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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 ï ketamine ï 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


LUCRŀRI ķTIINŝIFICE MEDICINŀ VETERINARŀ VOL. XLIV(2), 2011, TIMIķOARA 

 

 2 
 

 

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 doesnôt 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 ï 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 birdôs 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 theô non-phagocytableô and óphagocytableô 
sperm population within a frozen-thawed semen sample. To this end, 100 ɛl of whole blood 
was mixed with 50 ɛl of thawed bull sperm, and posteriorly incubated for 60 minutes at 37ÁC. 
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-ɓ1 (transforming growth factor ɓ1 ) 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 cowôs 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 óphagocytable spermatozoaô 
(apoptotic sperm, necrotic sperm, dead sperm, etc) could have therefore high 
percentages of phagocytized sperm. Conversely, semen sample containing high 
viable motile sperm (óphagocytosis resistant spermô) 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 ɛl of whole blood (1 million of leucocytes 
aprox.) was pipetted into four different eppendorf tubes and mixed with 50 ɛl (2 
million of spermatozoa aprox.) of each straw respectively. This mixture was 
incubated at 37ÁC for one hour. Twenty ɛl of Na2EDTA (10

ï4
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). 



LUCRŀRI ķTIINŝIFICE MEDICINŀ VETERINARŀ VOL. XLIV(2), 2011, TIMIķOARA 
 

 27 
 

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 



LUCRŀRI ķTIINŝIFICE MEDICINŀ VETERINARŀ VOL. XLIV(2), 2011, TIMIķOARA 
 

 29 
 

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). 



LUCRŀRI ķTIINŝIFICE MEDICINŀ VETERINARŀ VOL. XLIV(2), 2011, TIMIķOARA 

 

 34 
 

 

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 ï 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 ï 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. ï 2001 (16) on a Beagle population where the pyometra 
incidence was 17% and by Ettinger S.J., Feldman E.C. ï 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 ï 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 ï 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 ï 
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 ï cystic endometrial hyperplasia ï pyometra complex; 
TM ï mammary tumors; 
N ï untreated;  
P ï treated with progestines 
 

It can be observed an increased frequency of CEH-P associated with 
mammary tumors on progestin treated bitches ï 39% (149 of 274 patients), 
compared with untreated bitches ï 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. 
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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 mothersô 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 mothersô 
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 
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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 highôs, 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 Timiĸoara 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. 



LUCRŀRI ķTIINŝIFICE MEDICINŀ VETERINARŀ VOL. XLIV(2), 2011, TIMIķOARA 
 

 55 
 

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 ï OMRON R1 device and ñHDO blood pressure 

systemòï 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 ï 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 ï 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 ï 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 ï the lot with streptozocin administration (60 mg/kg - 50 
Mm citrate buffer) and the second lot ï standard lot. Diabeticsô 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 ï 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 diabeticsô 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 ECGôs 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. KiriŞescu 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:  
ü the control group (n=7) 

ü 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 ï 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 animalsô 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 ï 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 ï 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 ï 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 dogôs 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 ï 
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 (20ï 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 60ï
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 ratôs 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 24ï48 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 isletïblood 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. 
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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 
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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. Gaffneyôs 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). Gaffneyôs 
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 



LUCRŀRI ķTIINŝIFICE MEDICINŀ VETERINARŀ VOL. XLIV(2), 2011, TIMIķOARA 

 

 88 
 

 

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).  
Gaffneyôs 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 ñwhite coatò 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 Studentôs 
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 ï 

Pulse rate 2 
6.3 11.70 2.61 0.86 11.81 0.026 

Note: 1 ï measurement before acclimatization; 2 ï 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 ï 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 ï 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 horseôs 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 ï 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 ñhot - bloodedò and include 
Arabian and Thoroughbred breeds. ñCold - bloodedò horses are the draft horse and 
pony. Most horse breeds fall into the ñwarm - bloodò category which are crosses 
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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 havenôt 
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 (38ï49 fL), while MCHC mean was lower for this group (37ï40 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 ï 18.9) while the RBC indices MCH and MCHC, 
related with Hgb, were also lower than the minimum reference values (15 ï 19 pg 
respectively 37 ï 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 ñtò 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 intervalôs 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. 
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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 havenôt 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 Earthôs 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 ñin 
uteroò 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 ï congestive and degenerative lesions. 

Key words: chromium VI, male, genital organs 

   
Chromium is found in many compounds of the Earthôs 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 ñin uteroò 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 ï 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: 

V Testis: E1/C: +193.10%; E2/C: +289.65%; E3/C: +393.10%. 
V Epididymis: E1/C: +236.66%; E2/C: +373.33%; E3/C: +550%. 
V Seminal vesicles: E1/C: +382.22%; E2/C: +431.11%; E3/C: +513.33%. 
V Prostate: E1/C: +629.62%; E2/C: +685.18%; E3/C: +740.74%. 
V 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:  
V Testis: E2/E1: +32.94%, p<0.01; E3/E2: +26.54%, p<0.01; E3/E1: +68.23%, 

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

+93.06%, p<0.01; 
V Seminal vesicles: E2/E1: +10.13%, pι0.05; E3/E2: +15.48%, p<0.01; E3/E1: 

+27.18%, p<0.01; 
V Prostate: E2/E1: +7.61%, p<0.01; E3/E2: +7.07%, p<0.01; E3/E1: +15.22%, 

p<0.05; 
V Bulbo-urethral glands: E2/E1: +16.07%, p<0.01; E3/E2: +10.79%, p<0.01; 

E3/E1: +28.61%, p<0.01. 
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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 
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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 ï 
interstitial edema, epithelial necrosis and exfoliation, epithelial smoothing; in 
prostate, seminal vesicles and bulbo-urethral glands ï 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: 
è 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; 

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

è 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 Earthôs 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 
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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%). 



LUCRŀRI ķTIINŝIFICE MEDICINŀ VETERINARŀ VOL. XLIV(2), 2011, TIMIķOARA 

 

 122 
 

 

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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è Significant decrease of body weight in exposed individuals comparative to 
control ones, in inverse significant correlation to exposure level; 

è 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. Itôs 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 Earthôs 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 ï 
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: 

ü Testis: E1/C: +648.38%; E2/C: +687.09%; E3/C: +706.45%;  
ü Epididymis: E1/C: +1293.93%; E2/C: +1372.72%; E3/C: +1436.36%;  
ü Seminal vesicle: E1/C: +1033.33%; E2/C: +1238.88%; E3/C: +1370.37%;  
ü Prostate: E1/C: +1251.72%; E2/C: +1332.75%; E3/C: +1358.62%;  
ü 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:  
ü Testis: E2/E1: +5.17%, E3/E2: +2.45%; E3/E1: +7.75%;  
ü Epididymis: E2/E1: +5.65%; E3/E2: +4.23%; E3/E1: +10.21%;  
ü Seminal vesicle: E2/E1: +18.13%; E3/E2: +9.82%; E3/E1: +29.73%; 
ü Prostate: E2/E1: +5.99%; E3/E2: +1.80%; E3/E1: +7.90%;  
ü 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: 
ü Significant accumulation of chromium in genital organs and sexual 

accessory glands comparative to control group; 
ü 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; 

ü 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 ï 1000 ppb aluminium as aluminium sulphate (level found in drinking water 
for animal consumption in aluminium industry area), E2 ï 1000 ppb aluminium 
combined with melatonin 10 mg/100 ml water, E3 ï 1000 ppb aluminium combined 
with Sempervivum tectorum 6% extract, E4 ï melatonin 10 mg/100 ml (9), E5 ï 
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 ï 200 ppb 
aluminium, E2 ï 400 ppb aluminium, E3 ï 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 ï 200 ppb aluminium as aluminium, E2 ï 400 ppb aluminium, E3 ï 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

ô
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 å 12 hours Nucleated epithelial cells 

Estrous å 36 hours Large numbers of epithelial cells 

Diestrus I å 24 hours 
Reduced numbers of epithelial 

cells and more leucocytes 

Diestrus II å 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 Ÿepithelial cells 

 
 

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


