 
level of the uncinate processes. The two cranial fascicles fuse to form a common 
aponeurosis which passes between the external and internal heads of the 
subscapularis and inserts on the ventral edge of the scapula. The caudal fascicles 
fuse to form a fleshy insertion on the apex (caudal end) of the scapula, extending 
cranially as an aponeurosis mostly continuous with that of the cranial head. 

The scapulohumeralis cranialis and the scapulohumeralis caudalis have 
some resemblance to the mammalian teres minor, teres major and infraspinatus, if 
the avian scapula is the structural equivalent of the infraspinous region of the 
mammalian scapula. The scapulohumeralis cranialis is small, entirely fleshy, with 
its insertion intersected by the origin of the humeral head of the triceps brachii 
(humerotriceps). It has the origin on the lateral surface of the neck of the scapula, 
caudal to the glenoid facet. It has the insertion in the large pneumatic fossa of the 
humerus. The scapulohumeralis caudalis is concealed superficially bz the 
latissimus dorsi, and the muscle itself is superficial to the external head of the 
subscapularis. The scapulohumeralis cranialis and the origin of the scapulotriceps 
lie craniad to it. It has the origin on the dorsal and lateral surfaces of most of the 
shaft of the scapula, and by a aponeurosis from the ventral edge of the scapula. It 
is inserated on the dorsal surface of the bicipital crest. 
 Subscapularis muscle has a double origin on the scapula. Pars externa – 
ventral and lateral surface, deep to the scapulohumeralis caudalis. Pars interna- 
medial and ventral surfaces, caudad from the acromion (fig. 2). The aponeurosis of 
insertion of the serratus superficialis always passes between the two heads. The 
two heads fuse and insert on the medial tuberosity of the humerus, in common with 
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the insertion of the subcoracoideus, proximal to the pneumatic fossa and near the 
insertion of the coracobrachialis caudalis. 

 
Fig. 2.  M. pectoralis – part thoracalis, 2. m. serrtus superficialis – cranial part, 3. m. 

scapulohumeralis caudalis -removed from the humerus, 4. m. triceps – scapular 
part, 5. m. scapulohumeralis cranialis, 6. m. subscapularis, 7. m. 

subcoracoidianeus, 8. m. coracobrahialis caudalis, 9. m. biceps brachii 
 

Subcoracoideus muscle has tow heads, both from the coracoid. Dorsal or 
transverse head – from the medial aspect of the articulation of the scapula, and 
subjacent membrane. Ventral head – from the dorsomedial surface of the coracoid 
and adjacent sternocoracoclavicular membrane. Insert in common with the 
subscapularis on the medial tuberosity of the humerus. 

Coracobrachialis cranialis is a parallel-fibered muscle, surrounded by a 
tough fascial sheath. It lies deep to and concealed by insertion of the pectoralis and 
laterally adjacent to the biceps brachii. It has the origin by a tendon from the apex 
of the coracoid and the insertion on the ventral surface of the proximal end of the 
humerus, at the base of the deltoid crest and deep to the insertion of the pectoralis. 

Coracobrachialis caudalis muscles lies lateral and ventral to the 
sternocoracoideus and subcoracoideus, lateral to the supracoracoideus, and deep 
to the great pectoralis. It has the origin on the lateral surface of the coracoid, 
extending caudad as far as the the sternocoracoidal articulation and the body of the 
sternum. It has the insertion by a short tendon on the capital groove surface of the 
medial tuberosity of the humerus, dorsal to, but in close proximity to, the insertion 
of the subcoracoscapularis. 
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The sternocoracoideus lies in the sternocoracoidal impression on the 
dorsal surface of the coracoid,opposite the sternocoracoidal articulation. It has the 
origin on the medial surface of the sternocoracoidal process of the sternum, 
extending caudad as far as the lateral surface of the costal articulation of the first 
few sternal ribs. It has the insertion on the dorsal surface of the proximal end of the 
coracoid, especially in the sternocoracoidal impression. 

 
Conclusions 

 
After dissection following conclusions were drawn: 

1. All the muscles for attachmen of the wing to the trunk (latissimus dorsi, 
rhomboideus, serratus) are formed by two distinct portions flattened. 

2. The scapulohumeralis cranialis and caudalis have some resemblance to 
the mammalian teres minor, infraspinatus and teres major, if the avian scapula is 
the structural equivalent of the infraspinous region of the mammalian scapula. 

3. Subscapularis muscle and subcoracoideus muscles are reduced and form 
a functional complex with the insertion on the scapula and coracoid and and 
humerus. 

4. Control of wing movements during flight are made of muscles mm. 
scapulohumeralis cranialis and caudalis, subscapularis, subcoracoideus, 
coracobrachialis cranialis and caudalis, grouped around the shoulder joint. 
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Summary 

 

An experiment was conducted to assess the effects of supplementation of 
traditional recipes with different meals obtained from oil processing industry, in particular bio-
fuels. Experiments were conducted on broilers, divided into four groups: a control group (fed 
with commercial feed), 2 (fed with soybean meal supplement), 3 (fed with rapeseed meal 
supplement), and 4 (fed with sunflower meal supplement). Recipes were then balanced, 
from energy-protein point of view, by adding oil. At the end of the growing period, broilers 
weight were measured before slaughter, after bleeding and plucking technological stages 
and also the parties with high commercial value of the carcass. It was found that the 
proportion of participation of parties with high commercial value (chest and thighs) to the 
weight of living is higher by 2-4% in the groups receiving food supplement. Thighs were 
better developed in males and breasts were better developed in females regardless of 
feeding recipes. The chest, in relation to living weight, represents the heaviest part in the 
group fed with soy and control group recorded the lowest value. The lowest participation rate 
of thighs in living weight was noted in the lot of chicks fed with soy supplement, and the 
highest was noted in the group fed with sunflower supplement. 

Key words: broilers, bio-fuels, nutrition, feed, meal 

 

The aim of this experiment was the assessment of the effects of 
conventional feed recipes added with different meals obtained from oil processing 
industry, on broilers. The meal is produced in increasing quantities, with the 
development of bio-fuels industry (1, 5, 7). 

 
Materials and methods 

 
Experiments were conducted on 360 broilers, Ross 308 hybrids, which 

were purchased at the age of one day. The broilers were divided into four 
homogeneous groups, which were fed differently as follows: 

 Lot 1, considered control group; 

 Lot 2, which received the soybean meal feed supplement; 

 Lot 3, which received rapeseed meal feed supplement; 

 Lot 4, which received supplemental feeding of sunflower meal. 
 
The animals were fed with commercial feed (lot1-lot4), to which, 

supplements of meals were added in the range of 3-5% (lots 2-4) (3, 7, 8). Rations 
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were calculated and then balanced using a computer soft, so that all animals were 
fed with diets with very close energy-protein ratios. Balancing rations was made 
with the addition of energy feed (oil) as calculated carefully so that energy-protein 
ratio noted values of 145.54 ± 0.8% for the starter feed, 158.1 ± 0.5% for the 
growth feed, respectively 193.7 ± 1% for the finished feed, in the chickens from all 
experimental groups (2, 6, 7, 8). 

The chicks were kept in cages, and the temperature was continuously 
monitored. The broilers were weighed weekly, an opportunity for rotate each batch 

so as to eliminate any influence of other variables in the system (4). 

  At the end of growth period, five males and five female individuals 
from each group were slaughtered, with living weight relatively close to the average 
weight of group (Table 1). Broilers weights were measured before slaughter, after 
bleeding and plucking technological stages and also the parties with high 
commercial value of the carcass. 

 
Results and discussions 

 
The average weight of individuals in various stages, and also of the thighs, 

chest and wings are shown in Table 1 and Fig. 1. 
 

Table 1 
The average weight of the chicken carcasses 

Lot 
Specification 

 
Live 

weight 

Weight 
after 

slaughter 

Weight 
after 

plucking 

Weight 
of chest 

Weight 
of 

thighs 

Weight 
of 

wings 

Lot 1 
 

Males 1740 1640 1558.6 366.88 363.63 130.75 

Females 1750 1665 1618.5 387.56 352.08 137.30 

Lot 2 
 

Males 1910 1797 1735.7 445.53 413.67 135.87 

Females 1810 1681 1614.4 461.27 343.55 127.74 

Lot 3 
 

Males 1750 1659 1600.1 389.30 383.66 138.58 

Females 1720 1630 1574.1 409.63 346.42 125.46 

Lot 4 
 

Males 1750 1651 1665.1 401.62 383.04 144.27 

Females 1715 1627 1562.2 441.64 355.44 122.35 

 
It appears that, in relation with live weight, the chest is the heaviest part of 

the carcass in the group fed with soy (23.32% to 25.48% in males and females). 
The control group recorded the lowest values (21.08% to 22.14% in males and 
females). The situation is reversed when talking about the percentage of the thighs, 
with the lowest average for the group receiving soybean meal (20.31%). The 
highest value recorded for the group that received sunflower meal (21.44%). 

Fig. 1 reveals that the highest proportion of chest was noted in female 
broilers from the group with soy and sunflower. It is noted that the thighs were 
better developed in males and chests in females, for all groups. 
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Fig. 1 The proportion of the parts with high commercial values in comparison with 

living weight of broilers 
 

One can see that in all groups receiving feed meal supplement in the ratio, 
the proportion from live-weight of the carcass parts with high commercial value 
increases by at least 2% compared with the control group. The maximum 
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difference compared with group 1 was recorded in group 4 (with additional 
sunflower), it was 3% in males and 4% in females respectively for valuable parts. 
 

Conclusions 
 

The proportion of participation of parties with high commercial value (chest and 

thighs) to the living weight is higher by 2-4% in the groups receiving feed supplement. 
Thighs were better developed in males and chests in females regardless of 

feeding. 

The chest, reported to living weight, is the heaviest part in the group fed 

with soybean and control group recorded the lowest values. 

The lowest participation rate of thighs in living weight was noted in the lot of 
chicks fed with soy supplement and the highest in the group fed with sunflower 
supplement. 
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Summary 

 
Cobalt and vitamin B12 are two nutrients that have been reported in pollen and 

plants that have had positive results in bees feeding, confirmed by various authors. It was 
conducted an experiment of bee feeding with syrup with supplement from these elements in 
an area where cobalt is absent from the pollen of flowers. The experiment was conducted for 
10 days during the flowering period of fruit trees. Four groups were formed: Group 1: 22.75 
dm2 brood - still fed with vitamin-mineral mixture (preparation Forssatom) 0.5 ml / l, Group 2: 
23.5 dm2 brood was fed with vitamin B12 , Lot 3: 25.2 dm2 brood was further fed with 1.8 
ppm Cobalt Co., Lot 4: 24, 5 dm2 brood was fed only not-added syrup (control group). The 
syrup was administered in doses of 300 ml / day per family. At the end of the experiment it 
was found that although honey bees develop and operate normally in the absence of cobalt 
and vitamin B12, the presence of cobalt in the diet increased the number of bee larvae in 
bee families with 29.24%. The combination of cobalt with other minerals and vitamins 
increased the number of larvae with 38.41%. The presence of vitamin B12 in the diet do not 
influences the number of larvae of the kept bees. 

Key word: cobalt, vitamin B12, bees, nutrition. 

 

The importance of vitamin B12 has been highlighted by several authors in 
the field of bee nutrition. Its role was not fully clarified in the metabolism of bees, 
nor described its effect on development of bee. Beneficial effects have been 
reported in association with antibiotics in the treatment of fullbroad (4, 6, 7, 8).  

The importance of cobalt is also not established in terms of metabolic 
implications, in contrast to the beneficial effects observed at the supplementation of 
it in nutrition, in a region of the former Soviet Union, where research shows cobalt 
deficiency in soil, plants and products of animal origin is reported that cobalt 
supplementation during summer increases overall strength, especially against 
Nosema apis and improve the haemolymph protein (5). 

Also, Hristea recommends it in concentrations of 1-8 ppm. in syrup. He 
says that positively affects the amount of brood and act on quality of the 
haemolimphocites (3). 
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It is obvious that none of these authors did not take into account the cobalt 
concentration of pollen and honey, and of these imprecise data can not draw a 
conclusion about precise dosing. 

Researches of the pollen in the area where experiments have been 
conducted have shown values of 0.00, only in one case of 0.01 ppm in willow 
pollen (2). Knowing the composition of vitamin B12 can be concluded that there is 
no this vitamin in pollen. This, compared at least to the situation where the apiary 
is, contradicts the literature that indicates the presence of vitamin B12 in the pollen. 
So bees in this area have developed into a permanent lack of cobalt and vitamin 
B12, without being seen clearly shortcomings in terms of vitality or seasonal 
dynamics. 

The aim of the present experiment was to verify the effects of these two 
nutrients alone or in combination with other vitamin-mineral products on increasing 
activity of brood in spring season. 
 

Materials and methods 
 

The experiment was conducted in April 2009, a week after the beginning of 
the harvest of natural food in full season of bee development. Temperatures and 
weather conditions were optimal for both secretion and gathering nectar and for the 
pollen. The main flowering nectar-pollenous species were the Mirobolam, 
blackthorn, plum (Prunus spp), willow species (Salix spp) nettle (Lamium 
purpureum), ground-ivy (Glechoma hederacea) and dandelion (Taraxacum 
officinale). Thus, families were well supplied with food from nature, without the 
surpluses of fresh honey. Thus bee families were receiving supplementary food 
only as a vehicle for the dietary supplement, not as the main source of 
carbohydrates. Also of this reason, any overdose of nutrients administered was 
blurred by dilution total intake of food and no toxicities were recorded. 

Surface with brood were measured taking into account both comb brood 
and larval brood. 

The groups were composed of families of bees after measuring the total 
area of brood and by adult assessment. Areas of brood ranged between 17 dm

2
 

and 34.5 dm
2
 per family. The groups were chosen so that average initial area of 

brood to be as close between the groups, the total adult population to be as close 
among all the families of the experiment. 

 
There were four experimental groups consisting of six families so far: 

- Lot 1: 22.75 dm2 brood was further fed with vitamin-mineral mixture (preparation 
Forssatom); 
- Lot 2: 23.5 dm2 brood was fed with vitamin B12, 0.052 ppm; 
- Lot 3: 25.2 dm2 brood was further fed with cobalt; 
- Lot 4: 24.5 dm2 brood was fed only not-added syrup (control group). 
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In Table 1 are presented the initial areas of brood comb of the families of 
the experimental groups. 

 
Table 1 

The experimental lot’s qualities at the experiment starting from the point of 
view of brood occupied comb surfaces 

Lot Results of the first measurement (day 0) 
(mean area with brood /family)  dm

2
 

Interval dm
2
 

Lot 1 22.75 17-29.5 

Lot 2 23.5 19-28 

Lot 3 25.2 17.5-34.5 

Lot 4 24.5 19.5-31 

 
Food was prepared on the basis of hydro-glucose syrup with 50% of a 

mixture of sugar and honey produced in the same apiary and 50% water (1, 4).  
For group 1 was used Forssatom preparation whose composition can be 

watched in Table 2.  
 

Table 2 
The supplementation level with mineral and vitamins of the syrup given to 

the lot 1 according to the Forssatom article prospect 

Nutritive element 
Suplimentation level of the 

prepared syrup 

Vitamine A 0.8 U.I. / l 

Vitamine D3 0.1 U.I. / l 

Vitamine E 0.000033 U.I. / l 

Vitamine B1 2.5 ppm 

Vitamine B2 2.5 ppm 

Vitamine B5 1.025 ppm 

Vitamine B3 1.025 ppm 

Vitamine B12 1.025 ppm 

Vitamine PP 6.02 ppm 

Vitamine C 12.5 ppm 

Ca H PO4 92.5 ppm 

NaF 0.15 ppm 

FeSO4 5.5 ppm 

CuSO4 0.25 ppm 

MnSO4 0.25 ppm 

MgSO4 97.5 ppm 

CoSO4 95 ppm (21 ppm Co) 

ZnSO4 0.25 ppm 

NaMoO4 0.05 ppm 

K2SO4 7.5 ppm 
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Forssatom is presented as an aqueous mixture of vitamins and minerals. 
The amount recommended by the manufacturer is 10 drops to 1 kg or 30 ml syrup 
to 120 kg of syrup. For this experiment we used the amount of 0.5 ml / l of syrup. 
For group 2 vitamin B12 was used in the amount of 52 mg / l (0.052 ppm). 

For group 3 cobalt chlorides was used in an amount of 7 mg / L (7 ppm), ie 
1.8 ppm Co. 

For group 4 was only used original syrup solution without other additives. 
Supplementary food was given in doses of 300 ml / day per family for 10 days (1). 
On the 11th day the second measurement was made of the surface of comb with 
brood 
 

Results and discussions 
 

The results obtained in the second measurement are presented in Table 3. 
At the individual analysis of each family of bees was observed that 

between the initial amount and growth of brood made isn‘t any correlation, so some 
families with small initial area of brood have made a difference over 45 dm

2
 and 

vice versa. 
 

Table 3 
The results of supplementary feeding 

Lot 

Results of the second measurement of brood (day 11) 

Mean 
comb 

area with 
brood  
/family 
(dm

2
) 

Mean 
difference 

(increasing 
comb area 
with brood) 

(dm
2
) 

Growing 
Comparison 

lot iv with 
control lot (%) 

 
StDev 

 
CI 95% 

 
P value 

Lot 1 68.33 45.58 138.41 10.93 6.94 p< 0.0097** 

Lot 2 54.6 31.1 94.24 8.39 6.00 
p< 0.4020 

(NS) 

Lot 3 67.85 42.65 129.24 5.50 3.94 p< 0.0017*** 

Lot 4 57.5 33 100 7.49 4.76 - 

NS p > 0.05;  * p < 0.05; ** p < 0.01;  *** p < 0.001 

 
Analyzing differences between areas of brood comb at the end of the 

experiment and the first day (increasing the amount of brood), showed also in Fig. 
1 and 2, it is noted that: 

 
- Group 1 has an increasing of 138.41% compared with group 4 (control) (100%); 
-  Group 3 has an increasing of 129.24%; 
-  Group 2 has only a 94.24% increase. 
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Fig. 1. The brood evolution in the experimental lots 
 (Initial surface and final surface) 
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Fig. 2. Comparison between the initial brood surface and the increasing (difference 

between the initial and final brood surface) 
 

This shows that vitamin B12 had no effect on the number of bee 
development. Differences from the control group are not statistically significant. 

The presence of cobalt in the diet in spring leads to a significant increase in 
population, increasing by almost 30% (29.24%) of juvenile surface. 

The presence of other vitamins and minerals seem to potentate the effect 
of cobalt leading to an increase in its effect with more about 9% (8.72%). The 
differences are statistically highly significant compared to the control group. 
It could be said that group 1 (Forssatom preparation) and group 3 (Cobalt chloride) 
did not differ statistically significant (p <0.9004). 

It requires further research to deepen these nutrients to firstly determine 
the effect on longevity of adult bees and the resistance to disease, but more 
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optimal level, any toxic doses, any synergisms with other substances and the 
mechanism by acting in over-body bee family. 

 
Conclusions 

 
Honey bees develop and operate normally in the absence of cobalt and 

vitamin B12; 
The presence of cobalt in the diet increased the number of bee larvae in 

bee families with 29.24%; 
The presence of cobalt and a vitamin-mineral supplement in the diet of bee 

larvae caused by the increase of 38.41%; 
The presence of vitamin B12 in the diet influences the number of larvae 

kept bees. 
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Summary 

 
In this paper was studied the influence of feed energy-protein level on the 

carcasses characteristics (participation of the trenched parts in the whole carcasses 
structure and meat/bone ratio) and the meat chemical composition from different anatomical 
regions at hybrids: „Ross 308‖ and „Arbor Acres‖ slaughtered at 42 days old. Broilers were 
divided in four groups: control group (Lc)-„Ross 308‖ hybrid and experimental group-„Arbor 
Acres‖ hybrid. For feeding have been given feed mixed with different level of energy and 
protein. After slaughter, at each group were determined carcasses characteristics using 
gravimetric measurements and the meat chemical composition with STAS methods. For 
participation of the trenched parts in the whole carcass structure were registered the highest 
values at Lc group for breast and wings and Lexp.2 group for thighs and shanks. In this case, 
at the Lexp.3 group were been the lowest values. The meat/bones ratio has registered 
values from 4.00 at Lexp.3 group up to 4.37 at Lexp.1 group. For meat chemical composition, 
in the breast muscles was a greater amount of water and proteins, but the situation was 
reversed in the muscles of the thighs and shanks. Consequently, after chemical composition 
assessment in studied muscles at Lexp.2 group was found the highest protein content and 
lowest lipids content, as compared with Lc, Lexp.1 and Lexp.3 groups. At the Lexp.2 group, 
recipes with higher protein and energy level has positively influenced the participation of the 
trenched parts in the whole carcass structure (breast, wings, thighs and shanks), meat/bone 
ratio, dry matter contents and proteins contents from meat. 

Key words: broiler chicken, chemical composition, meat, meat/bones ratio 

 

One of the most actual problems for human nutrition, discussed and 
studied in wide circles of contemporary society, is the problem of protein nutrition 
and especially the current deficiencies in providing the body with proteins (23). 
Meat is a commodity product for human nutrition, which is obtain from various 
animals species. Poultry meat is an important food for humans, having an 
important plastic and energetic role (3, 23, 24). 

Broilers have specific nutritional requirements by that it possible to achieve 
the objectives of the growing and slaughtering (13, 14, 23, 24). Recipes of mixed 
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feed must be balanced so as to ensure an energy-protein ratio correlated with the 
stages of development of offspring. Ensuring an appropriate program of feeding is 
necessary for obtain a maximum production potential (12, 13, 14). Only an 
adequate feeding program can ensure maximum expression of genetic potential 
and achieving top quality carcasses (1, 6, 9, 11, 19, 20). A superior quality carcass 
is characterized by a maximum proportion of meat and minimum proportion of 
bones and fats. Rations deficient in protein, although clearly not reflected in growth 
performance have a negative impact on carcass meat percentage (8, 16, 17, 20, 
22, 25). 

The chemical composition of meat is greatly influenced by the rations used 
in feeding the broiler (4, 10, 14, 15,16). The meat obtained from broilers specialized 
in this area is known for its sensory qualities, technological, physical, chemical, 
nutritional and dietary (2, 3, 15, 16, 23). The poultry meat is requested by 
consumers, because has special flavor characteristics, high nutritional value and 
high degree of digestibility.  

Major chemical components of meat (protein substances, fats, minerals) 
are important indicators of quality (3, 23, 24). Besides these qualities, poultry meat 
it produced at lower cost as compared with meat from other domestic species (1, 
17, 19). 

Since research on improving the growth performance of broiler chickens 
carried both in our country and abroad has followed primarily quantitative aspects 
of meat production, in this work was studied the effect of different levels of dietary 
protein and energy on carcass characteristics and meat quality from hybrids "Ross 
308" and "Arbor Acres" 
 

Materials and methods 
 

The experiment was organized on the broiler chickens of one day old,  
belonging to the commercial hybrids „Ross 308‖ and „Arbor Acres‖, The experiment 
was terminated when broiler chickens were at the age of 42 days. For this study 
broiler chickens were divided into 4 (four) groups (males and females), reared in 
the same microclimate condition. The control group (Lc) was „Ross 308‖ hybrid and 
chickens belonging to the hybrid „Arbor Acres‖ were divided into three experimental 
groups (Lexp.1, Lexp.2 and Lexp.3). The growth system was on the permanent litter, 
with a density of 12 chicken/m

2
. At the four groups of chickens was administered 

combined fodder with different protein and energy levels. Thus, at Lc group - were 
respected nutritional recommendations from management manual for „Ross 308‖ 

hybrid (27); at Lexp.₁ group - were respected nutritional recommendations for 
„Arbor Acres‖ hybrid (26), at Lexp.2 group the combined fodder have protein and 
energy level with 10% higher  and at Lexp.3 group with 10% lower than  nutritional 
recommendations Aviagen's firm for „Arbor Acres‖ hybrid.  Depending on the age 
of chicks during growth (1-42 days) for each group were given three fodder recipes 
(starter, growing, finishing) (table 1) (13, 14, 23, 24, 26, 27). 
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Table 1 
Features of the mixed feed recipes for chickens 

Chicken 
group 

Recipe features 

Recipe type  

starter  
1-14 days 

grower 
15-35 days 

finisher 
36-42 days 

Lc and 
Lexp.1 

Crude protein (%) 24.02 22.63 21.06 
M. E. (kcal/kg feed) 3041 3144 3190 
Energy : Protein ratio 126.60 133.00 151.50 

Lexp.2 

Crude protein (%) 26.23 24.90 23.12 

M. E. (kcal/kg feed) 3270 3435 3490 

Energy : Protein ratio 124.7 137.95 150.00 

Lexp.3 
Crude protein (%) 21.80 20.25 18.75 
M. E. (kcal/kg feed) 2860 2870 2890 
Energy : Protein ratio 131.20 141.70 154.10 

 
After the slaughter, from each group were sampled 30 carcasses (15 

females and 15 males), the carcasses obtained were weighing and refrigerated (24 
hours at +4°C). After cutting the carcasses was determined weight of the trenched 
parts by gravimetric measurements. With this data was calculated the proportion of 
participation of the trenched parts in the whole carcass structure. The trenched 
parts in the carcass were breast with bone and skin, thighs, shanks, wings and the 
remnants consists of head, neck, back and legs. At each group, on 10 carcasses 
(five females and five males) were determined bone/meat ratio and the meat 
chemical composition (water, dry matter, protein, lipids and minerals) from breast, 
thighs and shanks. 

For determine the meat chemical composition were used the following 
methods of analysis: drying method for determination of water and dry matter 
(Standard ISO 1442/1997); calcinations method for determination of minerals 
(Standard ISO 936/1998); Soxhlet method with modern appliances type Soxtest 
Raypa PG-16 E01 to determine the amount of lipids (Standard ISO 1443/2008); 
Kjeldahl method adapted to the modern appliance type FOSS TECATOR to 
determine protein substances (Standard ISO 937/2007) (7, 21). 

Raw data obtained from measurements were processing with biostatistics 
methods using Microsoft Excel spreadsheet application. To test the statistical 
significance of differences between mean values of the studied characters has 
been applied analysis of variance using Mann Whitney test of the program 
MINITAB 14 (5). 
 

Results and discussions 
 
The values related to the weight of trenched parts and of their participation 

in the wholes carcass structure, are presented in table 2. 
Following gravimetric measurements performed for the chilled carcasses 

weight were recorded values from 1599.20 g (Lexp.3) to 1911.92 g (Lc) (tab. 2).  
The coefficient of variation showed a good uniformity of the flock studied (CV=6.92 
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to 9.31%), and the calculation of variance analysis revealed the presence of highly 

significant statistical differences (p0.001) between averages values obtained 
Lexp.3 group with Lc group, Lexp.1 group and Lexp.2 group. 

 
Table 2 

Participation of the trenched parts in the whole carcass structure 
Specification Control group 

(Lc) 
Experimental groups 

Lexp.₁ Lexp.₂ Lexp.₃ 
Refrigerated carcass weight 

  (g) 

1911.92
a 

±32.50
 

1835.82
a 

±29.26
 

1882.73
a 

±29.98
 

1599.07
d 

±20.21
 

CV % 9,31 8,73 8,72 6,92 

Breast   (g) 558.61
a
10.88 520.36

ba
10.38 539.25

a
10.51 429.35

d
7.14 

CV % 10.67 10.92 10.67 9.10 

% from carcass  29.20
a
0.21 28.30

ba
0.27 28.60

ba
0.23 26.80

d
0.21 

CV % 3.95 5.20 4.46 4.24 

Thighs weight   (g) 
CV % 

315.17
a
±4.75 

8.25 
304.90

a
±5.48 

9.85 
316.66

a
±5.54 

9.58 
256.28

d
±3.58 

7.64 

% from carcass  16.51
a
±0.10 16.61

a
±0.13 16.80

ba
±0.10 16.02

d
±0.05 

CV % 3.41 4.36 3.34 1.86 

Shanks weight   (g) 255.55
a
±4.22 247.99

a
±4.91 254.74

a
±4.75 212.98

d
±2.98 

CV % 9.06 10.84 10.21 7.67 

% from carcass  13.55±0.34 13.60±0.29 13.61±0.33 13.40±0.32 
CV % 13.59 11.51 13.14 13.06 

Wings   (g) 177.23
a
±4.72 168.64

a
±4.92 174.83

a
±5.06 142.24

d
±3.22 

CV % 14,58 15.99 15.86 12.40 

% from carcass  9.23
a
±0.10 9.13±0.13 9.21

a
±0.13 8.86

c
±0.11 

CV % 6.15 7.73 7.93 6.82 

Remnants weight    (g) 605.36
a
±11.88 593.93

a
±8.79 597.25

a
±8.36 558.22

d
±8.61 

CV % 10.75 8.11 7.66 8.44 

% from carcass  31.51
a
±0.25 32.36

a
±0.34 31.78

a
±0.28 34.92

d
±0.34 

CV % 4.34 5.70 4.82 5.31 

  Mann Whitney-test: 
ab

significant differences p0.05; 
ac

distinguished significant differences p0.01; 

  
ad

high significant differences p0.001 
 

Weight of breast with bone and skin has different values at studied groups 
(from 429.35 g - Lexp.3 up to 558.61.62 g - Lc), and the variance analysis test 
revealed the presence of statistical differences between mean values registred (Lc 
vs. Lexp.1, Lc vs. Lexp.3, Lexp.1 vs. Lexp.3 , Lexp.2 vs. Lexp.3). For breast 
participation in the wholes carcass structure were values from 26.80% (Lexp.3) up 
to 29.20% (Lc) , with statistical differences between average obtained values of: Lc 
compared with Lexp.1, Lexp.1 and Lexp.3; Lexp.3 compared with Lexp.1 and Lexp.2. 

For other parameters studied were found following values of participation in 
whole carcass structure: thighs from 16.02%-Lexp.3 to 16.80%-Lexp.2; shanks from 
13.40%-Lexp.3 to 13.61%-Lexp.2; wings from 8.86%-Lexp.3 to 9.23%-Lc and for 
back, head, neck and legs from 31.51%-Lc to 34.92% Lexp.3. Analysis of variance 
revealed the presence of statistical differences between mean values recorded at 
the studied groups for thighs, wings and carcass remnants, but, there were no 
statistical differences in shanks event.   
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In this experiment, response of the broiler chickens to different levels of 
dietary protein and energy revealed trends consistent with expectation, in the 
experimental groups case. Participation of the trenched  parts in the whole carcass 
structure were influenced by genotype and the protein and energy level of 
combined fodders.  

At the Lexp.2 group, combined fodder with higher protein and energy level 
has positively influenced on participation of the trenched parts in the whole carcass 
structure (breast, wings, thighs and shanks), compared with Lexp.1 group and 
Lexp.3 group. Thus, at Lexp.2 group vs. Lexp.1 group were registered higher values 
with 0.86%, and at Lexp.2 group vs. Lexp.3 group were registered differences of 
+4.82%. 

Broiler chickens „Ross 308‖(Lc group) have higher participation quotas for 
breast and wings and lower for shanks, thighs, remnants carcass, but the situation 
was reversed in case of experimental groups („Arbor Acres‖ hybrid). 

To better express the carcass quality, after deboning was calculated the 
ratio meat/bones the data being presented in table 3. 

Table 3 
Meat/bones ratio 

Specification Control group 
(Lc) 

Experimental groups 

Lexp.₁ Lexp.₂ Lexp.₃ 

Carcass weight  (g) 1768.81
d
±59.26 1686.41

c
±51.88 1734.64

d
±55.00 1461.33

a
±37.27 

CV % 10.59 9.73 10.03 8.07 

Meat in carcass  (g) 1433.67
d
±49.78 1360.74

c
±42.04 1410.33

d
±44.99 1168.77

a
±32.30 

CV % 10.98 9.77 10,09 8.74 

Bones in carcass  (g) 335.14
c
±10.74 325.67

b
±11.20 324.31

b
±11.67 292.55

a
±7.49 

CV % 10.13 10.88 11.38 8.09 

Meat/bones ratio  (g) 4.28
b
±0.08 4.19±0.08 4.37

b
±0.09 4.00

a
±0.10 

CV % 5.56 6.01 6.76 7.74 

      Mann Whitney-test: 
ab

significant differences p0.05; 
ac

distinguished significant differences p0.01; 

     
ad

high significant differences p0.001 

 
Meat quantity in carcass was influenced by genotype and the protein and 

energy level of combined fodders. Thus, at Lc group („Ross 308‖ hybrid) were 
found higher values compared with experimental groups: +5.09% vs. Lexp.1 group; 
+1.63% vs. Lexp.2 group and +18.48% vs. Lexp.3 group. At Lexp.3 group, 
administration of combined fodder with lower level protein and energy has 
negatively influenced the meat quantity from carcass, but situation is reversed for 
Lexp.1 group. For Lexp.2 group vs. Lexp.1 group were registered higher values with 
3.65%, and at Lexp.2 group vs. Lexp.3 group were registered differences of 
+20.66%. 

Mean values for meat/bones ratio ranged between 4.000.10 (Lexp.3) and  

4.370.09 (Lexp.2) was registred one very good uniformity (CV<8.00%) and 
significant statistical differences (Lc group vs. Lexp.3 group; Lexp.2 group vs. Lexp.3 

group). 
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The values obtained in this study are consistent with other results from 
scientific works ( 8, 11, 18). 

Data related to meat chemical composition in the samples issued from 
breast, thighs and shanks are presented in tables 4, 5 and 6. 

The data from table 4 shows that, in breast meat the water content has 
were from 72.80 (Lexp.2) up to 74.48% (Lexp.3), and for dry matter were values 
from 25.52 (Lexp.3) up to 27.20 % (Lexp.2). The analysis of variance revealed 
statistical differences only between Lexp.2 group with Lexp.3 group. 

Proteins content from breast meat were varied between 22.17% at Lexp.3 
group and 24.72% at Lexp.2 group, and lipids with lower values ranged from 0.73% 
at Lexp.2 up to 1.51% at Lexp.3. The differences between mean values reveal 

statistical differences (p0.05) in any considered situation. 
 

Table 4 
The meat chemical compositon from breast 

Specification Control group 
(Lc) 

Experimental groups 

Lexp.₁ Lexp.₂ Lexp.₃ 

Water content    (g) 73.57±0.31 73.59±0.33 72.80
a
±0.22 74.48

b
±0.37 

CV % 0.95 1.02 0.67 1.13 

Dry matter    (g) 26.43±0.36 26.41±0.31 27.20
a
±0.28 25.52

b
±0.37 

CV % 2.67 2.84 1.73 3.26 

Proteins    (g) 23.96
a
±0.36 23.82

ba
±0.31 24.71

ba
±0.28 22.17

b
±0.37 

CV % 3.48 2.98 2.53 3.78 

Lipids    (g) 
CV % 

0.90
a
±0.05 

11.85 
1.01

ba
±0.03 

6.3 
0.73

ba
±0.03 

8.58 
1.51

b
±0.05 

7.13 

Minerals total    (g) 1.105±0.04 1.105±0.04 1.13±0.06 1.08±0.06 

CV % 7.81 7.76 11.63 13.18 

      Mann Whitney-test: 
ab

significant differences p0.05; 
ac

distinguished significant differences p0.01; 

      
ad

high significant differences p0.001 

 
The values obtained at Lexp.2 group are to the higher limit value specified 

in the literature and those recorded in Lexp.3 group to the lower limit  for this meat 
(3, 14, 15, 16, 23). 

In table 5 and 6 are presented the data for meat chemical composition from 
shanks and thighs. Thus, in thighs muscles was found higher water contents (from 
0.04 to 0.43%) and lower dry matter contents (from 0.04 to 0.43%), compared with 
shanks muscles. This could be due to a higher level of lipids in thighs muscles 
(from 7.40 to 9.09%) compared with shanks muscles (from 5.40 to 7.60%).  

Protein content was varied in studied muscle, in thighs were found values 
from 17.62 to 19.02% and in shanks from 19.13  to 21.13% (differences were not 
statistically significant). 

The results obtained are consistent with other data issued in the scientific 
literature (4, 10, 15, 16) 

 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 217 
 

Table 5 
The meat chemical compositon from thighs 

Specification 
Control 

group (Lc) 

Experimental groups 

Lexp.₁ Lexp.₂ Lexp.₃ 

Water content    (g) 72.01±0.49 71.85±0.68 72.16±0.57 71.87±0.66 

CV % 1.53 2.13 1.77 2.08 

Dry matter    (g) 27.99±0.49 28.15±0.68 27.84±0.57 28.13±0.66 

CV % 3.84 5.3 4.46 5.18 

Proteins    (g) 18.56±0.49 18.41±0.68 19.02±0.75 17.62±0.82 

CV % 5.83 8.16 8.78 10.49 

Lipids    (g) 
CV % 

7.92±0.38 
10.16 

8.23±0.33 
8.38 

7.40±0.21 
5.91 

9.09±0.26 
5.86 

Minerals total    (g) 0.92±0.03 0.96±0.01 0.98±0.02 0.91±0.02 

CV % 6.91 3.59 5.53 4.24 

     Mann Whitney-test: 
ab

significant differences p0.05; 
ac

distinguished significant differences p0.01; 

     
ad

high significant differences p0.001 

 
Table 6 

The meat chemical compositon from shanks 

Specification 
Control 

group (Lc) 

Experimental groups 

Lexp.₁ Lexp.₂ Lexp.₃ 

Water content    (g) 71.59±0.56 71.47±0.63 72.04±0.90 71.83±0.69 

CV % 1.76 1.98 2.80 2.16 

Dry matter   (g) 28.41±0.56 28.53±0.63 27.96±0.90 28.17±0.69 

CV % 4.33 4.87 7.12 5.36 

Proteins   (g) 20.47±0.69 20.34±0.68 21.13±0.77 19.13±0.70 

CV % 7.50 7.54 8,13 8.09 

Lipids   (g) 
CV % 

6.33±0.32 
10.45 

6.63±0.21 
6.59 

5.4±0.32 
12.71 

7.6±0.34 
9.45 

Minerals total   (g) 0.99±0.07 0.98±0.05 1.02±0.05 0.92±0.02 

CV % 15.07 11.47 10.68 4.29 

     Mann Whitney-test: 
ab

significant differences p0.05; 
ac

distinguished significant differences p0.01; 

     
ad

high significant differences p0.001 

 
Conclusions 

 
At the Lexp.2 group, administration of combined fodder with higher protein 

and energy level has positively influenced the participation of the trenched parts in 
the whole carcass structure (breast, wings, thighs and shanks), meat/bone ratio, 
dry matter contents and proteins contents from meat. 

By corroborating the results obtained, we can say that at hybrid „Ross 308" 
(Lc), respecting nutritional recommendation from management manual were 
recorded the very good results. Thus, were obtained highest values for the 
trenched parts in the whole carcass structure (breast and wings) and for meat 
quantity in carcas, compared with experimental groups.  

The samples of meat taken from breast were rich in protein and poor in 
lipids, and situation is reversed for thighs and shanks.  
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Highest lipids content in meat was found in Lexp.3 group, by due to certain 
misbalances in the normal feeding rhythm with proteins and energy (higher intake 
of feed to ensure energy necessary, establishing of gut deposits, associated with 
short periods of chickens inactivity), and well as to some birds attempt to facilitate  
the thermoregulation, through development of fat deposits. 
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Summary 

 
In this paper was studied the influence of feed energy-protein level on the growth 

performance (average daily gain, feed conversion), slaughtering efficiency and participation 
of the trenched parts in the whole carcasses structure at „Lohmann Meat‖ hybrid slaughtered 
at 42 days old. The two groups (control group-Lc, experimental group-Lexp.) were given 
feed mixed with different level of energy and protein. Chickens were weighed at: 1, 7, 14, 21, 
35 and 42 days. After slaughter, from each group were sampled 30 carcasses, was 
determined carcasses characteristics using gravimetric measurements. At 42 days, the 
experimental group was recorded higher values for the body weight (+3.95%) and average 
daily gain (+4.18%), compared with the control group. This performance has been achieved 
through an individual average feed intake of at 4.12 kg (Lexp.) to 4.26 kg (Lc), meaning a 
value of 1.692 kg feed/kg gain at group Lexp. and 1.826 kg feed/kg gain at Lc group. The 
fresh carcasses at slaughtering efficiency had values for males chickens from 78.81% (Lc) to 
80.19% (Lexp.) and for females chickens from 77.58% (Lc) to 78.10% (Lexp.). After 
refrigeration, the values were lower by 1.75 up to 1.89%. For participation of the trenched 
parts in the whole carcass structure were registered the highest values at group Lexp. for 
breast, wings, thighs and shanks, compared with Lc group. At group Lexp, which received 
feed with high protein-energy level, average values for feed conversion ratio (FCR) were 
lower and for other studied indicators were higher as compared with control group. 

Key words: „Lohmann Meat‖ hybrid, growth, average daily gain, feed conversion, 

slaughtering efficiency 
 

To be a profitable activity in the growth of meat chickens is necessary to 
know the growth characteristics for each hybrid delivered to market. Every 
company producing broiler chicken has elaborated a management guide 
specifically for each hybrid stating all the necessary technological elements for 
genetic potential exteriorization in condition of obtaining high economic efficiency 
(15). The modern technologies of broiler growth are aimed to valorification the 
genetic potential of the hybrids, feed conversion rate and meat production (24, 26). 
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Poultry meat production and its valorification is under the influence of 
genetic and technological factors (growth technology, microclimate, nutrition, 
ensuring the health and welfare, etc.) (5, 6, 14, 15, 24, 25, 26). 

Only through a proper nutrition program is possible to express maximum 
genetic potential (12, 14, 15, 18, 2, 28). The feed rations must be balanced for 
ensure a proper energy/protein level, correlated with the development stages of 
chickens (14, 15, 19, 20). Rations deficient in protein, even if not clearly reflected in 
the growth performance, have impacting negatively on the carcass meat 
percentage (1, 2, 3, 8, 10, 11, 23, 27).  

Chickens of meat „Lohmann-Meat‖ compared with other hybrids, are very 
sensitive to protein content of ration (28). Thus, a diet rich in quality protein 
improves carcass and meat quality (slaughter yield and chemical composition) at 
„Lohmann-Meat‖ hybrid (16, 17, 27, 28). 

In this paper was studied the influence of feed energy-protein level on the 
growth performance (average daily gain, feed conversion), slaughtering efficiency 
and participation of the trenched parts in the whole carcasses structure  at 
„Lohmann Meat‖ hybrid slaughtered at 42 days old. 

 
Materials and methods 

 
This research was conducted on chicken broiler belonging „Lohmann Meat‖ 

hybrids, sacrificed at 42 days old. In this study we had two groups of chicks (males 
and females): the control group (Lc) and experimental group (Lexp.), reared in the 
same microclimate condition. In the growth period (1-42 days) for microclimate 
factors of the house (air temperature and air relative humidity), the values have 
been according as recommended Aviagen Company in management manual for 
„Lohmann Meat‖ hybrid (28). The growth system was on the permanent litter, with a 
density of 12 chicken/m

2
. The technological system was in accordance with new 

European Union regulation on animal welfare compulsory from 2012 in all EU 
members (29). At the two groups of chickens, we given feed mixed with protein and 
energy levels differently, as follows: Lc-protein and energy level as Aviagen 
Company recommendations for the „Lohmann Meat‖ hybrid (28), Lexp.-protein and 
energy level with 10% higher than Aviagen company recommendations for 
„Lohmann Meat‖ hybrid. Depending on the age of chicks during growth (1-42 days) 
for each group were given three fodder recipes (starter, growing, finishing) (table 1) 
(14, 15, 24, 25, 28). 

In the growth period for each group were made individual weighing at: 1, 7, 
14, 21, 35 and 42 days, to establish the dynamics of body mass,  overall gain for 
each growth period or overall 42 days period and average daily gain. 

The feed intake was determined for each group weekly. Data obtained 
were used to establish the feed intake during each period, average individual 
intake/each feed recipe, daily intake (g/day/chicken) and feed conversion ratio (kg 
feed/kg weight gain). 
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Table 1 
Features of the mixed feed recipes for chickens 

Recipe features 
Chickens group 

Lc Lexp. 
Starter 1-14 days Crude protein (%) 24.02 26.23 

 M. E. (kcal/kg feed) 3041 3270 

 Energy : Protein ratio 126.60 124.7 
Grower 15-35 days Crude protein (%) 22.63 24.90 

 M. E. (kcal/kg feed) 3144 3435 

 Energy : Protein ratio 133.00 137.95 

Finisher 36-42 days Crude protein (%) 21.06 23.12 

 M. E. (kcal/kg feed) 3190 3490 

 Energy : Protein ratio 151.50 150.00 

 
At the end of the growing period (42 days), chickens were slaughtered and 

from each group were sampled 30 carcasses (15 females and 15 males), which 
were weighed before and after refrigeration (24 hours at +4°C) and was determined 
the slaughtering efficiency for fresh and refrigerated carcasses. The slaughtering 
efficiency is ratio of fresh or refrigerated carcass weight and live weight (4, 9).  To 
calculate the slaughtering efficiency were used carcasses gutted with: head, neck 
and legs. 

After cutting the carcasses was determined weight of the trenched parts by 
gravimetric measurements. With this data was calculated the proportion of 
participation of the trenched parts in the whole carcass structure. The trenched 
parts in the carcass were breast with bone and skin, thighs, shanks, wings and the 
remnants consists of head, neck, back and legs. 

Raw data obtained from measurements were processing with biostatistics 
methods using Microsoft Excel spreadsheet application. To test the statistical 
significance of differences between mean values of the studied characters has 
been applied analysis of variance using „t‖-test and Mann Whitney test of the 
program MINITAB 14 (7, 22). 

 
Results and discussions 

 
Table 2 presents the dynamics of body weight in broilers studied and 

differences between the two groups (group Lexp. compared with the control group). 
The data in table 2 shows that, during the growth period (1-42 days) at the two 
groups of chicken, body weight had a linear dynamic. Following gravimetric 
measurements performed it was observed that the values for body weight in 42 

days have been of 2471.9413.23g (Lexp.) and of 2374.1914.64g (Lc). The 
coefficient of variation showed a good uniformity of the flock studied (CV=9.27 to 
11.74%), and the calculation of variance analysis showed the presence of highly 

significant statistical differences (p0.001). 
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At chickens from experimental group, which benefited of rations with 
energy and protein level higher, at the end of growth (42 days) the average body 
weight was higher with 4.11% compared with the control group. 

 
Table 2 

The dynamics of weight gain in studied chickens 

Specification 
Lc(n=300) Lexp. (n=300) Difference 

vs. Lc (%) Weight  (g) CV % Weight  (g) CV % 

one day 41.240.14 5.89 41.270.15 6.12 +0.07 

14 days 373.243.06 14.21 390.563.12 13.85 +4.64 

35 days 1815.96
a
14.83

 14.14 1892.45
d
15.19

 13.90 +4.21 

42 days 2374.19
a
14.64 11.74 2471.94

d
13.23

 9.27 +4.11 

     „t”-test:  
ad 

high significant differences p0.001 

 
Table 3 presents the dynamics of body weight at chickens of the control 

group and experimental group, compared with the standard values for „Lohmann 
Meat‖ hybrid (28). 
 

Table 3 
The dynamics of weight gain of studied chickens as compared with standard 

„Lohmann Meat” hybrid 

Specification 
Weight (g) Differences vs. standard (%) 

Standard Lc Lexp. Lc  Lexp.  

one day 42.00 41.24 41.27 -1.81 -1.74 

14 days 425.00 373.24 390,56 -12.17 -8.10 

35 days 1976.00
 

1815.96
 

1892.45
 

-8.09 -4.22 

42 days 2604.00
 

2374.19
 

2471.94
 

-8.82 -5.07 

 
Comparing the averages values for live weight of chickens broiler studied 

with the standard weights specified in the breeding manual for  „Lohmann Meat‖  
hybrid (28), at growth end period (42 days) were differences from -5.07% at Lexp. 
group up to -8.82% at Lc group. 

Based on this, in results from table 4 was calculated the average individual 
gain recorded on each period of growth and average daily gain at studied chickens. 

The results from table 4 showed a linear ascendant trend, from 23.71 
g/chicken/day (Lc) and 24.95 g/chicken/day (Lexp.) for starter period, at 68.70 
g/chicken/day (Lc) and 71,52 g/chicken/day (Lexp.) during growing period, 
respectively up to 79.35 g/chicken/day (Lc) and 83.50 g/chicken/day (Lexp.) in 
finishing period. For the whole growth period (42 days), the average daily gain was 
calculated at 55.55 g/chicken/day at Lc group and 57.87 g/chicken/day at Lexp. 
group. Thus, for chickens from experimental group were obtained higher values 
(+5.21% in starter period, +4.10% in growing period and +5.22 % in finishing 
period), as compared with the chickens from the control group. 
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Table 4 
Total growth gain for each technological period and average daily gain at the 

studied chickens 
Growth 
period 

Specification Lc  Lexp.  Difference 

vs. Lc (%)  (g) CV %  (g) CV % 
1-14 days g/chicken/period 332.00

a
 1.93 10.08 349.29

c
1.94 9.62 +5.21 

 g/chicken/day 23.71
a
0.14 10.08 24.95

c
0.14 9.62 +5.21 

15-35 days g/chicken/period 1442.70
a
8.31 9.98 1501.89

c
7.88 9.09 +4.10 

 g/chicken/day 68.70
a
0.40 9.98 71.52

c
0.38 9.09 +4.10 

36-42 days g/chicken/period 555.51
a
2.97 9.27 584.50

c
2.78 8.23 +5.22 

 g/chicken/day 79.35
a
0.43 9.27 83.50

c
0.39 8.23 +5.22 

1-42 days g/chicken/period 2332.96
a
12.81 9.51 2430.67

d
11.24 8.01 +4.19 

 g/chicken/day 55.55
a
0.31 9.51 57.87

c
0.27 8.01 +4.19 

     „t”-test: 
ac 

distinguished significant differences p0.01;
   ad 

high significant differences p0.001. 

 
In table 5, was compared average daily gain obtained for studied chickens 

with standard values for „Lohmann Meat‖ hybrid. 
 

Table 5  
Average daily gain of studied chickens compared with  

standard values for „Lohmann Meat” hybrid 

Growth 
period 

Average daily gain (g/chicken/day) Differences vs. standard (%) 

Standard Lc Lexp. Lc Lexp. 

1-14 days 27.35 23.71 24.95 -13.29 -8.78 

15-35 days 73.85 68.70 71.52 -6.97 -3.16 

36-42 days 89.71
 

79.35
 

83.50
 

-11.54 -6.92 

1-14 days 61.00
 

55.55
 

57.87
 

-8.94 -5.13 

 

As compared with the standard  for „Lohmann Meat‖ hybrid, it is found that 
on total growing period (1-42 days) for average daily gain were obtained lower 
values  with -9.66% for the control  group and with -5.94% for Lexp. group (28). 

Feed consumption has been determined weekly for each group, with those 
data have been calculated: average individual intake and the feed conversion ratio 
(FCR). Details referring at feed consumption, average individual intake and the 
feed conversion rate (FCR) are presented in table 6. 

From the data presented in table 6 is apparent that: 
-in starter period (1-14 days) broilers from Lc group  have consumption of 

0.445 kg feed/chicken while the chickens from Lexp. group have an average 
consumption/period of 0.420 kg feed/chicken; 

-in growing period (15-35 days) the average individual consumption was 
from 2.440 kg feed/chicken (Lexp.) at 2.550 kg feed/chicken (Lc); 
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-in finishing period (36-42 days) the feed consumption was high, because 

the average individual consumption was of 1.260 kg feed/chicken at Lc group and 
1.260 kg feed/chicken at Lexp. group;  

-the whole growth period (1-42 days) was characterised by an average 
individual consumption of 4.250 kg feed/chicken at Lc group and 4.120 kg 
feed/chicken at Lexp. group. 

Values obtained in this experiment were under limit of 4.604 kg 
feed/chicken specified by the Aviagen company in management guide for 
„Lohmann Meat‖ hybrid on growing period 1-42 days and 2604 g live weight (28) 
 

Table 6 
 Data referring at the feed consumption 

Growth 
period  

Specification Lc Lexp. 
Difference 

vs. Lc (%) 

Starter  
(1-14 days) 

Average flock size (chickens) 300 300  

Intake/period/group (kg) 133.50 126.00  

Average individual intake/period (kg feed) 0.445 0.420  

Average weight gain (kg/chicken) 0.332 0.349  

Feed conversion ratio (kg feed/kg gain) 1.340 1.203 -10.22 

Grower  
(15-35 days) 

Intake/period/group (kg) 765 732  

Average individual intake/period (kg feed) 2.55 2.44  

Average weight gain (kg/chicken) 1.443 1.502  

Feed conversion ratio (kg feed/kg gain) 1.767 1.625 -8.04 

Finisher  
(36-42 days) 

Intake/period/group (kg) 378 378  

Average individual intake/period (kg feed) 1.26 1.26  

Average weight gain (kg/chicken) 0.555 0.584  

Feed conversion ratio (kg feed/kg gain) 2.270 2.158 -4.93 

Whole 
period 

(1-42 days) 

Intake/period/group (kg) 1276.50 1236.00  

Average individual intake/period (kg feed) 4.255 4.120  

Average weight gain (kg/chicken) 2.330 2.435  

Feed conversion ratio (kg feed/kg gain) 1.826 1.692 -7.34 

 
Knowing average feed consumption and total weight gain, were calculated 

the feed conversion ratio (FCR) for each growth period and for whole growth period 
1-42 days. (table 6). 

The results presented in table 6 have showed a linear ascendant trend for 
this indicator. The best performances have obtained at the chickens from Lexp. 
group, which has  the  values from 1.203 kg feed/kg gain in starter period, at 1.625 
kg feed/kg gain in growing period, up to 2.158 kg feed/kg gain in finisher period. 
Thus, in case of the control group (Lc), as compared with experimental group 
(Lexp.), the values for average feed intake were higher with 10.22% in starter 
period, 8.04% in grower period and 4.93% in finisher period. In table 7 is shown the 
feed conversion ratio for chickens studied (Lc and Lexp.) compared with standard 
values from management manual of the „Lohmann Meat‖ hybrid. 
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On the growing period 1-42 days, feed conversion ratio was calculated at 
1.692 kg feed/kg gain for Lexp. group and 1.826 kg feed/kg gain at Lc group. Thus, 
as compared with standard values from management manual at „Lohmann Meat„ 
hybrid, which are of 1.768 kg feed/kg gain) (28), values obtained in this experiment 
were lower with 4.30% for Lexp. group and higher with 3.28% at Lc group. 

 
Table 7 

 Feed conversion ratio of studied chickens compared with 
standard values for „Lohmann Meat” hybrid 

Growth period 
Feed conversion rate (kg feed/kg gain) Differences vs. standard (%) 

Standard Lc Lexp. Lc Lexp. 

1-14 days 1.151 1.340 1.203 +6.42 +4.52 

15-35 days 1.746 1.767 1.625 +1.20 -6.93 

36-42 days 2.240
 

2.270
 

2.158
 

+1.34 -3.66 

1-42 days 1.768
 

1.826
 

1.692
 

+3.28 -4.30 

 
After slaughter, the carcasses obtained were chilled 24 hours at 

temperature +4°C. Following gravimetric measurements it was observed that the 
values for hot carcass weight (after slaughter) have been between 1747.01 g 
(females-Lc) and 2040.60 g (males-Lexp.) (table 8). The coefficient of variation 
showed a good uniformity of the flock studied (CV=5.74 to 8.51%), and the 
calculation of the variance analysis showed the presence of statistical differences 

(p0.001) between averages values obtained from females chickens and males 
chickens, both before and after refrigeration. 
 

Table 8 
 The values for slaughtering efficiency 

Specification 

Lc Lexp. 

Males (n=15) 
Females 
(n=15) 

Males (n=15) 
Females 
(n=15) 

 
CV 
% 

 
CV 
% 

 
CV 
% 

 
CV 
% 

Live weight (g) 
2463.1

a 

37.62 
5.92 

2251.2
c 

30.21 
5.20 

2541.6
a 

39.36 
6.00 

2283.3
d 

37.42 
6.35 

Fresh carcass weight (g) 
1942.61

a 

36.93 
7,36 

1747.01
c 

25.90 
5.74 

2040.65
a 

44.86 
8.51 

1784.02
d 

33.05 
7.17 

Slaughtering efficiency                        
(fresh carcasses) (%) 

78.81
a 

0.47 
2.29 

77.58
b 

0.39 
1.94 

80.19
a 

0.68 
3.27 

78.10
b 

0.37 
1.82 

Refrigerated carcass weight (g) 
1915.76

a 

36.25 
7.33 

1721.18
c 

25.08 
5.64 

2012.77
a 

44.04 
8.47 

1757.68
d 

31.82 
7.01 

Slaughter efficiency  
(refrigerated carcasses) (%) 

77.43
a 

0.45 
2.25 

76.11
b 

0.36 
1.85 

78.82
a 

0.66 
3.26 

76.03
b 

0.33 
1.67 

Mann Whitney-test: 
ab

significant differences p0.05; 
ac

distinguished significant differences p0.01; 

 
ad

high significant differences p0.001 
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After applying the formula of calculated, were obtained values on the 
slaughtering efficiency for both moments of measurement (fresh and refrigerated 
carcasses) (table 8). Thus, it is noted that the average values obtained from 
measurements taken immediately after slaughter are higher, compared to the yield 
calculated on the refrigerated carcasses (4, 25, 26). 

From the data presented in table 8, follows that at Lexp. group have 
achieved the highest values for slaughtering efficiency (from 78.10% at females 
chickens up to 80.19% at males chickens on fresh carcass and from 76.03% at 
females chickens up to 78.82% at males chickens on refrigerated carcass), while at 
Lc group have recorded the lowest values for both moments of measurement (from 
77.58% at females chickens up to 78.81% at males chickens after slaughter and 
from 76.11% at females chickens up to 77.43% at males chickens after chilling). 
This reducing trend of the carcass weight was determined by dehydration which 
occurs normally during refrigeration period. 

As compared with standard values from broiler management manual 
"Lohmann Meat", values obtained in this experiment were at the upper limit of the 
range specified by the Aviagen Company. Producing company ensures of the 
some values achievement of 71.5% for slaughtering efficiency at females chickens 
with a live weight of 2800 g and 73% for males chickens of 3600 g, in case of fresh 
carcasses and completely gutted. (28). 

The values related to the weight of trenched parts and of their participation 
in the wholes carcass structure are presented in table 9. 

The data presented in table 9 show that: 
-weight of the breast with bone and skin was from 472.97g (females-Lc 

group) up to 576.62 g (males-Lexp. group), the variance analysis revealed the 
presence of statistical differences between average values obtained in males 
chickens and females chickens. Participation in the wholes carcass structure was 
values from 27.42% (females-Lc) up to 28.54% (males-Lexp.), but no were 
statistical differences between average values obtained at females chickens and 
males chickens or between the studied groups; 

-for thighs, were obtained high values, at males chickens from 297.40 g (Lc 
group) to 316.34 g (Lexp. group) and for females chickens from 283.41 g (Lc 
group) to 291.80 g (Lexp. group). If we refer to participation proportion in whole 
carcass structure, values obtained were higher for females chickens, compared 
with males chickens (+6.13% for Lc group and +5.33% for Lexp. group) and slightly 
higher for Lexp. group as compared with Lc group (+0.91% at females and +1.68% 
at males);  

-the shanks have had a greater weight in males chickens (+9.53% for Lc 
group and +12.05% for Lexp. group) compared with females chickens and at the 
carcasses from Lexp. group (+1.90% at females and +4.25% al males) compared 
with the Lc group. For participation in whole carcass structure, average values 
obtained from female‘s chickens were slightly higher as compared with those 
obtained in males chickens; 
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-wings have weighing between 151.98 g in females from Lc group and 
193.23 g in males from Lexp. group. For the participation proportion in the wholes 
carcass structure was values from 8.86% (Lc) to 8.90% (Lexp.) in females chickens 
and from 9.49% (Lc) to 9.58% (Lexp.) in males chickens. The variance analysis 

revealed high significant differences (p0.001) for experimental group and 

distinguished significant differences (p0.01) for control group, between average 
values obtained for males chickens and females chickens; 

-for other components of the carcass (head, neck, back and legs), 
participation in the whole carcasses structure was from 32.21% (Lexp.-males) to 
33.27% (Lc-females). Thus, for experimental group (Lexp.) were obtained lower 
values (-2.37% at females chickens and -3.19% at males chickens), as compared 
with control group. 

 
Table 9 

Participation of the trenched parts in the whole carcass structure  

Specification 

Control group (Lc) Experimental group (Lexp.) 

Males Females Males Females 
n=15 n=15 n=15 n=15 

Breast weight  (g) 539.86
a
13.87

 
472.97

c
13.59 576.62

a
19.89

 
497.72

d
12.96 

CV % 

% from carcass  

9.95 

28.220.27 

11.13 

27.420.47 

9.33 

28.540.17 

10.09 

28.280.37 

CV % 3.71 6.68 2.34 5.03 

Thighs weight  (g) 297.407.94 283.416.18 316.348.20 291.806.16 

CV % 

% from carcass  

10.34 

 15.49
d
0.15 

8.44 

16.44
a
0.14 

10.04 

15.75
a
0.12 

8.18 

16.59
d
0.10 

CV % 3.63 3.40 2.96 2.22 

Shanks weight  (g) 
CV % 

% from carcass  
CV % 

262.20
a
5.23 

7.73 

 13.660.21 
5.88 

239.39
b
4.80 

7.76 

14.010.49 
13.47 

273.35
a
4.51 

11.62 

13.750.10 
2.71 

243.95
b
5.48 

8.70 

14.020.56 

15.54 

Wings weight  (g) 182.19
a
4.97 

 
151.98

c
4.38 193.23

a
4.93

 
156.97

d
4.93 

CV % 

% from carcass  

10.56 

9.49
a
0.16 

11.09 

8.86
c
0.13 

9.89 

9.58
a
0.14 

12.17 

8.90
d
0.13 

CV % 6.53 5.87 3.84 5.49 

Remnants weight  (g) 634.12
a
9.48 572.43

d
10.76 653.23

a
12.59 567.24

d
16.56 

CV % 

% from carcass  

5.79 

33.140.53 

7.28 

33.270.44 

7.46 

32.480.45 

11.31 

32.210.45 

CV % 6.17 5.11 5.36 5.40 

Mann Whitney-test: 
ab

significant differences p0.05; 
ac

distinguished significant differences p0.01; 

 
ad

high significant differences p0.001 

 
Conclusions 

 
At Lexp. group, administration of combined feed with high protein and 

energy levels has determined good growing performances at 42 days old (+4.11% 
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for live weight, +4.19% for average daily gain and -7.34% for feed conversion ratio)  
as compared with Lc. group. 

For Lexp. group, which received rations with high protein and energy level, 
average values for the slaughtering efficiency (fresh and refrigerated carcasses) 
and participation of the trenched parts in the whole carcass structure (breast, 
thighs, shanks and wings)  have been higher as compare with Lc group. 
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Summary 
 

The present paper had the main objective of evaluating the effect of the cow age 
and lactation stage on the count of somatic cells in cow milk. The analysis was performed 
based on 900 evaluated samples, from six cow houses (three farms located near 
Bucharest). The present survey took place in 2010, and the period of study was three 
months. The data was verified statistically using GLM procedure (the analysis of variance), 
considering the herd effect, the father effect, the month of sampling, the cow group 
(multiparas and primiparas), lactation stage at which the sample was collected. The effect of 
all these factors on basic milking yield and the content of somatic cells were mostly highly 
significant. It was observed that concerning the milk use of cows, in time, the number of 
somatic cells increased, while the milk, fat and protein yields decreased.  

Keywords: cow age, milk yield, lactation stage, somatic cells 
 

Cow milk represents a system with a yield and chemical composition that 
may be affected by various factors, including here the genetic and the 
environmental ones. These factors were analyzed in time by many authors (5, 6, 8, 
12), and there was also investigated the effect of the hygienic quality of milk, on its 
yield and chemical composition (2, 3, 4, 15). Some authors claim that clinical 
mastitis in cows represents a very important characteristic for dairy cows, affecting 
the milk production, due to the caused losses. These losses are especially due to 
the increase in number of somatic cells in milk (showing a direct hygienic quality 
deterioration), accompanied by a decrease in the milk yield and chemical 
components (9, 14). So, somatic cells count can be viewed as an indicator of udder 
health status and milking hygiene. Several authors (1, 7, 10, 11, 13) noted that milk 
yield is more than 50 % dependent on the environmental factors and the genetic 
potential of cattle is no completely used, due to the unfavourable conditions 
concerning nutrition and keeping. The aim of the present paper is to establish and 
clarify the role of the selected factors on the somatic cells count, in cow milk 
obtained from six different milk houses from three farms located in Ilfov, Prahova 
and Giurgiu counties.   
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Materials and methods 
 

The study comprised dairy cows from six different milk houses from three 
farms located in Ilfov, Prahova and Giurgiu counties.  This research was performed 
during a period of three months, in 2010. The cow houses represented three farms 
with differences in keeping and nutrition. The effect of the selected factors on the 
count of somatic cells was analyzed on a number of 900 samples. From each 
house, a number of five cows were selected for analysis, in total a number of 30 
cows for the entire study. From each cow, a number of 10 samples /month were 
collected, in total per month being analyzed a number of 300 samples. Concerning 
the data collected for this survey, there were used the results of the control of cow 
milking yield, determined during test milking. Additionally, milk yield traits and its 
chemical components were defined. The data were verified using GLM procedure 
(SAS) and the numerical data concerning the milking yield traits were verified 
statistically with the following model:  

Yijklm = μ + ai + bj + ck+ dl + fm + eijklm 
Where: μ – General mean, ai – effect of i- herd (1-12), bj – effect of j- father 

(1-110), ck – effect of k- month sampling (1-12), dl – effect of the l- group of cows 
(primiparas, multiparas), fm – effect of m- lactation stage (<101; 101-200; 2001-
300; 301-400; >400), eijklm – random error. 

The significance of differences within the levels of the factors studied was 
defined with the Scheffe test (12). 
 

Results and discussions 
 

The variance analysis showed that the effect of the studied factors on most cow 
milking yield traits considered in cows during milking test was significantly high and 
very high (table 1, fig. 1). 
 

Table 1 
Value of Femp and the level of significance of the effect of the factors studied 

on milking capacity traits of the cows 
 

Factors 

Characteristics 

Milk yield 
[kg] 

Fat 
(%) 

Fat yield 
[kg] 

Protein 
(%) 

Protein 
yield 
[kg] 

SCC 
(mean (x 10) + 

standard 
deviation) 

Herd 47.56 ** 3.12 ** 44.63 ** 2.58* 51.87 ** 28.5 + 1.05 

Month of test 7.23 ** 17.46 ** 8.14 ** 12.27 ** 5.12 ** 29.7 + 1.36 

Group of cows 53.28 ** 27.54 ** 67.18 ** 23.42 ** 44.29 ** 32.8 + 1.16 

Lactation stage 13.17 ** 2.57 ** 8.75 ** 3.34 ** 9.62 ** 26.6 + 1.24 

* p < 0.05 
** p < 0.001 
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Fig. 1. Value of Femp and the level of significance of the effect of the factors studied 

on milking capacity traits of the cows 
 

The values for Femp presented ranges between 2.35 and 67.18. The somatic cell 
count was affected in a very highly significant manner, with the effect of the month 
not being significant. The cows were divided in primiparas and multiparas, being 
found that the latter produced a higher quantity of milk, fat and protein (table 2).  
 

Table 2 
Daily milk yield, composition and somatic cells count in from primiparas and 

multiparas 

Cow 
groups 

Characteristics 

n 
Milk 
yield 
(kg) 

Fat 
yield 
(kg) 

Fat 
(%) 

Protein 
yield (kg) 

Protein 
(%) 

SCC 
(mean(x 10) 
+ standard 
deviation) 

Primiparas 557 19.78* 0.79* 3.95* 0.67* 3.14* 37.8 + 1.74 

Multiparas 343 23.39* 0.98* 4.26* 0.74* 3.26* 38.5 + 1.28 

* Values significantly different p < 0.01 
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Fig. 2. Daily milk yield, composition of milk from primiparas and multiparas 

 
In addition, the milk obtained from these cows was identified as containing 

a higher number of somatic cells. The differences concerning productivity of milking 
in the studied groups were highly significant. A comparison between daily milk 
yield, chemical composition and content of somatic cells in milk, concerning 
lactation stage showed that the higher yields were observed in cows being at the 
initial lactation stage (<100 days), lower yields being showed in cows between 
100

th
 and 200

th
 lactation day (table 3, fig. 3).  

Table 3 
Daily milk yield, composition and concentration of somatic cells, depending 

on lactation stage 

Lactation 
stage 

Characteristics 

n 
Milk yield 

(kg) 
Fat yield 

(kg) 
Protein yield 

(kg) 
Fat 
(%) 

Protein 
(%) 

SCC 
(mean (x 10) + 

standard 
deviation) 

< 101 276 31.74 1.14 0.85 4.01 3.08 35.6 + 1.21 

101-200 158 25.96 1.03 0.82 4.15 3.34 34.8 + 1.03 

201-300 162 21.14 0.97 0.74 4.23 3.41 29.6 + 1.45 

301-400 175 13.95 0.56 0.49 3.48 2.89 31.5 + 1.27 

>400 129 10.27 0.48 0.37 3.67 2.97 28.4 + 1.16 
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Fig. 3 - Daily milk yield, composition and concentration of somatic cells, depending 

on lactation stage 
 

After 400 days of lactation, the milk yield reached 10.27 kg, accompanied 
with a low fat and protein yield (table 3). The differences showed a particular high 
significance. Concerning the present survey, the content of fat and protein in milk 
during the test milkings presented a growth. The highest concentration in fat and 
protein was identified on cows being between 200

th
 and 300

th
 lactation day. After 

the 300
th
 day, these nutrients showed a rapid decrease. The differences 

concerning these parameters showed high significance (table 3). The lowest 
content of somatic cells was found at cows in the beginning of lactation; whilst the 
lactation progresses, their content increases.  

The researches concerning this thematic (cow productivity, content of 
somatic cells) performed by other scientific teams, demonstrated a highly 
significant effect of the herd on the count of somatic cells, while others presented 
no significant effect of the first factor on the other parameter. Moreover, somatic 
cells, lactation curves and milk yields usually show opposite patterns, especially 
due to the presence of mastitis.  
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Other reports on the same topic revealed that multiparas, as compared to 
primiparas, demonstrated a significantly greater count of somatic cells, daily milk 
yield and content of fat in milk. The proteins content in % showed no significant 
differences. In another survey it was demonstrated that concerning the primiparas, 
the daily milk yield and the content of fat and protein were lower in older cows, 
while multiparas showed the lowest values for somatic cells count.  
 

Conclusions 
 

The multiparas cows produced a higher quantity of milk, with a higher yield 
and content of fat and protein, in comparison to primiparas cows. At the same time, 
their milk was rich in somatic cells. The lowest content in somatic cells was 
revealed at the beginning of lactation; while lactation was progressing, the content 
of somatic cells in the tested milk showed a significant increase.  
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Summary 

 
The aim of this work was the quantitative and qualitative assessment of the fungi in 

the air of dairy cattle barns with tie stalls. The study was ruled in 20 barns in Transylvania, 
between December 2009 and January 2010. In each barn two determinations were made 
(1/month) in the morning and in the evening, in three different points (in the centre and at 
both ends). A total number of 240 samples were collected and analysed. The number of 
fungi varied in the investigated barns between 2.00 × 10

3
 CFU/

 
m

3
 and 4.15 × 10

4
 CFU/

 
m

3
 

in the morning and between 5.6 × 10
3
 CFU/

 
m

3
 and 7.85 × 10

4
 CFU/

 
m

3
 in the evening, with 

mean values of 1.56 × 10
4
 CFU/

 
m

3
 and 2.31 × 10

4
 CFU/

 
m

3
, respectively. Although the 

number of fungi was higher in the evening than in the morning, the difference was not 
statistically significant (t test, p>0.05). The dominant airborne fungi were within the genera 
Penicillium, Aspergillus, Cladosporium and yeasts. The study showed that both in the 
morning and in the evening the numbers of fungi are quite variable and elevated in the air of 
dairy cattle barns with tie stalls. As a result, the dairy cows and farm workers can be 
exposed to large quantities of airborne fungi that pose a potential risk of disease. 

Key words: airborne fungi, dairy cattle, indoor air quality, air microbiology 
 

The inside air of animal houses usually harbours quite variable numbers of 
microorganisms, depending on different parameters, such as the size of the 
livestock, breeding and production technologies, the floor and bedding types, the 
air temperature and humidity and, especially, the ventilation level (11, 15). Fungi 
are just one, ubiquitous group of animal housing air pollutants, having the potential 
to induce allergologic and toxicological effects on health. The density and quality of 
airborne fungi in the barns‘ air influences the health of animals, human workers and 
not lastly the degree of bacterial pollution of the close environment of the barns. 
The rate of potential hazard depends on the fungi count, microclimate parameters, 
animal housing construction, animal density and keeping and feeding conditions 
(11, 14). 

In cattle barns, a wide range of fungal growth substrates like moldy 
livestock foods, moldy hay, bedding of animals and their excreta are present, which 
could provide a huge airborne fungal spore load making these places unhygienic 
for the workers. Consistently, more respiratory symptoms and impaired levels of 
respiratory function among the dairy farmers were reported by many researchers 
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(2, 16) compared to the control subjects. Westeel et al. (16) concluded that the 
respiratory allergy played a role on the impaired respiratory function among the 
dairy workers and allergic sensitization to some fungi constituted a risk factor for 
the development of respiratory airflow obstructions.  

Considering these aspects, the aim of our study was the assessment of the 
density and quality of airborne fungi in the in tie-stall dairy cattle houses. 

 
Materials and methods 

 
The study was performed in 20 dairy cattle barns (30-120 cows/barn), with 

tie stalls, in Transylvania, between December 2009 - January 2010. All the barns 
were closed, with solid flooring. In 80% of the investigated barns the manure 
removal was done manually (once or twice a day). Only one barn had mechanical 
ventilation, all the others were naturally ventilated. The cows were kept in the 
majority of the barns on short beds. In 80% of the barns bedding was used (straw, 
sawdust) on the cows‘ bed. The cows are tethered in the barns in the cold season 
(pasturing in the rest of the year) or permanently (without pasturing). In each barn 

two determinations were made (1/month), in the morning and in the evening. The air 
sampling was made early in the morning (5-6 a.m.) and in the evening (6-7 p.m.) in 
three different locations of the barns (at the ends and in the centre) at a height of 
1.5 m above the flooring. A total number of 240 samples were collected and analysed. Air 
samples were taken using a MAS-100 air sampler (Merck, Germany) based on the 
principle of the Andersen air sampler. Fungi were collected and grown in Petri 
dishes on Sabouraud agar. The air was sampled in a volume of 10 L because 
preliminary studies showed it to be optimal for the subsequent plate analysis and 
type of agar. The plates were incubated for 5 days at 22 C°. The grown colonies 
were calculated by a mechanical optic colony counter, and the results were 
corrected by using the conversion formula devised by Feller (6). The mean number 
of fungi was calculated for each barn and as mean number for all of the 20 barns, 
both for the morning and for the evening samples. The average number of fungi 
was calculated as colony-forming units in one cubic metre of air (CFU/m

3
).  

The obtained data were statistically processed using the SPSS version 17 
software. The descriptive statistical indicators (mean, standard deviation, median, 
minimum, maximum) were calculated for the fungi in the 20 dairy cattle houses. 
The comparison of the values obtained in the morning and in the evening was done 
with the Student t Test. 

 
Results and discussions 

 
Table 1 presents the values of descriptive statistical parameters (mean, 

standard deviation, median, minimum, maximum) for the numbers of fungi 
determined in the 20 dairy cattle barns in the morning and in the evening. It can be 
observed that the values are slightly higher for the evening determination in 
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comparison with the morning samples. The numbers of fungi varied in the 
investigated barns between 2.00 × 10

3 
- 7.85 × 10

4 
CFU/m

3
. The values obtained in 

our study are consistent with literature data, where the total fungi count in dairy 
cattle housing is in a range of 10

3
-10

9
 cfu/m

3
. 

 
Table 1 

Descriptive statistical indicators for the numbers of fungi (CFU/
 
m

3
) 

determined in the barns in the morning and in the evening 

Parameter Morning Evening 

Mean 1.56 × 10
4
 2.31 × 10

4
 

n 20 20 

Standard deviation 1.23 x10
4
 1.94 x10

4
 

Minimum 2.00 × 10
3
 5.6 × 10

3
 

Maximum 4.15 × 10
4
 7.85 × 10

4
 

Median 1.26 × 10
4
 1.84 × 10

4
 

n = number of barns 
CFU/m

3
 = colony-forming units in one cubic metre of air 

 
Hanhela et al. (7) found the concentrations of 10

2
–10

7
 CFU/m3 for viable 

fungi in Finnish cow barns and Duchaine et al. (5) reported about 10
6
 CFU/m3 

levels of viable airborne fungi from the dairy farms of Quebec, Canada. Adhikari et 
al. (1) found a mean concentration level of 1.6 x 10

2 
– 2.2 x 10

3
 CFU/m

3
 in an cattle 

shed in India and more recently Matković et al. (12) reported that fungi count in the 
stables housing dairy cows ranged from 3.98 x 10

3
 CFU/m

3
 to 5.11 x 10

4
 CFU/m

3
. 

The mean number of fungi in the investigated barns was higher in the evening than 
in the morning (Table 1), similar to the report of Matković et al. (12). The fungi 
count increased in the evening, which could be related to diurnal animal activity 
and barn manipulation. In order to compare the values of determinations made in 
the morning and those made in the evening the Student t Test was used, which 
showed no significant differences between the two determinations (in the morning 
and in the evening) for the numbers of fungi (P>0.05). 

The total fungi count in barns‘ air depends on the animal species, housing 
conditions, and procedures of animal feeding and grooming. The animals, their 
feed, bedding and faeces are sources of microorganisms. The exact number of 
microorganisms, including fungi, in the barns‘ air is difficult to determine because 
aerial microorganisms are liable to sedimentation, aggregation, ventilation, 
dehydration, radiation and other stressors influencing their viability (17). It may also 
vary according to the sampling technique employed. 

The increasing concentrations of fungi in the air indicate the presence of 
continuous contamination sources and a raised risk of mycoses and of allergic 
conditions, through the repeated contacts with the fungi. Wet and humid conditions 
induce decomposition of raw organic materials in cattle houses, which provide 
suitable condition for growth of fungi and consequently increasing the airborne 
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spore load. De Lucca (3) points out that most fungi are saprophytic and not 
pathogenic to plants, animals and humans. Some recorded fungi were earlier 
reported as allergenic, toxic, and pathogenic for occupational workers as well as 
cattle population (2, 16). 

The qualitative structure of airborne fungi and their frequency distribution is 
shown in table 2. 
 

Table 2 
Type and frequency distribution (%) of airborne fungi isolated in dairy barns 

in the morning and in the evening (n=120) 

Fungi Morning Evening 

Alternaria spp. 
Aspergillus spp. 
Cladosporium spp. 
Fusarium spp. 
Mucor spp. 
Penicillium spp. 
Rhizopus spp. 
Scopulariopsis spp. 
Yeast 

1.7 
32.5 
6.7 
4.2 
3.3 
23.3 
5.6 
2.5 
20.2 

2.5 
30.8 
7.5 
5.8 
2.5 
20 
7.5 
3.3 
20.1 

 
The dominant airborne fungi were members of the genera Aspergillus, 

Penicillium, Cladosporium and yeasts, both in the morning and in the evening 
(table 2). These results are similar to the findings reported by studies performed in 
many other indoor environments of the same study area (1, 8, 9, 12, 14).  

High level of biodiversity was found in all of the barns. The dominant 
species correlate closely with fungal infections. The most frequent aerosol fungi 
belongs to genus Aspergillus, some of which are opportunistic pathogens. Some 
Aspergillus may produce aflatoxins that induce tumors or reduce white blood cell 
counts. Death due to aflatoxins has been reported in humans, animals and birds 
(4). The second most frequent species belong to genus Penicillium that infects 
human beings who are affected by leukaemia or lymphoma. Some species may 
infect brain or lungs, producing ochratoxins (13). The third frecvent genus is 
Cladosporium. The airborne spores of Cladosporium species are significant 
allergens, and in large amounts they can severely affect asthmatics and people 
with respiratory diseases (10). Prolonged exposure may weaken the immune 
system. Cladosporium species produce no major mycotoxins of concern, but do 
produce volatile organic compounds (VOCs) associated with odours. Various 
yeasts are commonly identified in air samples. Some yeasts are reported to be 
allergenic. They may cause problems if a person has had previous exposure and 
developed hypersensitivity. Yeasts may be allergenic to susceptible individuals 
when present in sufficient concentrations.  

http://en.wikipedia.org/wiki/Allergen
http://en.wikipedia.org/wiki/Mycotoxin
http://en.wikipedia.org/wiki/Volatile_organic_compound
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Conclusions 
 

The study showed that both in the morning and in the evening the numbers 
of fungi are quite variable and elevated in the air of dairy cattle barns with tie stalls. 
The dominant species correlate closely with fungal infections. As a result, the dairy 
cows and farm workers can be exposed to large quantities and high diversity of 
airborne fungi that pose a potential risk of disease. 
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Summary 

 

The aim of the work was to assess dairy cows welfare in both tie-stall and free-stall 
farms in Transylvania (Romania). Given that in Romania there is no approved welfare 
assessment system for farm animals, the Austrian system ANI 35 L/2000-cattle (Animal 
Needs Index 35 L/2000 for cattle) was used. We assessed forty cattle houses over the 
period of January – February 2010. The obtained overall ANI scores for the forty barns 
ranged between 10.5 and 37 points with a mean value of 23.77 ± 6.19 points. The ANI 
scores were significantly higher in the free-stall barns than in those with tie-stalls (Mann-
Whitney test, p < 0.0001). The mean scores for the five categories of factors were: 5.50 ± 
2.22 for locomotion, 5.14 ± 2.45 for social interactions, 4.11 ± 0.93 for flooring, 4.34 ± 1.20 
for light and air and 4.68 ± 0.90 for stockmanship. The mean scores obtained for these 
groups of factors were significantly lower in tie-stall barns compared to free-stall system 
(Mann-Whitney test, p < 0.001), with only one exception, namely, the category of 
stockmanship, which had higher scores in tie-stall houses (Mann-Whitney test, p < 0.01). 
The obtained results indicate better welfare of dairy cows in free-stall housing than in tie-stall 
systems. Proper measures are needed in all the barns which obtained low ANI scores in 
order to improve the welfare of dairy cows, with special attention to flooring, air and light and 
stockmanship. 

Keywords:  welfare, dairy cattle, free-stall, tie-stall, locomotion 
 

Public concern about dairy cattle welfare has steadily grown during recent 
years, due to its impact on animal health and, implicitly, upon public health. Welfare 
assessment importance has many aspects, such as identifying current welfare 
problems, checking if farm assurance and legislative requirements have been met, 
indicating risk factors leading to a welfare problem, testing the efficacy of 
interventions, formulating a product information/labeling system, or as a research 
tool for evaluating and comparing production systems, environments, management 
systems, animal genotypes etc. (24). High standards of animal welfare have been, 
and will continue to be, important to the dairy industry. The scientific research has 
clearly demonstrated that the improvement of the animal welfare on the farm is an 
effective tool to boost the farm profits by reducing costs related to poor animal 
health and performance.  
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Studies done worldwide showed that dairy cows welfare differs in tie-stall 
and free-stall systems. It is difficult to draw a general conclusion on the effect of 
housing system on dairy cows welfare, this being an open field for further research. 
The magnitude of the effect can widely depend on the specific conditions each 
system assures. Most of the researchers agree, though, that the tie-stall housing of 
the farm animals shows several drawbacks, compared to free-stall systems, such 
as the limited movement ability, restriction of environmental stimuli, decreased 
possibilities for social behaviour development (6).  

At present, some monitoring systems for dairy cattle have been developed. 
Traditionally, farm animal welfare assessment has focused on the measurement of 
resources provided to the animal such as housing and design criteria (2). The use 
of such indirect resource-based criteria is attractive because their measurement is 
mostly quick, easy and reliable (25). Attempts to create an operational welfare 
assessment protocol, primarily relying on animal-related parameters, have mainly 
been done with regard to dairy cows (e.g. 7, 23, 25). Generally, establishing these 
parameters requires expensive investigations and intensive experimental effort 
hence, they are less suited for field practice. More efficient and expedient are the 
numerical assessment systems (1, 2). At present, there are two systems of this 
kind for animal welfare assessment, approved and used on international level, 
namely the system ANI 35 (Animal Needs Index 35) devised by Bartussek, 
currently used in Austria, and TGI 200 (Tier-Gerechtheits-Index) proposed by 
Sundrum et al. (19), currently used in Germany.

 
 

Concerning all these aspects, the aim of our work was the welfare 
assessment of dairy cows, kept in tie-stall and free-stall housing in Transylvanian 
farms, based on the Austrian system ANI 35 L/2000-cattle used in many countries.  

 
Materials and methods 

 
The study was conducted in 40 dairy cow houses (90.6 ±39.9 cows/barn) 

in Transylvania (Romania), 20 barns with tie-stalls (69.25 ±30.487 cows/barn) and 
20 with free-stalls (111.95±37.26 cows/barn), over January - February 2010. All of 
the tie-stall barns were closed, with solid flooring. Manure evacuation was done 
either manually or mechanically. With only one exception, the cattle houses had 
only natural ventilation systems. The cow houses usually had short beds (60% of 
barns). In 90% of the barns bedding was used (straw, sawdust). The free-stall 
houses were both closed (70%) and half-opened (30%), having cubicles for cows 
rest. The milking (automatic) was done in milking parlors. In the majority of the free-
stall barns sawdust bedding was used. During the study, each farm was visited 
once. The welfare degree assessment was made using the Austrian system ANI 35 
L/2000-cattle, devised by Bartussek et al. (3). The welfare of cows was evaluated 
for each barn based on the 5 annexes of the system ANI 35 L/2000-cattle. Each 
parameter of the five factor categories (locomotion, social interaction, flooring, light 
and air, stockmanship) was awarded points, after which, an overall score was 
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established by groups of factors, adding the points awarded. Then, the final ANI 35 
L/2000 score was calculated, representing the sum of scores for the five factor 
categories.  

In order to assess the air quality in the barns, veterinary hygiene specific 
methods and devices were used: Testo 400 (Testo GmbH & Co) device for the 
measurements of air temperature, relative humidity and airflow velocity; Dräger – 
Multiwarn II (Dräger Safety, Germany) device to determine the concentration of 
noxious gasses in the air (carbon dioxide, ammonia, hydrogen sulfide); electronic 
luxmeter for the measurement of illumination. The measurements and the 
calculations were done according to the instructions of the assessment system. 
The cows‘ body cleanliness was assessed using the system (hygiene scoring 
system) proposed by Cook (8). Three body regions were assessed: lower leg, 
udder and flank and upper leg, awarding points (from 1 to 4), depending on 
dejection soiling of these areas. For each area a different score was assigned. At 
the end, the proportion of scores of 3 and 4 (too dirty) was calculated for the three 
body regions of the cows from each barn. The skin lesions were assessed in any 
body area, through the method proposed by Leeb et al. (13). Other aspects 
regarding the animals and their houses were evaluated through observation. Some 
of the data required by the assessment system were provided by the farmers.  

The results were processed using the SPSS version 17 software. The 
descriptive statistical indicators (mean, standard deviation, median, minimum, 
maximum) were calculated from the obtained scores. For the comparison, the non-
parametric Mann-Whitney test was used. 
 

Results and discussions 
 

The descriptive statistical parameters (mean, standard deviation, median, 
minimum, maximum) for the mean scores of the five factor-categories (locomotion, 
social interaction, flooring, light and air and stockmanship) and for the final ANI 
score obtained in the 40 dairy cattle barns are shown in Table 1.  
 

Table 1. 
Descriptive statistic analysis for general scores of the five assessment 

categories and the overall ANI score for the 40 investigated dairy cattle farms 
Parameter Locomotion Social 

interaction 
Flooring Light 

and air 
Stockmanship 

 
ANI 

value 

n 40 40 40 40 40 40 

Mean 5.50 5.14 4.11 4.34 4.68 23.77 

Stand Dev 2.22 2.45 0.93 1.20 0.90 6.19 

Minimum 2.00 1.50 1.50 1.50 3.00 10.50 

Median 5.50 5.00 4.00 4.75 5.00 26.00 

Maximum 9.50 9.00 6.50 7.00 6.50 37.00 

n = number of farms 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 247 
 

The ANI scores registered in each of the 40 investigated dairy cattle 
houses are represented in Figure 1. The overall ANI scores ranged between 10.5 
and 37 points, with a mean value of 23.77 ± 6.19 points. 
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Fig 1. The ANI scores in each of the 40 investigated dairy cattle barns with different 

housing systems in Transylvania 
 

Table 2 shows the comparison of descriptive statistical parameters (mean, 
standard deviation, median, minimum, maximum) for the mean scores of the five 
factor categories (locomotion, social interaction, flooring, light and air and 
stockmanship) and the ANI scores obtained in the free-stall barns (FS) and in the 
tie-stall barns (TS).  
 

Table 2. 
Descriptive statistic analysis for general scores of the five assessment 

categories and the overall ANI score for tie-stall (TS) and free-stall (FS) barns 
in Transylvania 

Para 
meter 

Locomotion Social 
interaction 

Flooring Light and 
air 

Stockman 
ship 

ANI value 

 FS       TS FS        TS FS         TS FS         TS FS          TS FS         TS 

n 20 20 20 20 20 20 

Mean 7.50
a
  3.50 7.27

a
  3.00 4.72

a
  3.50 5.07

b
  3.60 4.30  5.07

b
 28.87

a
  18.67 

SD 0.94   0.90 1.14   1.17 0.67   0.72 0.84   1.05 0.64   0.98 2.54      4.15 

Med 7.50   3.50 7.25   2.75 5.00   3.50 5.00   3.00 4.00   5.00 28.75   18.25 

Min 5.50   2.00 5.00   1.50 4.00   1.50 4.00   1.50 3.00   3.00 24.50   10.50 

Max 9.50   5.50 9.00   5.50 6.50   4.50 7.00   5.50 6.00   6.50 37.00   26.50 

n= number of barns 
FS = free-stall barn; TS = tie-stall barn 
SD = standard deviation; Med= median; Min= minimum; Max= maximum 
 
a
 =

 
p < 0.0001 considered extremely significant; 

b
 = p < 0.001 considered very significant between FS 

and TS 
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The Mann-Whitney test showed extremely significant differences between 
the mean ANI scores of the free-stall and of tie-stall barns (p < 0.0001). The mean 
scores obtained for the factor groups were significantly lower in the tie-stall houses, 
comparative to the free-stall barns (Mann-Whitney test, p < 0.0001 for locomotion, 
social interaction, flooring; p < 0.001 for light and air), with a single exception, 
namely the stockmanship category, which had significantly higher scores in the tie-
stall houses (Mann-Whitney test, p < 0.01). 

Given that in Romania there is no official system for the evaluation of the 
farm animals welfare, we used the Austrian ANI 35 L/2000 for cattle, which is an 
improved version derived from the original German one TGI, published for the first 
time in 1996 (3). The system we used proved to be expedient and efficient in dairy 
cows welfare assessment in the Romanian farms too, as shown in previous studies 
(16). The ANI system is currently used in Austria, but also in other countries, in 
ecological and conventional dairy cattle farms as well as for other categories of 
bovine and farm animal species. The ANI system analyses five groups of factors, to 
which scores are awarded. In this system, for some factors, the scoring is done by 
comparison with numerical references as well as by ratings awarded, and for other 
factors by assigning ratings depending on the general score obtained by adding-up 
the points for the criteria used in the assessment of the respective factors. It is 
clear that ANI does not evaluate the whole range of essential needs farm animals 
may have but only the housing conditions, based on what we know to be important 
in meeting the animals needs from which ensue their wellbeing. With all these in 
mind, Bartussek himself suggested the ‗Housing Condition Score‘ (HCS) term, in 
2000. The researches showed that ANI 35 L is an accurate and reliable tool for 
animals in farm welfare assessment (1).  

In our study, the ANI score varied widely in the investigated barns (Figure 
1). Theoretically, this score can take any value between – 9 and + 45.5 (3). The 
use of the overall sum of the points allows for the compensation of the poor 
conditions within one category by the better conditions within the other factor-
group. This feature provides more opportunities for the manager and the breeder to 
improve the assessment result for those cases in which the obtained ANI score 
falls below the required standards. The results of other researches indicate similar 
values. In a study made by Seo et al. (18) in dairy cattle farms with free-stall and 
tie-stall housing in Japan, the ANI scores ranged from 6 to 40 points, with a mean 
value of 17.8 points, significantly higher values having the cattle houses with free-
stall system. In our study too, the highest scores were obtained for the barns with 
free-stall housing (FS), the Mann-Whitney test demonstrating extremely significant 
differences (p < 0.0001) among the ANI score values for the two system types 
(Table 2). The low ANI scores indicate poor, improper welfare, as identified by us in 
the majority of the tie-stall barns (Figure 1). In terms of welfare, the housing of 
cattle in tie-stalls presents several drawbacks towards loose housing, such as the 
restricted movement possibility, limited environmental stimuli and reduced 
possibility of developing social behaviour (6). Furthermore, some studies also 
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suggest that cows in tie-stalls may have a higher clinical mastitis rate, a higher 
disease rate and a lower fertility status (21), although, obviously, these variables 
can also be affected by other factors such as prophylaxis and cleaning routines. 
Another disadvantage of tie-stalls compared to loose housing systems is a higher 
incidence of pedal and body lesions (12), especially when cows do not have 
access to regular outdoor exercise (17). Due to the disadvantages of the tie-stall 
housing, the free-stall housing in cattle breeding gains more and more ground 
worldwide, because it increases economic efficiency through the dramatic 
reduction of workforce and by providing the animals with conditions resembling 
those of their phylogenetic evolution. For these reasons, in developed countries 
many farmers replaced the tie-stall animal housing system with systems in which 
animals are kept free. In our country, even if slower, the process is also occurring. 

Concerning the mean scores obtained for the groups of factors, it can be 
observed that these had significantly lower values in tie-stall barns compared to 
free-stall houses, with a single exception, namely, the category stockmanship 
(Table 2).  

For the category of locomotion, the score, between minimum 0 and 
maximum 10.5 points (3), evaluates the movement possibility of the animals and 
their exhibition of locomotory behaviour in accordance with their behavioural needs. 
The resulted low mean value (Table 2) in the tie-stall barns shows decreased 
movement possibilities of the animals, mainly because of tethering but also 
because of improper stall and bed dimensions and absence of exercise paddocks. 
Higher scores, indicating better welfare, were obtained in those farms in which 
animals have more access to pasture and/or to paddocks, as the results of other 
studies show it too (17, 18). It is proved that the lack of movement endangers the 
welfare of animals (10, 14). Conversely, the majority of free-stall barns registered 
high scores for this factor-category. 

For the social interaction group, the awarded points can range between 
minimum -1 and maximum 10, the highest score being assigned to those breeding 
systems in which the calf is born within the herd, has permanent visual contact with 
the herd or in which the calf is separated from the herd only during the summer 
months, when cows are on pasture (3). For this category, high mean scores were 
obtained in free-stall housing systems (Table 2). The low mean value observed in 
tie-stall barns indicates reduced social interaction, as highlighted in scientific 
literature (6). The social contact among the members of the same species is an 
important aspect of natural behaviour in farm animals (15). Those housing systems 
isolating or severely restricting farm animals by tethering or huddling them in scanty 
enclosures are confronted with increasing opposition or were liquidated. 
Consequently, it was established that the possibility to display social behaviour 
must be evaluated as a basic element of farm animals welfare (5). The avoidance 
of social aggression is an other issue, first and foremost of space allowance, barn 
structure and housing conditions but also of the structure and species related size 
of the animal group or herd (4). 
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Flooring constitutes the third field of influence. Certainly, flooring of resting 
and lying areas, of intense traffic zones, passages, alleys, exterior paddocks have 
marked influence upon animals‘ health, behaviour and welfare (20, 22). The 
flooring must fulfill the special needs of each animal species. Thus, flooring should 
be designed and maintained in such a manner that cows can move confidently 
inside the barn without slipping or falling, especially when floors are covered with 
manure. Poorly designed, constructed and managed concrete floors can cause 
considerable lesions of the hoof walls, sole and also severe injuries through 
slipping and falling of the animals. The flooring category score can range from 
minimum - 2,5 to maximum 8 points (3). The low mean score recorded by the 
flooring category in all of the investigated barns indicate major deficiencies for this 
element (Table 1) with negative influence on health and welfare of cows. 

For the light and air category minimum - 2 and maximum 9.5 points can be 
awarded (3). The mean score obtained in our study (Table 1) indicates in the 
assessed barns, mainly in those with tied cows, improper lighting and air quality. 
The farmers‘ attention to the importance of the microclimatic conditions appears to 
be totally deficient. In our study 80% of the investigated barns had no adequate 
ventilation. Certainly, the air quality is an important environmental factor influencing 
the cows health and welfare (22). It is recommended to avoid air currents thus 
preventing heat loss and cold stress which can lead to infections, especially in 
young animals. The lighting influences the health, fertility and behaviour of livestock 
through spectral composition, intensity and daily and seasonal rhythmical 
alterations. During the night, a reduced level of lighting in animal buildings is 
benefic, cows being able to see the access ways to the feeding, resting or lying 
areas of the building. The artificial amplification of lighting during the day proved to 
increase milk production (9). The reported improvement in reproductive 
performance may be the result of better observation conditions.  

The scores for the stockmanship category can range between minimum – 
3 and maximum 8 points (3). The main value obtained in our study (Table 1) shows 
deficiencies in the assessed barns, especially in those with free housing (Table 2). 
In tie-stall barns we observed a better quality of human-animal relationship 
(through indirect indicators), possibly due to more frequent contacts between 
keeper and animals (milking, tethering, untethering and so on). The relationship 
between animals and the person who tends them can have substantial influence on 
the response of the animals to a wide range of factors (11). 
 

Conclusions 
 

The obtained results indicate a higher degree of cow welfare in free-stalls, 
as opposed to tie-stall barns. Proper measures are needed in all the barns which 
obtained low ANI scores in order to improve the welfare of dairy cows, with special 
attention to flooring, air and light and stockmanship. Regarding the tie-stall barns, 
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according to the results obtained, the most certain improvement in the dairy cows 
welfare will be attained by making the transition to free-stall housing.  
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Summary 

 

 The aim of the present study was to investigate the significance of acute phase 
proteins as welfare indicators in dairy cows. Twenty Red Holstein cross-bred dairy cows 
were included in this study and divided in two groups: ten prepartum cows (ninth gestation 
month) and ten postpartum cows (5 to 22 days following parturition). All cows were assessed 
on the same day using a welfare scoring system comprising eleven indicators: rising 
behaviour test; lameness; cleanliness; injuries; nasal, ocular and vulvar discharge; 
hampered respiration; avoidance distance test; abnormal behaviour and body condition 
score. The back fat thickness was measured objectively by ultrasound. Blood samples were 
collected from the jugular vein from all cows during the following morning. A complete blood 
count was performed for each cow. Fibrinogen, haptoglobin and serum amyloid A were 
measured for each cow by immunoassay methods. Mean total welfare scores were higher in 
postpartum cows than in prepartum cows, reflecting a reduced welfare following parturition. 
Haptoglobin was the only parameter that appeared markedly increased compared to 
reference values, thus reflecting the physiological stress response associated with gestation 
and parturition.  

Key words: welfare, acute phase proteins, cows  

 
  

 Acute phase proteins in animals have been widely studied as indicators of 
inflammation. However, in the recent years, they have been proven to represent 
valuable tools for the assessment of welfare. Levels of acute phase proteins may 
reflect the function of the immune system even more precisely than haematological 
indicators, because they may raise earlier and be more stable analytes than white 
blood cells (9). Acute phase proteins which increase in response to inflammation or 
stress include alpha-globulins and beta-globulins: fibrinogen, haptoglobin, serum 
amyloid A, C reactive protein, ceruloplasmin, ferritin, complement components (10).  
 The present study explores the role of fibrinogen, haptoglobin and serum 
amyloid A as welfare indicators in prepartum and postpartum dairy cows, as these 
are periods when dairy cows may be exposed to reduced welfare due to increased 
physiologic stress. In most species, fibrinogen and haptoglobin are classed as 
moderate acute phase proteins, because they demonstrate a twofold to threefold 
increase in plasma concentration in response to inflammation, while serum amyloid 
A is considered a major acute phase protein, as it increases rapidly up to 100 to 
1000 fold (2). However, acute phase response in cattle is characterized by marked 
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increases in both haptoglobin and serum amyloid A, so both of these are 
considered major acute phase proteins in cattle (3).  
 Fibrinogen is a glycoprotein that is not only an integral component of 
haemostasis, but also an indicator of inflammation or physiologic stress (10). 
Haptoglobin results from the binding of free haemoglobin in the plasma. In cattle, 
levels increase with experimentally induced viral or bacterial infections, with 
parturition and transport stress (3, 4). Serum amyloid A plays a role in 
immunoregulation and increases with parturition or physical stress (1, 2).  
 
 

Materials and methods 
 
Twenty Holstein dairy cows were included in this study and divided in two 

groups: ten prepartum cows (ninth gestation month) and ten postpartum cows (5 to 
22 days following parturition). All cows were assessed on the same day using a 
welfare scoring system comprising eleven indicators: rising behaviour test; 
lameness; cleanliness; injuries; nasal, ocular and vulvar discharge; hampered 
respiration; avoidance distance test; abnormal behaviour and body condition score. 
Each indicator was attributed a score (1 to 5). The back fat thickness was 
measured objectively by ultrasound and expressed in millimeters.  

Blood samples were collected from the jugular vein from all cows during 
the following morning. The complete blood count was determined and two blood 
smears were examined for each cow. The fibrinogen, haptoglobin and serum 
amyloid A were measured for each cow using immunoassay methods. Blood 
samples from one prepartum cow and three postpartum cows have clotted 
following collection, so haematology and fibrinogen could not be assayed for these 
subjects. Analytical techniques are described in table 1.  

Statistical analysis was performed with Minitab 16 for Windows. 
Differences were considered significant for p < 0.05. 

 
Table 1 

Analytical techniques 

Parameter Material Method of analysis Equipment 

Haematology EDTA blood Impedance and flow 
cytometry 

Cell-Dyn 3700 

Fibrinogen Citrate plasma Immunoassay Sysmex CA 1500 

Serum amyloid A Serum Immunoassay Olympus AU 640 

Haptoglobin Serum Immunoassay  Olympus AU 640 
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Results and discussions 
 

The welfare scoring identified no lameness or nasal, ocular or vulvar 
discharge in any of the cows, so all of them were considered clinically healthy. 
Postpartum cows had higher total welfare scores (mean=9.6) compared to 
prepartum cows (mean=8.7), reflecting a reduced welfare in the postpartum period. 
Also, the body fat thickness was lower in postpartum cows (mean=292.7) 
compared to prepartum cows (mean=332.2), reflecting a more intense metabolic 
stress response. The mean body condition score in postpartum cows was 1.4, with 
seven cows having regular body condition (score 1), two cows being very lean 
(score 2) and one cow being very fat (score 3). The mean body condition score in 
prepartum cows was 1.7, with six cows having regular body condition (score 1), 
one cow being very lean (score 2) and three cows being very fat (score 3). 

Prepartum cows had slightly higher mean erythrocyte counts, total 
leukocyte counts, neutrophil counts and lymphocytes counts than postpartum 
cows. Only one postpartum cow had mild anemia, with a mild decrease in 
erythrocyte count and haemoglobin. The same cow had quite marked lymohopenia. 
Three other postpartum cows and four other prepartum cows had mild to moderate 
lymphopenia. Two of the prepartum cows that were lymphopenic had concurrent 
mild neutrophilia, displaying a typical stress leukogram (5). 

Fibrinogen values for cows from both groups were within the reference 
interval for cattle, which is 1-6 mg/dl (10). Mean values of fibrinogen were almost 
identical for the two groups: 3.09 mg/ml in postpartum cows and 3 mg/ml in 
prepartum cows (figures 1 and 2). The levels of serum amyloid A did not exceed 
the reference value of 25 ug/ml reported in an extensive study by Humblet et al. 
(2006) in any of the cows (figures 3 and 4). However, all haptoglobin values were 

 
Fig 1. Fibrinogen values in 
postpartum cows (mg/ml) 

Fig. 2 Fibrinogen values in 
prepartum cows (mg/ml) 
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markedly increased compared to the reference value of 0.03 mg/ml established in 
prepartum cows, as well as compared to the reference value of 0.15 mg/ml 
established in postpartum cows in the same study (figures 5 and 6).  

As shown above, fibrinogen and serum amyloid A were within normal limits 
for all subjects, while haptoglobin was markedly increased in both prepartum and 
postpartum cows. Fibrinogen was shown to increase dramatically immediately 
before parturition (9), while serum amyloid A values are increased 1 to 4 days after 
parturition (4). None of the cows included in this study fell within these categories. 
Therefore, it appears that haptoglobin, which has the longest half-life of the three 
acute phase proteins studied (4), is the most reliable in reflecting the inflammation 
status and may help the most in assessment of overall welfare.  

No significant differences were found between the two groups of cows in 
what concerns the values of acute phase proteins or the leukocyte counts (all p-
values > 0.08), suggesting that the two groups of dairy cows included in the study 
were equally susceptible to the effects of physiologic stress. 

Mean haptoglobin was lower (1.19 mg/ml vs. 1.71 mg/ml) and mean serum 
amyloid A was higher (1.11 ug/ml vs. 0.96 ug/ml) in prepartum cows than in 
postpartum cows. A similar pattern was demonstrated previously in calves 
subjected to transport stress, which had higher mean levels of serum amyloid A 
and lower mean values of haptoglobin compared with non-transported cows (2). 
Also, Alsemgeest et al (1994) have shown that lower levels of haptoglobin are seen 
in acute stress conditions than in chronic stress conditions. 

Pearson correlation tests were used to explore associations between levels 
of acute phase proteins and leukocyte counts, but no statistically significant 
correlation was found (all p-values > 0.1). This is in agreement with the hypothesis 
that hematological response and acute phase response to physiological stress 
follow different patterns of variation in animals (2, 9).  

 
Fig. 3 Serum amyloid A values in 

postapartum cows (ug/ml) 
Fig. 4 Serum amyloid A values in 

prepartum cows (ug/ml) 
 

 

 

 

 

 

 

 

 

 

 

 

 
1 2 3 4 5 6 7 8 9 10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

1 2 3 4 5 6 7 8 9 10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 257 
 

 

Fig. 5 Haptoglobin values in 
postpartum cows (mg/ml) 

Fig. 6 Haptoglobin values in 
prepartum cows (mg/ml) 

 

 
 

Correlation tests were used as well to explore associations between 
haptoglobin levels and erythrocytic parameters, because haptoglobin binds free 
haemoglobin and thus reduces the oxidative damage associated with haemolysis 
(7). However, no significant association was demonstrated (all p-values > 0.20), 
which indicates that underlying mechanisms of oxidative stress need further 
exploration. 

 
Conclusions 

 
The results of this study suggest that, for dairy cows examined in the 

prepartum period or more than five days postpartum, haptoglobin may be the most 
useful indicator to be included in the overall assessment of welfare.  

Statitistical analysis suggests that the two groups of dairy cows included in 
the study were equally susceptible to the effects of physiologic stress. 

Fibrinogen, haptoglobin and serum amyloid A do not follow the same 
pattern of variation as leukocyte counts in prepartum and postpartum dairy cows. 
Therefore, it appears that both hematological parameters and acute phase proteins 
should be included in welfare assessment systems.  
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Summary 

 
With the lapse of time, the teritory of Maramures was penetrated by various breeds 

of horses either via cattle markets or war spoils. Several better products were tried to be 
obtained by breeding in pure breed and by replacing the horses that were of no pure breed; 
also, the pure breed horses were purchased from the studs; for mating purposes there were 
used only the good stock stallions, all having an improving breed part with the existing 
horses during the respective time period.  

Key words: thoroughbred; breeder; studs  

 
The horse, the noblest creature that stood besides man all along its 

evolution, comes up in numerous archive documents and history writings in 
Maramures, as being an essential part of the economy and culture of the place. In 
those days, the authorities were very much preoccupied with the welfare of these 
animals.  

During this period of time in Maramures, besides the conducted breeding 
by means of thoroughbreds (Nonius, English Semi-Thoroughbred, American 
Trotter, Hulsullian, Transylvanian Semi-Bulky, etc.- all spoken of in numberless 
documents), a not so negligible mark has been put and keeps on influencing the 
empirical amelioration with horse exemplars more or less fit for the activities at 
which the horses from Maramures are used, an area possessing all the three relief 
forms (hill, mountain, field).  

In the far away past in this area, rich in history, horses were used mainly 
for military purposes, as well as in carting, mining, forestry and, to a lesser extent, 
in agriculture work where the oxen were commonly used ( as mentioned in 1704 
that people possessing 4 to 6 oxen were not supposed to raise horses as well (10). 
However, the nowadays world economic depression is assisting this noble friend of 
men to regain the long-lost rights in Maramures as it is more and more used in 
forestry, in spite of the fact that mechanized agriculture would ease the heavy 
burden of labor and which is more and more abandoned by agriculturists in the 
area in favor of horse labor; thus, in the future, the role of horses will increase 
relentlessly with the increase in their numbers.  
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Materials and methods 

 
We have researched the archive documents, the historical writings about 

Maramures, as well as the monographs of certain urban or village establishments 
in the area and evaluated the data regarding horse migrations occasioned by wars, 
trading (transportation, transactions);  

We have interviewed performers aged in between 60 and 80.  
 

Results and discussions 
 

No other animal has more helped man in his endeavors than the horse, 
which plays an important part in the socio-historic development of people according 
to T. Moore in his homage paid to the horse:― …wherever man has left footprints 
along his long journey from primitiveness to civilization, hoof prints will be found 
along his trace (1)‖.  

It is beyond doubt that on Romania‘s territory the horse played an 
important part in the life of Romanians‘ ancestors fact also proved not only by the 
bony remnants of it but also by pieces of harness unearthed from archeological 
sites on her territory. The learned David Frönlich, in1693, spoke about the 
existence of wild horses in Transylvania and, after 1700 ―wild horses in 
Transylvania‘s forests would have been eradicated―(2).  

In many areas of this country there were identified in the graves, the 
offering funeral horse rites used in the funerary rituals or, pieces of harness, 
borrowed from various peoples following their migration. We have not found any 
endorsement in the literature regarding the presence of horses in archeological 
sites as offering in funeral rites; neither can it be excluded, as pieces of saddler 
were found.    

In 1967, following some archeological diggings carried out at Lapus 
(Maramures), they brought to light a tumular necropolis dating back to the bronze 
age. In it, besides earthen artifacts frequently bearing the solar motif, there were 
also dug out artifacts bearing incised donkeys and zoomorphic prominences, hence 
the possibility that these representations might have had a character of totemic 
symbol; tumulus no.6 sheltered a piece of saddler that might be classed 
chronologically as Hallstatt A1 (3).  
 Besides horse‘s image on numerous coins found in archeological sites dug 
in Maramures, the same image is often encountered in Maramures heraldry 
represented on certain noble- family coat-of-arms (it is about only those families 
that had proven family nobility deserving a coat-of-arms thus being considered as 
―true nobleman‖).  

The horse—besides being the motive power in several economic and 
military activities— has had a word in the popular culture, too. Thus, in the 
traditional songs ―doina”, a melancholic song, ―hora” - circle dance, witty couplet, 
dances, legends, folk tales, the horse is referred to as being a reliable and hearty 
companion of man. Apart from the popular oral literature references to the 
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symbology of the horse are also present with the popular art of wood carving, 
carpet- and towel weaving, with pottery, icons, church painting. In Maramures the 
horse is frequently represented in the valuable works of painters belonging to the 
Baia-Mare School of Painting ; also, horse carved in oak appears on the vividly 
colored tomb crosses at the Merry Graveyard at Sapanta-Maramures. The only 
equestrian statuary group of Maramures —of recent birth (2005)—is to be found at 
Bogdan Voda (Cuhea-the ancient name) representing Bogdan, prince of 
Maramures.  

Thanks to the horse, agriculture, trade, transportation has developed a lot ; 
it was also used as post animal (pony express); it was also utilized by firemen and, 
as peculiarity of Maramures horses, they were used in mining as propelling force 
mainly in the mining field of Baia Mare. Concurrently with the mechanization of the 
main work processes in agriculture and transportation, the numbers and 
importance of horse diminished dramatically. It‘s come-back was mainly with 
forestry in towing timber by gentle and steady maneuvering, dragging the felled 
trees out of the forest without harming nature, or surroundings (1).  

Archive documents, as well as other sources have it that Maramures 
witnessed the penetration of various horse breeds as time went by. Some of them 
came as spoils of war, others through cattle market, mating with local horse 
breeds. Among the first horse-breed melioration actions in Maramures are 
mentioned in 1777 when Imperatrix Maria Theresa of Austria-Hungary 
commissioned organized correction horse-breeding actions or, better said 
replacement of horses of no-breed by better ones, i.e., of purer breeds, as it is 
shown by documents, all sorts of horses penetrated the country due to wars (4). 
 At the beginning of the 20

th
 century, the army did not use to purchase 

horses from just any dealer (5) as it showed preference for thoroughbreds obtained 
from noblemen‘ s estates. Estates possessing studs were at Pribilesti, Satulung, 
Seini, Ardusat, Coltau. Thus, at Coltau, Count Teleki, in 1902, owned 40 Half-
Thoroughbred American Trotters and, at Satulung, 60 more. According to the same 
source, the most ancient thoroughbred horse breeder in the North-Western part of 
the country was Count Vecsey Jozsef famous for breeding Half-English 
Thoroughbreds. Also Count Degenfeld Sandor was famous who, at Ardusat, owned 
a renowned stud of Half-English Thoroughbreds evaluated to have about 50-60 
heads; this stud was found to date as far back as 1810 (6). Count Teleki Lászlo 
owned in Apa, a place neighboring Seini, Nonius horses (5).   Between the two 
World Wars, in view of improving horse breeds in the historical Maramures, the 
County Committee for Animal Breeding purchased, in 1924, six Lipitzaner and 
Hulsullian stallions from Bucovina (7). Tomi (7) has it that in 1928, in the areas 
inhabited by moti (Romanian population dwelling the region of Apuseni Mountains), 
as well as in Maramures one bred the most primitive type of horse, the so-called 
mountain horse or mocanesc (shepherd‘s). This type of horse, slightly meliorated, 
was raised, on large scale, over the entire territory of Maramures until 1970 so 
much so that rare exemplars are being identified even in our days. By means of 
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verbal questioning older-age achievers managed to draw a picture of this type of 
horse. The reconstructed local type of horse introduces itself as of small size, of 
low muscular mass, of slim tenure and spry temperament, large head of gross 
traits; also they have large eyes, long ears, short tail kept high, thin mane, thin 
limbs and strong hooves, rather tough, able to walk about unshoed, even on stone 
ways. Nowadays the main breeding material for Maramues horses is being 
provided by the stud at Beclean,i.e., stock stallions of the breeds of Transylvanian 
Half-Bulky, Lipitzaner and Hulsullian.  

Wars, natural catastrophes, export of equines, famine, epizooties, but also 
forced collectivization of peasantry, all these, along other factors, have influenced, 
to a large extent, the numerical evolution of horses.  

In order to lower the continuous reduction in numbers of horses, according 
to the order issued by Transylvania‘s Prince, the exportation of horses towards 
Hungary was forbidden (8). 

In 1911, in Maramures County, then under Austrian-Hungarian rule, there 
approximately 20602 horses existed, 90 donkeys and 189 mules. During this time 
horses were raised in state-owned studs, as well as private ones and those in the 
property of population husbandries. Stallions aged between 3 and 8 years, after 
having undergone a thorough examination by a governmental delegate, were 
purchased for national necessities (9). War had decided the ceaseless lowering in 
horse numbers so much so that with lapse of time horse numbers in Maramures 
grew lower and lower and by 1915 they reached 17402. In 1916, year when the 
road building leading to Vaser forest field started, horse work force was 
indispensable as the area was very difficult to reach, and their numbers were of 
12997; in 1918 they were 1822 in number; in 1920: 4952; in 1921: 6357; in1923: 
6242; in 1924 their numbers reached 7710 ; in 1927 : 10622; in 1946 there were  
5292 horses (7); and in 2003 there were 17900 horses. In 2005 there was a 
number of 18676 horses; in 2007, 17900 and in 2008 there were 16121 horses 
(Informational Bulletin ANSVSA, 2007; C.S.V. facts).  

In certain Maramures historical time periods the people in this county were 
forced to breed horses for war necessities fact that may be a cause for the great 
numbers of horses in the past. One can notice that the interest of Maramures 
people in horse breeding has never relented. The horse-raising obligation was 
suspended in certain epochs as, for example, in 1704 when the Congregation of 
Maramures County ordered the Kurucz to lift the obligation of raising horses for 
those who had 4 to 6 oxen (10). 
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Fig. 1. The evolution of the horse effectives in Maramures (Source: Tomi, 2005; 

Informational Bulletin ANSVSA, 2007; C.S.V. facts)  
 
In 1927, we are told, that from the 10.622 horses in Maramures, the 

majority was found at Borsa i.e, 640 heads, at Sighet, and at Sapanta 436 horses 
(7); similarly, the rural- and population census of 1948 tells, as well as discussions 
with field veterinarians, that at Borsa, Sighet and Sapanta, in the years of 1927, 
1948, 2003 and 2008 horse numbers were varying as shown by the graph in Fig.2.  

With these three settlements i.e., Borsa, Sighet and Sapanta, one can 
underline the fact that horse raising (figure 2) has been and still is an important field 
of activity for the local inhabitants. Horse breeders located there work horses 
mainly in forest exploitations. Within the mountainous region of Borsa one can 
notice even a slight increase in the number of horses, as to 1927. At Sighet, the 
highest figure of 968 of horses was reached in 1948. To an important part of these 
local husbandries, horses make up for the only source of income, fact that denies 
some opinions that the horse is an investment which does not pay off. As in 1930 
Romania‘s agriculture employed approximately 3,000,000 horses and oxen, ―Rural 
economists assert that the work developed by these animals is rather 
insignificant…as horses work 60 days, which means 16,4 %. Animals work 
annually couple of tens of days and consume day and night the whole year 
out...Through mechanical traction the number of draught beasts will go down, 
developing more the raising of rent animals‖ (11).  
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Fig. 2. Evolution of horse effectives in Sighet, Sapanta, Borsa (Source: Tomi, 2005; 

Baia Mare archives; CSV) 
 

Further horse-raising is proof that these animals are still profitable as the 
horse is able to work within any conditions and, in hilly zones, it can climb to places 
that are difficult to reach by means of mechanized means.  

Besides numerous diseases decimating the animals, important damages 
were provided by natural catastrophes; also, accidents, wars. Many archive 
documents point to the outset of the 18th C, till the end of the 19th, when anthrax, 
rabies, glanders and scab haunted horses in Maramures. 
 
Story of empirical treatments  
 

  In the past, before veterinary medicine was organized into scientific 
practice, animal treatment was dealt with by various quacks. Even as early as 
1356, the farrier was tending the sick horse and, till the advent of the veterinary 
school he was ―the horse doctor‖ (12). Similarly, there are numberless manuscripts 
and books that refer to the veterinary ethnoiatry.  

The existence of large numbers of specialists possessing huge amounts of 
both theoretical- and practical knowledge in veterinary medicine that are offering a 
multitude of treatment schemes for various ailments met with in animals, let alone 
the large variety of drugs and ointments all within the veterinarians‘ reach, have 
never led to vanishing of those practicing empirical treatments. Some treatments 
implemented by these empiric practitioners have proved helpful, efficient all along 
several generations; heals a large part of the treatments utilized by the so-called 
―skilled ones‖ proved to be of no avail, as they mainly harmed the animals instead 
of heeling them.    
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As the qualified treatments are well-known, we consider opportune the 
introduction of some old empirical receipts and methods, even ancient so to speak, 
regarding horses. Some of the old people used to possess vague veterinary 
knowledge as they served in the military with units of artillery or cavalry (between 
the two WWs).  
  On a field enquiry in some villages in Maramures we could find out some 
empiric receipts and methods of treating various ailments in the horse.  

With colic, they administer half liter of plum brandy; others walk their 
horses in a river, brook, whatever, or drive them in sheep pens and turn the dung 
with a fork believing that the stench of sheep-dropping has soothing effect , by 
prompting them to urinate. They walk horses with colic until these restore (certainly, 
with milder cases). Also, empirical practitioners practice ―blood dropping‖ by 
pinching from the horse‘s ear (fig.3) in belief that in this way the horse will revive. 
However, because of infested ear wounds the animals reached the veterinarian 
(ears‘ notching in Central Asia was used for owner‘s marking) (13). 

Some even made a habit of ―bleeding‖ the horses once a year as they 
were trustful that the animals would not repeat the colic and be hardier to it. Vein-
cutting was again practiced when horses displayed small nodules beneath the skin, 
although these usually are of parasitic nature. Annual vein-sectioning is performed 
in autumn or around Easter holidays when they let horses rest for a couple of days.  

 
 

 
Fig. 3. Ear rough- dropping of blood- cattle market Baia Mare(original). 

 
 In eye-bruise, the eye is sprinkled with chamomile tea and, in cataract, they 
used to blow sugar powder into the eye, rarely pounded glass, treatment 
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mentioned also by Ingeborg in 1989 (14). When the horse cannot urinate they are 
administered parsley concoction.  

Some quacks, in trying to help the horse to defecate (in colic) trigger tear 
or even rupture in the rectum. Others thrust in greasy substances or apply enema 
prepared with warm water and soap thus stimulating the reflex of laxation.  

With limb- and joint inflammation the treatment consists of wrapping the 
diseased area (fig.4) in sheep-woolen cloth embed in alcohol and salt once a day, 
or hot apple vinegar and salt. 

 

 
 

Fig. 4. Lymphangitis empirical treatment, Sisesti (original) 
 
   Similarly, with joint inflammation they apply an ointment made up of a 
mixture of clay, apple vinegar and salt.  
   With pneumonia they perform inhalation made of hay-flower straw, fir buds 
and red-hot horseshoe. Inhalation goes on like this: one fills a raffia bag with the 
just mentioned ingredients plus about 100 ml of alcohol of 90°; over these, there 
comes hot water and the whole bag is pulled over the horse‘s head taking care that 
it does not touch it with its mouth. In order to increase the vapor volume a red-hot 
horseshoe is to be introduced. To prevent bronco-pneumonias accompanied by 
discharges, the powdery straw will be sprinkled; when discharge is also present, 
then fumigation with rotten willow or a mixture of droppings and feather is carried 
out (15). 
   Villagers use for wounds applications of honey and sugar and pork lard 
mixed with naphthalene to keep flies away. For dead bones applications of 
compresses with alder tea and salt are also recommended by Bale in 1993 (16); 
the same author, in 2005 (17) says that on hoof cracking pouring fir resin in the 
cracks is a frequently used treatment by the villagers throughout the investigated 
area.  
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   Horses suffering from belly worm are administered horseradish and, with 
oxyurosis, some state that they themselves are sure to be able to manually 
disinfest the animals.  
   In scratches / malanders spreading pork fat mixed with sulphur is 
recommended.  
    It is well-known that a large number of empiric workers constitute important 
carriers involved in spreading the virus of equine infectious anemia, mainly via 
unsterilized instruments (needles and many others) used with all horses; they think 
an easy washing with water or some alcohol would suffice.  
   Achievers state satisfactory results with empiric treatment of colic, 
broncho-pneumonias (coughing) with inhalations as well as limb contusions 
receiving massage with alcohol and apple vinegar.  
   The materials found by us do not differ too much in contents, or 
presentation form, from the prescriptions gathered and published by Ingeborg 
Bogdan (16) and Bale (17) which denotes that there is an exchange of information 
between communities regarding the treatment of animal ailments.  
   A large range of empiric treatments and handlings is circulating relatively to 
horses all across the investigated area, coexisting with the cultivated medicine, to 
variable efficacy.   

 Horse breeding has deep roots in the history of those places as it is 
connected mainly to horses‘ utilization in transportation, war, and to a lesser extent, 
labor. There seems only natural the interest in caring for and health maintaining, 
and treatment of sick animals belonging to this species of animals. Thus, among 
the first writings on diseases in the animals in this area of the country and their 
treatment, belongs to Basiliu Cornea from Viseu de Sus, bearing the title of 
―Veterinary of house for horse, cattle, sheep and swine‖ (18) (House Veterinarian of 
Horses, Cattle, Sheep and Swine). 

 By comparing the prescriptions introduced by Basiliu Cornea with those 
transmitted by word of mouth gathered in the region, still in use, we find a striking 
similarity with what we rightfully think to state that the cited writer took his 
inspiration from the folk animal medicine, too.  

 
Conclusions 

 
According to the archive documents studied, identified, in the area 

investigated, the action of conducted horse breeding has been going on for well 
above two centuries by now, along with empirical one, as well. These last years, 
horse breeding in Maramures has been carried out mainly with stallions of public 
mating found in county mating stations and, to a smaller extent, by means of 
stallions owned by horse-loving people.  

The numerical evolution of the horses in the remote past was influenced to a 
large extent by wars, natural catastrophes, equine exportations, famine, epizooties 
and, during the more recent past by collectivization, by progressive mechanization 
of transportations, of agricultural- and forest works.  
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Continued horse raising is proof that these animals are profitable; the horse 
is able to work in any conditions, in hilly areas as well, climbing to places difficult to 
reach by mechanized means; their acquisition and maintenance is cheaper than 
the mechanized ones, mainly within the frames of the present system of practicing 
agriculture in small- and midsized households and husbandries.  

The existence of large numbers of specialists possessing vast theoretical 
and practical knowledge in veterinary medicine has never led to the disappearance 
of those who practice empirical treatments.  
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Sumarry 

 
The surveillance, control and eradication of rabies in foxes in Romania takes place 

according to Order no. 29 of 28 March 2008 to approve the sanitary and veterinary 
Regulation concerning the general measures to prevent and control rabies in wild and 
domestic animals and the Decision no. 55 of 16 January 2008 to approve the Strategic 
Programme for monitoring, control and eradication of rabies in foxes in Romania. Lately 
witnessing a resurgence of rabies in different regions of the world due to maintaining the 
virus in wild animal population. Romania has historically been one of the countries most 
cases of rabies in Europe. Since 1950, as a result of measures implemented, including 
immunoprophylaxis, rabies has become mostly confined to wild carnasierele and especially 
to the fox(1, 5). 

Key words: rabies, fox, survaillance, control, eradication 

 
Situation of rabies in foxes in Romania 
Rabies in foxes in the forensic environment evolving for many years. Analyzing 

the number of rabies cases in the last 8 years in domestic and wild animal population, we 
can estimate that rabies is an endemic disease with increasing evolutionary trends. It also 
notes that rabies has affected both wild and domestic animals (2). Figure 1a and 1b is 
shown rapoprtul of domestic and wild animals infected with rabies by county, in 2008. 
Have added that Danube Delta is a unique area protected under the Administration 
Biosphere Reserve where, with the population of foxes and other wildlife, domestic 
animals live in a state wild. 

 
Situation of rabies in wild animals other than foxes 
Wildlife species affected by rabies in Romania in the last 8 years are 

presented in Table 1. Compared to the situation presented, we can estimate that 
rabies develops sporadically in wild populations of animals other than foxes, its 
appearance being dependent on the existence of infected foxes in that area. 
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Figure 1a and 1b. Raport of domestic and wild animals infected with rabies by county, in 

2008. 
 

Table 1. 
Number of cases of rabies in wild animals including fox in Romania between 

2001 and 2008 
Year/Species 2001 2002 2003 2004 2005 2006 2007 2008 

Cat 1 1 1 3 3 6 1 4 

Polecat 0 1 1 0 3 0 1 8 

Badger 0 0 0 0 0 6 0 0 

Jackal 0 0 0 0 1 2 1 2 

Badger 2 5 0 2 0 0 1 2 

Otter 1 0 0 0 0 0 1 0 

Muskrat 1 0 0 0 0 0 0 0 
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Weasel 0 0 1 0 0 0 0 0 

Rafter 0 0 1 0 0 0 0 3 

Marten 0 0 0 1 1 0 2 1 

Brown Bears 0 0 0 1 1 0 1 0 

Deer 0 0 0 1  0 0 0 

Wild boar 0 0 0 0 1 0 0 0 

Laughter 0 0 0 0 1 0 0 0 

Wolf  1 0 3 1 1 1 2 6 

Other 0 0 0 0 0 5 0 0 

Total 6 7 7 9 12 20 10 26 

Fox 237 65 79 115 269 203 322 912 

 
Description of monitoring program, control and eradication of rabies 
The surveillance, control and eradication of rabies will be conducted 

throughout Romania and will apply to the whole number of foxes. Its aims will take 
into account that: 

 rabies develops in Romania both in wild animal population, especially to 
the fox and the domestic animal population; 

 develops rabies endemic in foxes and other animals sporadically;  

 in recent years we witness the increasing number of counties in which 
rabies was diagnosed, so that in 2008, from 42 counties, the disease was 
diagnosed in all these counties; 

 most cases of rabies in domestic animals have been recorded in dogs and 
cats; 

 The situation is not random if one considers that Romania has a very large 
number of stray dogs and cats; 

 Danube Delta, a unique biotope where wild animals live together with 
livestock, can be regionalized. 

Program objectives include: 

 control of fox rabies in the population of Romania;  

 surveillance of rabies in the fox population in Romania;  

 monitoring oral vaccination of fox population in Romania. 
Eradication of rabies in Romania. Actions taken to achieve the 

objectives: 

 vaccinate the entire flock of fox;  

 rabies monitoring developments related to implementation of the 
vaccination schedule and results;  

 supervision of rabis virus traffic enforcement in the territory;  

 rabies vaccine baits and evaluate its efficiency of data collection;  

 recording their adequate statistical and data-processing and presentation 
in practical forms for use in close combat and eradicate rabies in Romania. 
Vaccination will be held in two seasons, spring and autumn, with a 

predominantly air distribution, air and/or helicopter, is distributing 20 
vaccinale/campanie/km2 dose, avoiding the localities, the body of water, highways 
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etc.. In these areas the distribution of vaccine baits will be done manually, the den, 
with their deposit at the mouth of the burrow entrance. The number of baits used 
will depend on burrow occupancy index and burrows. At 45 days after each 
vaccination campaign, fox hunting will be done to assess the effectiveness of 
vaccination, for it will be shot in April foxs/100 km2. From foxes hunted will samples 
for testing to detect levels of antibodies and tetracycline biomarker. In the 
surveillance will take samples of rabies in animals suspected after clinical 
examination and those found dead (3, 4, 8). 

The organization, supervision and role of all stakeholders involved in 
the program: The main institutions involved in the implementation of control, 
monitoring and eradication of rabies are: ANSVSA, District Veterinary Health 
Departments, IDSA, National Forest, District Forest districts, Hunters and 
Fishermens Associations in Romania, Institute for the Control Products and 
Medicines biology Veterinary. 

Description and delineation of geographical and administrative areas 
in which the program must be implemented 

Vaccination area for 2010 will be in the northwest of the country, in 16 
counties (Table 2), an area of over 90,000 km ² on the border with Ukraine, 
Hungary and Serbia and Montenegro with the natural boundary with Carpathian 
Mountains chain, in the SE. 

Table 2 
The population of fox hunting funds 

Counties  Number/hunting area (km2) Number of foxes 

Alba 5872 2333 

Arad 7411 1980 

Bihor 7005 1668 

Bistrita-Nasaud 4968 874 

Cluj 5994 2915 

Harghita 5939 1661 

Maramures 5857 1435 

Mures 6398 2847 

Salaj 3541 1285 

Satu-Mare 3978 1798 

Hunedoara 6764 2004 

Caras Severin 8274 1791 

Sibiu 5217 2050 

Covasna 3704 871 

Timis 8272 2558 

Brasov 5099 1586 

TOTAL 94.293 km2 29.656 

 
Start of vaccination in this part of the country is in accordance with the 

recommendations of the Scientific Committee for Rabies and vaccination policy 
and eradication of rabies in the EU. On the other hand, Hungary as an EU member, 
rabies vaccination campaign started on the border with Romania since 1992. 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 274 
 

 

Describe measures the program: 
Rabies prophylaxis in terms of legislation in Romania is governed by these 

orders and laws: 

 Order no. 29 of 28 March 2008 approving Sanitary veterinary norm on general 
measures to prevent and control rabies in wild and domestic animals;  

 Government Decision no. 55 of 16 January 2008, to approve the Strategic 
Programme for monitoring, control and eradication of rabies in foxes in 
Romania. 

Under these regulations, in Romania, vaccination and registration of dogs 
and cats is mandatory. Emergency vaccination of all domestic animals have come 
into contact with animals infected or suspected of rabies is also mandatory. 

Notification of disease: 
Rabies is a notifiable disease, shall notify the local to central level, 

according to Order President ANSVSA no. 79/2008 approving sanitary veterinary 
norm on domestic service and the official declaration of animal diseases and 
notifiable disease-fighting procedure. 

Tests used to determine the rabies virus and the immune status 
before and after vaccination in foxes (6):  
Virological and serological tests 

 direct fluorescent antibody test (FD) 

 immunoassay test (ELISA) 
Other tests: tests for tetracycline marker 
Used vaccines and vaccination modalities 
Used vaccines and vaccination modalities of live rabies vaccines used for 

oral vaccination of foxes must meet the European Pharmacopoeia and WHO 
recommendations on the efficacy and safety in their use. Titer of each vaccine 
series must be at least 10 times higher than the full vaccine dose protects the 
experimental group. Titre final vaccine bait must keep this value for 7 days at 25 
degrees. Each series of vaccine should be tested and approved on tritici antibody 
and stability in accordance with OIE standards and WHO recommendations. 
Laboratoartele involved in monitoring and evaluating the effectiveness 
postvaccination must ensure control of all batches of the vaccine before and during 
field distributions vaccine baits (9). 

The melting of the sheath bait should be approximately 40 degrees to 
ensure the integrity of the capsule vaccine for exposure to high temperatures. 
Vaccine manufacturers must provide detailed information about the stability of the 
national laboratories baits used in the field. Community Reference Laboratory 
should carry out additional tests upon request. 

Monitoring program implementation and reporting 
Control program implementation is carried out by the Central Authority 

through the Directorate of Veterinary Inspection and Coordination commissioning, 
according to the National Inspection Programme, approved by order of President 
ANSVSA. At the Health Department County Veterinary and Food Safety, control is 
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performed by state inspectors veternari the inspection service, as appropriate, in 
collaboration with veterinarians and animal health service, regional official 
veterinarian who prepare reports on program performance. These reports are 
submitted to ANSVSA and IDSA. 

Benefits of the efficient  
Execution of monitoring and control of rabies in Romania will reduce the 

chances of spread of rabies in wild and domestic animal population eliminating the 
risk of rabies transmission to humans and allowing our country allocation status of 
rabies free country. 

Detailed analysis of the cost of the program: tabular form is shown in 
Table. 3. 

 

Table 3 
Program cost analysis  

Costs related to the 
following measures: 

Specification 
Number of 

doses (bait / 
samples) 

Unit 
cost in 
euros 

The total 
amount in 

euros 

EU funding 
required 

(yes) 

1. Tests 

1.1. Analysis cost FAT 1000 1 1.000 500 

 ELISA 3000 8 24.000 12.000 

 UV 7200 8 57.600 28.800 

1.2. Analysis cost  7200 6 43.200 21.600 

1.3. Other cost 

2. Vaccination 

2.1. Purchase of 
vaccines 

 3.800.000 0.62 2.356.000 1.178.000 

2.2. Distribution 
Expenses 

manual 
50.000 

doses/1000 km
2
 

19 
euro/ 
km

2
 

19.000 9.500 

2.3. Distribution 
Expenses 

aerial 
3.750.000 

doses/100.000 
km

2
 

0.38 1.425.000 712.500 

2.4.Administrative 
expenses 

   40.000  

2.5. Vaccine 
expenditure control 

   10.000  

2.6. Storage costs    50.000  

3. Slaughter and destruction 

3.1. Transport costs    50.000  

3.2. Damage costs    10.000  

4. Cleaning and desinfection 

5. Remuneration    100.000  

6. Training    30.000  

7. Consumables and 
special equipment 

   20.000  

8. Other cost    100.000  

Total 4.335.800 1.962.900 
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Conclusions  
 

Since the last time see a resurgence of rabies in different regions of the 
world due to the maintenance of virus in wild animal population, it requires a 
program of surveillance, control and eradication of rabies in foxes in Romania. 

From a legal perspective, in romania, there are two laws governing the 
eradication of rabies in foxes, namely: Order no. 29 of 28 March 2008 approving 
Sanitary veterinary norm on general measures to prevent and control rabies in wild 
and domestic animals and Government Decision no. 55 of 16 January 2008, to 
approve the Strategic Programme for monitoring, control and eradication of rabies 
in foxes in Romania. 

The costs of carrying out the vaccination program of foxes against rabies 
shall be borne both by the state budget and partly with the European Union. 

Test for determining rabies in foxes and immune status before and after 
vaccination are: direct fluorescent antibody test (FD), immunoassay test (ELISA) 
and test for depistation of tetracycline marker. 

Control of vaccine efficacy is tested by tetracycline biomarker in this whole 
area of vaccination, bones and teeth of foxes shot by examination under a 
microscope in ultraviolet light. this identity plays an important role in monitoring 
tetracycline use of vaccine baits by target species, and to identify causes of 
vaccine failure. 

The vaccination program benefits consist primarily in reducing the chances 
of spread of rabies in domestic animals and wildlife populations by eliminating the 
risk of rabies transmission to humans and allowing our country allocation status of 
rabies free country. 
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Summary 

 
Aspergillus fumigatus is responsible for the majority of cases of aspergillosis in 

animals and birds. This organism causes acute respiratory infection when susceptible 
animals are exposed to heavy concentrations of airborne conidia. Although pulmonary 
aspergillosis is not common in domestic animals, cases have been reported in several 
species. This report describes a case of aspergillus pneumonia in a cat of three years from 
the Burmese breed. To confirm the disease are important, medical history, results of clinical 
examination, laboratory examination and culture. A certain difficulty in diagnosis is given by 
way of collection of biological samples, represented by lung lavage. Growing on Sabouraud 
medium, is a quick and easy isolation of Aspergillus species. 

Key words: aspergillosis, pneumonia, cats 

 

Bronchopneumonia is the most commonly observed pattern of pneumonia 
in clinical small animal veterinary medicine. In almost all the cases, 
bronchopneumonia is thought to arise as a consequence of primary disease 
process or as a result of injury to the lung, either of which would result in 
compromise of lung‘s innate immunity (4). Aspergillosis, caused by species of 
Aspergillus, is primarily a respiratory infection but may occasionally be generalized 
(1). This genus is distributed widely in nature and almost any substrate supplying 
organic matter and moisture will support growth of the fungus. It grows especially 
well on damp hay, straw and grain that have heated during storage (2, 3). 

 

Materials and methods 
 

History 
Cat three years, the Burmese breed, raised initially in an urban apartment, 

was temporarily moved to a house in rural areas, to be housed in a barn, in a 
special cage for cats during night. During this period, during the day, the cat slept 
on straw bedding consists of oats, collected in a wet period last year. The period of 
exposure to the microclimate was three months, during which time he received the 
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same diet, the immunological status is ensured by specific vaccinations and 
deworming internal and external were performed regularly. 
 

Clinical Findings 
 
In early December 2010, shortly after returning to town, the cat became 

depressed and anorexic. In an initial examination at private veterinary clinic, she 
was in good general condition, and rectal temperature was normal. Clinical 
examination of cat revealed anemic oral mucus membrane, moderate dehydration, 
emaciation, passing of bilateral muco-porulent nasal discharge. The respiration 
was shallow and deep indicating labored breathing. The heart and pulse rate were 
found in normal limits. Auscultation of lung revealed presence of crackling sound 
(moist rales) on the left side of chest area. There was no organomegaly detected 
on palpation. On the basis of clinical observation, the case was provisionally 
suspected as broncho-pneumonia. 

For these reasons, within 15 days received supportive treatment with 
electrolyte solutions, protecting the liver and specific medication. Also for a short 
period of four days, was given low-dose corticosteroid, respectively for 10 days 
received treatment with broad-spectrum antimicrobials, specific respiratory 
infections. At the end of treatment the general condition deteriorated pulmonary 
signs worsened and remained jaundice. Around this time, body temperature 
remained normal. 

Upon recommendation of the treating veterinarian, the cat was subjected to 
imaging at a private laboratory for diagnostic imaging of Timisoara, in order to 
detect changes in internal organs. Radiographic image is shown in Fig. 1. 
 

 
 

Fig. 1. Radiographic images of internal organs in the investigated cat.  
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Results and discussions 
 

After X-ray analysis, there was suspicion of fungal pneumonia, in view of 
lesions detected. To confirm the diagnosis and to establish the etiology of this 
disease, the cat was harvested samples of lung lavage, performed under general 
anesthesia. Samples collected in sterile containers, was subjected to mycological 
analysis. Cultivation was done on Sabouraud agar, with the addition of gentamicin. 
Incubation was done aerobically at a temperature of 25 ° C for 7-10 days. 

After five days of incubation, the result of cultural examination was positive. 
Sabouraud agar ensure a rapid development environment of crops. Colony 
appears as a white disk, woolly on the surface environment. Soon it becomes 
greenish-black (Fig. 2a). At the stereomicroscope lens, there is quite easy 
aspergilare heads columnar appearance (Fig. 2b). Hyphae are septated and give 
rise to distal end conidiofori which ends with a vesicle-looking clave. The size of 
Aspergillus fumigatus conidia ranges from 2 to 3.5 nm. Differentiate A. fumigatus 
strains from those of other species of the genus Aspergillus is the cultivation high 
temperatures (45°C). Etiologic diagnosis in this case was pulmonary aspergillosis 
caused by Aspergillus fumigatus. 

Aspergillus species produce conidia (asexual spores) that can easily be 
dispersed in the soil and air. Uptake of conidia by a susceptible host is usually the 
initial event in Aspergillus diseases with alveolar macrophages acting as first-line 
defence. The size of conidia is great importance, allowing A. fumigatus to reach the 
pulmonary alveoli much easier. In addition to conidial size, the outermost cell wall 
layer of Aspergillus conidia may also be of importance. The outer conidial surface 
contains rodlets that are associated with hydrophobic properties. These structures 
may confer resistance to extreme atmospheric conditions and facilitate airborne 
dispersion of Aspergillus conidia. A. fumigatus causes the vast majority of 
bronchopulmonary aspergillosis. From clinical prelevatele isolation is quite easy, 
using common media cultivation. 
 

  
a.       b. 

Fig.2. Cultural (a) and morphological (b) appearance (10X) of the lavage sample 
analyzed. 
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Fungal mycoses, especially of Aspergillus species, are rare in the cat. 
Cases of localized infections of the upper respiratory structures in the cat produced 
by Aspergillus and Penicillium spp. were described by Tomsa et al. (6) Whitney et 
al. (7) and Sherk (5). 
 

Conclusions 
 
The method of infecting a cat, having regard to circumstances, was done 

by the respiratory route by inhalation of Aspergillus spores, which due to very small 
size, they could reach the alveolar level. 
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Summary 

 
To determine the prevalence of Streptococcus canis in cats with otitis externa, a 

total of 24 swabs were examined bacteriologically in the period from january – march 2011. 
Five isolates obtained from external auditive chanel, the cat with otitis externa, were further 
characterized for their phenotypic properties. The most frequently isolated biotype produced 
phosphatase, leucine amidopeptidase, arginine dihydrolase, alpha-D and beta-D-
galactosidase and fermented lactose and ribose. Frequency of S. canis strains were isolated 
from otitis externa in cats was 20.83% (5 tulpini/24 probe). 

Key words: cats, Streptococcus canis, prevalence, otitis externa 

 
Beta hemolytic streptococci in cats are part of the commensal flora of the 

skin, throat, upper respiratory and genital tract. Most infections caused by beta 
hemolytic streptococci, the G serological Lancefield group and S. canis is the 
predominant species (4, 6, 7) . Age, exposure and immune response are the most 
important factors that may cause the transformation of this organism in a 
commensal pathogen, causing disease. Clinical signs vary depending on the 
affected anatomic site and the host immune status. Group G streptococci which 
have attracted interest from more and more lately because of the diagnosis 
becoming more common of these microorganisms in pharyngitis, tonsillitis, bites 
and scratches, cellulitis, neonatal infection and puerperal sepsis and endocarditis in 
the human population (2, 7). 

 

Materials and methods 
 

Pathological material samples were collected from 24 cats with otitis 
externa. In this study, included 5 strains of Streptococcus canis isolated from 24 
cats were examined at the Clinic of Infectious Diseases and Preventive Medicine, 
Faculty of Veterinary Medicine Timisoara belonging, in the period from January – 
March 2011. 

Complete clinical examination was followed by a collection of 24 samples 
of otic exudate to achieve microbiological examination in the Clinic of Infectious 
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Diseases and Preventive Medicine, Faculty of Veterinary Medicine Timisoara, 
Bacterial infectious disease Research Laboratory. Samples were collected by 
standard procedure, harvested using sterile tubes. 

Samples were seeded to achieve cultural examination on agar with 5% calf 
blood medium, BHI agar respectively. The plates were incubated for 24 hours in 
normal atmosphere at 37°C. Colonies arising after this period, which showed 
morphological characteristics of colonies of streptococci, surrounded by a zone of 
beta hemolysis, were selected for further investigations. Serological typing of strains 
of streptococci isolated from external otitis in cats was achieved by using the product 
Pastorex Strep 

(Bio-Rad Laboratories)
 that allows rapid identification of streptococci, where 

specific Lancefield group antigens (A, B, C, D, F and G). Another phenotypic 
characteristic of S. canis strains investigated was the reaction of CAMP. The reaction 
is normally used for presumptive identification of Streptococcus agalactiae. It is 
based on the ability of staphylococcal β-lisine, to extract lipids from sheep red blood 
cells and subsequently make them susceptible to lysates, extracellular products, 
such as produced by S. agalactiae CAMP factor. The test is based on the property of 
bacteria to produce a diffusible extracellular protein (CAMP factor), which together 
with Staphylococcus aureus beta-lysine, enhances erythrocyte lysis.  

Biochemical characteristics of strains of streptococci isolated were tested 
using API 20 STREP 

(bioMérieux)
 system according to manufacturers 

recommendations and instructions, using APIweb software 
(bioMérieux),

 Strep API 4.1 
for species identification.  
 

Results and discussions 
 

A total of five strains of S. canis were isolated from 24 samples of otic 
exudate collected from 24 cats in the period January to March 2011, the 
Department of Infectious Diseases and Veterinary Medicine, Faculty of Veterinary 
Medicine Timisoara.  

All strains of streptococci isolated from external otitis in cats tested with the 
API 20 Strep multitest were negative for Voges Proskauer reaction, acid hydrolysis 
hipuric, acid production from arabinose, mannitol, sorbitol, inulin, raffinose, glycogen 
and starch respectively galactosidase positive in the presence of enzymes, alkaline 
phosphatase, leucine aminopeptidase, dihidrolase arginine and acid production from 
ribose. These biochemical characters correspond to the species Streptococcus 
canis. Another phenotypic characteristic of S. canis strains investigated in isolated, 
was CAMP test, which was positive for 20% of strains (1/5). Frequency of S. canis 
strains were isolated from otitis externa in cats was 20.83%. 

Our results are consistent with the findings of Lysková et. col. (5), 
Specimens taken from animals with otitis externa, our results are consistent with 
observations of Bornand (3) and Bensignor et al. (1). However, considering the fact 
that S. canis was found almost only in mixed cultures, it most likely represents a 
secondary invading species.  
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Conclusions  
 

A total number of five of  S. canis strains was isolated from 24 swabs 
obtained from 24 cats with otitis externa in the period from january – march, 2011. 

In conclusion, the prevalence of  S. canis among household cats was 
found to be 20,83%, recoveries from the otitis externa. Although this microorganism 
is commonly isolated from the skin and external auditory chanel of animals, it can 
still be responsible for various, mostly acute and chronic infections.  

Even if the biochemical characteristics are suitable to confirm the 
preliminary identification of  S. canis isolates, may help with the unambiguous 
identification of S. canis isolates from clinical samples. 
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Summary 
 

 
In the environment, airborne endotoxins are often associated to dust particles or 

water saturated aerosols. Literature data demonstrate that smaller aerosols are containing 

bigger endotoxins quantities, reported to the aerosols weight. The airborne endotoxins 
are linked with the presence of Gram negative bacteria into the environment. There 
were detected in air, dust, water. Those from dust and water, in order to be 
dangerous, they must become aerosolized. There is a tight connection between 
dust quantities and airborne bacteria and endotoxins into the air of poultry houses. 
Air hygiene studies shown that the level of endotoxins is positively correlated with 
the dust quantities into the poultry houses.  

In this monographic study are presented the origin, the composition and the, 
role of endotoxins, their quantification and determination methods, but also 
recorded and recommended levels in poultry house. 

Key words: airborne endotoxins, poultry, threshold 
 

 
Endotoxins origin, composition, role. Endotoxins are composed from 

proteins, lipids and lipopolysaccharides (LPS) complex. The LPS complex 
represents the major constituent of outer membrane of Gram negative bacteria 
(Escherichia coli, Salmonella, Shigella, Pseudomonas, Neisseria, Haemophillus 
etc.), with a major role in division, growth and viability of bacteria /4, 57/. The wall 
components of Gram positive bacteria, mycobacterium and fungi, not having LPS 
complexes, are free of endotoxins /14/.   

By the lyses of dead bacteria cells, very small quantities of endotoxins are 
released, thus becoming airborne /73/.    

The airborne endotoxins are linked with the presence of Gram negative 
bacteria into the environment /4, 5, 14/. There were detected in air, dust, water. 
Those from dust and water, in order to be dangerous, they must become 
aerosolized /63/.  

LPS represents a class of pure molecule of lipids and polysaccharides 
(carbohydrates), free of proteins and other cell wall components, water soluble /4, 
14, 24/. LPS are composed from A lipid, O specific chains and a polysaccharide 
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nucleus. The A lipid is composed from glucosamine disaccharide, a PO4 group, an 
acilic chain and an intern core of KDO (2-keto-3-dezoxisioctanoic acid) /4/.  

The composition of the A lipid (an amphionic phospho-glyco-lipid, 
responsible for the toxic properties) is significantly different, compared to others 
lipids from biological membranes. The compositions of the A lipid is remarkably 
constant through the numerous bacteria species.  The hydrophobic polysaccharide 
half is composed from O specific chains and a glucidic core. The O chains 
composition significantly differs among bacteria species. The core composition is 
relatively constant, being identical or very similar for large groups of bacteria /14/.   

The endotoxins are very stabile, chemical or heat treatments do not lead to the 
reductions of endotoxins level. The water control reduce the growth of the Gram 
negative bacteria, thus leading to reduced levels of endotoxins /4, 14, 32, 63, 72/. 

Although endotoxins are ubiquitous, LPS are not all toxic, among those 
toxic the toxicity degree is different /6/.  

The biological activity of endotoxins is associated to the bacterial LPS, the 
toxicity is associated to the A lipid, while the immunologic properties, which 
determine responses of the immune system, are associated to the polysaccharide 
component /1, 4, 14, 23, 24/.  

Endotoxins are invariably associated to Gram negative bacteria, indifferent if 
the microorganisms are pathogen or non-pathogen. Sometimes, the term is used to 
catalog any toxin associated to bacteria cell /1/.   

Although most biological effects could be reproduced by purified LPS, is not 
fair to consider that this term is preferred to that of endotoxins. These terms – 
endotoxins and LPS – are often utilized, by alternation, in scientific studies /14/.  

In the environment, airborne endotoxins are often associated to dust particles or 
water saturated aerosols. Literature data demonstrate that smaller aerosols are 
containing bigger endotoxins quantities, reported to the aerosols weight /14/.  

Airborne endotoxins are ubiquitous, excepting those moments with 
precipitations. The endotoxins concentration in open air is around 0,3 ng / air m3 /1, 5/. 

The endotoxins roles consists in assisting the selective transport of 
substances into the bacterial cell, also helps in the bacterial defense, generating 
some potential destructions and antibodies production into the host body /69/. 

Bacteria – endotoxins correlation. Air hygiene studies, conducted by 
Zucher and Muller (2000), cited by Bakutis /4/ shown that the level of endotoxins is 
positively correlated with the dust quantities into the poultry houses.  

There is a tight connection between dust quantities and airborne bacteria 
and endotoxins into the air of poultry houses. The endotoxins concentration 
increase with microbial contamination. A medium positive correlation is observed 
between Gram negative bacteria and endotoxins concentration. Although Gram 
negative bacteria did not survive into the environment for a long period of time, 
endotoxins continue to be active after the death of bacteria cells /4/. 

The endotoxins quantities existing into the environment are directly linked 
with the conditions that affect the growth of Gram negative bacteria. The level of 
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airborne endotoxins depends with the bacterial contamination of materials, the 
manipulation and disturbance of these materials and also with air flow speed /32/. 

 Neither inhalable dust concentration nor airborne bacteria concentration do 
not reflect in a correct manner the airborne endotoxins concentration. Moreover, 
the endotoxic activity could persist for a long period of time into dust samples. The 
airborne endotoxins could be an adequate marker in order to characterize the 
exposure to airborne organic dust, because these toxins are responsible for some 
respiratory diseases (the toxic pneumonia, the airways obstruction) and because 
the toxic activity of endotoxins in dust samples persist for a long period of time /66/. 

The direct count of bacteria by epifluorescence microscopy, although provide 
the biggest number of bacteria, does not allow the establishment of a correlation 
between the total count of bacteria and the endotoxins concentration /30/.  

Endotoxins determination. Considering the determination and 
quantification of endotoxins level, statistic differences among laboratories are 
obvious, those could be due to time variables, geographic location, number of 
animals, building structure, but also to sampling methods, extracting and analyzing 
methods. Still, there are numerous knowledge and technologic gaps. Here could be 
included a lack of understanding of the bioaerosols transport, especially in open 
spaces, the impossibility of a accurate prediction of risks associated to airborne 
pathogens, the absence of a standard protocol regarding bioaerosols sampling or 
some efficient tests. Considering these, the standardization of sampling and 
analyzing methods for airborne endotoxins in agriculture is required /41, 45, 53/.  

The airborne endotoxins quantities detected is affected by the different types of 
filters utilized in sampling process and the extraction and keeping conditions. The 
endotoxins extraction efficiency in pyrogen – free water with 0,05% Tween 20 was seven 
times higher compared with the efficiency obtained only in pyrogen – free water /15/. 

With the help of teflon filters, glass fibers or polycarbonate filters, a double 
quantity of endotoxins was extracted in comparison with that obtained using 
cellulose esters filters. The temperature and the stirring intensity during the 
extraction are not correlated with the efficiency of the extraction. Repeated freezing 
cycles (-20°C) in pyrogen free water had a dramatic effect on detectable 
endotoxins level. A 25% loss of endotoxin activity per freezing cycle was observed. 
Keeping of samples at 7°C for one year does not affect the endotoxin level. Thus, 
the endotoxin level may considerably differ from one test o another, according to 
sampling, keeping and handling procedure /15/. 

Endotoxins are mainly determined with the help of LAL test (Limulus Amebocyte 
Lysate), which has an excellent sensitivity of a coagulation enzymatic cascade, from 
Limulus polyphemus1 crab amebocytes or related species (Carcinoscorpius 

                                                           
1
 Limulus polyphemus (Horseshoe crab) - Merostomata class, mobile non-vertebrate, 

populating the Atlantic and The Mexic Bay, characterized by a bilateral symmetry, a solid exoskeleton 
and a long tail, with a maximum length of 0,6 m. The color of the blood is blue, due to a special pigment 
– haemocianine /69/. 
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rotundicauda, Taechypleus gigas). For an accurate analysis, a 12 points calibration curve 
of a standard endotoxin obtained from E. coli 0111:B4 is used /54/.   

The LAL test measures endotoxins in toxic activity units, by determination 
the ability to coagulate the Horseshoe crab blood. The results are close dependent 
to the test batch used, the test is affected by numerous factors, including materials 
that could be present in samples. Generally, this means that data obtained by 
different laboratories cannot be compared, moreover, even in the same laboratory 
data obtained in different days or from different reactive batches are difficult to be 
compared.  The Bioaerosols Comity of the American Conference of Governmental 
Industrial Hygienists (ACGIH) proposed a comparative standard for the aerosolized 
endotoxins, based on LAL test, which requires measures to be done in the open air 
for comparison. In a comparative study conducted in Germany, between ten 
laboratories, there were identified variations even in the same laboratory, the 
differences obtained between laboratories were no higher than three times. In 
testing, it is very important to utilize the same method which was applied to obtain 
those data which will be utilized for comparison /6/.  

It is compulsory to establish some high quality control procedures, which will 
became standard practice in order to analyze endotoxins in different work places, 
and the development of a general accepted protocol should be encouraged /25/.   

The standardized analytical method used nowadays for endotoxins detection 
is the LAL test. In order to obtain relevant data, materials used for sampling and 
testing should be free of endotoxins. Recent discoveries allow LAL reagents to be 
specific for bacterial LPS, without interfering with glucans (fungi cellular wall 
components).   

Today, three methods are available: 
- The gel clotting method, the most simple and not expensive, with a good 

sensitivity, 
- The turbidimetric method, 
- The kinetic LAL chromogenic endotoxic assay, the most sensitive and the 

most accurate /63/. 
The third one can measure concentrations in the range of picograms / m

3
. 

A general accepted protocol is not yet available /24, 80/.    
Because in the LAL test endotoxins and glucans could interfere, thus alter 

the results, it is necessary, according to a new methodology, the adding of 
amphions, in order to eliminate these interferences /1/.   

It is required the development of some new analytic methods, specific for 
cellular wall toxins, like gas – chromatography and mass spectrometry /1, 37/. 

Total LPS could be determined using gas – chromatography. This method is 
stable and allows comparisons of data between different laboratories. 
Nevertheless, the method measure both toxic and non toxic LPS. Considering that 
the non toxic forms of LPS could be good immune stimulants, this approach could 
be the best one. LPS are measured as concentration of the effective compound 
(ng/g of dust). Endotoxins are measured in potency units – endotoxin units (EU). In 
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some papers, the endotoxin concentration is presented in nanograms or 
micrograms / measuring unit. In these cases gas – chromatography was used to 
measure the total LPS, or the authors refers to standard LPS units used in tests. 
Anyway, because the LPS type in sample could be different from standard, the EU 
is preferred in order to express LAL test data /6/. 

Most of the bacteria presented in airborne dust samples from poultry houses were 
found to be Gram-positive according to the analytical chemical method (gas 
chromatography), while the LAL test suggested the presence of large amounts of 
lipopolysaccharides of Gram-negative bacteria. Further studies are required to compare 
the utility of these two methods for determining endotoxins in complex environments /51/. 

Endotoxins  quantification. Quantification of endotoxins is based on 
biological tests in order to determine biological activity and power, and does not 
represent a single chemical concentration measurement /1/. 

Worldwide, there are two methods available for endotoxins quantification: a 
mass quantification method (values are expressed, usually, in nanograms) and a 
biological activity quantification method, expressed in endotoxin units. According to 
European Pharmacopoeia 5.0 endotoxin is expressed in International Units (IU). 
The equivalence in IU of the International Standard is stated by the World Health 
Organization. One International Unit is equal to one Endotoxin Unit (EU). The 
endotoxin units allow the quantification of endotoxin level corresponding to a 
reference endotoxin quantity. According to literature, some authors state that 1 ng 
of endotoxin is equivalent to 8 EU (EC6 standard) /43/, others state that 1 ng of 
endotoxin may be approximately equal to 10 to 15 endotoxin units /63/, while 
others state that 0,1 ng of reference standard endotoxin is equal to 1 EU /1/. 
According to US Pharmacopoeia, one nanograms of EC5 or EC6 reference 
standard endotoxin is equivalent to ten EU /39/.    

Recorded levels of airborne endotoxins. The most important contributors 
to endotoxin contamination of organic dust are represented by animal feces and 
vegetal substrates contaminated with bacteria /43/.    

Statistical analysis results show that poultry houses have the highest 
concentrations of airborne endotoxin in each of the four fractions of dust (p 
<0.001), followed by cattle and swine shelters. For the same fractions of dust were 
estimated significant variations, according to shelter type. Significant interaction 
season - airborne endotoxin concentrations were not observed /19/. 

The absence of some internal seasonal patterns (variations) in the presence of 
significant variations of airborne endotoxins, outside, according to season, may suggest 
the importance of internal sources and that the level of endotoxins in the interior 
housing is determined by internal factors, temporal (seasonal) invariably /39/. 

Endotoxins were detected in all size levels of dust, with the highest 
concentration in the smallest fraction (less than 3.5 micrometers). Endotoxin levels 
tend to be lower than those previously reported in poultry farming /27/. 

Airborne endotoxin concentrations recorded in different studies are 
presented in Table 1. 
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Table 1 
 

Concentrations of airborne endotoxins recorded in various studies 
conducted in poultry houses 

No. 
Values  

ng / air m
3
  

Mean 
ng / air 

m
3
  

Bibliographic 
source 

Observation 

1. 20 – 1500 400 Hagmar /18/  

2.  310 Clark /10/ 
At this concentration, clinical signs may occur in 
other populations 

3. 800 – 1400 1200 Wang /58/  

4. 19 – 1635  Weber /60/  

5.  257.58 Radon /43/ Level detected in total dust 

6. 0,77 – 61  
Johnes /27/ 

Level detected in total dust 

7. 0,71 – 15  Level detected in expirable dust 

8. 0 – 4000  Yang /63/  

9. 
4500 – 
47700 

 
Thedell T.D. 

/53/ 
 

10.  264 Koerkamp 
/29/ 

In alternative systems, during egg collection from 
the floor - inhalable dust 

11.  19 In cage system, during routine work - inhalable dust 

12. 80 – 1280  Bakutis /4/ 
The amounts of endotoxin is three time higher, 
compared with swine houses air. 

13. 
338,9 - 
860,4 

 
Hartung /20/ 

Inhalable dust fraction (inhalable endotoxins) 

14. 9,6 – 58,1  Expirable dust fraction (expirable endotoxins) 

15. 42 - 82  Nielsen /36/ Total dust, threshold  – 10 ng/m
3
 

16.  7.132,4 Seedorf /48/ duck shelter 

 
Recommended levels and airborne endotoxin thresholds. Despite a 

clear recognition that inhaled endotoxin represents an occupational hazard in the 
enclosed houses of animals and birds, in the U.S. and Canada there are no limits 
for occupational exposure to airborne endotoxins established by governmental 
agencies. This is probably due to the fact that methods for determining exposure to 
endotoxins were not fully optimized and validated /5, 32/. 

In the U.S., however, a limit of 10 ng/m
3
 (100 EU/m

3
) is recommended for 

workers in poultry processing industry/36/. 
In 1997, Rylander, cited by Yang /63/ proposed values of endotoxin levels at 

which no adverse human health effects occur: 
- at a level of endotoxin over 10 ng / air m

3
, inflammation of the airways may 

occur; 
- at a level of endotoxin over 100 ng / air m

3
, systemic effects may occur; 

- at a level of endotoxin over 200 ng / air m
3
, toxic pneumonia may occur. 

Values were determined based on existing literature, inducing symptoms 
studies, but also field studies. Note that the effects on the respiratory system may 
occur at levels below 10 ng / air m

3 
/63/. 
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Exposure levels of 1 – 20 ng / m
3
 could generate adverse effects upon the 

health of the respiratory system, based on observation of The American Thoracic 
Society. A quantity of 20 ng endotoxin / m

3
 generates both acute and chronic 

effects. Thus, a threshold of 3 – 7,5 ng / m
3
 air of airborne endotoxin is suggested.  

In the European Union, the actual threshold imposed by the occupational 
medicine is set to 5 ng / m

3
 (50 EU / m

3
) /19/.  

In Netherlands, The Dutch Expert Committee on Occupational Standards 
(DECOS) of The National Health Council of the Netherlands) recommend an 
occupational exposure limit (OEL) to airborne endotoxin of  5 ng/m

3
 air (50 EU/m

3 
air),as 

a mean value for a 8 work hours exposure / day /23/, or even 4,5 ng/m
3
 air /24, 32/.  

Netherlands agreed in 2002 to 20 ng/m3 air OEL (200UE/m3 air), to 
withdraw a year later, in 2003 /23/. 

The International Commission on Occupational Health proposed a threshold 
for occupational exposure of 12,5 ng / m

3
, respectively 125 EU / m

3
 air /43/. 

Addicted to relevant health effects, "without trace" levels (no effect levels) 
specified in the literature ranges from 9-170 ng/m

3
 (90-1700 EU/m

3
), based mainly 

on experimental exposure to endotoxin /2 /. 
Numerous studies demonstrate clear breathing difficulties associated with 

the level of endotoxin, but not to the level of dust exposure. Calculation of a no 
effect level (No Observed Adverse Effect Level - NOAEL) for acute or chronic 
exposure to airborne endotoxins is based on epidemiological studies. A value of 9 
ng / m

3
 is recommended /14, 24/. A safety factor of 2 was applied to compensate 

the increased risk for certain groups of workers, taking into account the fact that the 
endotoxins may cause chronic pulmonary effects at levels that are lower than those 
determined for acute respiratory effects. 

Most often remembered threshold standard for airborne endotoxins is 50-100 
EU / m

3
 air /23/, however there are various suggestions for the standard exposure, 

ranging from 5 ng / m
3
 air (50 EU / m

3
 air) to 200 ng / m

3
 air (2000 EU / m

3
 air) /43, 60/. 

A European standard for airborne endotoxins in agriculture: EN 14 031 is 
available (Reynolds et al., 2002) /28/. 

A summary of scientific recommendations for maximum exposure levels 
allowed for reasons of professional health in workers in poultry and swine houses is 
presented in Table 2 /54, 74/. 
 

Table 2 
Maximum permissible concentrations allowed in poultry and swine housing  

 

Substance 
Human 
health 

Animal 
health 

OSHA
* 

recommendations  

Total dust (mg/m
3
)  2,4 3,7 15 

Expirable dust (mg/m
3
) 0,23 0,23 5 

Total endotoxin (µg/m
3
) 0,08 0,15 - 

Total microorganisms CFU/m
3
 430.000 430.000 - 

 Legend: * - OSHA - Occupational Safety and Health Administration 
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Endotoxins emissions from shelters. Generally, on the dominant wind 
direction, were found higher concentrations of total dust, fungi and mesophilic 
actinomycetes, but not endotoxin /48/. 

Seedorf et al. (1998), quoted by Bicudo /5/, studying airborne endotoxin 
concentrations and micro-organisms in cattle, pigs and poultry houses, in four 
European countries (England, Holland, Denmark and Germany), achieved average 
rates (over 24 hours ) of endotoxin emissions in inhalable and expirable dust 
ranging from 38.7 µg / AU / h to  817.4 µg / AU / h (Table 3). 

 
Table 3 

Average emissions of endotoxins from various bird shelters 
Source: Seedorf et al. (1998), quoted by Bicudo /5/ 

 

Category 
Inhalable endotoxins 

(µg / AU / h) 
Expirable Endotoxins 

(µg / AU / h) 
Laying hens 538,3 38,7 
Broilers  817,4 46,7 

 
Emission rates were estimated using the ventilation rates and 

concentrations of endotoxin determined in shelters /5/. 
The survey data indicates that the highest emission of endotoxin appear in 

broiler houses, followed by those for laying hens (the lowest values were recorded 
in cattle shelters). But it is not known whether human exposure to such endotoxin 
emissions is dangerous for health /5/. 

Although air endotoxin levels can be very high near the source, they rapidly 
decreased with increasing distance from it. If, near the facilities, the detected level of 
endotoxin was 20 ng / m

3
 air, at 150 meters away from the facilities, onto the prevailing 

wind direction, endotoxin concentration decreased at 0.24 ng / m
3
 air /32/. 

 
CONCLUSIONS 

 
Airborne endotoxins represent a more aqurrate indicator of air hygiene in 

animal houses, compared to all classical hygine indicators used nowadays. 
Although endotoxins were intensly studied all over the world yet there is no a 

generral accepted threshold for exposure. 
 

References 
 

 
1. Aber W., Stepping Outside the Microbial World, Aerotech Laboratories, 

Inc., 2004. 
http://www.nibs.org/m6.html 

2. Al Homidan A., Robertson J. F., Petchey A. M., Review of The Effect of 
Ammonia and Dust Concentrations on Broiler Performance, World‘s 
Poultry Science Journal, 2003 Sept., vol, 59, pag 340 – 348 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 293 
 

3. Andrzej R., Influenţa poluării microbiene a eclozionatoarelor asupra 
sănătăţii puilor în primele cinci zile de viaţă, Lucrările celui de-al VI-lea 
Congres internaţional de igienă animală, mediul înconjurător şi sănătatea 
animalelor, 14 – 17 iunie 1988, Skara – Suedia, Buletin informativ nr. 11 – 
12, Bucureşti, 1990, pag. 174 – 178 

4. Bakutis B., Monstviliene E., Januskeviciene G., Analyses of Airborne 
Contamination with Bacteria, Endotoxins and Dust in Livestock Barns and 
Poultry Houses, Acta Vet. Brno, 2004, vol. 73, pag. 283 - 289 

5. Bicudo J. R., Schmidt D. R., Gay S. W., Gates R. S., Jacobson L. D., 
Hoff S. J., Air Quality And Emissions From Livestock And Poultry 
Production - Waste Management Systems, National Center for Manure and 
Animal Waste Management, North Carolina State University, Raleigh, 2002 
http://www.agnr.umd.edu/.../Ammonia%20Forum/Ammonia%20Emissions
%20from%20Animal%20Housing%20Facilities.pdf 

6. Burge H., Gallup D.,Endotoxins, The Environmental Reporter, EMLab, vol. 
3, nr. 3 
http://www.emlab.com/s/sampling/env-report-03-2005.html 

7. Chapin Amy, Rule Ana, Gibson K., Buckley T., Schwab K., Airborne 
Multi-drug Resistant Bacteria Isolated from a Concentrated Swine Feeding 
Operation, The National Institute of Environmental Health Sciences, 
National Institutes of Health, U.S. Department of Health and Human 
Services, Environmental Health Perspectives, 2005 Feb., vol. 113, nr. 2 
http://www.ehponline.org/docs/2004/7473/abstract.html 

8. Cernea I., Man C., Draghici C., Nivelul poluării cu pulberi şi 
microorganisme şi relaţia pulberi – microorganisme din aerul adăposturilor 
pentru animale, Lucrare publicată în Buletinul Institutului Agronomic Cluj – 
Napoca, seria Zootehnie şi Medicină Veterinară Bul. IACN – ZMV, 1979, 
vol. 33, pag. 93 – 96 

9. Clarke A. F., Stable Design and Management, The Veterinary Annual 33, 
Blackwell Scientific Publications, 1993, pag. 24 – 44 

10. Clark S., Rylander R., Larsson L., Airborne bacteria, endotoxin and fungi 
in dust in poultry and swine confinement buildings, Am. Ind. Hyg. Assoc. J. 
1983 Jul,,  vol. 44(7), pag. 537 – 541 

11. Davis Meredith, Morishita Teresa Y., Relative Ammonia Concentrations, 
Dust Concentrations, And Presence Of Salmonella Species And 
Escherichia Coli Inside And Outside Commercial Layer Facilities, Avian 
Diseases Journal,  vol. 49, nr.1, pag. 30-35 

12. Decun M., Igiena veterinară şi protecţia mediului, Editura Helicon, 
Timişoara, 1977, pag. 74 – 85, 237 - 260 

13. Donham K.J., Cumro D., Reynolds S., Synergistic effects of dust and 
ammonia on the occupational health effects of poultry production workers, 
J. Agromedicine, 2002, vol. 8(2), pag. 57 – 76 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 294 
 

 

14. Douwes J., Thorne P.S., Pearce N., Heederik D., Biological Agents – 
Recognition, 
http://www.ce.utexas.edu/ewre/faculty/Chapter%204%20-%20Dowues.pdf 

15. Douwes J., Versloot P., Hollander A., Heederik D., Doekes G., Influence 
of various dust sampling and extraction methods on the measurement of 
airborne endotoxin, Appl. Environ. Microbiol., 1995, vol. 61, nr. 5, pag. 
1763 - 1769  

16. Drăghici C., Microclimatul adăposturilor de animale şi mijloacele de 
dirijare, Ed. Ceres, Bucureşti, 1991 

17. Ellen H. H., Bottcher R. W., Von Wachenfelt E., Takai H., Dust Levels 
and Control Methods in Poultry Houses, Journal of Agricultural Safety and 
Health. 2000, vol. 6(4), pag. 275 - 282 

18. Hagmar L., Schutz A., Hallberg T., Sjoholm A., Health effects of 
exposure to endotoxins and organic dust in poultry slaughter-house 
workers, Department of Occupational Medicine, University Hospital, Lund, 
Sweden, Int. Arch. Occup. Environ. Health, 1990, vol. 62(2), pag. 159 - 164 

19. Hartung J., Animal Welfare Regulations for Poultry Production in Europe 
and Germany – A European’s Perspective on Sustainable Poultry Farming, 
XI International Congress in Animal Hygiene, 2003 Feb. 23 - 27, Mexico 
City, Proceedings, vol. I, pag. 81 – 89 

20. Hartung J., Seedorf J., Emission of Airborne Particulates from Animal 
Production 
http://agriculture.de/acms1/conf6/ws4dust.htm 

21. Hauser R. H., Fölsch D. W., Metode verificate în practică pentru 
măsurarea prafului, microorganismelor şi amoniacului din halele găinilor 
ouătoare, Lucrările celui de-al VI-lea Congres internaţional de igienă 
animală, mediul înconjurător şi sănătatea animalelor, 14 – 17 iunie 1988, 
Skara – Suedia, Buletin informativ Nr. 11 – 12, Bucureşti 1990, pag. 182 – 
189 

22. Heber A. J., Building Ventilation and Air Quality 
http://abe.www.ecn.purdue.edu/ABE/Research/research95/heber.peu.96.ht
ml  

23. Heederik D., Spaan Suzanne, Wouters Inge, Doekes G, Occupation and 
Health - Endotoxin exposure in various industries and related fields, IRAS 
Research projects 
http://www.iras.uu.nl/research/projects_occ_and_health/oh07.php 

24. Heederik D, Douwes J., Towards an occupational exposure limit for 
endotoxins?, Ann. Agric. Environ. Med., 1997, vol. 4, pag. 17 - 19 

25. Hollander A., Heederik D., Versloot P., Douwes J., Inhibition and 
enhancement in the analysis of airborne endotoxin levels in various 
occupational environments, Am. Ind. Hyg. Assoc. J., 1993 Nov., vol. 
54(11), pag. 647 - 653 

26. Iversen M.,Livestock Farming and the Environment: Impact on Man,  



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 295 
 

http://agriculture.de/acms1/conf6/ws4man.htm 
27. Jones W., Morring K., Olenchock S.A., Williams T., Hickey J., 

Environmental study of poultry confinement buildings, Am. Ind. Hyg. Assoc. 
J., 1984 Nov., vol. 45(11), pag. 760 - 766, 

28. Jongeneelen F., Inter-Laboratorium Differences In Determination Of 
Airborne Endotoxin Concentrations, Airmon 2005, O 23 
http://www.airmon.org/pdf/O-23.pdf 

29. Koerkamp P. W. G. G., Drost H., Air Contamination in Poultry Production 
Systems, 2: The Netherlands, Fourth European Symposium on Poultry 
Welfare, Published by Universities Federation for Animal Welfare 1993, 
pag. 110 – 116 

30. Laitinen S., Nevalainen A., Kotimaa M., Liesivuori J., Martikainen P. J., 
Relationship between bacterial counts and endotoxin concentrations in the 
air of wastewater treatment plants, Appl. Environ. Microbiol., 1992 Nov., vol 
58, nr. 11, pag. 3774 -3776 

31. Lange J. H.,  Mastrangelo G.,  Fedeli U., Rylander R.,  Christiani D. C., 
There is an alternative reason for lower-than-expected rates of lung cancer 
in farmers - Letter to the Editor - Archives of Environmental Health, 2003 
May 
http://www.findarticles.com/p/articles/mi_m0907/is_5_58/ai_112448481 

32. McNeel Sandra, Kreutzer R, Bioaerosols And Green-Waste Composting 
In California, Final Report Printed by California Department of Health 
Services Environmental Health Investigations Branch Oakland, California / 
1999 Jun.  
http://www.mold-survivor.com/thermophilic_mold-help.org.htm 

33. Michel O., Nagy Anne-Marie, Schroeven M., Duchateau J., Nève J., 
Fondu P., Sergysels R., Dose-Response Relationship to Inhaled 
Endotoxin in Normal Subjects, Am. J. Respir. Crit. Care Med., 1997 Oct., 
vol. 156, nr. 4, pag. 1157 – 1164 

34. Moga Mânzat R., Boli infecţioase ale animalelor – bacterioze, Ed. Brumar, 
Timişoara, 2001 

35. Moga Mânzat R., Boli virotice şi prionice ale animalelor, Ed. Brumar, 
Timişoara, 2005 

36. Nielsen B.H., Breum N.O., Exposure to air contaminants in chicken 
catching, Am. Ind. Hyg. Assoc. J., 1995 Aug.,  vol. 56(8), pag. 804 – 808 

37. Norbäck D., Wieslander Gunilla, Exposure to Allergens and 
Microorganisms in Cultivating and Handling of Crops A Review on Health 
Hazards and Some Aspects on Exposure Assessment and Exposure 
Control,  Department of Occupational and Environmental Medicine, 
University Hospital, S-753 31 Uppsala, Sweden 
http://www.mold-survivor.com/exposure_to_allergens_and_microo.htm 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 296 
 

 

38. Omland O., Exposure and respiratory health in farming in temperate 
zones-a review of the literature, Ann. Agric. Environ. Med., 2002, vol. 9(2), 
pag. 119 – 136 

39. Park J. H., Spiegelman L. Donna, Gold R. Diane, Burge A. Harriet, 
Milton D. K., Predictors of Airborne Endotoxin in the Home, Environmental 
Health Perspectives, 2001 Aug, vol. 109, nr. 8 
http://ehp.niehs.nih.gov/members/2001/109p859-864park/park-full.html 

40. Philipp W., Schmidt Barbara, Fack T., Bacteriological poluttion of 
ambient air at different workplaces in biowaste composting plants, Institute 
for Environmental and Animal Hygiene, University of Hohenheim 
http://www.uni-hohenheim.de/i3ve/00000700/00369310/00112041.htm 

41. Pillai S. D., Ricke S. C., Bioaerosols from municipal and animal wastes: 
background and contemporary issues – Review, Can. J. Microbiol. / Rev. 
Can. Microbiol., 2002, vol. 48(8), pag. 681-696 

42. Popescu D., Ghiurghiş Şt., Dirijarea microclimatului în adăposturile 
pentru păsări, Revista de zootehnie şi medicină veterinară, nr. 1, 1973, 
pag. 32 – 38   

43. Radon K., Danuser B., Iversen M., Monso E., Weber C., Hartung J., 
Donham K.J., Palmgren U., Nowak D., Air contaminants in different 
European farming environments, Ann. Agric. Environ. Med., 2002, vol. 9, 
pag. 41 – 48  

44. Radon K., Weber C., Iversen M., Danuser B., Pedersen S., Nowak D., 
Exposure assessment and lung function in pig and poultry farmers, Occup. 
Environ. Med.,  2001, vol. 58, pag. 405 – 410 

45. Reynolds S.J., Thorne P.S., Donham K.J., Croteau E.A., Kelly K.M., 
Lewis D., Whitmer M., Heederik D.J., Douwes J., Connaughton I., 
Koch S., Malmberg P., Larsson B.M., Milton D.K., Comparison of 
endotoxin assays using agricultural dusts, AIHA J (Fairfax, Va).,  2002 Jul. 
– Aug., vol. 63(4), pag. 430 -438 

46. Rylander R., Endotoxin in the environment – exposure and effects, Journal 
of Endotoxin Research, 2002 Aug., vol. 8 (12), nr. 4, pag. 241 – 252 

47. Sauter E. A., Petersen C. F., Steele E. E., Parkinson J. F., Dixon J. E., 
Stroh R. C., The airborne microflora of poultry houses, Poultry Science, 
1981, vol. 60 (3), pag. 569 – 574 

48. Seedorf J., Schroder M., Hartung J., Emissions and immisions of bio-
aerosols from a duck fattening unit, Zentralbl. Hyg. Umweltmed. ,1998 
Dec.; vol. 201(4-5), pag. 387 – 403 

49. Sholar C.R., DeRosso F.D., Lillquist D.R., Alder S.C., Retention And 
Recovery Determinations For The Mycotoxin, Ochratoxin A, Using Various 
Filter Media, pag.169 – 180 

50. Sonesson A., Larsson L., Schutz A., Hagmar L., Hallberg T., 
Comparison of the limulus amebocyte lysate test and gas chromatography-
mass spectrometry for measuring lipopolysaccharides (endotoxins) in 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 297 
 

airborne dust from poultry-processing industries, Appl. Environ. Microbiol., 
1990 May., vol. 56(5), pag. 1271 - 1278 

51. Sonesson A., Larsson L., Fox A., Westerdahl G., Odham G., 
Determination of environmental levels of peptidoglycan and 
lipopolysaccharide using gas chromatography with negative-ion chemical-
ionization mass spectrometry utilizing bacterial amino acids and hydroxy 
fatty acids as biomarkers, J. Chromatogr., 1988 Sep., vol. 23; 431 (1), pag. 
1 - 15 

52. Su H.J., Chen H.L., Huang C.F., Lin C.Y., Li F.C., Milton D.K., Airborne 
fungi and endotoxin concentrations in different areas within textile plants in 
Taiwan: a 3-year study, Environ. Res., 2002 May, vol. 89(1), pag. 58 - 65 

53. Thedell T.D., Mull J.C., Olenchock S.A., A brief report of Gram-negative 
bacterial endotoxin levels in airborne and settled dusts in animal 
confinement buildings, Am. J. Ind. Med., 1980, vol. 1(1), pag. 3 – 7 

54. Thorne P.S. - Air Quality Issues, The University of Iowa, pag. 35 – 44 
55. Von Mutius E., Braun-Fahrländer C., Schierl R., Riedler J., Ehlermann 

S., Maisch S., Waser M., Nowak D., Exposure to endotoxin or other 
bacterial components might protect against the development of atopy, 
Clinical & Experimental Allergy, 2000 Sept., vol. 30( 9),  pag.1230 - 1234 

56. Von Wachenfelt E., Air Contamination in Poultry Production Systems, 1: 
Sweden, Fourth European Symposium on Poultry Welfare, Published by 
Universities Federation for Animal Welfare 1993, pag. 97 – 109 

57. Wang W., Wideman R.F. Jr., Chapman M.E., Bersi T.K., Erf G.F., Effect 
of intravenous endotoxin on blood cell profiles of broilers housed in cages 
and floor litter environments, Poult. Sci., 2003 Dec., vol. 82(12), pag. 1886 
- 1897 

58. Wang Z., Larsson K., Palmberg L., Malmberg P., Larsson P., Larsson 
L., Inhalation of swine dust induces cytokine release in the upper and lower 
airways, Eur. Respir. J., 1997, vol. 10, pag. 381 – 387 

59. Wathes C. M., Supravieţuirea Pasteurellei haemolytica şi Salmonellei 
typhimurium în aer, Lucrările celui de-al VI-lea Congres internaţional de 
igienă animală, mediul înconjurător şi sănătatea animalelor, 14 – 17 iunie 
1988, Skara – Suedia, Buletin informativ Nr. 11 – 12, Bucureşti 1990, pag. 
190 – 194 

60. Weber C., Obstructive Airway Diseases In Swiss Farmers, a dissertation 
submitted to the Swiss Federal Institute Of Technology for the degree of 
Doctor Of Natural Sciences, Zürich 2001 
http://e-collection.ethbib.ethz.ch/cgi-bin/show.pl?type=diss&nr=14164 

61. Wijnand E., Exposure To Non-Infectious Microorganisms And Endotoxins 
In Agriculture, Review Articles AAEM, Ann. Agric. Environ. Med., 1997, vol. 
4, pag. 179 – 186 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 

 

 298 
 

 

62. Wolfe R. R., Anderson D. P., Effect of Dust and Amonia Air 
Contamination on Turkey Response, Trans. ASAE, 1968 Jul. – Aug., vol. 
11, nr. 4, pag. 515 – 518 

63. Yang C. S.,  Endotoxins,  
http://www.stl-inc.com/technical_Papers/endotoxin.pdf 

64. ZARNEA G., Microbiologie, Ed. Didactică şi pedagogică, bucureşti, 1963, 
pag. 190 – 191 

65. ZARNEA G., Tratat de microbiologie generală – Bazele teoretice ale 
ecologiei microorganismelor, microorganismele şi mediile lor naturale, 
Editura Academiei Române, 1994, pag. 560 - 574 

66. Zucker B.A., Muller W., Investigations on airborne microorganisms in 
animal stables. 3: Relationship between inhalable endotoxin, inhalable dust 
and airborne bacteria in a hen house, Berl. Munch. Tierarztl. Wochenschr., 
2000 Jul. – Aug., vol. 113(7-8), pag. 279 - 283 

67. Zucker B. A., Trojan S., Müller W., Airborne Gram-Negative Bacterial 
Flora in Animal Houses, Journal of Veterinary Medicine, Series B, 2000 
Feb., vol. 47,  nr. 1, pag. 37  

68. *** - Acte normative care privesc activitatea sanitară veterinară, vol. I, 
Ministerul agriculturii şi industriei alimentare, Direcţia generală economică 
zooveterinară, Centrul de material didactic şi propagandă agricolă, 
Redacţia de propagandă tehnică agricolă, pag. 50 

69. *** - About Horse Shoe Crab 
http://www.ocean.udel.edu/horseshoecrab/Research/lal.html 

70. *** - Air Emissions from Animal Feeding Operations: Current Knowledge, 
Future Needs (2003) - The National Academies Press, Board on 
Agriculture and Natural Resources (BANR), Board on Environmental 
Studies and Toxicology (BEST) 
http://www.nap.edu/books/0309087058/html/241.html 

71. *** - Common Airborne Toxin May Worsen Asthma - by Journal of Allergy 
Clinical Immunology December, 2003 - Reuters Health  
http://www.imakenews.com/pureaircontrols/e_article000239332.cfm 

72. *** - ELGA LABWATER – Glossary of terms  
http://www.elgalabwater.com/?entityType=HTML&id=505&printThisPage=y
es 

73. *** - Exposure to airborne endotoxin may worsen asthma 
http://www.aaaai.org/aadmc/inthenews/wypr/2004archive/exposure_to_end
otoxin.html 

74. *** - Human Health Concerns In Livestock And Poultry Housing
 

http://www.abe.iastate.edu/livestock/aen159.asp
 

75. *** - Indoor Air Quality - What You Should Know 
http://www.peakpureair.com/iaq.htm  

76. *** - Indoor Air Pollutants In Residential Settings: - Respiratory Health 
Effects and Remedial Measures to Minimize Exposure 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(2), 2011, TIMIŞOARA 
 

 299 
 

http://www.on.lung.ca/air_quality/IAPRS_bacteria.html  
77. *** - International Hazard Datasheets on Occupation - Poultry Farm Worker  

http://www.ilo.org/public/english/protection/safework/cis/products/hdo/htm/f
armr_poultry.htm 

78. *** - Improving the Health and Safety of Poultry Facility Workers 
http://www.bae.ncsu.edu/proGrams/extension/farm_safety/poultry.html  

79. *** - JACI Highlights - December 2003 - Low dose airborne endotoxin 
exposure enhances bronchial responsiveness in inhaled allergen in atopic 
asthmatics 
http://www.aaaai.org/media/jaci/2003/12/endotoxin.stm  

80. *** - Limulus Amoebocyte Lysate Endotoxin Testing 
http://www.clongen.com/LAL%20Endotoxin%20Testing.htm 

81. *** - Research Projects Related to Air Quality at Purdue University, Purdue 
Agricultural Air Quality Laboratory, March 1, 2004 
http://pasture.ecn.purdue.edu/%7Eodor/projdesc.html 

82. *** - From Wikipedia, the free encyclopedia 
http://en.wikipedia.org/wiki/Quartile 

83. *** - From Wikipedia, the free encyclopedia 
http://en.wikipedia.org/wiki/Zwitterion 

84. http://www.spirxpert.com/indices5.htm 
85. http://www.jonesmedical.com/resources/spterm.html 
86. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Pubmed

&list_uids=8610135&dopt=Abstract 
87. http://www.nature.com/nri/journal/v2/n3/glossary/nri748_glossary.html 

 


