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Summary 

 
The authors present morphostructural aspects of the melanoma giant 

multinucleated cells in canines. The investigations were limited strictly to the characterization 
of these cells following the aspects obtained after the classic panoptic coloration. 

These cases were found following fine needle aspirations of several tumor 
formations in the oral area of canines. 

Key words: malignant melanoma, malignant, giant cells, canines. 

 
Searching the literature was unable to identify authors that could show and 

comment on the presence of giant multinucleated cells in canines suffering from 
malignant melanoma.  

The only mention made in the specialty literature was by Emilia Balint and 
co. in 2009- The Romanian journal of Compared Oncology 16/1049-1054, which 
referred to the presence of giant multinucleated or mononuclear cells in some 
neoplasms in canines, but which does not mention ― the malignant melanoma.  

There are no bibliographic indications strictly related to the subject we 
present; we are allowed to present some evidence of literature (1-16), which refers 
exclusively with the issue of malignant melanoma. 

 
Materials and methods 

 
Aspirations were made in canines concerning the mouth and gum area, 

where the presence of tumor modifications in that level was noticed. The slides 
were panoptic coloured and examined using a Nikon 800 microscope.  

 
Results and discussions 

 
The analysis of our material brings out two extremely important aspects: 
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The first aspect: refers to the identification, along with the cell proliferations 
specific to the malignant melanoma, of numerous giant cells from 30 µm to 200 µm, 
that have only one atypical large size nucleus. 

 

A  

B  
Fig. 1.Malignant melanoma – The presence of initial phase giant cells, taking the 

form on two-core cells or one-core giant cells (A, B). MGG x 1000 
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The nucleus generally is situated at the periphery of the cell and the 
cytoplasm is slightly basophilic and loaded with a number of melanoma granules. 
Other giant cells show a larger number of nuclei and some even present up to 20 
atypical nuclei having one nucleolus.  

The cytoplasm is granulated with melanin. Some cells are round shaped 
and others take on the aspect a fusiform and rocket like aspect. 

An important part of the giant cells has almost all of the cytoplasm and 
nucleus structures shielded by the high number of melanoma granules existent in 
the cell. 

The second aspect represents that the high presence of these giant cells 
within a melanoma tumor structure attests the existence of an elevated degree of 
malignancy, with the normal consequence of a short evolution and a fierce 
resistance for therapy. 

 
 

 

Fig. 2. Malignant melanoma – the presence of a tumor cell aggregate, made of a 
giant two-core cell and a round giant multi-core cell. MGG x 1000 
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A  

B  

Fig. 3. Malignant melanoma – the presence of rocket shaped giant multinucleated 
cells (A, B). MGG x 1000 
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Fig. 4. Malignant melanoma – Following cell proliferation, two giant multinucleated 
cells emerge (a round one and another taking a rocket like shape). MGG x 1000 

 

A  
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B  
 

C  
Fig. 5. Malignant melanoma – The aspect of multinucleated round giant cells (A, B, 

C). MGG x 1000 
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A  

B  
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C  

D  
Fig. 6. Malignant melanoma – The aspect of multinucleated round giant cells ( A, B, 

C, D). MGG x 2000 
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Conclusions 
 

Recognising cell polymorphism in some cases of malignant melanoma.  
Together with proliferated melanoma tumor cells (generally small or 

medium sized), we can notice the presence of mono/multi nucleated giant cells.  
The size of these cells varies from 30µ and 200µ. They have a round or 

rocket like shape. 
Some giant cells together with current size cells manifest themselves in 

this type of proliferation as a simple ―black spot, because the melanoma granules 
shield the entire cell structure.  

 
References 

 
1. Alexandru, N., The differential diagnosis of Hodgkin and non-Hodgkin 

malignant lymphomas in animals, Rev. Rom. Onc. Comp., 1999,1, 61-69. 
2. Balint, Emilia, Manolescu, N., Vitalaru, A., Novel cytomorphological 

aspects of malignant giant cells in dogs Rev. Rom. Onc. Comp., 2009, 16, 
1049-1083. 

3. Baba, A.I., Catoi, C., Comparative Oncology, The Publishing House of 
Romanian Academy, Bucharest, 2007, 205-244. 

4. Degorge, F., Parodi, A.L., Tumeurs conjunctives des carnivores 
domestiques, Rec. Med. Vet., 1990, 166, 11, 1043-1107. 

5. Donald J., Meuten, 2002, ―Tumors in domestic animals. Iowa State Press, p. 
128-151. 

6. Manolescu, N. (ed.), Aspects of compared cell pathology, vol. II, Ed. Did. Si 
Ped., RA – Bucuresti, 1999. 

7. Manolescu, N. (ed.), Aspects of compared cell pathology; Cell diagnosis in 
veterinary practice, vol.III, Ed. Ceres, Bucuresti, 2002. 

8. Manolescu, N., Introduction in compared oncology, Ed. Universitatea ―Carol 
Davila, Bucuresti, 2003, 157-164. 

9. Michael, R. Walden, Krimer, Paula M., Kenneth S. Latimer, Large granular 
Lymphosarcoma/Leukemia in dogs and cats, College of Veterinary Medicine, 
The University of Georgia, Athens,  2003, GA 30602-7388. 

10. Micu, D., Grozea, P., Maximilian, St., Mihailescu, E., Clinical ganglion 
aspiration, Ed. Academiei R.P.R. Bucuresti. 

11. Parodi, A.L., Dargent, F., Crespeau F., Histological classification of 
canine malignant lymphomas, Zentrablatt fur Veterinarmedizin, 1988, 35 (3), 
178-192. 

12. Raskin, R.E., Krehbiel, J.D., Histopathology of canine bone marrow in 
malignant lymphoproliferative disorders, Veterinary Pathology, 2002, 25 (1) 
83-88. 

13. Roccabianca, P., Varnau, W., Caniatti, M., Moore, P.F., Feline large 
granular lymphocyte (LGL) lymphoma with secondary leukemia: Primary 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 14 
 

 

intestinal origin with predominance of a CS3 CD8 phenotype, Vet. Pathol., 
2006, 43, 15-28. 

14. Tanasescu, R., Hematologic diagnosis. Practical cytologic and clinical 
confrontations, vol. II, Ed. Dacia Bucuresti, 1974. 

15. Vajdovich, P., Psader R., Toth Z.A., Perge E., Use of the argyrophilic 
nucleolar region method for cytologic and histologic examination of the lymph 
nodes in dogs , Veterinary Pathology, 2004, 41, 338-345. 

16. Von Beust, B.R., Guscetti, Kohn B., Neoplasm originating from large 
granular lymphocytes in a dig and cats, Tierarztliche Praxis, 1995, 23 (1) 70-
74. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 
 

 15 
 

CONTROL OF BODY SCORE CONDITION OF SOWS ON 
COMMERCIAL FARMS 

 
J. BOJKOVSKI

1
, ANA VASIŠ

1
,
 
N. ZDRAVKOVIŠ

1
, D. ROGOŽARSKI

2
,  

T. PETRUJKIŠ
1
,
 
DUBRAVKA MILANOV

3
,
 
SANJA KORICA

4
,
 
SUZANA ĐEDOVIŠ

5 

 
 

1
Faculty of Veterinary Medicine, University of Belgrade, Belgrade, Serbia 

2
Specialistic Veterinary Institute Požarevac, Serbia 
3
Scientific Veterinary Institute, Novi Sad, Serbia 

4
Laboratory of Physics, Vinča Institute of Nuclear Sciences, Belgrade, Serbia

 

5
Institute of Pesticides and Environmental Protection, Banatska 31b, Belgrade, 

Serbia 
E-mail: bojkovski@vet.bg.ac.rs 

 
Summary 

 
In modern pig farming more and more attention is paid to body condition score. On 

most commercial farms feeding of gilts and sows is based on body condition. The goal is 
that sow does not gain or lose too much of a body weight between farrowing and 
insemination. Maintenance of body weight (condition) of sows within the optimum value (3 in 
the time of farrowing and 2,5 during matting) over their lifetime can result in optimal 
reproductive results. In contrast, inadequate control of condition of the sow may lead to 
difficulty in farrowing and occurrence of health problems. The aim of our study was to 
estimate body condition at 90

th
 day of gestation on a farm of commercial type. 

Key words: sow, body score condition 

 
Today, more and attention is paid to assessment of body condition score of 

pigs. Body condition score is the most reliably performed by measurement of the 
thickness of adipose tissue in the back of sows using ultrasound machines, but 
nevertheless it is often done only visually (1, 3, 4, 5). Visual grading system of body 
condition can be subjective and in large precentage measures may depend on the 
competence of assessors. For example, In one Canadian study, sows with body 
condition score of 3 had adipose tissue in the back from 9 to 28 mm. Aditional 
information on the mesurment of body fat on back and body condition of sows on 
three farms in the state Minsota (USA) indicate that between 18 and 40 percent of 
sows have back fat smaller than 13 mm. Also, it is measured that sows with body 
condition score of 3 have from 9 to 24 mm of adipose tissue on the back. American 
and Canadian authors recommend that less than 20% of sows on the farm should 
have less than 15 mm of adipose tissue in the back. Based on this data it is tend to 
develop nutritional method in sows during pregnancy which is going to be based on 
the thickness of adipose tissue on the back (i.e. body condition score). The goal is 
to minimize the variations in quantity of adipose tissue on the back between 
pregnant sows so that at farrowing it is approximately 19mm (at last rib). American 
researchers measured adipose tissue on the back and estimated body condition in 
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total of 731 sows with goal to determinate „accuracy of nutrition‖ of pregnant sows 
based on the body condition score. The body condition score was in weak correlation 
(r

2
 =0.19) with thickness of adipose tissue on the back. For example, sows with body 

condition score of 3 had adipose tissue thickness between 7.5 and 23 mm. This 
proves that it is necessary to find more objective procedure for measurement of body 
condition (as ultrasound for example) in order to adjust nutrition level and minimize 
variation in thickness of adipose tissue of sows (2, 6, 7). 

The aim of our study was to estimate body condition of sows at 90
th
 day of 

gestation at the commercial type farm. 
 

Materials and methods 
 

In our research we estimated body condition score of sows at one 
commercial type farm. Assessment of body condition score is performed visually in 
47 sows at 90th day of gestation. Statistical data are processed using IBM SPSS 
Statistics 20 and Microsoft Excel 2003 program and as method we used ANOVA to 
determine statistical differences between parities. 

 
Results and discussions 

 
The results regarding parity, body condition score, live born and dead born 

piglets from one commercial type farm are presented in table 1. 
 

Table 1 
Parity, body condition score, live born and dead born piglets from one 

commercial type farm 

Number 
of sow 

Parity Body condition 
score 

90th day gestation 

Liveborn 
piglets 

Dead born 
piglets 

4269 2 3 12 3 

4266 2 3 16 0 

4266 2 3 16 0 

4265 2 3 18 1 

4264 2 3 19 0 

4261 2 4 21 2 

4259 2 3 19 0 

4257 2 3 15 2 

4257 2 3 15 2 

4256 2 4 16 1 

4253 2 3 21 2 

4184 2 5 17 2 

4179 2 4 13 2 
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3882 3 4 15 2 

3873 3 3 17 0 

3871 3 3 18 0 

3861 3 3 16 3 

3861 3 3 16 3 

3833 3 4 21 0 

3832 3 3 19 0 

3821 3 4 14 1 

3812 3 3 14 2 

3802 3 3 9 3 

3799 3 4 17 2 

3512 4 4 18 4 

3505 4 3 18 2 

3505 4 3 18 2 

3496 4 3 17 1 

3493 4 4 16 4 

3487 4 3 21 3 

3481 4 3 20 0 

3478 4 3 20 2 

3475 4 4 18 2 

3454 4 5 15 6 

3408 4 3 18 2 

3163 5 5 20 1 

3160 5 4 18 2 

3153 5 5 21 1 

3152 5 4 20 0 

3129 5 5 18 0 

3105 5 4 16 3 

3055 5 4 19 1 

2824 6 5 22 3 

2821 6 3 17 4 

2813 6 4 18 1 

2796 6 4 18 0 

2779 6 5 14 0 

 
In the experiment we had total of 47 sows in which parity ranged between 

2 and 6. Applying ANOVA method there were no significant differences between 
parities. The number of live born piglets ranged from 9 to 22 piglets and the 
number of dead born piglets ranged from 0 to 6 (fig. 1). It was found that the 
highest percentage of piglets born alive existed in sows of parity 5 as shown in 
figure 1. Body condition score at the 90

th
 day of gestation was 5 in 7 sows, 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 18 
 

 

estimated body condition 4 had 16 sows and 24 sows had body condition score 3 
(fig. 2).  
 

 
Fig. 1. Relationship in percentage of piglets born alive and parity of sows  

Legend: paritet = parity 
 

 
Fig. 2. Number of sows with body score condition (7 sows with body score 

condition 5, 16 sows with body score condition 4 and 24 sows with body score 
condition 3). Legend: ocena telesne kondicije= body score condition 

7

16

24

0

5

10

15

20

25

30

5 4 3

ocena telesne kondicije



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 
 

 19 
 

Conclusions 

 
Sows with parity 5 gave the best results. Our recommendation for 

commercial farms is to introduce body condition score in daily routine. 
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Summary 

 
Porcine reproductive and respiratory syndrome virus (PRRS), Mycoplasma 

hyopneumoniae (M. hyo) and porcine circovirus 2 (PCV2) are infective agents with a high 
incidence on domestic swine population. The seropositivity presence in pigs may give clues 
on the transfer phenomenon between wild boar and domestic swine populations. 

Materials and methods. PRRS surveillance, M. hyo and PCV2 in boar herds were 

performed by ELISA immunoassay tests for the detection of IgG antibodies. 66 samples of 
serum taken hunting seasons in four counties from Romania respectively: Bacău (n = 4), 
Vâlcea (n = 47), Giurgiu (n = 4) and Gorj (n = 11) were analyzed. 

Results and Discussion. M. hyo positive titters were detected at 13/66 (19.7%) 

from samples analyzed. Were found also significant seroprevalence variations in M. hyo 
(positive titters) between districts as follows: 8/47 (17%) - Vâlcea, 2/11 (18.2%), Gorj county, 
at three quarters (75%) , in Bacău county and only suspect titters 4.3% (2/47), in Vâlcea 
County. All samples from Giurgiu were suspected for infection with PCV2 titters and the 
remaining samples were declared negative titters of anti-PRRS and PCV2. 

Conclusions. The seroprevalence detected by ELISA IgG M. hyopneumoniae in 

wild boars varied significantly between Romanian counties. Infection was present in 3 of the 
4 counties investigated. No infections were confirmed serologically PRRSV and PCV2. 

Key words: wild pig, PRRS, PCV2, M. hyopneumoniae, ELISA. 
 

Wild boar (Sus scrofa) is widely distributed in Europe and is expanding in 
many countries, including Romania. Increasing populations of wild boars and their 
possible contact with domestic pigs could affect the pathogens movement between 
this species and domestic pigs, and possibly humans. However, there are no 
information on the presence of important infectious diseases in wild boar in 
Romania. The possession of data about the exposure to various infectious agents, 
density and feral populations’ movement may play an important role in minimizing 
the exposure to these agents of the domestic swine and to accomplishing of some 
risk studies in the evaluation of the infectious diseases.  

The objective of this study was to investigate the presence of antibodies 
against several pathogens selected (PRRSV, M. hyopneumoniae and PCV2) in 
wild boar in Romania. 
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Materials and methods 
 

Samples. In the present study, 66 serum samples of wild boar were 
analyzed, all taken during the hunting season in four different areas of Romania: 
hunting areal (HA) from Coţofeneşti, Bacău county (n = 4), Sanitary Veterinary and 
Food Safety Directorate (SVFSD) Vâlcea (n = 47), HA - Căscioarele, Giurgiu 
county (n = 4) and the Silvic Directorate (SD) Gorj county (n = 11). 

Methodology. Detection of specific PRRS IgG antibodies, M. 
hyopneumoniae and porcine circovirus type 2 (PCV2) in serum were performed by 
ELISA tests using the following kits: Herd Check-PRRS X3 (IDEXX Laboratories, 
USA), Porcine Circovirus (PCV2) ELISA Test Kit (Green Spring, Shenzhen 
Lvshiyuan Biotechnology Co., Ltd) and HERD CHECK *M hyo, (IDEXX 
Laboratories, USA). The results were read at wavelengths recommended by the 
ELISA kits manufacturers. Interpretation of positive results was based on the S/P 
report, greater, or equal to 0.4 (PRRS and M. hyo) or of the optical density value 
(OD630), greater than or equal to 0.4 (PCV2). 
 

Results and discussions 
 

M. hyopeumoniae positive titers were detected to 13/66 (19.7%) serum 
samples analyzed from the four different habitats. Significant differences in M. 
hyopeumoniae seroprevalence variations were registered between counties as 
follows: absence of antibodies to Giurgiu county and positive titers at 8/47 (17%) 
for Vâlcea county, 2/11 (18.2%) for Gorj county and three quarters (75%) for Bacău 
county. At the same time, for Vâlcea county suspected titers were detected 4.3% 
(2/47) from all samples tested. For PRRS and PCV2 almost all samples were 
negative, with the except samples from Gorj county who was 100% (11/11) 
suspected for infection with PCV2 titers (Table 1). 

The PRRS seroprevalence of M. hyo and PCV2 in wild boars found in 
observed four areas of Romania, investigated in 2013, is shown in Table 2. 

Due to the sanitary importance many research groups in Europe have 
studied thoroughly this topic. 

For exemple, Vicente et al. (2004) presented the results of the first national 
serological survey on the presence of PCV2 antibodies in pigs in Europe. Sera 
from 656 wild boars harvested in the hunting season from 45 different geographical 
sites and other samples from 22 animals were analyzed by Immunoperoxidase 
monolayer assay (IPMA). The found average prevalence of PCV2 was high 
reaching 47.89 +/-1.9%. There were found seropositive pigs in all sites analyzed. 
PCV2 nucleic acid was detected in tissues from three pigs. Only one case was 
diagnosed as PMWS. The results, in addition to information on piglet mortality, 
were suggested a potential role of PMWS in piglets mortality in the intensive 
managed feral populations. 
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Table 1 
 

Seroprevalence of PRRSV, M. hyopneumoniae and PCV2 in wild boars in 
Romania (2013) 

Unit / date County 
Samples/ 
Results % 

Ig G - ELISA  

PRRS M. hyo. PCV2 

P S N P S N P S N 

HA Coţofeneşti Bacău 4 0 0 4 3 0 1 0 0 4 

01.02.2013 % 0 0 100 75 0 25 0 0 100 

SVFSD Vâlcea Vâlcea 47 0 0 47 8 2 37 0 0 47 

14.02.2013 % 0 0 100 17 4,3 78,7 0 0 100 

HA 4 Căscioarele Giurgiu 4 0 0 4 0 0 4 0 0 4 

15.02.2013 % 0 0 100 0 0 100 0 0 100 

FD Gorj Gorj 11 0 0 11 2 0 9 0 11 0 

18.10.2013 % 0 0 100 18,2 0 81,8 0 100 0 

Total x 66 0 0 66 13 2 51 0 11 55 

% x 100 0 0 100 19,7 3 77,3 0 16,7 83,3 
 

Abbreviations: PRRS = Porcine Reproductive & Respiratory Syndrome, M. hyo = Mycoplasma 
hyopneumonie, PCV2 = Porcine Circovirus 2, ELISA = The Enzyme-Linked Immunosorbent Assay, P = 
Pozitive, S = Suspect, N = Negative, HA = Hunting Areal, SVFSD = Sanitary Veterinary and Food 
Safety Directorate SD = Silvic Directorate. 

 
Table 2 

Positive ELISA titters  

Unit PRRS M. hyo PCV2 

Bacău 0 75 0 

Vâlcea 0 17 0 

Gorj -1 0 0 0 

Gorj - 2 0 18,2 0 

 
Vengust et al. (2006), by examining 178 sera of wild boar in Slovenia have 

found anti - M. hyopneumoniae antibodies in 38 sera (21%). 
Ruiz-Fons et al. (2006) studied in Spain wild boar sera (breeding females) 

from several hunting locations. They have found of 51.8 ± 0.06% for porcine 
circovirus type 2 (PCV2), but anti-PRRSV antibodies were detected 

Reiner et al. (2009), in a PCR study conducted (in years 2004 - 2007) have 
found the PRRS virus infection in 15.9% (14.2% as the U.S. stem and 6.2% as the 
Europe stem) in 531 pigs from 52 hunting areas in Germany. 

Hammer et al. in a study collected 203 samples from wild boars hunted in 
Baden-Würtenburg province from Germany, from November to January in 2008 
and 2009. Serum samples were tested for PCV2 and PRRSV antibodies using 
ELISA technique but only in a single sample were detected antibodies against 
PRRSV. 

Number of positive pigs for PCV2 antibodies using test kit INGEZIM 
Circovirus IgG / IgM was low (53 sera positive for IgG and only three positive for 
IgM-antibodies) as compared to the higher positive test results obtained by using 
the INGEZIM Circo IgG kit (102 positive and 12 inconclusive). 
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Sedlak et al. (8) have tested the PCV2 seroprevalence in hunting seasons 
(between years 1999 - 2005) in the Czech Republic, finding positive titers PCV-2 in 
43% (57/134) of analyzed samples. 

Kukushkin et al. (2009), test 107 serum samples from wild boar (Sus scrofa 
L.) for antibodies to six infectious agents of economically importance as follows: 
PRRS virus, porcine parvovirus (PPV), swine influenza virus (SIV), the H1N1 and 
H3N2 subtypes, Aujeszky's disease virus (ADV), porcine transmissible 
gastroenteritis virus (TGEV) and Mycoplasma hyopneumoniae) collected in seven 
regions of Russia. The results obtained showed the presence of antibodies to: ADV 
in 32.5% of the samples (83/27); PPV - 62% of the samples (92/57), Mycoplasma 
hyopneumoniae - 52% of the samples (98/51). All samples were negative to the 
PRRS virus (107/0), TGEV (91/0) and SIV (H1N1 (89/0) and H3N2 (58/0) 
subtypes), this research showing the movement range of porcine parvovirus, 
Aujeszky's disease virus and Mycoplasma hyopneumoniae among wild boar 
populations in some regions of Russia. 

Montagnaro et al. collected serum samples from wild boars during hunting 
seasons of the years 2005-2006 in Campania province, Southern Italy. The 
researchers have found that out of 342 serum samples tested, 129 (37.7%) were 
seropositive to PRRSV. 

Closa-Sebastia et al. (2011) tested 273 serum samples taken from healthy 
pigs 2004-2007 Catalonia (NE Spain) and were detected positive titers of anti-
PRRSV (3%), and M. hyopneumoniae (26.6%) 

Roic et al. (2012) determined by ELISA, technique the prevalence of 
antibodies to selected viral pathogens important for domestic pigs and livestock 
from 556 boars (Sus scrofa) sera collected during years 2005-2006 and 2009-2010 
in four regions in Croatia. (PCV2, 15.1%) (PRRSV, 6.3%), seroprevalence was 
lower in the second period. 

Wiratsudakul et al. (2013) analyzed 52 samples from pigs reared in there 
different systems: commercial farm, wildlife breading and research station and 
respectively a zoo in Thailand. All serum samples were examined for antibodies to 
the virus of porcine reproductive and respiratory syndrome and Mycoplasma 
hyopneumoniae by ELISA technique. The obtained results showed that 13 of the 
52 tested sera have had antibodies against PRRSV (true prevalence of 24%, with 
95% CI: 0.14-0.38). The real prevalence, as high as 69% (95% CI: 0.43-0.87), was 
found in the wild animals breeding research station in Ratchaburi province. In 
contrast, there was found a relatively low true prevalence of feral, in a commercial 
farm in the province of Phetchabun and in the zoo from Chonburi province in 4% 
(95% CI: 0.00-0.24) and 5% (95% CI: 0.00-0.27 ), respectively from the taken 
samples. M. hyopneumoniae was detected in four of the 52 samples taken (18% 
true prevalence, 95% CI: 0.04-0.46) and M. hyopneumoniae positive sera samples 
were found only in the case of wildlife research station. The actual prevalence was 
66% (95% CI: 0.21-1.00). 
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Conclusions 
 

The seroprevalence detected by ELISA IgG M. hyopneumoniae in wild 
boars varied significantly between Romanian counties. Infection was present in 3 of 
the 4 counties investigated. No infections were confirmed serologically PRRSV and 
PCV2.  

Our results have shown that the presence of Ac IgG by ELISA testing of 
serum samples from pigs can provide valuable information about the 
seroprevalence of immunosuppressive agents in this species. 
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Summary 

 

 Due to the fact that dogs need a ratio supplement with mineral elements, a double 
source of Magnesium and Calcium has been tested- the DEL-CA-MAG product ( calcium 
oxide- 32.02% and magnesium oxide- 20.27%). In this purpose, 5 Caucasian Shepherd 
puppies, coming from the same birth, were split into two identically fed lots. One of the lots 
received DEL-CA-MAG as a supplement. Successive weighs showed a 1.29% increase in 
the weight of the dogs belonging to the lot which received the supplement. Depending on the 

sex males were those who registered a growth of 3.95%. The general aspect also became 

better, the puppies presented a thicker and shinier coat, a ―healthy animal‖ aspect and a 
better bone development. 
 Key words: Caucasian Shepherd, DEL-CA-MAG, supplementation. 

 

 Feeding the Caucasian Shepherd represents a daily event (alongside 
offering attention, tenderness and implicating in various physical activities) through 
which the owner assures an adequate alimentation for the dog. Because the dog is 
a species related to the wolf (Canis lupus) he is preponderantly carnivorous. In 
addition to the feed of animal origin: beef, pork, chicken, horse, goose, turkey, 
mutton, lamb and boneless fish, a series of vegetables are recommended 
(attention to the toxic ones- for example onion) such as tomatoes, lettuce, spinach, 
potatoes (boiled in their peel and mashed), carrots (grated), celery, parsley, green 
beans and cabbage (4). 
 Calcium and magnesium are two of the most important minerals for the 
health of animals. They are implied in the growth processes and their development, 
as well as in maintaining the acid-base balance, enzyme activation, moderation of 
muscular excitability, and they also intervene in energy transfer phenomena. 
 Thus, Calcium is necessary in order for every organ and cell to work. He is 
implied in most metabolic activities and is essential for the assimilation of all other 
minerals and nutritious substances. 
 Magnesium participates in the protein, carbohydrates, lipid and nucleic 
acids metabolism and is indispensable for the metabolization of mineral substances 
(Ca, P, Na, K) as well as for the assimilation of vitamin C. Magnesium increases 
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the resistance to infections of the organism and is implied in energy liberation and 
consumption (4,6). 
 Calcium and magnesium have a special importance in the maintenance of 
an adequate mineralization of the bone structure and are implicated in the muscle 
contraction processes and in the transmission of the nervous impulses. A good 
source of calcium and magnesium is crucial for the maintenance of a normal value 
of the percentage of the two macro-minerals in the animal organism (blood, tissues, 
muscle, bones) (2,4).  
 The research proposes to enhance the role of supplementing the canine 
youth’s ratio with calcium and magnesium in the shape of the DEL-CA-MAG 
product. 

 
Materials and methods 

 
 DEL-CA-MAG is a mineral supplement of veterinary use and is a double 
source of calcium and magnesium (5).  
 DEL-CA-MAG is the trading name of the amorphous dolomite of Delnice. 
Romania has the only amorphous dolomite deposit in the world, located in Delnice-
Harghita. The Delnice dolomite’s special feature is that, unlike the crystalline one, it 
has a much weaker link between the calcium and magnesium ions. This 
encourages its decomposition and a more rapid assimilation by both plants and 
animals. Delnice amorphous dolomite is extracted in its pure form, stone shaped, 
which is furthermore grounded to dust, without any further modifications that could 
alter its properties. Therefore, DEL-CA-MAG is a 100% natural product (5). 
 Composition: 
   -Calcium oxide - 32.02%; 
   -Magnesium oxide - 20.27% (6). 
 The present research has been done in a private kennel, after a middle-
sized female Caucasian Shepherd gave birth to 5 puppies. These were split into 
two lots: 
 Lot 1 (made from Female 1 and Male 2); 
 Lot 2 (made from Female 3, Female 4 and Male 5). 
 Starting with the age of 14 days and until day 60, the puppies were 
periodically weighed. In this period, the puppies were fed with the same quantity of 
commercial feed according to their age. DEL-CA-MAG was supplementary 
administered to Lot 2. 

In parallel, others aspects regarding the aspect of the fur, vivacity, bone 
development, general aspect, etc., were studied. 
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Results and discussions 
 

 The ratio has to be supplemented according to the level of activity of the 
dog. In the case of Caucasian Shepherd puppies, the meals will be in number of 7 
(at the age of 4 months) gradually lowering to 3 up to the age of 2 years (maturity 
stage). Water should be ad libitum (4). 
 The nutritive supplements (calcium, magnesium, phosphorus, iron, etc.) 
may be administered in the growth period of the dog at the veterinarian’s 
recommendation. 
 The producer recommends the administration of DEL-CA-MAG in dogs for 
health maintenance, harmonious development of the youth, very strong and 
healthy bones, life prolonging, healthy animal aspect, shiny fur and hair-loss 
prevention (Table 1) (7). 

 
Table 1 

The quantity of Del-Ca-Mag recommended to be administered in dogs (7) 

Dog weight Feed quantity DEL-CA-MAG 
supplement 

from: 1-3kg 100-200 g 2-5 g 

3-6kg 250-450 g 5-9 g 

6-10kg 450-650 g 9-13 g 

10-20kg 650-1000 g 13-20 g 

20-30kg 1000-1500 g 20-30 g 

30-50kg 1500-2000 g 30-40 g 

 

Other research leads to the same results. A study conducted by the 

Tryfonidou et a. (3), show the influence of growth hormone (GH) on vitamin D3 
metabolism and the subsequent effects on calcium (Ca) homeostasis and skeletal 
growth in growing dogs (2,3).  

In other study conducted by Budsberg et al. (1), had been estimate 
osteoarthrithis in dogs older than one year of age and relate the role of nutrition in 
this case (1). 

The puppies in Lot 2 have received a DEL-CA-MAG supplement in a 
gradually higher quantity according to the data presented in Table 2. 
 The quantity initially administered proved to be too high for the puppies in 
Lot 2 which displayed diarrhea. Because of this, the dose was reduced to 2.5 g 
until the age of 30 days when to the puppies were administered a dose of 4 g/pup. 
Then the dose was raised parallel with the age. 
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Table 2  
The administered quantity of DEL-CA-MAG 

Puppy Age 
 (in days) 

DEL-CA-MG 
(g) 

25-27 4g 

27-30 2,5g 

30-34 4g 

34-40 6g 

40-45 8g 

45-50 9,5g 

50-60 12g 

  
The evolution of the puppies’ body weight from the age of 14 days to the 

age of 60 days is given in Table 3 and 4. 
 

Table 3 
Body weight of the puppies from Lot 1 

Age  
(in days) 

Female 1 Male 2 

14 2 015g 2 012g 

25 2 739g 2 765g 

30 3 518g 3 498g 

40 4 829g 4 867g 

45 5 900g 5 986g 

50 6 705g 6 832g 

60 7 965g 7 983g 

The weight increased by 
x times compared to the 

initial one 

X= 3.95 X= 3.04 

 
Table 4  

Body weight of the puppies from Lot 2 
Age (in days) Female 3 Female 4 Male 5 

14  2 035g 1 965g 2 028g 

25 2 986g 2 531g 2 765g 

30 3 700g 3 219g 3 628g 

40 5 100g 4 263g 4 932g 

45 6 091g 5 098g 6 014g 

50 7 039g 5 863g 7 015g 

Body weight 
increased by x times 

compared to the 
initial weight 

X= 4.27 X= 3.52 X= 4.2 
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 Analyzing the data presented in Table 3 and 4, we can observe that the 
individuals from the lot which received the DEL-CA-MAG supplement have reached 
a bigger weight than the others lots despite their initial weight relatively alike. The 
exception was Female 4 which had the lowest initial weight (under 2 kg). 
 It was also noticed that the individuals from Lot 1 have raised their average 
final weight by 3.945 compared to the initial weight, while the individuals from Lot 2 
raised their weight by 3.996 times, resulting in a difference of 1.29%. The 
difference becomes more obvious (3.95%) if the average growth of the males from 
Lot 2 (4.23) is compared to the one from Lot 1 (3.95). 
 The general aspect became better for the dogs in Lot 2 which presented a 
shinier and thicker fur, a ―healthy animal aspect‖, with a better bone development. 
 

Conclusions 
 

 The administering of the DEL-CA-MAG product in dogs aged 14-60 days 
feed had a growth effect of 1.29% on the body weight. 
 The difference significantly rises in the case of males (3.95%). 
 Although the body weight was bigger for the individuals of the lot who 
received the supplement and the general aspect of the dogs was improved, are 
required and other research regarding the clinical and paraclinical health status. 
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Summary 
 

At the moment fattening pigs takes place in highly specialized farms. Pigs are 
brought from growing farms and are usually divided into groups randomly. The pigs are no 
longer found in the old plots and usually are not selected by weight. We tested if the initial 
group uniformity it influences that of the final. It has been found that despite significant 
weight differences at start these differences become insignificant for lots I, II (experimental 
groups) and for lot IV (one of the control group) except lot III. 
 Key words: fattering pigs, groups, uniformity 

 

Especially raising pigs and chickens has become a veritable industry. 
However research should continue because any improvements increase profits and 
quality of carcases. Some of the directions that we have set consisted are the 
administration of mixtures of natural substances prebiotics range and some of the 
factors that influence better batching of animals. 

 
Materials and methods 

 
 The data presented in this paper were obtained in a pig fattening farm. In 
this farm 100 pigs were followed from the age of 3 months until delivery and were 
divided into four groups:  
 - Groups I and II - experimental groups each composed of 25 individuals / 
box - (two boxes); 
 - Groups III and IV - control groups, each consisting of 25 individuals / box 
- (two boxes). 
 All groups received the same feed except that experimental groups 
received feed in that was embedded a prebiotic product, 1kg / ton feed. 
 Testing various substances that can improve productive performance of 
pigs is an area of interest (2, 3, 4). Sulabo et al., (7) Biomin PEP tested plant 
extract. The study was conducted on a total of 192 piglets. Supplementing the diet 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 32 
 

 

of piglets plant extract resulted in an increase of the daily weight gain (P <0.02) to 
reduce the feed conversion rate (P <0.01) as compared to values observed in the 
pigs fed the control ration, but no differences were observed in the regarding the 
specific consumption (P> 0.38) (7). 
 Pigs were fed according to the standards recommended by the literature 
(1, 5, 6). Feed were prepared in a feed manufacturing factory situated in another 
location, which belongs to the same unit. They were transported by special vehicles 
for this purpose. 
 Swine received starter and grower feed. 
 Swine were weighed individually at the beginning and at the end of the 
experiment. 
 At the end of the experiment swine were taken to the slaughterhouse 
carcass quality Animals from the experimental groups had superior quality 
carcasses. 
 To monitor the experiment results were determined for each group the 
evolution of average body weight (by individual weighing- in kg). 
 Statistical processing of the results of tests was conducted in Excel and 
Minitab using ANOVA test and t Test. 
 

Results and discussions 
 

 The individual weighing of swine was performed, both at the beginning and 
the end of the experiment. The mean body weight at start, the mean final body 
weight, standard error of mean and CI 95% (confidence interval) were calculated 
based on data from experiment .(table 1-4). 
 

Table 1  
 The mean body weight at start, the mean final body weight, standard error of 

mean and CI 95% (confidence interval) for Lot I 
 

Some statistical 
calculation 

 

Body 
weight at 

start 

Final body 

weight 

mean 33.802 112.082 

Standard error of 
mean 

0.414 1.435 

CI 95% 0.855 2.961 
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Table 2  
The mean body weight at start, the mean final body weight, standard error of 

mean and CI 95% (confidence interval) for Lot II 
 

Some statistical 
calculation 

 

Body 
weight at 

start  

Final body 

weight  

mean 35.388 112.68 

Standard error of 
mean 

0.716 2.319 

CI 95% 1.478 4.786 

 
Comparing the data presented in the tables 1 and 2 is found that the initial 

mean body weight of Lot I (33.802) was with 1.5 kg less than that of Lot II (35.388). 
However at the end of the experiment is found that the weight was very close to 
becoming for both groups the same (about 112 Kg). 

 

Table 3 
The mean body weight at start, the mean final body weight, standard error of 

mean and CI 95% (confidence interval) for Lot III 
 

Some statistical 
calculation 

 

Body 
weight at 

start 

Final body 

weight 

mean 24.296 94.04 

Standard error of 
mean 

0.441 1.674 

CI 95% 0.912 3.456 

 
 

Table 4 
The mean body weight at start, the mean final body weight, standard error of 

mean and CI 95% (confidence interval) for Lot IV 
 

Some statistical 
calculation 

 

Body 
weight at 

start  

Final body 

weight  

mean 32.852 107.96 

Standard error of 
mean 

0.638 2.518 

CI 95% 1.317 5.197 

 
Initial differences between control Lots III and VI were higher (8 kg) and 

could not be recovered by the end of the experiment. 
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The amount of body weight gain groups I and II (1957.00 + 1932.39) is 
3889.39 kg. The amount of body weight gain groups III and IV (1743.60 + 1877.80) 
is 3621.40 kg. Resulting difference between these amounts represent a gain of 
267.99 kg in groups supplemented with prebiotic. 

Other studies have shown that sorting pigs into finishing pens by weight 
has no effect on final variability in individual body weights. Placing pigs without 
sorting by weight may increase the amount of pork produced from a system and 
reduce turnaround time in barns (8,10). 

The standard error of the mean, also known as the standard deviation of 
the mean, helps to determine the differences between more than one sample of 
information. The calculation accounts for variations that may be present in the data 
(9). The standard error of the mean illustrates how much the different weights vary 
from the mean. 

A confidence interval (CI) is a type of interval estimate of a population 
parameter and is used to indicate the reliability of an estimate. More specifically, 
the meaning of the term "confidence level" is that, if confidence intervals are 
constructed across many separate data analyses of repeated (and possibly 
different) experiments, the proportion of such intervals that contain the true value of 
the parameter will match the confidence level; this is guaranteed by the reasoning 
underlying the construction of confidence intervals (11). 

Calculated confidence interval CI 95%  reveals similar values for groups II 
and IV both initial weighing (CI 95% - around 1.4) and at the final weighing (CI 
95%, about 5). Values lower 95% CI (about 0.87, 3.2, respectively) are registered 
in groups I and III. 

 
 Statistical calculation 

Were compared the start and final body weights between groups (One-way 
ANOVA) and in the group, between sex samples F and M (t test). 
One-way ANOVA: Body weight at START (kg) versus lot p=0.00. 
Individual 95% Cis For Mean Based on Pooled StDev 
 Level   N    Mean  StDev  ----+---------+---------+---------+----- 
 1      25  33.802  2.072                             (---*--) 
 2      25  35.388  3.582                                  (--*--) 
 3      25  24.296  2.210  (--*---) 
 4      25  32.852  3.192                           (--*--) 
                           ----+---------+---------+---------+----- 
                            24.5      28.0      31.5      35.0 
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Lot I vs Lot II p= 0.042804 significant difference 
Lot I vs Lot III p=3.37E-20 highly significant 
Lot I vs Lot IV p= 0.297102 no significant difference  
Lot II vs Lot III p=1.46E-17 highly significant 
Lot II vs Lot IV p=0.011068 highly significant 
Lot III vs Lot IV p=9.63E-15 highly significant 
 

I. One-way ANOVA: FINAL body weight (kg) versus lot p=0.00 
Individual 95% Cis For Mean Based on Pooled StDev 
Level   N    Mean  StDev    -+---------+---------+---------+-------- 
1      25  112.08   7.18                             (-----*-----) 
2      25  112.68  11.60                              (-----*-----) 
3      25   94.04   8.37    (----*-----) 
4      25  107.96  12.59                       (-----*-----) 
                            -+---------+---------+---------+-------- 
                          91.0      98.0     105.0     112.0 

 
Lot I vs Lot II  p=0.82 is no significant difference 
Lot I vs Lot III p=1.18E-10 highly significant 
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Lot I vs Lot IV p=0.16 is no significant difference 
Lot II vs Lot III p=4.07E-08 highly significant 
Lot II vs Lot IV p=0.174383 is no significant difference 
Lot III vs Lot IV p=3.07E-05 highly significant 
Two-sample T for body weight at Start F vs. M 
Lot I p= 0.99 is no significant difference 
Lot II p= 0.33 is no significant difference 
Lot III p= 0.91 is no significant difference 
Lot IV p=0.64 is no significant difference 
Two-sample T for body weight at Final F vs. M 
Lot I p= 0.012 highly significant 
Lot II p= 0.287 is no significant difference 
Lot III p= 0.013 highly significant 
Lot IV p= 0.052 is no significant difference 
 

Conclusions 
 

Average initial weight differences between groups can be significantly 
reduced if the animals are fed properly and the addition of probiotic to control 
groups appears to contribute to this effect. Comparing the start and final body 
weights between groups (One-way ANOVA) it observe that despite significant 
weight differences at start these differences become insignificant for all lots, except 
lot III. 
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Summary 
 

The dynamics of weight, fat thickness and rib-eye diameter in P2 was measured 
during first month of spinal cord injuries (SCI) experiment carried on Gottingen minipigs. 
Restricted feeding was tested in accommodation period during November – February, each 
animal eat 380 – 460 grams feed (ash 7.38, protein 14.17, fat 1.31, moisture 10.86 and fiber 
9.84) in according with its weight (22 to 37 kg). The weekly weight (W, p=), fat thickness (F) 
and rib-eye diameter (M) in P2 ranged in the same values as the initial ones (November 
2013); there were emphasized positive correlations between W and F (r=+0.893) or M 
(r=+0.536) but the restricted feeding could not explain the weight weekly values differences 
(F=0.299 at p=0.965). In the first month of surgery interventions (SCI, laparoscopy for 
electrode implants or both) the animals lost in average 2.1 kg in weight, 0.76 mm in fat and 
1.89 mm in muscle rig-eye diameter measured by ultrasonography in P2. The statistics 
between Control, SCI, SCI&LAP and LAP groups was carried on using nonparametrical test 
– the results for 15 animals suggest that the SCI and SCI-LAP are high associated with 
decreasing  the  weight (p=0.014), fat thickness (p=0.050) and rib-eye diameter (p=0.035). 
Shortening the time for surgery intervention and increasing feed amount to keep the body 
condition of experimental animals is needed. 

Key words: SCI minipigs, weight, fat thickness, rib-eye diameter 

 
Sacral versus pudendal neuromodulation with early onset to analyse 

treatment prosperity on lower urinary tract function and maintenance in SCI 
minipigs research project conducted by three universities give us the possibility to 
test the housing and feeding conditions for Göttingen minipigs. In order to test the 
influence of restricted feeding procedure for animals after spinal cord injury (SCI), 
an animal study in healthy and SCI minipigs was conducted considering that the 
minipigs model is close with human one. The aim of this study was to observe 
variations in in pigs the weight, fat thickness and rib-eye diameter in P2 with a 
useful, well know, updated (12) and  well improved ultrasound method (2,7,8,17). 
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Materials and methods 
 

The experiment began with five minipigs and the team was trained for 
keeping, housing and feeding in November 2013. On 15

th
of January, other 15 

Göttingen minipigs started the accommodation period and on 15
th
of March, the 

neuromodulation experiment started. The main characteristics of Gottingen 
minipigs are white skin and hair coat, low subcutaneous fat content, and good 
adaptation to laboratory environment (5).  

The pigs were housed in acclimatized experimental unit, where the 

temperature was 18°C and 65% in relative humidity, 15 air/changes/hour and  
0.1m/s at the pig’s level. They were kept as follows two pigs/small pens (1.8 x 1.8 = 
3.24 m

2
) and five pigs in large pen (4x4 =16 m

2
). Each pen had resting area with 

woodchips and/or straws, automatic watering system, feed bowls and toys.  
The feeding (fig. 1 and 2) was restrictive in order to keep the body weight 

in similar as initial weight/load. In according with a rough feeding of producers at 3 
months fee is 0.2 kg diet/day, at 6 months 0.3 kg/day, at 9 months 0.4 kg/day and 
at >12 months, 0.5 kg/day.  

 

  

 
Fig. 1. Round pellets from UK feed 
NIR composition of UK original feed 
was: ash 8.12%, protein 13.15%, fat 

2.0%, moisture 10.04% and fiber 
8.41% 

 
Fig. 2. Cylindrical pellets from HU feed 
NIR composition of HU feed was: ash 

7.38%, protein 14.17%, fat 1.31%, 
moisture 10.86% and fiber 9.84% 

 
In accommodation period during November 2013 – February 2014 of our 

experiment, the individual restriction feeding was performed, so that each animal 
has eaten 1.70% from its body weight from 21 to 35 kg, 360 – 600 grams feed, 
respectively. The restricted feeding with low fat and high in fiber and the automatic 
watering system were used in order to avoid obesity, satiety problems and possible 
stereotypies. The commercial laboratory minipig diets range in nutrients 
composition from approximately 14–20% protein, 2.5–4% fat, and 5–15% fiber, 
depending on the life stage for which they are intended (16).In the first 10 days 
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after arriving, a mixing 50:50 feed from United Kingdom (UK) and Hungary (HU) 
was given to animals. The structure of feed was round pellets for UK feed and 
cylindrical pellets for HU ones (see the pictures). On InfraXact NIR

1
equipment the 

composition of UK original feed was: ash 8.12%, starch 27.82%, protein 13.15%, 
fat 2.0%, moisture 10.04% and fiber 8.41% and NIR composition of HU feed was: 
ash 7.38%, starch 36.02%, protein 14.17%, fat 1.31%, moisture 10.86% and fiber 
9.84%. 

The pigs were weighted weekly on electronic scale and monthly fat 
thickness and rib-eye diameter in P2 was measured using ultrasonography 
(SonoScape A6

1
– A mode ultrasonic device, similar with equipment used as 

reference in other study – see 1988) - patented method (18) by the same 
technician(6,10).Back fat was measured at the P2 position which is 65 mm, down 
to the left side from the midline, at the level of the head of the last rib. The 
procedure was performed with the pig standing in the hammock. For this study we 
descried the period before and one month after the surgeries, which consisted of 
tree types of surgical interventions and four groups of animals: control (C) 
laparoscopy (LAP), spinal cord injuried (SCI, fig.3) and SCI with laparoscopy 
(SCI+LAP, fig. 4). Each group was trained with the clicker (fig. 6) and has been 
accustomed to be placed in the hammock; SCI groups beneficed by physiotherapy 
and each animal were weekly evaluated in terms of urodynamics (fig.5).  
 

 

 

 
Fig. 3. SCI minipig in wheel chair  

the animals had the possibility to walk 
in wheel chair with buffer for urine 

collection 

 
Fig. 4. SCI and LAP minipigs 

the animals are protected from  
injuries and bedsores by cover and 

the urine is collected in a buffer 

                                                           
1
The equipment of Horia Cernescu Research Unit infrastructure, project Development of research, 

education and services infrastructure in the fields of veterinary medicine and innovative technologies for 
West Region, financed by European Regional Development Fund and Romanian Government in 
POSCCE, Contract no. 18/01.03.2009, SMIS 2669. 
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Fig. 5. The urodynamic 
weekly urodynamic for SCI groups 

Fig. 6. Clicker training 
daily clicker training for LAP&C groups 

 
The difference between 15

th
March and 15

th
April of each variable as well as 

weight, fat thickness and rib-eye diameter in P2 was calculated. the 15 pigs by four 
surgery procedures, the difference between Control (C), SCI, SCI&LAP and LAP 
groups was made using Kruskal Wallis Nonparametrical Test under IBM

®
, 

SPSS
®
Statistics Version 20 software (19). 

 
Results and discussions 

 
Body condition and weight during limited UK feed and HU feed was almost 

similar. The weekly weight during those two months of accommodation time was 
kept at 23.59±0.19; variations occurred during the 9 weeks of weighing were  at a 
minimum and acceptable level - the value of ANOVA test was F=0.299 at p=0,965). 
Thus, the feed cannot be involved in weight, fat or muscle losses, as a 
consequence of a restricted feeding level (1). 

The value and variability of control variables: weight, fat thickness and rib-
eye diameter measured in P2 of minipigs in the beginning and in the end of study 
period are shown in table no, 1. During the first month of post - surgeries period, 
the animals lost weight, fat and muscle in reasonable values. 
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Table 1 
Descriptive statistics of control variables - 15 Göttingen minipigs 

Day of measuring 15
th

of March 15
th

of April 

The 
variable/statistics 

X ± sx Std. 
Deviation 

X ± sx Std. 
Deviation 

Weight 25,99 1,41 5,47 23,89 1,12 4,33 

Fat thickness in P2 8,50 0,96 3,73 7,74 0,92 3,58 

Rib-eye P2 diameter 19,25 0,67 2,61 17,35 0,59 2,30 

 
The difference of weight values between 15

th
of March and 15

th
of April is 

presented in Table no. 2. In average, during the first month, the animals lost 
2.10±0.53 kg of their weight. 

 
Table 2 

The weight dynamic in 15
th

April to 15
th

March April experiment study  

Group Nr. animals Average St error of mean 

Control 3 -0,43 0,22 

Spinal Cord Injuries 3 -4,45 1,09 

Spinal Cord Injuries and Laparoscopy 4 -3,45 0,58 

Laparoscopy 5 -0,62 0,43 

Total 15 -2,10 0,53 

 
In the case of constant feeding and housing conditions the difference 

between groups are statistically significant (test value = 10.661 at p = 0.014). The 
both SCI procedures had the higher impact on decreasing weight in the first month 
after surgery procedures. The losses can be associated with post-surgery 
recuperation period. The animal was included in muscle recuperation procedure - 
no pathology was found from muscle, bones or any atrophy of fat (3, 13). 

The difference of fat thickness values between 15
th
of March and 15

th
of 

April period is presented in Table no. 3. In average, during the first month, the 
animals lost 0.760±0.236 mm of fat thickness, measured in P2.  

 
Table 3 

The fat thickness dynamic between March 15 and April 15 

Group Nr. animals Average St error of mean 

Control 3 -0.067 0.033 

Spinal Cord Injuries 3 -1.400 0.656 

Spinal Cord Injuries and Laparoscopy 4 -1.400 0.234 

Laparoscopy 5 -0.280 0.388 

Total 15 -0.760 0.236 

 
At constant feeding and housing conditions, the difference between groups is 

at the boundary of accepted signification (test value = 7.809 at p = 0.050). Again, 
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the both SCI procedures had the higher impact upon decreasing the fat thickness 
on the first month after surgery time. Weight losses could not be associated with 
any respiratory, gastrointestinal diseases which are commonly involved (14). 

The difference of rib-eye diameter in P2 between 15
th
 March and 15

th
 April 

period is presented on Table no. 4. In average, during the first month post-surgery, 
the animals lost -1.893±0.551 mm in rib-eye diameter.  

 
Table 4 

The rib-eye diameter dynamic in P2, 15
th

 April to 15
th

 March experiment 
Group Nr. animals Average St error of mean 

Control 3 0.167 0.546 

Spinal Cord Injuries 3 -4.100 0.751 

Spinal Cord Injuries and 
Laparoscopy 

4 -1.100 1.452 

Laparoscopy 5 -2.440 0.304 

Total 15 -1.893 0.551 

 
In terms of constant feeding and housing conditions, the difference 

between groups is statistically significant (test value = 8.631 at p = 0.035). The SCI 
procedure and laparoscopy had the higher impact on decreasing of the rig-eye 
diameter on the first month after surgery procedures. 

The surgical treatments used for creating minipigs SCI model in order to 
apply it in human medicine influenced significantly/drastically the body condition of 
animals; that means to reconsider the restricted feeding protocol and to increase 
the feed according with animal’s losses and its weight. 

Between the values of studied variables, the positive correlations were 
found in 15

th
 March as well as 15

th
 of April; the weight is positively correlated with 

fat thickness (r=+0.797 at p=0.000 in March and r=+0.702 at p=0.001 in April) and 
also with rib-eye diameter (r=+0.587 at p=0.010 in March and r=+0.433 at p=0.064 
in April; the continuous variable cannot be considered as correlated).On 15

th
 of 

March, between the fat thickness and diameter of rib-eye was found the correlation 
too(r=+0.517 at p=0.022) but the treatments reduced the strength of the positive 
correlation after one month (r=+0.176 at p=0.472). The rib-eye diameter is 
positively correlated with fat thickness too. If considering the dynamic of the 
variable’s value, the differences between one month of experiment (15

th
 of April vs. 

15
th
 of March) the weight (see table 1 and 2) was positive correlated with fat 

thickness   (r = +0.559 at p = 0.030). 
The body composition of minipigs and humans is quite similar with about 

20% fat and 45% muscle as main organs (20). The body composition dynamics 
measure from surgery experiments by ultrasonography was clear associated to 
group treatment. The results are in according with other authors recommending 
magnetic resonance imaging (MRI) or ultrasonography, as Weingand et al. (16), 
Singer et al. (11), Rosendal et al. (9) or Glud et al. (4).  
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Conclusions 
 
The feed produced in Hungary was equally accepted and consumed as the 

food produced in United Kingdom; ad libitum feeding is not recommended, as long 
as keeping the constant weight is compulsory. 

The surgical treatments used for creating minipigs SCI model in order to 
apply it in human medicine influenced the body condition of animals. 

The use of ultrasonography can be considered a high accurate method to 
measure the effects of procedures. 

The restricted feeding protocol must be reconsidered as soon as possible, 
immediately after animals are recovered from post – surgical period. 

 
References 

 
 

1. Bollen, P., Skydsgaard, M.. Restrictedfeedingmay induce serousfatatrophy 
in male Göttingen minipig. Exp ToxPath, 2006, 57,347–349. 

2. Carr, C., Johnson, D., Shuffitt, M., Ultrasound and Carcass Merit of Youth 
Market Hogs, AN 252,University of Florida IFSA Extension Reviewed 
September 2013, available at website http://edis.ifas.ufl.edu.  

3. Dincer, Z., Svendsen, O.. The minipig: Pathology. In: Gad, S. (ed), Animal 
Models in Toxicology, 2nd ed. Boca Raton, FL: Taylor & Francis, pp. 739–
760, 2007. 

4. Glud, A.N., Hedegaard, C., Nielsen, M.S., Direct gene transfer in the 
Göttingen minipig CNS usingstereotaxiclentiviralmicroinjections. Acta 
NeurobiolExp (Wars), 2010, 70(3), 308-315. 

5. McAnulty P.A., Dayan, AD, Ganderup N.C., Hastings, K.L., The Minipig in 
Biomedical Research, CRC Press, Taylor & Francis Group, Boca Raton, 
London, New York, 2012. 

6. McLaren, D.G., Novakofski, J., Parrett, D.F., Lo. L.L., Singh, S.D., 
Neumann, K.R., McKeith, F.K., A study of operator effects on ultrasonic 
measures of fat depth and longissimus muscle area in cattle, sheep and pigs. 
J. Anim. Sci., 1991, 69, 54-66. 

7. Newcom, W. D., Baas, T. J., Lampe, J. F., Prediction of intramuscular fat 
percentage in live swine using real-time ultrasound, J. Anim. Sci. 2002, 
80:3046-3052. 

8. Pomar, C., Fortin, A., Marcoux, M., Successive measurements of carcass 
fat and loin muscle depths at the same site with optical probes,. Canadian 
Journal of Animal Science, 2002, 595–598.  

9. Rosendal, F., Pedersen, M., Sangill, R., MRI protocol for in 
vivovisualisation of the Göttingen minipigbrainimprovestargeting in 
experimental functional neurosurgery, BrainRes Bull, 2009, 79, 41–45. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 
 

 45 
 

10. See, M.T. Evaluating machine and technician effects on ultrasonic 
measures of backfat and longissimus muscle depth in swine, Swine Health 
and Production —1998, 6(2), 61-66. 

11. Singer, B.A., Tresser, N.J., Frank, J.A., McFarland, H.F., Biddison, 
W.E. Induction of experimental allergicencephalomyelitis in the NIH minipig. 
J Neuroimmunol, 2000, 105, 7–19. 

12. Stouffer, J. R., Wallentine, M. V., Wellington G. H., Diekmann A., 
Development and Application of Ultrasonic Methods for Measuring Fat 
Thickness and Rib-Eye Area in Cattle and Hogs, J. Anim. Sci., 1961, 20, 
759-767. 

13. Svendsen, O., Skydsgaard, M., Aarup, V.,  Klastrup, S. 
Spontaneouslyoccurringlesions in selectedorgans of the Göttingen minipig. 
Scand J Lab Anim SciSuppl, 1998, 1(25), 231–234. 

14. Swindle, M.M., Smith, A.C., Laber, K.L., Goodrich, J.A., Bingel, S.A., 
Biologyandmedicine of swine. In J. D. Reuter andSuckow M. A. (eds), 
Laboratory Animal Medicineand Management. International Veterinary 
Information Service, Ithaca, New York, NY. 2003. 

15. Swindle, M.M., Technical bulletin. Handling, husbandry & injection 
techniques in swine, 2004, Available from www.sinclairresearch.com. 

16. Weingand, K.W., Hartke, G.T., Noordsy T.W., Ledeboer, D.A. A minipig 
model of body adiposetissuedistribution. Int J Obes,1989, 13(3),347–355. 

17. Whittemore, C.T.,The Science and Practice of Pig Production. Longman 
Scientific and Technical, Longman, UK, 1993. 

18. Wilson, D.E., Amin, V.R., Systems, Methods and Devices for Use in 
Assessing Fat and Muscle Depth, Patent No: US 8,135,179 B2, 2012. 

19. IBM
®
, SPSS

®
Statistics Version 20 software. 

20. ICRP Publication 89: Basic anatomical and physiological data for use in 
radiological protection: Reference values, Annals of the ICRP, 2002, 32 (3–
4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 46 
 

 

COMPARATIVE ONCOLOGY – OPERATIONAL NICHE WITHIN 
MEDICAL SCIENCES 

 
N. MANOLESCU

1
, EMILIA BALINT

1
, A.SUPEANU

2 

 
1
Faculty of Veterinary Medicine, 050097, Splaiul Independenței 105, Bucharest, 

Romania 
2
Romanian Academy, PhD student 

E-mail: manolescunicolae@yahoo.com 

 
Summary 

 

The authors define two major subjects: first, comparative oncology, one of the basic 
aspects of general oncology, that connects the cancer disease in humans and animals and 
the environmental elements, defined as „high risk carcinogenic factors‖.  

The authors also explain the need to correlate the notions of biodiversity,bio-
economy and food safety, both to the cancer disease in humans and animals, as well as to 
the polluted environment, that holds all of the high risk carcinogenic factors. 

Virtually, this ample collocation, is the foremost eloquent expression of the truth of 
„global thinking‖ within the existential notions of ecology, eco-pathology, bio-economy, 
biodiversity and medicine – via comparative oncology. 

The authors also present the notion of „comparative oncology‖ as an ingredient of 
the concept of „comparative medicine‖, a notion that resides in the fundamental structure 

of medical sciences.  
Romania was a pioneer in the historical moments of the defining and gradual 

evolution of this concept.  
These moments have defined the whole concept of comparative medicine, evoked 

by Charles Darwin in his work „The Origin of Species‖ in 1859.  
Key words: origin of species, comparative medicine, comparative oncology 

 
Analyzing the literature, we will notice the existence, over time, of several 

initiation, investigation and publishing centers in the field of both comparative 
medicine, as well as comparative oncology. Among these, Romania finds itself 
among the pioneers, a path breaker, alongside England, France, U.S.A., Italy, etc. 

Under these conditions, we will review both the problem of comparative 
medicine as well as the one of comparative oncology (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21). 

The first work of world class comparative medicine belongs to the 
Romanian Apostol Arsaky (1784-1874), who publishes, in 1813, his paper of 
comparative neurology-anatomy in several species of fish and re-publishes it under 
the form of a doctoral thesis under the supervision of Professor I. F. Mekel, at the 
Martin Luther University, in 1836. This form of paper, the first of its kind of 
„comparative anatomy‖, was permanently taken into consideration as a high value 
work and was a building stone of the exceptional papers of Charles Darwin and 
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Ernst Haeckel, the founder of comparative embryology. The second founder of 
comparative medicine was, at the end of the XIX-th century, the great professor Dr. 
Victor Babes. 

If we were to take into consideration the amplitude and uniqueness of both 
the exceptional works but also of the mentality that led to the concretization of great 
achievements for the world, an accord has to be accepted to place at the top of this 
list the great Louis Pasteur. 

From V. Babes, a half of century had to pass until, in 1939, in Paris, the 
Romanian biologist Radu Codreanu was sustaining his eminent doctoral thesis, in 
which he describes for the first time the lymphoid leukemia in ephemeridae 
insects. 

We consider this to be the correct date when the notion of comparative 
oncology was founded.  

In 1968, concurrent at the Bucharest Institute of Oncology and at the 
Faculty of Veterinary Medicine of Bucharest, University Professor Octav 
Costachel, the Director of the Bucharest Institute of Oncology and Dr. Nicolae 
Manolescu from the Faculty of Veterinary Medicine of Bucharest (PhD), 
reestablish comparative oncology as an aggregate and for the first time in history, 
create the base notion of comparative oncology, that of the relationship between 
the environment as a whole, animals suffering from cancer (pets, wildlife, exotic 
and farm animals) and humans suffering from cancer. 

From this date forward, we can appreciate that a multitude of works are 
created and great veterinary medicine and human medicine personalities become 
accredited. Among them, we will remind: Academician Vasile Ghetie, Professor 
Doctor Eugen Pastea, Professor Doctor Ion Adamesteanu, Professor Doctor 
Constanta Adamesteanu,Professor Doctor Ioan Alexandru Baba, Professor 
Doctor Simion Bolte, Professor Doctor Ion Miclaus, Professor Doctor Nicolae 
Cornila, Professor Doctor E. Onet, Professor Doctor Sabin Ghergariu, Associated 
Professor Doctor Alexandru Nicolae, Associated Professor Doctor Virgiliu 
Comisel, Doctor Romulus Begnescu, Doctor Ilie Barna, Doctor I.V. Patrascu, 
Doctor Emilia Balint, for veterinary medicine. 

For human medicine, we will note the following: Academician Stefan 
Milcu, Academician Stefan S. Nicolau, Academician NicolaeCajal, Professor 
Doctor Nestorescu, Professor Doctor Victor Ciobanu, Professor Doctor 
IlieDiculescu, Professor Doctor Ion Chiricuta, Professor Doctor Alexandru 
Trestioreanu, Professor Doctor Stefan Berceanu, Professor Doctor Ioan Moraru, 
Professor Doctor Alexandru Irimie, Professor Doctor Rodica Anghel, Doctor 
Dumitru Micu, Doctor Corneliu Mateescu. 

In the hope of the fact that we have carried out our obligation towards our 
colleagues, who have contributed for 45 years (1968-2013) to the edifice of 
„Comparative Oncology in Romania‖, we will remind a series of important 
events, which we have grouped in 4 distinct parts: 
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A. Romania has hosted a considerable number of scientific meetings and 
conferences with or without internationalparticipation, having the topic of 
comparative oncology, as following: 

- 1981 Cluj-Napoca; 
- 1983 Sovata-Tg. Mures; 
- 1985 Neptun; 
- 1987 Timisoara-Arad Moneasa; 
- 1988 Durau-Piatra Neamt; 
- 1990 Bucharest; 
- 1995 Tulcea-Neptun; 
- 1998 Bucharest; 
- 2000 Sibiu; 
- 2006 Tulcea; 
- 2008 Poiana Brasov; 
- 2011 Tulcea-Neptun; 
- 2013 Bucharest. 

These events, except for the first one in Cluj 1981, which was organized by 
the Institute of Oncology I. Chiricuta and the Faculty of Veterinary Medicine of Cluj, 
with the decisive contribution of Professor Doctor Ion Adamesteanu, Professor 
Constanta Adamesteanu and Professor Doctor IoanAlexandru Baba, have been 
led and organized by the undersigned.  

B. Concurrent, during the years of 1968-2013, a number of over 200 
scientific works was communicated. Also, in the same period, we can notice the 
emergence of international premiere books, such as: 

- 1985 – Medical Publishing House „Comparative Hematology‖, the first work 
of its kind in the literature, by Professor Doctor Stefan Berceanu and Doctor 
Nicolae Manolescu. 

- 2003 – Carol Davilla University Publishing House „Intromission in 
comparative oncology‖, edited by Professor Doctor Nicolae Manolescu. 

- 2003 – 2005 – Romanian Academy Publishing House „ Comparative 
Oncology‖ (published both in Romanian and English) edited by Professor Doctor 
Alexandru Ioan Baba si Professor Doctor Cornel Catoi. 

- 2009 - CurteaVeche Publishing House „Atlas of OncoCytoMorphology in 
canines and felines‖ (published both in Romanian and English) by Professor Doctor 
Nicola eManolescu, Doctor Balint Emilia. 

- Curtea Veche Publishing House „Veterinary Hematology and Comparative 
Oncology‖ by Doctor Emilia Balint. 

In 1991, the Romanian Society for Comparative Oncology is established, 
which in 1999 begins to edit the Romanian magazine for Comparative Oncology, a 
biannual and bilingual (Romanian and English) magazine. 

In 1993, at the faculty of Veterinary Medicine of Bucharest, the first clinical 
discipline of comparative oncology is founded, a discipline that will celebrate it’s 
20th anniversary this year, coordinated by Univ. Prof. Doctor Nicolae Manolescu. 
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1993 was also the year when the first doctorate in comparative oncology 
was founded and which was also coordinated by Univ. Prof. Doctor Nicola 
eManolescu. 

In 1999, through a Government decision, the first ever worldwide Institute 
of Comparative Medicine is founded. It is currently functioning as a research 
department within the University of Agronomic Sciences and Veterinary Medicine of 
Bucharest.  

C. 2006 brings forth a close international collaboration in the field of 
comparative oncology between Romania and Italy. The result was particularly 
effective, the 7 years of collaboration giving birth, in 2009, to the ―Mediterranean 
Forum for Comparative Oncology‖, established in Genoa, Italy. This forum has 3 
founding members: Italy, Romania and Spain. The headquarters are in Genoa and 
for Romania, as a founding country, a secondary office was set up in Bucharest, in 
2010, underthe name of „ The National Forum for Comparative Oncology‖ 

So far, the „ Mediterranean Forum for Comparative Oncology‖ has 
organized 3 International Oncology Scientific Events, as following: 

- 2010 Palermo, Italy; 
- 2011 Neptun-Tulcea, Romania; 
- 2013 Cordoba, Spain. 

This structure is led by President Professor Doctor Angelo Ferrari and 
Vice-president Professor Doctor Nicolae Manolescu. 

 
Materials and methods 

 

Instead of a classic presentation of a scientific paper, we have considered 
to be more useful to present one of the current research projects of comparative 
oncology in Romania: 

It regards the investigation and quantification research project concerning 
the chemical risk factors that hold potential to start and maintain morphological and 
clinical elements of the cancer disease in humans and pets (crossing the stages of 
detection, biomonitoring and prophylaxis of these risk factors) 

This project in undergoing in several geographic pilot areas in Romania, 
centered by the courses of the major rivers, including their basins: Prut, Siret, 
Ialomita, Buzau, Prahova, Olt, Jiu, Arges, Dambovita, Timis, Mures, Tarnava, 
Somes, Cris, Danube meadow, Danube delta. 

The chemical risk factors with cancer inducing potential that are going to 
be assessed are:  

- Radionuclides  
- Mycotoxins 
- Aromatic polycyclic/monocyclic hydrocarbons 
- Acrylamide  
- Nitrates, nitrites, nitrosamines 
- Vinyl chloride 
- Organochlorine pesticides 
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- Heavy metals (Cd, Ni, Al, As); 
- Dioxins and furans 
- Several E’s with cancer inducing potential 
- Male and female hormones 
- All of these factors are going to be harvested and 

investigated from: 
- Surface flowing waters; 
- Small and large drilling water; 
- Adjacent soil samples; 
- Plants cultivated for: cereal production, beer production, vine 

production, vegetable production, fruit and animal feed 
production; 

- Milk, meat and fat samples will be harvested from farm 
animals after slaughter; 

Together with these, samples from industrial or household products will be 
harvested, including the so called „ecological‖ products. This way, the classes of 
chemical substances with cancer inducing potential will be investigated, in order to 
identify the quantitative level of these substances and the steps that need to be 
followed next within the investigation. 

From the lot of processed food, both of animal and of non-animal origin, 
the focus will be on: 

- Meat and meat products 
- Milk and dairy products 
- Flour 
- Bread and bakery products 
- Oils 
- Fruits including preserves 
- Vegetables including preserves 
- Game meat and derived products 
- Feed  
- Wines  
- Beer  
- Carbonated non-alcoholic drinks 
- Drinking water 
- Mineral water  
- Breast milk 

 
Results and discussions 

 

Comparative oncology basically occupies the niche of complex medical 
sciences, because it connects the two oncology fields - human and veterinary, with 
the inexhaustible spring of cancer inducing factors (biotic and abiotic) from the 
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environment (including the methods of identifying the presence of carcinogens in 
the food chain). 

To correctly gather the data, interpret them and communicate the results to 
human and veterinary oncology fields, it is absolutely necessary for the 
specializations of „environment oncologist‖ and „food chain oncologist‖ to be 
created. 

These new professions will coordinate and survey all of the environment 
areas in which the „cancer inducing factors‖ form and exist, regardless of their 
quality, thus creating the map of carcinogens, together with their quantity and 
traceability, data that is going to be correlated with the frequency of the cancer 
disease in humans and animals in the given environment.  

All of these activities are necessary so that, in a decent period of time, the 
label entitled „food with minimal levels of main carcinogens‖ (according to the 
E.U.’s directives) can be promoted on the market. This social event assumes the 
existence of special control procedures performed by experts within a long term 
strategy with only one goal, that to lower the incidence, prevalence and 
mortality of cancer in the human and animal population. Once this is applied, 
we can say that the desideratum of „real time primary prophylaxis of the cancer 
disease‖ is materialized.  

To complete the previous actions mentioned above, environment 
oncology, in our opinion, hold the key.  

Creating a new discipline in post-university education, that of eco-
oncology, will allow it to be consisted of 3 major chapters: 

- Environmental eco-onco-prophylaxis 
- Environmental eco-onco-therapy 
- Environmental eco-onco-economy 
This assumes that, in every family environment, the implementation of 

canines, that are one of the species that react in a very sensitive manner to cancer 
(their sensitivity to cancer is, according to our data, with a logarithm higher than 
that of humans and on the other side, compared to humans, where the debut of the 
cancer disease can be found inside a 10-20 year period, in canines this time frame 
is much shorter, about 5-6 times than that in the human situation). 

This ample activity will be performed in onco-areas, that are territorial 
areas in Romania, usually centered as shown before, along the river courses. 
There, the analysis for the identification and quantification of the main chemical 
carcinogens from the air, soil, water, plants, farm and wild animals will be 
accomplished.  

Of course, where the situation demands it, an inventory of biotic cancer 
inducing factors will be completed (cancer inducing viruses).  

The next phase of the problem regards food safety, which itself represents 
a great challenge for food safety experts. This statement is based on the fact that, 
on the one hand, absolute safe food must be given into consumption (no 
counterfeit must be present) and on the other hand it is imperative to have control 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 52 
 

 

over the levels of abiotic pollutants, under their form of carcinogens. So, those 
called to watch over food safety, are faced with the sine qua non condition to 
master an ample expertise in order to be able to control the risk factors for human 
health.  

This tremendous human activity is situated ―on a very large front‖, that 
scrolls on the relationship between the environment (water, air, soil) – plants – 
animals – human consumer. 

To successfully accomplish this task, a perfect collaboration between the 
„environment oncologist‖ and the „food expert oncologist‖ must exist so that, in 
the end, the list of „risk factor‖ levels for each component of the food chain can be 
obtained.  

Despite important scientific and therapeutic progress, in Romania, as well 
as in most countries, cancer continues to be a major health problem. Not as well-
known as the human case, cancer in animals plays a very important role, through 
its high incidence. The causes that determine cancer formation are multiple, but 
according to specialty studies, between 60% and 80% of all cancers are due to the 
chemical, physical and biological environment factors (cancer inducing viruses 
mainly affect animals).  

The presence of carcinogens in human alimentation represents a high risk 
factor that could lead to the development of cancer. Identifying cancer inducing 
agents and their mechanism of action are a must in order to elaborate integrative 
solutions that will help prevent cancer in humans.  

Most of the studies completed so far lay the development of cancer on a 
cascade of molecular and cellular transformations, by which the „normal‖ cell 
gradually modifies it’smetabolism and control over cellular growth and 
differentiation. In normal cells, there are several genes called protooncogenes, 
that can be subject to mutations due to „cancer inducing factors‖, thus becoming 
oncogenes and being responsible for the creation of the cancer stem cell. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 – The relationships of „comparative oncology‖ 
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Comparative oncology (see chart nr. 1) identifies, in the 
environment(water, soil, plants, animals), the main cancer inducing factors, biotic 
and abiotic and draws an eco-regional map that in the end turns into a global map, 
based on the onco-epidemiological data, on the following course: 

 
Environment 

water, soil, plants, animals 
 
 

Producer of raw materials of animal and non-animal origin for food 
processing 

 
 

Producer of raw materials of animal origin for food processing 
 
 

PROCESSOR 
 
 

Food of animal and non-animal origin 
 
 

Transport and distribution 
 
 

MARKET 
 
 

Consumer of food of animal and non-animal origin 
 

Conclusions 
 

The activity niche of comparative oncology within general oncology 
becomes official, oscillating between human and veterinary oncology.  

The recommendation is forwarded to create new post-university 
specializations, of „environment oncologist‖ and „food chain oncologist‖ 

The program has in view to limit the contamination with major cancer risk 
factor of the environment and of the food, including to monitor them, thus 
contributing to the increase of the life standard of the population. The major 
beneficiaries and users of our studies are, on the one hand, producers and 
processors of food of animal and non-animal origin and on the other hand, the 
population of Romania as a whole.  

The impact of these activities on the human society is more than obvious, 
ensuring a „clean environment‖ regarding cancer inducing factors.  
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Improving human health which will directly reflect onto the growth of their 
capacity to participate in economic activities. On a medium term, we can expect the 
production of food with E.U. approved standards in Romania. 

 
References 

 
1. Balaceanu-Stolnici, C., Banu, D., Reflections and the role of comparative 

anatomy in the study of the brain, Session of The Romanian Academy, 18-20 
Oct. 2012. 

2. Balint, Emilia, Manolescu, N., Panait, Marieta C. Mateescu, G. Predoi, 
Carmen Fecioru, The place of comparative oncology in the context of 
general oncology, Romanian Magazine for Comparative Oncology, 2011 , 
21, 1389-1392. 

3. Chirichita I., Cancer and the Environment, vol. 5, Cluj-Napoca, 1980. 
4. Comisel, V., Manolescu, N., Begnescu, R., The Milestone in Romanian 

comparative oncology, comments at the Symposium "30 years of 
comparative oncology 1968-1998", The Romanian Academy, Bucharest, 
1988. 

5. Comisel, V., Comparative Oncology (lecture notes), University of Agronomic 
Sciences and Veterinary medicine of Bucharest, 1999. 

6. Gherariu, S., Comparative oncology in the interest of a better knowledge of 
human. II. The perspectives gained from the study of natural tumors from., 
In. Cancer-Comparative Oncology, Cluj-Napoca, 1981. 

7. Maltezeanu, Gr., Comisel, V., Manolescu, N., Mogos, I., Begnescu, R., 
Ierbea I., Nutrition, the field where the risk factors in human and animal 
cancer meet", com. At the University Symposium for Comparative Oncology, 
The Faculty of Veterinary Medicine of Bucharest, 1998. 

8. Manolescu, N., The importance of comparative, Romanian Magazine for 
Radiotherapy and Medical Oncology, 1998, nr.3-4, 136-139,  

9.Manolescu N., The importance of the biotype in the evolution of the cancer.", 
Romanian Magazine for Veterinary Medicine, 1998, 1, 9-12, 

10. Manolescu, N., Study of the environment – Maximal condition for knowing 
the cancer disease in humans and animals, Romanian Magazine for 
Comparative Oncology, 1999, 1, 45-47. 

11. Manolescu, N., Concept – polluting the environment, a support factor for 
cancer proliferation and cancer differentiation in humans and animals. The 
Romanian Magazine for Comparative Oncology, (supl.), 5, 2000. 

12. Manolescu, N., What is the cornerstone of veterinary oncology in our, 
Romanian Magazine for Comparative Oncology, 2000, 2, 106-108. 

13. Manolescu, N., Integrated monitoring of the environment in relationship to 
the eco-onco-therapy and eco-onco-prophylaxis of the cancer disease in 
humans and animals. Romanian Magazine for Comparative Oncology, 2001, 
5, 319-326. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 
 

 55 
 

14. Manolescu, N., Canine oncology, clinical pretrial for human, Romanian 
Magazine for Comparative Oncology, 2007, 13, 831-835. 

15. Manolescu, N., Comparative oncology research in Romania, The 
Romanian Magazine for Comparative Oncology, 2009, 16, 1021-1032. 

16. Manolescu, N., The influence of the environment, a decisive element to the 
development of the cancer diseas, The Romanian Magazine for Comparative 
Oncology, 2009, 17, 1114-1120. 

17. Manolescu, N., Comparative oncology in Romania 1968-2010 – 42 years 
of activity, 2010. Romanian Magazine for Comparative Oncology,, nr.18, 
1173-1176. 

18. Manolescu, N., Balint, Emilia, Mateescu, C., Comparative oncology, the 
complex structure of comparative, Academica Magazine, 2013, nr.7-8, XXIII, 
100-104. 

19. Micu, D., Manolescu, N., Leukemia Cells, the Romanian Academy 
Publishing House, Bucharest, 1982. 

20. Mogos, I., Miclaus, I., Comisel, V., Manolescu, N., Maltezeanu, G., The 
computer operated contact and thermolysis thermography system(CATE) – 
clinical means and procedure to investigate normal and pathologic tissues – 
applications in comparative " comments at the Comparative Oncology 
University Symposium, The Faculty of Veterinary Medicine of Bucharest, 
1998. 

21. Todorutiu-Papilian, Cornelia Comparative oncology, The biology of the 
laboratory animal and comparative oncology, Cluj-Napoca, 1992. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 56 
 

 

DIAGNOSIS OF YEAST MASTITIS IN DAIRY COWS 
   

DUBRAVKA MILANOV
1*

, BOJANA PRUNIŠ
1
, MAJA VELHNER

1
, J. 

BOJKOVSKI
2
 

 

1
Scientific Veterinary Institute ―Novi Sad‖, Republic of Serbia 

2
Faculty of Veterinary Medicine, Beograd, Republic of Serbia  

E-mail: dubravka@niv.ns.ac.rs 
 

Summary 

   
Yeasts are less common causes of bovine mastitis. Predisposing factors are 

internal damage of the milk alveoli and/or milk ducts and long-term use of antibiotics. Since 
identification of yeast species is not a part of routine veterinary practice in diagnostic 
laboratories, it remains unknown which yeast species play role in mastitis development in 
dairy cows in our epizootic jurisdiction (Southern Bačka municipality). Here we report the 
results on the use of commercially available Integral System Yeast Plus test in the 

identification of yeasts isolated from the milk samples of cows with clinical mastitis. In 
addition, the sensitivity to antifungal agents of these isolates was tested and is reported 
here. Obtained results reveal that in etiology of bovine mastitis crucial agents are ―non-
albicans" species of the genus Candida: C. kefir, C. rugosa and C. krusei. Two isolates of C. 
kefir showed resistance to nystatine which is the standard therapeutic agent in the treatment 
of mastitis caused by Candida spp. in dairy cows. Several isolates showed resistance to 
clotrimoxazole, econazole, fluconazole and flucytosine, commonly used in treatment of yeast 
infections in humans. Integral System Yeast Plus test is a easy to use test for the 

identification of yeast isolates and for determination of their susceptibility to anti-fungal 
drugs. This test is not designed for identification of achlorophyllous algae Prototheca zopfii 
which was isolated from 8 milk samples. P. zopfii has similar growth properties as Candida 
species and, based on the biochemical properties, was identified as Candida krusei by 
Integral System Yeast Plus test. Therefore as a part of differential diagnostic procedure, 
microscopic examination of isolates is required to confirm P.zopfii accurately. 

Key words: yeast, bovine mastitis, Integral System Yeast Plus test 
 

Yeasts are ubiquitous organisms widespread in the nature. They exist in 
the wide variety of substrates including soil, plants, water, nectar of flowers, fruits, 
trees as well as in the digestive and reproductive systems of numerous animal 
species (1). In spite of their only moderate pathogenic potential, yeasts are 
responsible for a variety of both human and domestic animal infections. 
Compromised immune system of the host, dysbalance of bacterial microflora and, 
particularly long-term use of antibiotics are major predisposing factors for the 
occurrence of the infection. 

Yeasts are considered relatively rare causative agent of bovine mastitis; 
however, an apparent increasing incidence has been observed during the last 
decade (4,8, 12,18). In herds characterized with poor milking hygiene, frequent 
irritations and injuries of milk ducts and milk sinus, uncontrolled and excessive 
application of antibiotics or repeated intramammary treatment in cases of improper 
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teat disinfection the infections may reach even epizootic proportions (6, 1, 4). 
Several yeast species of the genera Candida, Cryptococcus, Rhodotorula and 
Trichosporum have been associated with mastitis in dairy cattle, and diverse 
species of Candida are most commonly diagnosed (3,4,10, 14, 18). Clinical yeast 
mastitis is manifested by udder swelling and pain as well as changes of milk 
consistency. Rarely, they may result in fatal outcomes (15,16). It is to be 
emphasized that yeast udder infections mostly become chronic, thus infected 
animals continue to shed the agent throughout a long period causing contamination 
of the equipment and milking accessories, which favours the spread of the infection 
within the herd. Initially, the infection can pass subclinically. Thus, yeasts (Candida 
spp.) were isolated from milk of clinically healthy cows (2,19).   

In our epizootiological region (Southern Bačka municipality), the knowledge 
on most important yeast species involved in the aetiology of bovine mastitis are still 
lacking as well as the data on their susceptibility to antifungal agents. Identification 
of yeasts to the species level is not yet a part of routine practice in our 
bacteriological and veterinary laboratories. In this research, we investigated the 
applicability of commercially available test Integral Systems Yeasts Plus for the 
identification of yeasts isolated from milk of cows with clinical and subclinical 
mastitis and for testing of their susceptibility to antimycotic agents. 

 
Material and methods 

 
A total of 332 individual cow milk samples originating from 3 dairy farms 

(Southern Bačka municipality) were collected from cows with clinical and 
subclinical mastitis (based on positive result in California Mastitis Test - CMT). Milk 
samples were collected into sterile tubes after previous udder disinfection with 70% 
alcohol and discharging of first milk streams. The samples were cooled and 
transported to the laboratory. Microbiological processing was performed 
immediately after samples’ submission. To the purpose of bacterial isolation, 
aliquots of 50µL were inoculated onto Columbia blood agar base (Oxoid, 
Basingstoke, UK, CM0331) with 5% defibrinated ovine blood and onto MacConkey 
agar (Oxoid, CM0007). Isolated bacterial species were identified according to  (17).   

To the purpose of yeast isolation, 50µL aliquots of milk were inoculated 
onto Sabouraud dextrose agar (Oxoid, CM0041) and incubated during 5 days at 
37°C. The control of yeast growth was performed daily. The identification of 
isolated yeasts and testing of their susceptibility to antimycotics was performed 
applying commercial Integral System Yeasts Plus test (Liofilchem, Italy, Ref. 
71822) according to manufacturer’s instructions. Microscopy preparations were 
made from 24h-old cultures harvested from Sabouraud dextrose agar. The 
preparations were Gram-stained and examined using light microscopy (100x, 
immersion).  

Integral System Yeasts Plus test is a system for identification of most 
clinically important yeasts and evaluation of their sensitivity to antimycotics. The 
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system is inoculated with the cell suspension and incubated at 36±1
o
C for 48 

hours. Presumptive identification is based on assimilation reactions of sugars 
(glucose, maltose, saccarose, lactose, galactose, melobiose, cellobiose, inositol, 
xylose, raffinose, trehalose and dulcitol). The test includes the examination of 

susceptibility to following antimycotics: Nistatin 1.25 g/mL; Amphotericin 2g/mL; 

Flucytosine 16g/mL; Econazole 2g/mL; Ketaconazole 0.5g/mL; Clotrimazole 

1g/mL; Miconazole 2g/mL; Itraconazole 1g/mL; Voriconazole 2g/mL and 

Fluconazole 64g/mL.  
 

Results and discussions 
 

Microbiological examination of 332 milk samples of cows with clinical and 
subclinical mastitis revealed presence of bacteria in 244 (73.49%) and yeasts in 20 
(6.02%) samples. Achlorophyllous alga Prototheca zopfii was isolated in 8 (2.41%) 
samples. Fifty-two (15.66%) samples were bacteriologically and mycologically 
negative, and from 8 samples more than three bacterial species were isolated 
(contaminated samples). The isolation results are displayed in Table 1. 

 
Table 1 

Aetiological agents of bovine mastitis isolated from milk samples 

Organism species Number of 
isolates 

% 

Coagulase negative Staphylococcus sp. 72 21.68 

Corynebacterium bovis 42 12.65 

Staphylococcus aureus 15 3.61 

Streptococcus agalactiae 3 0.9 

Streptococcus dysgalactiae 24 7.22 

Streptococcus uberis 15 4.52 

Enterococcus spp. 2 0.6 

Trueperella pyogenes 10 3.01 

Pseudomonas aeruginosa 4 1.2 

Escherichia coli 20 6.02 

Klebsiella pneumonia 12 3.61 

Serratia marcescens 3 0.9 

Proteus mirabilis 4 1.2 

Bacillus spp. 15 4.52 

No-cardioform organisms 3 0.9 

Yeast 20 6.02 

Prototheca zopfii 8 2.41 

Contaminated samples (inadequate for testing) 8 2.41 

Milk samples without growth 52 15.66 

Milk samples cultured (total)      332 100 
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According to their assimilation ability in the Integral Systems Yeasts Plus 
test, all yeast were identified as Candida, including C. kefyr (8 isolates), C. krusei 
(6 isolates) and C. rugosa (6 isolates) (Table 2; Figure 1). ―Non-albicans‖ Candida 
species are most frequently identified as etiological agents of yeast mastitis in dairy 
cows (3, 14,16,19), whereas C. krusei and C. kefyr are mostly isolated species (16, 
3, 18, 8). The presence of C. krusei in dairy cattle with mastitis has been 
recognized since the 1970s (19). C.krusei is considered potential environmental 
pathogen, and the development of mastitis is mainly attributed to poor animal 
hygiene (16).  

Among all yeast species isolated from cow milk, C. albicans is rarely a 
dominant one (1) and it is isolated only sporadically (3,16, 10, 9). Yeasts can cause 
infections in both humans and domestic animals, and same commercially available 
tests for their identification are applied in human as well as in veterinary clinical 
laboratories. For example, Microstix®-Candida slide-test (that was primarily 
invented for laboratory diagnosis of vulvovaginitis) proved highly applicable in 
routine diagnostics of yeast-related bovine mastitis (7). An important feature of the 
Integral Systems Yeasts Plus test is that it enables both biochemical identification 
of the agents and their susceptibility to antimycotics, which is of substantial 
importance in the monitoring of resistance of pathogenic yeasts of significance for 
human and veterinary medicine. 

Undoubtedly, bacteria play a major role in the aetiology of bovine mastitis. 
Thus, Sabouraud dextrose agar is not the most commonly used nutritive medium in 
a routine daily practice for testing milk samples of cows with mastitis in our 
laboratories. Therefore, yeast mastitis may easily be missed in the diagnosis. 
Namely, slow-growing yeast colonies may appear very discrete after 24h-
incubation and are hence easily confused with Staphylococcus, Micrococcus or 
Corynebacterium species. Moreover, achlorophyllous alga P. zopfii does not 
produce visible colonies in blood agar after 24h-incubation thus prolonged 
incubation of 48 or 72h is required. P. zopfii colonies appear grayish, opaque and 
small on a blood agar. Since growing also on a MacConkey agar, these algae may 
be misdiagnosed as bacterial culture. On a Sabouraud dextrose agar, Candida and 
Prototheca usually form large yellow-white colonies within 24-48h cultivation 
period. 

   
Table 2 

Assimilation ability of Candida isolates in the Integral System Yeasts Plus 
test 

Identification Glu Mal Sac Lac Gal Mel Cel Ino Xil Raf Tre Dul ID 
code 

C.krusei + - - - - - - - - - - - 1000 

C.rugosa + - - - + - - - + - - - 1240 

C. kefyr + - + + + - - - + + - - 5341 
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Canida rugosa Candida kefyr 

 

 

Prototheca zopfii Candida krusei 

  

Fig. 1. Canida spp. and Prototheca zopfii – Integral System Yeasts Plus test 
 
The growth does not occur on blood agar under same conditions and time-

period. In both instances, microscopic examination is crucial for the differential 
diagnosis procedure of distinguishing Candida and Prototheca from bacteria as 
well as Prototheca from Candida species. Light microscopy of Gram-stained 
preparations revealed characteristic structure of the P. zopfii sporangia (Gram-
positive spores and Gram-negative sporangia) (Fig 2.) According to its cultural 
traits, P. zopfii resembles Candida species. Incubation for 24h at 37

o
C revealed 

white colonies that were smaller than yeast colonies of the genus Candida (Fig. 2) 
(11). After 48h incubation period, the colonies were similar in size to the Candida 
colonies (Fig 2). However, Prototheca colonies appeared white, granulated and 
with irregular margins, whereas Candida colonies were yellowish-white in colour, 
with smooth surface and clear margins. Integral System Yeasts Plus test is 
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applicable for identification of Prototheca wickerhamii, but not P. zopfii. In this test, 
P. zopfii was identified according to biochemical properties as Candida krusei. In 
this investigation, all P. zopfii isolates were positive only to glusoce assimilation. 
After 48h incubation period, the isolates did not ferment galactose, indicating the 
biotype II, which is mostly isolated in bovine mastitis and human enteropathy. 

 

  

 

Fig. 2. Colonies P. zopfii  and Candida sp. on Sabouraud dextrose agar incubation at 37
o
C 

for 24 h (photo left)  and 48 h (central photo). Isolate P. zopfii from cow milk: light 
microscopy Gram-positive spores and Gram-negative sporangia  

(photo right) (Milanov et al., 2012) 

 

In C. krusei isolates, we established resistance to flucytosine (16 g/mL), 

econazole (2g/mL), clotrimoxazole (1g/mL) and fluconazole (64g/mL), an 

intermediate sensitivity to itraconazole (1g/mL). C. rugosa isolates demonstrated 

intermediary sensitivity to miconazole (2g/mL), fluconazole (64g/mL), and 

resistance to flucytosine (16g/mL), econazole (2g/mL) and clotrimoxazole 

(1g/mL). All isolates of C. kefyr were resistant to clotrimoxazole (1g/mL), two of 

them demonstrated resistance to clotrimoxazole and nystatin (1.25 g/mL), 

whereas one isolate was resistant to clotrimoxazole and amphotericin (2g/mL). In 
human medicine, infections caused by non-albicans Candida species are showing 
increasing tendency, and resistance of these species to antimycotis is concerning 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 62 
 

 

(5). The resistance of yeasts to antifungal agents has been recently investigated 
also in the aspect of their ability of slime production and biofilm formation (16, 10). 
Mastitis treatment at the farms at which milk samples were collected mostly does 
not involve administration of antimycotics. Even in cases of laboratory confirmation 
of Candida mastitis, the therapy is rarely applied, usually including nystatin 
combined with prednisolon (4). Besides nystatin, the therapy may involve 
Cllotrimasol, Polimixin, miconasol, Amphotericin B, Fluorocitosin (15). However, 
majority of antifungal agents are toxic to udder, thus their application can be more 
harmful than the yeasts themselves (13) and there still is no firm evidence on the 
effectiveness of the treatment (8). In spite of therapy, yeast mastitis often take 
chronic course and infected cows shed yeast organisms in the milk over long 
periods (4). An important problem in the control of yeast mastitis is the fact that the 
treatment is frequently based on the experience, and not on the results of 
laboratory identification of the agent. Also, in majority of cases, bacterial infection is 
presumed and antibiotic therapy administered without previous laboratory 
confirmation (15; 9; 8). This makes the situation even worse, and veterinarians try 
to compensate the lack of therapeutic effects by introducing another antibiotic and 
not by identifying the causative agent. Ineffective therapy may finally result in the 
loss of infected quarter or discarding of infected animals from the herd (4). P. zopfii 
isolates demonstrated sensitivity to all antimycotics in this test. However, in spite of 
good in vitro antimycotic-sensitivity of isolates, an adequate and effective therapy 
of Prototheca mastitis is not yet available and discarding of infected cows from the 
herd is inevitable. 

 
Conclusions 

  
Yeast mastitis in dairy cows demonstrates an increasing tendency, and 

measures for its prevention, control and therapy and must rely on accurate 
laboratory identification of causative agent. Integral Systems Yeasts Plus test is 
applicable for rapid and simple identification of yeast isolates in cow milk and for 
determination of their susceptibility to anti-fungal drugs.   
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Summary  

 
Birds consume more food in proportion to their size than most animal because of 

their high metabolic rates. As a group, bird of prey,falco cherrug consume just about any tipe 
of food what can imagine, including rodents, seeds, snails, grass, fruits, insects, larves. To 
meet their metabolic needs while remaining as light as possible and as efficient as posible, 
to be efficient flyes, the digestive system of birds has to be both as light as possible and as 
efficient as possible. The need to keep weight as low as possible also mean that, except 
perhaps prior to migration, there is a limit to the amount of a bird can store. Falco cherrug 
and dove differ in morphology of system digestive. Falco cherrug is bird of prey and hunts 
when light levels are low so if an atacking. Falco cherrug misses its prey, relocating it may 
be difficult. 

Key words: dove, falco cherrug, morphological aspects of tube digestif 

 

Falco cherrug consume any type of food what can imagine, including 
rodents, seeds, snails, grass, fruits, insects, larves, in a proportion more than their 
size. To meet their metabolic needs while remaining as light as possible and as 
efficient as posible, to be efficient flyes, the digestive system of birds has to be both 
as light as possible and as efficient as possible (5, 7).  

 For this reason we done some studies to elucidate some anatomical 
particularities on  Falco cherrug digestive apparatus 

 

 
Materials and methods 

 
Four pieces of falco cherrug and doves have been dissected. As a 

research material it was used the components of digestive apparatus. The organs 
digestive tube were identified and described comparatively to both species. 
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Results and discussions 
 

The falco cherrug has a wattle formed of two valves that have the apex 
sharp; the owl has the superior valve crooked with the ventral apex overflowing the 
apex of the inferior valve, use their hook-like bills to tear apart large prey. 

The long oesophagus presents cranial by the cranial aperture of the thorax 
a crop much more developed to the dove and falco cherrug to food. The muscular 
walls of the esophagus produce wave-like contractions, peristalsis, that help propel 
food from the oral cavity to stomach. Esophagus by dove and falco cherrug may 
serve for temporary storage of fod. The falco cherrug has no crop, out-pocketing of 
the esophagus that is particularly well-developed, specialized for ingest of. 
Morphologically, the total length of intestine is else long to the falco cherrug and it 
is limited by the owl. 

The glandular stomach is fusiform and communicates with the gizzard 
which is discoidal and biconvex similar to the both species. 

The duodenum has the aspect of an loop and is longer to the falco cherrug 
than by owl (Fig.1 and 2). 

 

 
Fig. 1. The digestive apparatus in dove 

1.Oesophagus; 2. Glandular stomach; 3. Gizzard; 4. Duodenum; 5. Pancreas; 
6. Liver; 6`. Gall bladder; 7. Jejunoileon; 8. Caecum; 9. Colon; 10 Cloaca. 

  
The duodenum by dove has the aspect of an loop, is shorter than of the 

falco cherrug. 
The jejunum-ileum morphologically, the total length of small intestine is 

else long to the falco cherrug and it is limited by the dove. 
The jejunum-ileum morphologically unlimited is longer by the falco cherrug 

than by the dove, remarks are made that morfologic ileum is morphologically 
delimitated by the two blind-ending caecum. It can be observed that the jejunum-
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ileum complex: the ileum is longer by the falco cherrug, and very shorter by the 
dove, because the blind-ending caecum are less developed (Fig. 1 and 2). 

The two blind-ending caecum have the aspect of plug tube in the dove and 
they have the shape of papille in the falco cherrug (Fig. 1 and 2). 

 

 
Fig. 2. The digestive apparatus in Falco cherrug 

1.Oesofagus; 2. Glandular stomach; 3. Gizzard; 4. Duodenum; 5. Pancreas; 6. 
Jejunum; 7. Ileon; 8. Caecum; 9. Colon; 10. Cloaca. 

 
The short colon in the falco cherrug and the shortest colon in the dove, it 

comunicates with the rectum, that opens itself in the cloaca (Fig. 1 and 2). 
Comparatively, between two species there are differences regarding the 

length of ileum and the large intestine in favour of ileum by the falco cherrug and in 
favour large intestin and plug tube two blind-ending caecum by dove. 

The liver presents two lobes, the one right and the other left. The right lobe 
is smaller by the left lobe and it has not gall bladder by the falco cherrug. The dove 
liver has the lobes all most equal, incised by some interlobes fisures between the 
two lobes shelter an evident gall bladder (Fig. 1). 

The pancreas contents in duodenal messo, between duoden’ s loop is 
longer by the falco cherrug comparatively with the pancreas in dove (Fig. 1 and 2). 

 
Conclusions 

 
In order to recognise the digestive apparatus from the dove may be noticed 

the following aspects:  
 blind-ending caecum is large; food particles are acted upon by cecal 

secretions, bacteria and fungi and nutrients can been absorbed; 
 the gall bladder is present; 
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 the lobes of the liver are almost equal and have depp notches; 
 large intestin is relatively short; primary function is to absorb water and 

electrolytes, wastes are voided as quickly as possible, such as doves 
regurgitating non-digestible materials as pellets and fruit-eaters 
regurgitating fruit seeds or pits; 

 the intestinum tenue is shorther than falco cherrug. 
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Summary 

 
The gynecological survey was performed during January and March 2013, on a 

herd of ten cows, in a farm from North-Eastern Romania. 
The determinations of the biochemical parameters were effected in the first 10-14 

days after parturition. 
The mineral substance Calcium (Ca) showed values between 8.37 mg/ml and 9.77 

mg/dl, which are close to the lowest physiological value. The cause of that is the high 
implication of the cow in the process of lacto genesis. 

The values of liver transaminase (ALT) were between physiological values, which 
indicate a normal liver activity. Only the first two cows presented high values of liver 
transaminase. In first one ALT showed a value of 70.7 mg/dl, this cow being suspected of 
liver insufficiency, cholestasis, liver steatosis, cirrhosis, fasciolosis, myopathies trauma or 
inflammatory processes. In the second one, ALT showed a value of 59.3 mg/dl, this cow 
being suspected of hepatic insufficiency, cholestasis, steatosis, cirrhosis, and fasciolosis. 
Glucose level was between the physiological limits, showing values between 53.1 mg/dl and 
99.6 mg/dl. The same thing can be said about creatinine, with values between 0.69 mg/dl 
and 1.75 mg/dl. 

The results of the present study show that the values of the main biochemical 
parameters, except liver enzymes are maintained in physiological limits during puerperium. 

Key words: biochemical parameters, cow, puerperium  

 

During puerperium, the defense and adaptation ability of the organism is 
reduced, which sometimes leads to puerperal complications, especially genital 
apparatus diseases and metabolic disorders that will result in reduced fecundity 
after parturition (1,5). 

Lesions produced during parturition (more orless serious), are encountered 
in the genital apparatus. In the uterus there are liquids, damaged tissues (derived 
from the endometrium or fetal annexes) and blood (8,9). 

Biochemical investigations can be effected both in blood samples and 
other body fluids (urine, rumen contents, milk). When using blood samples, these 
determinations can be performed on: 

- serum, in which case the blood collection is effected in usual tubes that 
will be maintained at room temperature to facilitate retraction of the clot and serum 
expression. In order to speed to speed up the expressing process it is indicated to 
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detach the clotfrom the tube wall swith a glass rod right after the blood had clotted 
(approximately one hour after collection)(3,4). 

-plasma, in which case the blood is centrifuged right after collection on 
anticoagulant. In order to prevent hemolysis, it is advisable to perform separation of 
plasma or serum from the rest of the blood components as quickly; after that, they 
may be stored under refrigeration. 

- whole blood, for the determination of lactic and pyruvic acid. For lactic 
acid, one ml of blood is collected in syringe, and it is added to4 ml of trichloroacetic 
acid (a 10% sollution) already existing in the tube, then stirred vigorously (2,6,7). 

 
Materials and methods 

 
Gynecological survey was conducted during January 2013-March 2013 on 

a total of ten cow, by performing the biochemical profile in the puerperium in a farm 
from NE region of Romania.The investigated material was represented by dairy 
cows of BNR (Romanian Black Spotted) and HF (Holstein Friesan) breeds. 
Exploitation technologyis based on loose housing and the forage used in the farmis 
represented by the final product of the activities carried out by the vegetable sector 
of the farm. 

Blood sampling was performed on different substrates (EDTA or 
coagulation activator) by coccigian or jugula vene in puncture. 

Biochemical profiling was performe the Medical Clinics of the Faculty of 
Veterinary Medicine Iaşi. 

In order to perform the biochemical profile, blood samples were collected in 
numbered vacutainere with clotting activator. 

Serological biochemical parameters were determined using Accent 200 
Chormay standard spectrophotometric analyzer. 

Samples were collected in dry tubes with red cap, and serum was 
separated shortly after collection by centrifugation for five minutes at 3000 rpm. 
After separation, serum samples that could not be analyzed immediately were 
stored at-20° C until examination. 

 
Results and discussions 

 
Serum biochemical determinations in dairy cows from BNR (Romanian 

Black Spotted) and HF (Holstein Friesan) breeds were performed at10-14 days 
post-partum. 

In cows taken under observation, glucose had values between 53.1mg/dl 
and 99.6mg/dl so it was maintained among normal values (40-100mg/dl). 

Creatinine presented values between 0.69 mg/dl and 1.49 mg/dl, 
complying with the reference values from 0.5 mg/dl to 2.2 mg/dl. 
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Table 1  
Biochemical parameters 

Bioche
mical 
param

eter 

Unit 
of 
mea
sure 

Values 
Set
poi
nts 

1 2 3 4 5 6 7 8 9 10  

Glucos
e 

mg/
dl 

99.6 80.5 56 62.3 63 67.9 53.1 75.8 66.7 59.3 
40-
100 

Creatini
ne 

mg/
dl 

0.97 0.74 0.69 0.9 1.75 1.24 0.92 1.16 1.11 1.49 
0.5-
2.2 

Calcium 
mg/
dl 

9.04 9.77 8.65 9.18 8.37 8.98 8.67 9.48 8.79 8.87 
8-

11.4 

Magnes
ium 

mg/
dl 

1.55 2.05 1.45 1.73 1.35 1.99 2.15 2.58 2.56 1.74 
1.5-
2.9 

ALT UI/L 70.7 59.3 11.2 19.1 21.6 32.5 28.5 28.7 32.3 12.7 
6.9-
35 

AST UI/L 
573.
3 

481.
3 

130.
8 

163.
1 

171.
6 

167.
2 

131.
1 

146.
1 

96.1 67 
60-
125 

GGT UI/L 21.5 33.4 20.7 19.2 26.7 39.8 28.7 58.9 25.7 23.1 
6-

17.4 

Total 
protein

s 
g/Dl 8.31 6.68 5.89 5.97 7.52 7.97 7.26 7.64 7.74 6.71 

6.7-
7.5 

 
Calcium (Ca) also showed normal values, between 8.37mg/dl-9.77mg/dl, 

while magnesium (Mg) had low values in female no. 3 (1.45 mg/dl) and female no.5 
(1.35 mg/dl). These cows were suspected of liver failure, cholestasis, steatosis, 
cirrhosis, fasciolosis, myopathies, trauma, and renal disease (fig.1). 

Only the first 2 cows showed high values of liver transaminase. In first one 
ALT had a value of 70.7 mg/dl, this cow being suspected of liver insufficiency, 
cholestasis, liver steatosis, cirrhosis, fasciolosis, myopathies trauma and 
inflammatory processes. In the second one, ALT had a value of 59.3 mg/dl, this 
cow being suspected of hepatic insufficiency, cholestasis, steatosis, cirrhosis, 
fasciolosis, myopathies, and trauma. 

Aspartateaminotransferase (AST) was found to be between physiologic 
limits only in female no. 9 (96.1UI/L) female no.10 (67UI/L), which could lead to 
suspicion of hepatic impairment and inflammatory reactions. 

Gamma glutamyltransferase (GGT) presented values between 19.2 and 
33.4 UI/L, much higher than the setpoints (6-17.4 UI/L), in all the studied cows. 
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Fig. 1. Values of creatinine, calcium and magnesium 

 
 

 

 
Fig. 2 Values of ALT 
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Fig. 3 Values of GGT 

 
Fig. 4 Values of AST 

 
Total proteins showed values higher than the setpoints in cow no. 1 (8.31 

g/dL), cow no.6 (7.97 g/dL), cow no.8 (7.64 g/dL) and cow no.9 (7.74g/dL). In 
contrast, cow no. 3 (5.89 g/dL) and cow no. 4 (5.97 g/dL) had values of total 
proteins lower than the setpoints. 

 
Conclusions 

 
The results of the present study show that the values of the main 

biochemical parameters except liver enzymes are maintained in physiological limits 
during puerperium. 
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Hepatic enzymes generally have higher values in the puerperium, which is 
a sign of liver distress during this period. 
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Summary 

 
The research has been done on 24 cows from Spotted and Black Romanian breed 

during the post-partum period. There were 2 batches made, each one consisting in 12 cows: 
the witness batch M1- clinically healthy cows and the E1 batch- cows presenting puerperium 
affections. 

There have been harvested blood samples straight from the jugular vein into test 
tubes with EDTA and the following parameters have been determined: the number of red 
cells, the hematocrit, the hemoglobulin, VEM, HEM, CHEM, the total number of white cells, 
lymphocytes and neurofiles. 

The samples have been taken using the ABC-vet automatic Hematological 
Analyzer at the University of Veterinary Medicine in Iasi. 

The results of the hematological tests made on cows that participated in the study, 
showed variations of the main parameters. The resulted values were compared with the 
ones in specialized literature such as: the red cells constants from the E1 batch had smaller 
values 5.75 ± 0.30 compared with the obtained values in the M1 batch 6.25 ± 0.75, the value 
of hemoglobulin in the E1 batch being of 8.15 ± 0.55, while in the M1 batch, of 11.1 ± 0.25. 
The hemoglobin value obtained in the E1 batch was of 8.15 ± 0.55 and in the M1 batch, of 
11.10 ± 0.25. The total number of white cells (thousands/cubic millimeter) has recorded 
values of 13.40 ± 2.20 in the E1 batch, where in the M1 batch the values were of 7.55 ± 
1.10. 

Key words: cows, VEM, HEM, CHEM 

 
Over the last years it has been pursued the achievement of a growth in the 

animal productivity, especially in the medium and large animal farms. It regards the 
insurance of hygienic conditions and proper nutrition, as well as creating a 
reproduction program that allows a growth in the number of animals and getting a 
superior production. For this purpose it is pursued the increase of the fecundation 
percentage, infertility decreasing the cost effective of animals (3,9). 

Blood is the organism’s only liquid tissue, it’s fundamental substance being 
the blood plasma and it’s cells, the figurative elements (red cells, white cells and 
blood platelets). This tissue runs in a closed circuit, the cardiovascular device, 
which insures the link between every component of the body (2,7). 

Anemia represents a decrease in the number of red cells and in the 
quantity of hemoglobin in the unit of blood volume. The decrease of the hemoglobin 
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quantity and of the number of red cells results in the diminishing of the blood’s 
capacity to transport oxygen, which also leads to tissue hypoxia (5). 

In the states of anemia, even in the most advanced ones, the decrease of 
red cells number doesn’t lead to the diminishing of blood volume, which remains 
into normal limits due to the passing of interstitial fluid into the blood as a result of 
the intervention of compensatory mechanisms. In some serious cases of anemia 
there can also be found changes in the red cells quality, when pathological forms of 
these figurative elements appear (1,4). 

On healthy animals, the peripheral blood presents a relative constant 
number of red cells and a stable value of the hemoglobin. There is a permanent 
dynamic balance between the production and the destruction of red cells and 
hemoglobin ( 6,8). 

 
Materials and methods 

 
The research has been done on 24 cows from Spotted and Black 

Romanian breed during the post-partum period, in a farm from the north-east of 
Romania, there have been made 2 batches, each one consisting of 12 cows: 

 The witness batch M1- consisting of cows with a normal puerperium 
 The experimental batch E1 – consisting of cows with puerperal conditions. 

The hematological research has been done at the Medical Clinique from 
the University of Veterinary Medicine, Iasi. 

The results obtained from the cows which have reproduction disorders 
have been compared to the hematological parameters of the healthy ones. 

There have been harvested blood samples straight from the jugular vein 
into test tubes with EDTA; using this method there were determined: the number of 
red cells, the hematocrit, the hemoglobulin, VEM (the medium volume of red cells), 
HEM (the medium red cells hemoglobin), CHEM (the concentration of the medium 
red cells hemoglobin), the total number of white cells, lymphocytes and neurofiles, 
using the ABC-vet automatic Hematological Analyzer. 

The Medium Volume of Red Cells 
The correct classification of anemias in macrocytosis, normocytosis or 

microcytosis is based on determining the medium red cells volume, calculated by 
using this formula: 

 
Where: 
Ht = the value of the hematocrit (%) 
E = the number of red cells (millions/cubic millimeters) 
The results are expressed in microliters in µ

3
/red cell. 

The Medium Red Cells Content of the Hemoglobin (HEM) 
HEM gives us information about the quantity of hemoglobin expressed in 

picograms in content of a red cell. It can be calculated using the following formula: 
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Where: 
Hb = hemoglobin expressed in grams/ 100 ml of blood 
E = number of red cells in millions/ cubic mm of blood 
In general, the medium content of red cells in the hemoglobin is parallel to 

the changes suffered by 
the medium volume of red cells. When the red cells are low (VEM is low), 

HEM decreases. 
The Concentration of Medium Red Cell Hemoglobin (CHEM) 
It expresses the report between the quantity of hemoglobin and the red 

cells volume. 
It is expressed in grams/100 ml red cell mass. 
The concentration of medium red cell hemoglobin is calculated using the 

formula below: 

 
Where: 
Hb = the hemoglobin expressed in grams/100 ml of blood 
Ht = the percentage of red cell mass in the total volume of the blood 
The hematological investigations: the direct red cell constants (number of 

red cells, hematocrit, hemoglobin), the derivative red cell constants (VEM, HEM, 
CHEM). 

These hematological investigations were done using the Motic B1 Series 
microscope and the ABC-vet automatic Hematological Analyzer. 

The investigation of the red cells system on different categories of cows 
represents a first step of high importance in creating a hematological profile.  

The great importance within the nutritional metabolic profile is offered by 
the plurifactorial etiology and a reduced clinical express, but of major repercussions 
regarding the organism’s functional status. The results’ interpretation has been 
done in comparison to the data offered by the specialty literature. 

 
Results and discussions 

 
The results of hematological exams on cows in the post-partum period 

have shown different variations of main hematological parameters for cows that 
have reproduction disorders in comparison to the ones who don’t. The data were 
compared to the ones in the specialty literature. 

On cows with puerperal conditions (batch E1) the data of the red cells 
constants had lower values that the ones on the witness batch (M1 batch). 

The number of red cells (mil/mm
3
) had a medium value of 5,75 ± 0,30 in 

the E1 batch, being lower than the witness batch M1, where it was registered a 
value of 6,20 ± 0,75. The obtained difference is not significant and it stands on the 
minimal limit of the reference listing. 
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Table 1 
Hematological results obtained in the E1 and M1 batches of cows 

 
 

N
O. 

 
 

PARAMETERS 

 
 

UNIT 

 
 

NORMAL 
VALUES 

BATCHES 

E1 M1 

  VARI
ATIO

N 
LIMIT

S 

  VARI
ATIO

N 
LIMIT

S 

1. ERYTROCITES 
(E) 

MIL/M
M

3 
5-10 5.75 0.30 5.20-

5.80 
6.20 0.75 5.90-

7.10 

2. HEMATOCRIT 
(HT) 

% 24-46 23.70 1.50 24.50-
30.70 

33.40 0.30 31.70-
36.60 

3. HEMOGLOBIN 
(HB) 

G/DL 8-15 8.15* 0.55 7.20-
10.10 

11.10 0.25 9.20-
14.90 

4. VEM  40-60 58.30 6.20 48.80-
60.30 

57.10 5.20 43.80-
60.00 

5. HEM PG 11-18 21.90 2.20 12.20-
24.10 

22.0 3.10 19.50-
24.00 

6. CHEM G/DL 26-34 31.90 1.15 28.90-
33.80 

32.10 2.20 34.00-
40.00 

7. TOTAL 
LEUCOCYTE 
NUMBER 

MII./M
M

3 
4-12 13.40** 2.20 10.20-

14.80 
7.55 1.10 7.60-

8.10 

8. LIMFOCYTES % 40-60 48.90 1.40 45.80-
54.60 

53.00 2.40 50.70-
60.40 

9. NEUTROFILS % 15-47 55.25* 0.60 52.50-
60.70 

35.70 1.50 31.80-
38.10 

-AVERAGE - STANDARD VARIATION, *P<0,05 – SEMNIFICATIVE DIFENCE, ** P=0,1 DISTINCT 
SEMNIFICATIVE DIFERENCE 
 

23,7%

33,4%

Batch E1 Batch M1 Reference 24-46%

Hematocrit (Ht)

 
Fig.1. Graphical repartition of hematocrit in E1 and M1 cows 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 
 

 79 
 

The hematocrit presented variations between 23.70 ± 1.50 for the E1 batch 
and 33.40 ± 0.30 for the witness batch M1, the difference being significant (fig.1). 

The hemoglobin had a medium value of 8.15 ± 0.55 for the E1 batch, in 
comparison with 11.10 ± 0.25 for the M1 batch. The difference of values between 
E1 and M1 is significant. The decrease of hemoglobin is constant in anemia and it 
is caused by: diminishing the number of red cells and/or the poor HEM charge of 
the red cells (iron deficiency, being known that bivalent iron participates to the 
hemoglobin synthesis), high productivity and maximum exploitation of the studied 
cows (fig. 2). 

 

 
Fig. 2. Hemoglobin graphical repartition in E1 and M1 cows 

 
The VEM (µ

3
) and the HEM (pg) had values that approached the maximum 

limit of the reference listing, for the experimental batch E1 as well as for the witness 
batch M1, a fact that can be explained by the body’s tendency to compensate 
anemia by releasing the big red cells into the blood, to which is added the growth 
productivity. 

The CHEM (g/dl) has values between the minimal limits of the reference 
(26 - 34 g/dl), for the E1 batch the minimum value is of 31.90 ± 1.15, and for the M1 
batch it is of 32.10 ± 2.20. The value difference between the two batches is 
insignificant. 

The total number of white cells (thousands/mm
3
) has registered for the E1 

batch with a medium value of 13.30 ± 1.10, in comparison with the witness batch, 
where the medium value was of 7.75 ± 1.00, being a distinctly significant 
difference. 
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Fig. 3. CHEM graphical repartition in E1 and M1 cows 

 

 
Fig. 4. Lymphocytes and neutrophils graphical repartition in E1 and M1 cows 

 
The white cells line has presented values of the studied elements for the 

E1 batch compared to M1, such as: the white cells have registered medium values 
for E1 (48.9%), and for M1the value was higher (53%). The neutrofils value for the 
healthy cows is of 5.25%, and for the cows with puerperal conditions the value is 
lower 35.7% (fig.4). 
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Conclusions 
 

The results of hematological exams on cows in the post-partum period 
have shown different variations of main hematological parameters for cows that 
have reproduction disorders in comparison to the ones who don’t. The data were 
compared to the ones in the specialty literature. 

For cows with puerperal conditions (E1 batch) the values of red cells 
constants had lower values (5.75 ± 0.30) than the ones for the cows belonging to 
the witness batch (6.25 ± 0.75). 

The difference of value of the Hb between E1 (8.15 ± 0.55) and M1 (11.10 
± 0.25) is significant, this anemia being explained by the high productivity and the 
maximum exploitation of the studied cows. 

The VEM (µ
3
) and the HEM (pg) had values that approached the maximum 

limit of the reference listing, for the experimental batch E1 (58.30 ± 6.20, 21.90 ± 
2.20) as well as for the witness batch M1(57.10 ± 5.20, 22.20 ± 3.10) , a fact that 
can be explained by the body’s tendency to compensate anemia by releasing the 
big red cells into the blood, to which is added the growth productivity. 

The total number of white cells (thousands/mm
3
) has registered for the E1 

batch with a medium value of 13.40 ± 2.30, in comparison with the witness batch, 
where the medium value was of 7.75 ± 1.10, being a distinctly significant 
difference. 
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Summary 

 
The splenic macroscopic and microscopic lesions in chicken in experimental avian 

infectious bronchitis with the AIB virus, strain M41 are frequently expressed in the first ten 
days p.i. through arterial and venous congestions in the conjunctive-vascular stroma. The 
microscopic modifications from day 10 p.i. until day 40 p.i. (the end of the experimental 
period) are dominated by dystrophic processes, necrosis and necrobiosis of the lymphocytes 
respectively lymphocyte migrations and/or lymphocytosis- morphological modifications which 
define spleen hypertrophy.  

The lymphoid follicles, most frequently are of primary type (non-reactive), numerous 
and of small dimensions and the secondary ones (reactive) are found in small numbers. 

The spleen, as a consequence of the accidental hypertrophy reduces in weight (R3) 
compared to the control lot by 63.07%. 

Key words: spleen, morphopathological aspects, experimental infectious 

bronchitis, chickens. 

 
Avian infectious bronchitis (AIB) is a respiratory disease with an acute 

evolution, in chicken, highly contagious, produced by a corona virus, clinically 
exteriorized through tracheal rales, sneezing and nasal leeks (2, 7, 10, 12). 

The disease has a pronounced seasonal character, in winter having a 
66.6% incidence compared to a 35.7% incidence in summer (Fayed and co., 1992, 
quoted by Paul (9)). 

 The virus replicates especially in the respiratory apparatus from where it 
goes into the blood and produced viremia after 1-2 days post infection. (11) 

After the viremia installation, the virus diffuses throughout the entire 
organism confining into the kidneys, oviduct, Fabricius bursa, digestive tube, etc. 

In relation to the tropism of the viral strains, we can identify mostly 
respiratory forms, renal forms, genital forms, enteral forms, etc. (4, 5, 6) 

The BIA virus may be re-isolated from the trachea, lungs, kidneys, 
Fabricius bursa, in 1-7 days from the infection and sometimes even from feces (1, 
3, 4). 
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Materials and methods 
 

The research has been done on 80 chickens, aged 1 to 40 days, Ros 308 
hybrids, grouped into two lots : C lot= 30; E lot= 50. We specify that the chickens 
were brought for the experiment immediately after hatching, raised in conditions 
free from infectious bronchitis until the age of 10 days when the experimental 
infection was made. 

The chicks from the E lot (experimental) were infected by administering on 
conjunctival and nasal route a suspension of avian infectious bronchitis virus, strain 
M41-CM/93, having a 10

6
DIE 50/ml titre, in 0.5 ml doses. The administering of the 

viral suspension was done at the age of 10 days (necessary time for the 
disappearance of the maternal antibodies). During the entire period of the 
experiment the chicks from both lots benefited from the growth and feeding 
technology as well as from veterinary assistance according to the needs of this 
hybrid. Starting with day 1 and until day 10 and anti-stress treatment was done on 
both lots, using Enrofloxacine and multivitamins in the drinking water. The 
administered feed contained in its recipe anticoccidiostats and protein-vitamin-
mineral substances according to the needs of this hybrid and to the age of the 
chicks. The chicks were raised in cages with wire gauze, having growth and feed 
conditions well-assured. Throughout the entire period of the experiment no 
transmissible or non-transmissible diseases occurred. 

In 3 days p.i. the first discrete clinical signs were noticed, translated 
through wing-loosening, bristly feathers, coughing and tearing without mortality. 
After the infection was made, 3 days p.i., the first sacrifices were made, then from 
10 to 10 days, with 8 chicks/ sacrifice from lot E and 8 chicks/ sacrifice from lot C. 
After every sacrifice, blood was drawn in tubes for serum expression, which were 
sent to Romvac in order to be subjected to the ELISA serological test which 
confirmed the infection. An external and internal exam was made, individually for 
every case, after sacrificing. In the internal exam all the organs and tissues were 
macroscopically examined and samples were taken for the microscopic exam from 
the lungs, thymus and kidneys. They were frozen and then shipped to IDSA 
Bucharest in order to be subjected to the molecular-biology test reverse-
transcriptase/polymerase chain reaction (RT-PCR) to confirm the infection with 
AIBV by separating the viral RNA from the infected tissues.  

For the histopathological examination, samples were taken from the lung, 
spleen and kidney during the whole period of the experiment, from the cases which 
presented characteristic clinical signs of avian infectious bronchitis and form the 
chicks which were found dead to observe the installation of the lesions in dynamic. 
The dimensions of the samplers were approximately lcm

3
: 15 mm length 10 mm 

wide and 5-7mm thick, so that the fixative would penetrate fast throughout the 
sample. After a 3-4 hours fixation, the samples were trimmed using sharp blades, 
the new thickness being 4-5 mm then they were introduced in fresh fixative. 
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The histopathological exam was done on permanent histological samples 
obtained using the inclusion in paraffin method which is carried on following these 
operating times: harvesting, fixating, inclusion in paraffin, cutting with the 
microtome, coloration, mounting and microscopic examination. 

The thus obtained histological samples were examined at the Olympus 
research microscope, with the rising objectives x10, x20, x90, x100. The eloquent 
histological lesions are shown in microscopic images included in the chapter 
Results and Discussions. 

The infection with AIBV, strain M41 was confirmed through the ELISA test, 
conducted at ROMVAC Bucharest and through the RT-PCR conducted at IDSA 
Bucharest. 

The ELISA test is the most sensitive out of the serological tests, separating 
the common antibodies from all the AIB virus serotypes. It is a valuable sero-
diagnosis means, especially for the monitoring of the immune response after 
vaccination. Through this test the early immune responses to various AIB virus 
strains are highlighted and the separated antibody titres are higher than in other 
serological tests (1, 3, 10). 

The molecular biology test RT-PCR. The nuclear acid of AIB was identified 
in tissues (trachea, lungs, and kidneys) taken from chicken corpses, 
anatomopathologically diagnosed with infectious bronchitis, using the reverse-
transcriptase/polymerase chain reaction (RT-PCR) test. The nuclear acid (RNA) 
can be extracted from tracheal tampons or various tissues from infected birds (for 
14 days after the experimental infection) or from the alanto-amniotic liquid, using 
the RT-PCR reaction based on the unique types of strips obtained through 
polyacrylamide gel electrophoresis (4, 5, 7, 10).  
 

Results and discussions 
 

1. Clinical manifestations. In small chickens, the clinical signs were 
noticed starting with day three p.i. being exteriorized through depression, loose 
wings, bristly feathers, tracheal rales, dyspnea, coughing, sneezing, tearing and 
rhinorrhea (Fig.1., Fig. 2.). 

The broiler chicks showed, alongside with the respiratory signs, 
depression, horiplumation, diarrhea, raise in water consumption and urate deposits 
in the cloaca region. 

2. Serological exam-ELISA test. This exam was conducted with the goal 
of confirming the infection with AIBV, M41 strain in the chicks from the 
experimental lot. At the age of 25 days, respectively 15 days from the infection, 
blood samples were drawn from the control lot ( C) and from the experimental lot 
(E). The results of the immunoenzymatic test are shown in Fig 3. 

From the analysis of these data, we can notice a relative uniformity of the 
specific antibody titres, the minimum titre being 1877 and the maximum titre 2942 
and the geometrical average of the titres being 2265. 
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Fig. 1.Experimentally infected chickens with AIBV, strain M41 
 

 
 

Fig. 2. Chickens with clinical signs of avian infectious bronchitis (third day p.i.) 
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Fig. 3. The minimal, maximal and geometric average of the antibody titre in lot 
 

3. Morphological modifications. In the chicks from the control lot, during 
the entire period of the experiment, no macroscopic or microscopic modifications 
were noticed. 

In the chicks from the E lot ( experimental ) by comparison to the chicks 
from the C lot ( control), starting with day 3 and until day 10, we noticed an 
increase in volume of the spleen, a black-reddish colour at inspection and on 
section the colour was identical to the one on surface, expressing dark coloured 
blood- passive spleen congestion.  

Macroscopically, in the chicks from the experimental lot from day 10 until 
the end of the experimental period (day 30 p.i.) a decrease in volume and weight of 
the spleen, a grey-white colour at inspection and on section and a relatively high 
consistency. (Fig.4). The average weight of this spleen was lower than the average 
weight of the spleen from the control lot by 64.47% (Fig. 5.). 

On the section surface, the cohesion degree of the spleen pulp was high 
and the lymphoid follicles were of small dimensions. The modification of these 
physical and structural particularities suggests the installation of the splenic 
hypotrophy. 

In other cases splenic congestion was identified, translated through 
increase in volume, tense and shiny capsule, red colour of different nuances and 
blood on section.  
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Fig. 4.Thymus, spleen, Fabricius bursa, eviscerated for average weight 

determination and for sampling for the histopathological exam. 

 
Microscopically, in the cases which presented splenic hypotrophy, the 

structural modifications of this organ were multiple. The sections which were 
examined with the microscope’s magnifying glass enhance the predominance of 
the white pulp, diffusely arranged lymphocytes and in some areas rare lymphoid 
follicles. These are, most frequently, of primary type, few and of small dimensions. 
The secondary lymphoid follicles are in a small number or sometimes absent. They 
have a reduced, germinating, hypochromic centre with few or absent mitoses. In 
most cases, a lymphoid rarefaction and perivascular fibroses were noticed ( Fig. 6., 
Fig.7., Fig. 8.).  The lymphoid rarefactions are possibly due to either lymphocyte 
migrations towards the infection spot or to lymphocyte lysis produced by the toxins 
which were results of malabsorbtion and/or of the destruction of the intestinal 
structures.  The lymphocyte lysis pleads for an immunological hypo-reactivity of the 
experimentally infected chicks with the AIBV, strain M41. The intercellular spaces 
are relatively large, and in some cases, achromatic areas of appreciable 
dimensions could be noticed. The periarterial lymphoid sheaths are reduced in 
thickness and sometimes absent, because the T type lymphocytes are mobilized 
into the inflammatory focus in the intestine, fact which justifies the lymphoid 
infiltrations in the cecal tonsils, Peyer patches and vitelline diverticulum.  

In most cases, from day 10 p.i. until the end of the experimental period, in 
the structure of the splenic parenchyma lymphoid rarefactions were noticed, as well 
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as perifollicular, interstitial and perivascular fibroses. The pre-collagen and collagen 
fibers which are present in the intercellular spaces partially or totally surround the 
splenic cells and the blood vessels in transversal section have thickened walls as a 
result of fibrosis (Fig. 9., Fig. 10.). 

In 4 chicks having 40 days of age ( 30 th day p.i.) we could microscopically 
detect lymphoid rarefactions and necrosis of the white and red pulp (Fig. 11). 

The rarefaction of the lymphoid splenic tissue identified in approximately 
half of the cases, the numeric and volumetric reduction of the lymphoid follicles, the 
presence in small numbers or even the absence of the periarterial lymphoid 
sheaths (thymus-depending) are indexes of reduced participation of the splenic 
parenchyma in the formation of lymphocytes, which has as consequence the 
diminishing of the defence capacity of the experimentally infected chicks with AIBV, 
strain M41. 

Splenic lesions installed secondary to the experimental infection with the AIB M41 virus, 
observed and described macroscopically and microscopically in this paper correspond to those 
indicated in the references (2, 4, 7, 9). 

The discrete fibrosis of the splenic parenchyma is a consequence of the 
reduction of the cell and tissue nutrition, caused by insufficient blood irrigation. In 
broilers, in the conditions of a poor nutritive intake and sufficient irrigation, the 
splenic lymphocytes are the first ones affected while the conjunctive cells 
proliferate causing substitution fibrosis. 

 

 
 

Fig. 5. The average value of the spleen weight in lot E by comparison to lot C 
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Fig. 6. Spleen (lot E, day 10 p.i.)- splenic hypotrophy: diffuse lymphoid rarefactions. 
Stain HEx100. 

 

 
 

Fig.7. Spleen (lot E, day 20 p.i.)- splenic hypotrophy: lymphocyte lysis and/or 
diffuse  lymphocyte migrations; perivascular fibrosis. Stain HEAx100. 
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Fig.8. Spleen (lot E, day 20 p.i.) splenic hypotrophy: perifollifcular fibrosis and 

perivascular fibrosis. Stain PASx100. 
 

 
Fig.9. Spleen (chicken, day 20 p.i.)- splenic hypotrophy: lymphoid rarefactions, 

interstitial and perivascular rarefactions. Stain PASx200. 
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Fig.10. Spleen (chicken, day 30 p.i.)- splenic hypotrophy: lymphocyte lysis and or, 
lymphocyte migrations, perivascular and perifollicular fibrosis. Stain PAS x 100. 

 

 
 

Fig.11. Spleen (lot E, chickens, 40 days of age, day 30 p.i.)- lymphoid rarefactions 
and parenchyma necrosis. Stain HE x 40. 
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Conclusions 
 

In the experimentally infected chickens with the AIBV, strain M 41, the 
clinical signs were noticed from day 3 p.i. 

From the analysis of the immunoenzymatic test (ELISA) a relative 
uniformity in the specific anti-bronchitis antibodies titre was noticed, the minimum 
titre being 1877, the maximum 2942 and the geometric average of the titres 2279. 

The splenic morphological modifications consecutive to the infection with 
the AIB virus, M41, are expressed through circulatory modifications installed in 
conjunctive-vascular stroma and in the central-follicular arteries, dystrophic 
processes, processes of necrosis and necrobiosis of the lymphocytes diffusely 
arranged in the white pulp. 

From day 10 p.i. until the end of the experimental period, in the splenic 
parenchyma we have identified dystrophic lesions, lymphocyte necrosis and 
necrobiosis respectively lymphocyte migrations and diffuse lymphocyte lysis, 
morphological modifications which define splenic hypotrophy. 

The lymphoid follicles are most frequently of primary type (non-reactive), 
numerous and of small dimensions. 

The secondary follicles (reactive) are in small number or absent. 
These morphological modifications installed in the white pulp, plead for an 

immunological hypo-reactivity of the chicks infected with the AIBV, strain M 41. 
The spleen, as a consequence of the accidental hypotrophy, decreases in 

weight (R3) by comparison to the control lot, by 63.07%.  
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Summary 

 
The morphological modifications identified in the striated muscles in chicken 

experimentally infected with the AIB (Avian Infectious Bronchitis) virus, strain M41 were 
expressed through interstitial circulatory modifications, through dystrophic processes, 
necrobiosis and necrosis of the muscle fibers and through exudative myopathy. 

From day 3 and until day 10 p.i, active and passive congestions as well as 
interstitial edema have been noticed in the muscular parenchyma. From day 10 p.i. and until 
day 40 p.i. granular, hyaline and fibrinoid degenerations were noticed accompanied by focal 
necrosis and fibrosis. Lesions of degenerative myopathy were observed in eight cases. The 
average weight of the chicks belonging to the experimental (E) lot was 34.2% lower than the 
one of the chicks from the control (C) lot, this being the consequence of the dystrophic and 
necrotic modifications of the muscular fibers. 

Key words: striated muscles, morphopathological aspects, infectious bronchitis, 

chicken 

 
The avian infectious bronchitis is a coronavirus infection which affects 

chicken off all ages (12), especially chicks in their first 10 days of life, causing up to 
50% mortalities(10). The virus of the avian infectious bronchitis multiplies especially 
in the epithelium of the respiratory apparatus and then it goes into the blood 
causing viremia. After several days from the infection, the virus spreads throughout 
the entire organism causing morphological modifications in the lungs, kidneys, 
genital apparatus, digestive system and other tissues and organs (1, 2, 6, 7, 8, 10).  

The avian infectious bronchitis clinically and morphopathologically 
manifests itself through: respiratory, renal, genital and enteric forms (3, 4, 5, 9, 11). 
The disease has a pronounced seasonal character with 66.6% prevalence in winter 
and 35.7% prevalence in summertime (Javed et al., quoted by Paul (7)). 
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Materials and methods 
 

The researches have been performed on 80 chickens,aged between 1-
40,Ros 308 hybrids, grouped into 2 lots:Lot M=30; Lot E=50.We mention that the 
chickens were brought for the experiment, immediately after hatching and were 
grown in conditions free of infectious bronchitis until the age of 10 days when the 
experimental infection was performed. 

The chickens from group E (experimental) were infected by the 
conjunctival and nasal administration route with the suspension of infectious 
bronchitis virus(BI) titer strain M41-CM/93 10

6
 DIE 50/ml on a 0,5 ml dosis. The 

administration of the viral suspension was done up to the age of 10 days (the time 
required for the disappearance of maternal antibodies). 

Throughout the experiment, chickens of both groups benefited from the 
growth technology, feeding and veterinary healthcare as required by this hibrid. 
From the first day until the tenth day in both groups was performed an anti-stress 
treatment with Enrofloxacin and multivitamins in the drinking water. The fodder 
given, contained in prescription anti-coccidiostat drugs and protein-vitamin-mineral 
substances as required by the hybrid and by chicken age. The chickens were 
reared in cages with wire mesh, ensuring proper conditions for growth and feeding. 
Throughout the experiment were not registered transmissible or non-transmissible 
diseases. 

Three days p.i. the first discrete clinical signs were observed translated by 
leaving wings, ruffled feathers, coughing and tearing without mortality. After 
achieving infection 3 days p.i. were performed slaughterings, then from 10 in 10 
days, 8 chickens/slaughtering from lot E and 8 chickens/slaughtering from lot M.On 
every sacrifice the blood was collected in tubes for serum expression, it was 
decanted into tubes ependorf and then shipped to Romvac for ELISA serological 
test, confirming the infection achievement . After slaughter, an external and internal 
examination for each individual was made. On the internal examination were 
microscopically examined all tissues and organs and samples were taken for 
microscopic examination from lung, thymus, kidneys,which were frozen and then 
shipped to the IDSA Bucharest for molecular biology-reverse transcriptase / 
polymerase chain reaction (RT-PCR) test to confirm VBIA infection by detecting 
viral RNA in infected tissues. 

For the histological exam, during the entire experiment, samples were 
taken from lung, sternum and thigh muscles of the cases which showed clinical 
signs characteristic of avian infectious bronchitis but also from dead chickens to 
observe lesions installations in dynamic .The samples dimensions were 
approximately 1 cm

3
: 15mm long, 10mm wide and 5-7 mm thick, for the fixing 

solution to quickly penetrate the sample. After one 3-4 hours fixation, the samples 
were shaped with sharp blades, new thickness being 4-5 mm, were then placed in 
fresh fixative solution. 
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The histopathological examination was performed on permanent 
histological preparations obtained by the method of inclusion in paraffin, which runs 
after the next operators times: harvesting, fixation and inclusion in paraffin, 
microtome sectioning, staining by HE and HEA method, mounting and microscopic 
examination itself. 

The place from which samples were taken was chosen according to the 
injury context and the investigation purpose, so that the fragment encompassing 
both the modified and normal tissue. 

The histological preparations thus obtained were examined on Olympus 
research microscope with increasing objectives of x10 x20 x90x100.The 
histopathological eloquent lesions are shown in microscopic images recorded in the 
results and discussion. 

The infection with BIAV m41 strain was confirmed by the ELISA test 
performed at Romvac Bucuresti and by the RT-PCR test performed at IDSA 
Bucuresti. 

 
Results and discussions 

 
Clinical manifestations. In small chickens, the clinical signs were signalled 

starting with day 3p.i., exteriorized through depression, ruffled feathers and 
drooping wings, tracheal rales, dyspnea, coughing, sneezing, tearing and rinorrhea. 
(Fig.1, Fig. 2.). 

The broiler chickens have shown depression, horiplumation, diarrhoea, 
increase in the water consumption and urate deposits in the cloacal region along 
with the respiratory signs. (Fig.3).  

Serological exam– ELISA test. This exam was taken with the aim of 
confirming the realization of the infection with AIBV strain M41 in the chicks from 
the experimental lot. At the age of 25 days, respectively 15 days from the infection, 
blood samples were taken from the control lot (C) and from the experimental lot 
(E). The results which the immune-enzyme test provided are given in Fig. 4.  

From the analysis of these data, a relative uniformity may be noticed 
regarding the titer of the specific antibodies, with a minimum titer of 1877, a 
maximum titer of 2942 and a geometrical average of the titers of 2265. 

Morphological modifications. In the chicks from the control lot, no 
macroscopic or microscopic modifications were noticed during the entire period of 
the experiment. 

In the chicks from lot E (experimental), by comparison to the chicks in lot C 
(control) various morphological modifications in the sternal and thigh muscles were 
noticed, starting with day 3 and up to day 10 p.i. 

Macroscopically, modifications of the physical and structural particularities 
(colour, aspect, consistency) have been signalled. The muscles, at inspection and 
on section, had a red diffuse colour or in focuses with a wet aspect and a low 
consistency-signs of sternal congestion (Fig.5).  
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Microscopically, vascular modifications were noticed in 5 cases, and they 
were translated through arterial and venous congestions and edema more or less 
extended in the endomisium and perismisium (Fig.6). Vascular hyalinosis that 
affects the intima and especially the media of the arteries was also present and 
accompanied by perivascular edema (Fig.7) The hyaline is deposited under the 
vascular endothelium and gradually occupies the depth of the vascular wall, 
favorising its growth and the diffusion of the blood constituents around the vessel 
and in the spaces from the endomisium and perimisium. 

The passive venous congestions are accompanied by cellular hipoxy which 
initially cause atrophies and dystrophies and finally necrosis and necrobiosis of the 
muscular fibers. 

In 5 cases, the exam using objectives ranging from x10, x20, x40, served 
to identify vascular fibrinoidosis, which is a consequence of the deposit in the 
vascular walls of fibrinoid, a pathological protein with a fibrilar aspect, granular or 
amorphous aspect, with staining properties very close to fibrin. The vascular 
fibrinoid degeneration causes disorders in the vascular permeability, favorising 
plasmodexy and the apparition of a perivascular edema (Fig.8). 

The histo-chemical, immune-chemical and ultrastructural researches have 
revealed the fact that fibrinoid contains important quantities of fibrinogen and fibrin 
as well as immunoglobulins, complement, glycoproteins, glycosaminoglycans and 
often lipids (Cabane şi Bonenfant, 1980, citat de I. Paul, 1990) (7). Starting with 
day 10 p.i. and until the end of the experimental period, muscular morphological 
modifications were noticed. They were translated through dystrophies, necrobiosis, 
necrosis, serious mysosites and interstitial fibrosis. These pato-morphic aspects 
explain, from a morphological point of view the obvious body weight loss by 34.2.% 
in the experimental lot compared to the control lot. 

Mostly protein-degenerative lesions were noticed in 8 cases. 
Macroscopically, the muscles from the sternum and thighs were faded, of a white-
yellowish color, much like fish meat, totally spread or localized (in the shape of 
focuses or bands), being in a clear contrast with the unaffected muscles. The 
affected territories were dry, friable, and with a wax-like look. 

Microscopically, the muscle fibers appear in different degeneration stages: 
the disappearance of the transversal and longitudinal striations, the central 
migration of the nucleum and their ulterior lysis (Fig. 9); granular and hyaline 
degenerations of the muscular fibers (Fig. 10); interfibrilar lymphohistiocytic and 
perifascicular hyperplasia (Fig. 11); intrafascicular necrosis (Fig.12). 

An exudative myopathy was noticed in 5 cases. Macroscopically, the 
sternum muscles appeared swollen and edematiated at inspection and with a wet, 
pale aspect on section (Fig.13) 

Microscopically, the muscular fibers showed hypotrophy, degeneration and 
dillaceration because of the serous infiltrate (Fig.14). 
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Morphologic changes in skeletal muscle in chickens with experimental AIB 
identified and described by us are not recorded in the bibliographical references 
consulted, referring to aspects of AIB lesions (3, 4, 6, 8, 9). 

The exudative myopathy morphologically characterizes itself through the 
loss of the muscular fibers’ capacity to retain constitution water. 

From an etiological point of view, the stress plays an important role. The 
researches of the last decades have shown the fact that sensitivity to stress is 
controlled by a recessive gene, situated in the vicinity of the one responsible for the 
production of phosphohexoisomerase (PhI) (I.Paul, 1990) (7). After 1990, AIB 
viruses with an unusual pathogeny were depicted in England, as a consequence of 
the apparition of new serotypes 793/B and 7/91 which caused mortality in chicken, 
more frequently in heavy breeds, presenting flaccid modifications in the chest 
muscles (myopathy with the presence of a gelatin layer or hemorrhages in the 
muscular fascia) (7). 
 

 
Fig.1. Chickens, day 5 p.i. 
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Fig.2. Chickens, day 10 p.i.- clinical signs 

 

 
Fig. 3. Broiler chick - clinical signs 
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Fig. 4. Minimum and maximum values and geometric average of the antibody titer, 

E. 

 
 

Fig. 5. Chicks, day 10 p.i.- sternal muscles passive congestion in focuses 
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Fig. 6. Chicks, day 10 p.i.- sternal muscles: arterial and venal congestions and 

interstitial edema. Stain H.E.A. x20. 

 
 

Fig. 7. Chicks, day 10 p.i.-sternal muscles: vascular hyalinosis and perivascular 
edema. Stain H.E.A.x40 
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Fig. 8. Chicks, day 10 p.i.- thigh muscles: vascular fibrinosis and perivascular 

edema. Stain H.E.A. x40 

 
Fig. 9. Chicks day 20 p.i.-sternal muscles: degenerated muscle fibers and myolysis 

Stain H.E.A. x40. 
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Fig. 10. Chicks, day 30 p.i.-sternal muscles: granular degenerations and hyalinosis 

of the muscle fibers Stain H.E.A. x20. 

 
Fig. 11. Chicks, day 30 p.i.- thigh muscles: degenerated, dissociated and 
fragmented muscular fibers, circumcised lymphohistiocytic hyperplasia  

Stain H.E.A. x 20. 
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Fig. 12. Chicks, day 30 p.i. - sternal muscles: intrafascicular necrosys. Stain H.E.A 

x10 

 
Fig. 13. Chicks day 30 p.i. - sternal muscles: exudative myositis  
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Fig.14. Chicks, day 30 p.i. - sternal muscles: exudative myositis (serous 

perifascicular exudate). Stain H.E.A. x10. 
 

Conclusions 
 

The morphological modifications of the striated muscle tissue, consecutive 
to the infection with the AIB virus, strain M 41 are expressed through circulatory 
modifications in the vascular-conjunctive stroma and in the endomysium and 
perimysium, dystrophic processes, necrobiosis, necrosis and fibrosis of the muscle 
fibers as well as exudative myopathy. 

During the period from day 3 p.i. until day 10 p.i. active and passive 
congestions aas well as interstitial edemas were noticed in the muscular 
parenchyma. 

Starting from day 10 and until the end of the experimental period, 
dystrophic lesions were noticed in the muscular parenchyma, expressed through 
granular, hyaline and fibrinoid degenerations alongside necrosis phenomena and 
finally fibrosis.  

Exudative myopathy compromises the carcass, fact which implies its 
confiscation. The average body weight of the chicks from the experimental lot (E) is 
by 34.2% lower than of the chicks belonging to the control lot (C). It is the 
consequence of the dystrophic modifications caused by necrosis and fibrosis of the 
muscles. 
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Summary 

 

Feather follicle cysts have been described primarily in pet birds such as canaries, 
parakeets and macaws, often arising from feather follicles damaged by accidental trauma, 
self-mutilation, an infectious process or correlated to hereditary conditions. The growing 
feather is not able to emerge from the occluded follicle and forms a cyst as the feather 
structure continues to develop. 

This case report describes a single large feather cyst in a 8 month female canary 
(Serinus canaria) on the cutaneous region of the chest. The mass had a diameter of 
40/25/30mm, firm consistency and a yellow-reddish colour.  Radiologic examination 
confirmed a large multinodular cutaneous lesion, with increased radiodensity and intact 
pectoral muscle, bones and the organs from the coelomic cavity. Cytopathology was 
performed by fine-needle aspiration and the microscopic examination revealed large 
amounts of detritus and proteic, oxifil material, erythrocytes, keratinocytes and rare 
mononuclear inflammatory cells.The canary was further submitted to excisional surgery of 
the mass, but post operatory evolution was unfavorable leading to the bird's death. A 
necropsy was performed showing diffuse capillary haemorrhagy of the pectoral muscle, 
while the internal organs presented normal macroscopic aspects. The mass was sagitally 
sectioned and revealed a caseous mass, filled with distroyed feathers within a firm capsule. 
Histopathology was performed both on the mass and on the major internal organs. The 
mass proved to be a feather follicle cyst with peripheral capillary vascularisation and 
inflammatory response, showed by the presence of mononuclear cells and few 
multinucleated giant cells. Broken feathers and detritus were identified in the middle of the 
cyst. Histopathologic examination of the internal organs revealed multifocal inflammatory 
areas in the liver, with a celluar population represented by lymphocytes and multinucleated 
giant cells and mild mononuclear infiltration in the intestinal submucosal layer.  

Key words:feather follicle cyst, Serinus canaria, canary, pathology. 

 
Feather follicle cysts have been described primarily in pet birds such as 

canaries, parakeets and macaws (1,5). Cysts develop when growing feathers 
become curled over in their follicles so that the feather sheath fails to erupt. In this 
case, affected follicles may coalesce and produce cysts containing abortive 
sheaths, keratin and sebaceous gland secretions (1).The condition is thought to be 
hereditary in some canaries (Serinus canaria), especially the feather breeds with 
frilled and curled feathers and their hybrids (3,8). However, cysts from primary or 
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secondary feathers on the wings may be secondary to trauma(1,5). Some cystic 
skin conditions of inbred canaries have been classified as neoplasms analogous to 
benign hair follicle tumors (folliculoma) in dogs (1,2). 

The present paper deals with a feather follicle cystic lesion identified in a 
canary diagnosed by several examinations, including macroscopy, radiography, 
cytopathology, necropsy and histopathology.  

 
Materials and methods 

 
The present study dealt with suspected tumoral pathology in a canary  

(Serinus canaria) submitted to examination at the Department of Pathological 
Anatomy from Faculty of Veterinary Medicine, Bucharest, in January 2014. An 
eight-month-old female hybrid frilled canary was presented to the Department with 
a large swelling on the lateral right side of the chest, which gradually grew over the 
past three months.  

A full clinical examination was done to assess general health status of the 
bird and macroscopic examination of the lesion.  

Radiologic examination was performed in order to determine the depth and 
the origin of the lesion and other internal structural changes.  

Further, cytopathological examination on the nodule was performed by 
fine-needle aspiration and non-aspirative technique. The coloration technique 
chosen was May-Grünwald Giemsa.  

Surgical removal of the nodulewas decided and,due to postoperative 
complications,death of the bird occurred. Necropsic and histopathologic 
examination was performed from both the lesion and main internal organs, 
meaning lung, heart, spleen, liver, kidney, pancreas and intestinal mass. Sections 
from the investigated lesion and other tissues were preserved in neutral buffered 
formalin and processed by standard methods. Histopathologic stains used in the 
present paper were hematoxilin eosin (H.E.) andMasson’s trichrome (H.E.A.) for 
the studied mass and, additionally, special stains,Giemsa and Ziehl Neelsen,on the 
internal organs, examined using high power magnification (40x and 100x). 

 
Results and discussions 

 
An eight-month-old female frilled hybrid canary was submitted to clinical 

examination due to a large, nodular formation on the right side pectoral region of 
the body, which gradually grew for the past three months, creating disconfort to the 
bird when attempting to fly. Apart from this lesion, the bird presented alert status 
and a good physical health. On inspection of the lesion, the mass presented a 
diameter of 40 x 25 x 30 mm,partial feather loss and remnants of feather shafts 
protruding from the nodule. At palpation, the mass presented a hard consistency 
and a large implantation site. On several areas it presented excoriated necrotic 
skin. 
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This is in acordance with macroscopic findings of Mutinelli et col. in a 
Moroseta hen diagnosed with multiple feather follicle cysts, which appeared as 
hard, yellow nodules with feather shafts protruding from the skin (5). In that study, 
the authors detailed that mechanic drainage by exerting mild pressure at the base 
of the nodulecould easily enucleate the content (5). In our case, pressure on the 
base of the nodule did not release any content, due to the long period it evolved 
and the dehydrated content inside the lesion. 

Radiologic investigation revealed a single, large mass protruding from the 
subcutaneous or cutaneous layer in the pectoral region. The nodular lesion 
presented uniform, increased radiodensity  and either multilobulated or multilayer 
aspects inside the nodule. Sternal bone presented uniform radiodensity, in support 
for suspected cutaneous origin of the lesion.Other aspects on the radiologic 
examination were the presence of some grit in the ventriculus and normal osseos 
and articular structures (Fig. 1). 

 
Fig. 1.A-  Macroscopic examination of the featherless, partially ulcerated nodule on 

the pectoral region in a Serinus canaria. 
B- Radiologic investigation on latero-lateral positionrevealed an almost spheric, 

radioopaque mass protruding from cutaneous or subcutaneous layer.  
 
The cytopathologic examination performed by fine needle aspiration and 

non-aspirative technique, proved relevant with the first technique, due to the 
dehydrated material from inside the nodule. Cytopathologic examination revealed 
low cellularity smears composed of few inflammatory cells, erythrocytes and 
keratinocytes. In addition, acellular proteinaceous material on the background of 
the smears with bits of keratin and brown, rod scraps of feathers were identified. 
The cytopathologic diagnosis was consistent forfeather follicle cyst. 

Similar cytopathological aspects were described by Stiles and Greenacre 
for an infraorbital cyst in a White Cockatoo (Cacatua alba)regarding the presence 
of proteinaceous material with bits of keratin but, unlike our study, Stiles and 
Greenacre did not identify any inflammatory cells(7).In hair follicle conditions of the 
dog and cat, cytopathology also reveales keratin debris and, sometimes cholesterol 
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crystals on the backgroung of the smear, mature keratinized squamous cells and 
inflammatory cells (2).  

Surgical removal of the feather follicle cyst was performed under superficial 
tranquilisation. The procedure involved excision of the skin and careful connective 
tissue debridement. The nodule presented a strong capsule and diffuse small 
vessel vascularisation was present deriving from the musculature. Although, the 
feather follicle cyst was completelyremoved, ligature of small vessels was 
impossible and local hemostatics proved inefficient. As a consequence, the canary 
went into hypovolemic shock and died. 

Small passerine birds can easily get stressed and, although special 
attention is paid for pain and fright management, in this case nervous stress 
mechanisms might have exacerbated postoperative systemic reactions. 

The bird was submitted to necropsy for general assesment of the body 
conditions present. Examination of the exterior and subcutaneous layer revealed 
good body condition and absence of external parasites. Special attention was paid 
on the plumage and the skin and other nodular lesions of the feathers except of 
that previously excised could not be found. 

Feather follicle cysts present either as solitary lesions either as multifocal. 
The present paper describes an unique, large feather follicle cyst, while other 
papers reported multifocal distribution of cysts, both in a wild turkey (1) and a 
Moroseta hen (5).Traumatic condition can be hypothesized in single, large feather 
follicle cyst and inbreeding condition in multiple feather follicle cysts, although 
mixed predisposing conditions can not be annulled. 

At necropsic examination, musculature on the right side of the body 
presented dark red colour and small diffuse coagulus adherent to the muscle 
tissue. Coelomic cavity presented normal macroscopic aspects and internal organs 
did not reveal macroscopic modifications. The heart presented small quantities of 
blood coaguli, due to hypovolemic shock. In contrast, the pulmonary region 
presented bright red colour, due to blood infiltration. 

Although macroscopic, radiologic and cytopathologic examination can offer 
sufficient data to diagnose the condition as a feather follicle pathology, we 
considered that differential diagnosis between feather follicle cyst and keratin 
producing tumors or feather folliculitis imposed histopathologic diagnosis, in order 
to establish the final diagnosis. 

Histopathologic examination of the nodulerevealed markedly dilated 
feather follicles in the cystic wall and the cyst filled  with laminated keratin debris. 
The keratinised layer of the squamous epithelium of the follicles and the 
surrounding epidermis appeared markedly thickened and, partially necrotic. In 
some areas, thedermis was thickened due to granulation tissue heavily infiltrated 
by heterophils, lymphocytes, plasmocytes and macrophages. In other areas, the 
granulomatous foci were accompanied by lymphohistiocytic infiltrates and 
multinucleated giant cells (Fig. 2). 
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Fig. 2. Histopathologic aspects in the feather follicle cyst  
A-Affected feather follicles markedly dilated (H.E.A. stain, ob. 4)  

B- Laminated keratin and feather debris (H.E. stain, ob 4).  
Inset:  C- Close up of the cysticwall with multinucleated giant cells (white arrow) 

(H.E.A. stain, ob. 40) 
D-Mononuclear inflammatory cells in the wall of the feather follicle cyst  (H.E.stain, 

ob. 40)  
 

In a study by Wheeldon and Culbertson, regarding feather follicle 
pathology of the canary (Serinus canaria), the authors proposed feather folliculoma 
terminology for masses that histopathologically presented irregular, hyperplastic 
layer of proliferating follicular basal cells which form feathers (8). Basal cells tended 
to undergo squamous differentiation toward the center and formed bizarre 
configurations including festoons and round to oval arrays (8). The diagnosis of 
folliculoma is based on the complexity of the wall of the nodule studied with a 
demonstrable proliferative component and on the similarity to the common benign 
hair follicle tumors of dogs (2). None of these features were observed in the 
present study, which made us conclude the definitive diagnosis was of feather 
follicle cyst. 

Routine histopathologic stains on spleen, lung, heart, kidney, and pancreas 
revealed normal microscopic aspects, except for the liver and theintestinal 
mass.The liverpresented multifocal mononuclear inflammatory cells with several 
multinucleated giant cells disseminated in the liver parenchyma. While 
multinucleated giant cells from the wall of the feather follicle cyst were part of the 
granulomatous foreign body reaction, in the liver they were part of a polifactorial or 
microbial etiology, different from the skin pathology previously identified. The 
intestinal mass presented descrete mononuclear infiltrate. As a consequence, 
special stains were relevant to evaluate this concurrent pathology. Ziehl Neelsen 
stain proved negative for mycobacterial pathogens. Giemsa stain, instead, was 
positive, revealing cocobacilar organisms in the multifocal mononuclear infiltrates 
obvious in the liver, which proves a microbial pathology(Fig. 3). Identification of 
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infectious agents was possible using high magnification (40x) and immersion oil 
(100x) when examining special stains. 

 

 
Fig. 3. Histopathologic aspects in the liver  

A- mononuclear infiltrate between hepatocytes (H.E.A. stain, ob. 20x),  
B- negative Ziehl Neelsen stain (ob. 20x) 

 C- positive Giemsa stain (ob. 40x)  
 

Conclusions 
 

Macroscopic, radiologic and cytopathologic examination can be useful in 
diagnosing feather follicle cysts for easily stressed, small avian pacients, such as 
canaries (Serinus canaria). 

Histopathologic examination confirmed diagnosis of feather follicle cyst and 
completed with foreign body granulomatous, inflammatory reaction determined by 
the keratin from the cystic wall. 

Cutaneous pathology and the liver pathology on the canary pacientevolved 
independently with different etiologies. 
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Summary 
 

The aim of this study was to describe topographical anatomy of guinea pigs kidney 
in order to be useful in diagnosis of renal disease in this specie.  

Ten adult guinea pigs were used. Following gross dissection, the macroscopic 
anatomy, topography and connection structures were determined.  

Both kidneys are retroperitoneal organs, situated on different length by the vertebral 
column, the left kidney being more distant from the vertebral column than the right kidney. 
The right kidney was situated of the margins between the 12th thoracic and first lumbar 
vertebra and the left one was situated between the margins of the second and fourth lumbar 
vertebra. The right kidney was positioned cranial, at the last right intercostals space, 
compared with the left, which was situated ventral to the last rib. The cranial pole of the right 
kidney touches the caudate lobe, making the renal impression of right lobe of the liver. 
Caudally the right kidney reached the descending duodenum. The left kidney touches with 
the cranial ventral face the descending colon and the caudal lobe of pancreas and the 
jejunal loops. 

As in most mammals, in guinea pigs there is an asymmetrical topography of 
kidneys, the right kidney being situated more cranially compared to the left kidney.  

This study provides comprehensive anatomical features of guinea pigs kidneys, 
wanting to be helpful information for the future rodent’s comparative studies on urinary tract.  

Key words: topography, kidney, guinea pigs, anatomy 
 

In most of the mammals the anatomy of kidneys presents almost the same 
characteristics relative the topography, vascular supply and physiological 
processes (1,2,6) and the small animals share the same features (3,5,10,11,16). 

In recent years, guinea pigs are increasingly used as an experimental 
model due to their numerous characteristics that are advantageous to medical 
research (14,18,20). Among these, the possibility of studying the entire pathological 
process, because of their short life span, with fast maturity being an important 
advantage in choosing this species as an experimental model. Many researches 
are related to the digestive, respiratory, cardiovascular and immunological 
pathological processes. In urology, guinea pigs are used as an experimental model 
of kidney transplant graft rejection and disorders in the lower urinary tract 
(7,9,10,11). Other species, including dogs, rats, rabbits and pigs are also used in 
researches related to the physiology and structure of the renal apparatus (4,7). 
Often, the results obtained on a certain species are transferred in human medicine. 
The renal function, urine transport, micturition, and urinary continence are directly 
related to the anatomy of the renal apparatus (8,9,17). However, in the literature, 
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there are few reports of renal anatomy in this species (13,19). Moreover, the both 
the macroscopic and histological anatomical differences need to be taken into 
consideration. Due to that, a thorough knowledge of the morphology of this 
mammal is needed. 

 

Material and methods 
 

Ten adult healthy guinea pigs, six male and four female, of various ages 
between 1 and 3.4 years (mean 2.04) and weights between 420g and 820g (mean 
615±122.2)  were used to asses the anatomy and topographical connection of 
principals urinary organs - the kidneys. The subjects were kept in proper conditions. 
Clinical examination was performed in all subjects. Subject’s euthanasia was made 
following the protocol of Directive 2010/63 /EU of the European Parliament and of the 
Council on the protection of animals used for scientific purposes, by injecting 
3ml/kgbw of potassium chloride 2meq/ml, IV. Following dissection, using appropriate 
technique the laparatomy of abdominal cavity was made. The organs were 
photographed in situ, watching carefully the connection elements of each component. 
Then every component of abdominal cavity was removed and studied separately. 
Morphometric measurement was made in all parenchymal organs and in tubular 
components. Using appropriate statistical methods (descriptive statistics, correlation 
coefficient, student t test) all obtained data were processed.  
 

Results and discussions 
 

Both kidneys were retroperitoneal situated at asymmetrically distance from 
vertebral column (Fig. 1).  

 

Fig. 1 The anatomical position of guinea pigs kidneys relative to the intercostals 
space and vertebral column 
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In relation to the transverse plane of the body, the right kidney was situated 
more cranially, between the caudal articular extremities of 12

th
 thoracic vertebra 

and the cranial articular extremity of second lumbar vertebra. The left kidney was 
situated between the cranial second lumbar vertebra and the cranial articular 
extremity of four lumbar vertebras. The cranial pole of right kidney touch the caudat 
process of the liver and make the renal imprint (Fig. 2). Viewed from supine 
position, the cranial pole of the right kidney was positioned in twelfth intercostal 
space. The caudal pole was embedded in rich adipose tissue. The left kidney was 
positioned behind the last rib and the descending colon. In dorsal region through 
the abdominal transverse fascia, both kidneys were in relations with the sublombar 
insertion of diaphragm in cranial region and with the quadratum lumborum muscle 
in middle region. In median region of the dorsal aspect, the kidneys were in relation 
with the psoas muscles.  

The shape of both kidneys was typical beam-shape.  Small difference was 
noted both in weight and in position, the right kidney being less weight and slightly 
rounded at ventral side comparing to the left kidney, which was more elongated 
and its cranial pole being medio-lateral oriented. The middle region of right kidney 
was in relation with descending part of duodenum and with a small part of right lobe 
of pancreas while the caudal region was in relation with the spiral loop of ascending 
colon and jejunal loops. 

 

 
Fig. 2 Renal imprint of the caudate lobe of the liver 

 
The principal characteristics of subjects and kidneys measurements are 

listed in table 1.  
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Table 1 
Subjects characteristics and kidneys measurements 

      Nr. Gender 
Weight 
(g) 

Right 
Kidney(g) 

Left 
Kidney(g) 

% Right 
Kidney 

% Left 
Kidney 

       1 f 597 3.5 4.4 0.58 0.73 

2 f 620 4 5.1 0.6 0.8 

3 f 420 2.9 4 0.69 0.9 

4 f 520 3 3.9 0.57 0.75 

5 m 538 3.3 4.1 0.61 0.76 

6 m 615 3.3 3.8 0.53 0.61 

7 m 790 5 5.9 0.63 0.74 

8 m 820 5.2 6 0.63 0.73 

9 m 550 4 4.5 0.72 0.81 

10 m 680 5 5.8 0.73 0.85 
 

Table 2 
Descriptive statistics of subjects characteristics and kidneys parameters 

 

Weight 
Right 

Kidney 
Left 

Kidney 
% Right 
Kidney 

% Left 
Kidney 

Mean 615 3.92 4.75 0.629 0.768 

Standard Error 38.6477 0.275197 0.276988 0.020841 0.024935 

Median 606 3.75 4.45 0.62 0.755 

Mode 610 4 4.5 0.63 0.73 
Standard 
Deviation 122.2147 0.870249 0.875912 0.065904 0.078853 

Sample Variance 14936.44 0.757333 0.767222 0.004343 0.006218 

Kurtosis -0.13039 -1.47356 -1.64323 -0.85384 1.199172 

Skewness 0.398684 0.469299 0.505938 0.332992 -0.31845 

Range 400 2.3 2.2 0.2 0.29 

Minimum 420 2.9 3.8 0.53 0.61 

Maximum 820 5.2 6 0.73 0.9 

Sum 6150 39.2 47.5 6.29 7.68 

Count 10 10 10 10 10 
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Caudal lateral margin of right kidney was in relation with the right ovary 
(Fig. 3) in female guinea pigs. The ventral face of the left kidney was in relation with 
loops of transverse colon at the level of left colic flexure, with the spleen, a small 
portion of left pancreatic lobe (Fig. 4). 

 

 

Fig. 3 The right kidney and the lateral margin relation with the right ovary in female 
guinea pigs 

 

Fig. 4 Topography of left kidney 
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Regarding the connection structures, both kidneys were sustained in 
anatomical position by elements of renal loja, elements of renal pedicle and renal 
ligaments. Specify these elements were: perirenal adipose tissue, vasculo-nervous 
package, ureters trajectory and abdominal visceral pressure. Between caudat lobe 
of the liver and right kidney the hepatorenal ligament it was noted. Also, on the 
lateral edge of the right kidney a slender and short ligament with intercostals space 
insertion was observed. Between the left kidney, spleen and the left lobe of 
pancreas, derived from peritoneum, a tiny ligament was noted (Fig.5). 

The color of kidneys was brown and they have a smooth capsule well 
attached to the parenchyma. Rich adipose tissue surrounded both kidneys, except 
the cranial pole where adrenal glands were easily visualized in all subjects (Fig. 6). 

 

 

Fig. 5 The relations of left kidney in female guinea pigs. Note the parietal insertion 
of a short ligament and the closer to the spleen 

 

Fig. 6 Shape of right and left kidneys in guinea pigs. The well individualized ureters 
approaches the bladder distally on dorsal face 
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Right kidney weight ranged from 2.9g to 5.2g (mean3.92±0.870) while left 
kidney weight ranged from 3.8g to 6g (mean 4.7±0.875) (Table 2). Comparing the 
weights of kidneys we found a significant statistical difference between the weight 
of right and left kidney (p=0.047) in guinea pigs.  

The right kidney weight represented 0.62%±0.02% of the body weight and 
the left kidney weight represented 0.76%±0.02% of the body weight (Table 2), with 
a significant difference (p˂0.05) between the right and left side.  

The correlation coefficient between body weight and the kidneys weights 
was 0.9772 (Table 3). 

 
Table 3 

Correlation coefficient between body weight and kidneys weight 

Specification Right kidney Left kidney Both kidneys 

Body weight vs kidneys weight 
correlation coefficient 

0.8968 0.8585 0.9722 

 

 
In recent years, considering the increased number of guinea pigs used 

both as pets and as an experimental model, information about this species are 
abundant. As an experimental model guinea pigs are used in ENT research 
diseases, respiratory, digestive and reproductive diseases as well (18,20). 
However, in the literature there are fewer researches focused on detailed 
description of the anatomy of this species. On urinary tract, most comparative 
studies focus on comparisons between histological and physiological 
characteristics (7,9,10,11). Not less important for clinicians are also diseases for 
which this species are present in veterinary clinics (12). An important number of 
patients have digestive disorders, metabolic and not least the urinary tract diseases 
(7,8). Guinea pigs like other rodents and carnivores present a syndrome of 
progressive renal failure with ageing, with degenerative changes in the kidneys. 
Another common renal disease especially in guinea pigs female is urolithiasis often 
requiring surgery (15,17). All these issues require a good knowledge of anatomy 
and kidneys topography in guinea pigs. 

Our results showed an asymmetrical arrangement of both in longitudinal 
and sagittal plane, and are consistent with the description given of the majority of 
mammals (1,5,13). We showed the slightly cranial topography of the right kidney, 
with cranial pole making the caudate liver lobe impression in guinea pigs, being 
similar to that described in rabbits, mice and humans (4,5,9) . However, the 
position of the right kidney in humans is not similar to that we found in guinea pigs, 
even if the right kidney in human make the liver impression, because the right 
kidney in human is situated caudally compared to the left one (1,6). These 
statements are consistent too with the results of a study performed on mammals, 
reptiles and birds which use as a reference landmark in developing and kidneys 
topography the emerging level of renal artery from aorta (2,19). Thus, it was 
demonstrated that the right renal artery arises from the aorta cranial from the left 
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renal artery no matter the kidneys topography. Topographic reversal in humans 
probably occurs on the secondary migration in phylogenetic development. We have 
not used as landmark for the topographical kidneys position the emerging level of 
the renal arteries; we used intercostal spaces and abdominal organs as elements 
of neighbourhood. Compared with pigs in which the renal impression on the 
caudate liver lobe is missing and the kidneys are placed at the same level, in 
carnivores the renal impression is marked even the kidneys are at the same level 
as in pigs. 

Morphological aspects of the guinea pigs kidneys observed in this study 
are similar to the reports made by Dimitrov et al 2012 on rabbits (5). The same 
findings were report in a imaging study (4). Our results on the morphometric 
aspects on guinea pigs kidneys are similar to the Dimitrov et al 2012 who showed 
that the left kidney in rabbits was longer and heavier than the right one. Contrary, in 
wistar rats, Onyeanusi et al (13), showed that the right kidney is heavier than the 
right one, and the kidneys of the male are larger than that of the female. We found 
no difference between the male and the female kidneys weight in guinea pigs, but 
we found a strong correlation between the body weight and kidneys weight.  

Regarding the kidney weight percent relative to the total body weight, we 
found a strong correlation. In our study the right kidney weight represented 
0.62%±0.02% of the body weight and the left kidney weight represented 
0.76%±0.02% of the body weight both in male and female. These results are larger 
than that obtained in Wistar rat by Onyeanusi et al. (13). Also, Diaz et al 2006 (3), 
showed that there is a strong correlation between renal hypertrophic morphology 
and environmental factors such as aridity in some hystricognath rodents. We did 
not made such measurements, all subjects have benefited from the same 
environmental conditions. 

In human, Glodny et al (6), stated that the most influencing factors on 
kidney size are body mass index (BMI), height, gender, age, position of the 
kidneys, stenoses and number of renal artery.  

Further morphological comparative studies related to the environmental 
and developments of kidneys are needed to clarify the evolutionary architecture of 
the guinea pigs kidneys.  

Similarly to the another studies focused on small animals anatomy (16), we 
assume that the normal features of guinea pigs kidneys presented in this study 
could be used for comparative purposes to interpret the normal and pathological 
aspects.   
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Summary 

 

Pig reproductive and respiratory sindrom (Porcine Reproductive and Respiratory 
Syndrome - PRRS) is a disease infectocontagious with viral etiology, characterized by 
symptoms and lesions localized to the respiratory and genital tract. After the official reporting 
in the U.S. in 1987 the disease quickly spread being reported in Germany and the 
Netherlands and subsequently in many countries (3,5). 

In 1998, the disease was officially diagnosed in Romania, currently having 
widespread in intensive swine both sows and the young after weaning, causing significant 
economic losses (4). 

The research covered in this paper was performed in order to elucidate the 
pathological lesions found in young swine after weaning in respiratory location.  

Key words: PRRS, lungs, lymphnodes 

 
PRRS is caused by a virus which was first isolated and classified as an 

arterivirus as recently as 1991. The virus of PRRS has a particular affinity for the 
lung. It is know that when grower/finisher unit become infected with PRRS virus the 
disease evaluate as  enzootic pneumonia (1, 2, 3). 

The research covered in this paper were performed in order to elucidate 
the pathological lesions found in young swine after weaning in  respiratory location.  

 
Materials and methods 

 
Necropsic examinations were conducted on the bodies of young swine 

after weaning, in many intensive pig farms. On the necropsied corpses 
macroscopic lesions were noted existing on the inguinal lymph nodes and lungs 
and samples were collected for the anatomopathologic exam. For histological 
evidence of lesions samples were fixed in formalin, embedded in paraffin, and 
sections were stained by the method of HEA (hematoxylin-eosin-methylene blue). 

 
Results and discussions 

 
The anatomopathological lesions found in the lungs,was interstitial 

pneumonia present in the apical , cardiac and diaphragmatic lobes. In the corpses 
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of the animals with lighter evolutionary disease form the lungs had a firm 
consistency, and on the corpses from animals with severe progressive forms the 
lungs had a reddish color, moderately firm to the touch and ventral areas of 
atelectasis. In the chest cavity was a gelatinous exudate, the amount of which is 
varied. In the case of secondary bacterial infections the macrospopic lesions seen 
in the lungs were catarrhal, fibrinous and hemorrhagic bronchopneumonias. 

 
Fig. 1. Pigs lung - fibrinous bronchopneumonia – congestion phase and red 

hepatization - macroscopic aspect 
 

Mediastinal and inguinal lymph nodes were increased several times 
compared to normal and congested. Congestive lesions were very obvious on the 
sectional area, especially in the inguinal lymph nodes.  

 

 
Fig. 2. Pigs inguinal lymph node – hemorrhagic diffuse lymphoreticulitis – 

macroscopic aspect 
 
Histological examination showed that in the lungs, lesions which pleaded 

for interstitial pneumonia, the most common being:  
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- thickening of the alveolar septa due to limphohystocityc infiltration;  
- bronchioles with epithelial hyperplasia;  
- a strong hyperplasia with alveolar macrophages, lymphocytes and type II 

pneumocytes arranged intraalveolar; 
- Destruction of the normal alveoli-bronhic structure due to a cellular 

infiltrate and the presence of alveolar macrophages in the alveolar lumen with 
phagocytosis phenomena;  

- Pulmonary edema.  
In the lungs with secondary bacterial complications were present fibrinous 

and hemorrhagic bronchopneumonia.  
In sections made from lymph nodes, were found following injuries:  
- Edema and congestion;  
- Necrosis of the germinative centers;  
- Intense lymphocytic depletion in the paracortical area. 
The anatomopathological lesions seen in lymph nodes and lungs may be 

considered characteristic of this disease unless secondary bacterial infections 
occure or infections with other viruses known to infect the respiratory system, 
aspect signaled by other authors (1, 2). 

The microscopic anatomopathological lesions presents in the lungs were 
characteristic of interstitial pneumonia, especially alveolar wall thickening and 
lymphomonocytic infiltration and by type II pneumocytes hyperplasia called alveolar 
epithelialization . Also germinative necrosis and lymphocytic depletion are 
considered characteristic lesions being reported in young swine in which evolves 
PRRS syndrome associated with secondary infections (1, 2, 3). 

 

 
Fig 3. Microscopyc aspect fibrinous bronchopneumonia – congestion phase 

HEA stain x 10 
 
The results of this research complements and confirms the importance of 

the of lung and lymph nodes lesions in this disease diagnosis. 
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Fig. 4 Microscopyc aspect – hemorrhagic lymphoreticulitis - HEA stain x 10 

 
Conclusions 

 
Interstitial pneumonia associated with enlarged inguinal lymph nodes are 

the anatomopathological characteristic lesions of the PRRS syndrome.  
Histological lesions seen in lymph nodes can be regarded as characteristic 

of PRRS syndrome if no other viral or bacterial infections intervene. 
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Summary 

 

Monitoring the metabolic profile for health surveillance, in lactating sows and piglets 
represents the main concern of research and practice in the swine breeding industry. The 
purpose of this study consists in evaluating the relevance of the main biochemical 
parameters from blood and milk, in the regular analysis of the metabolic profile, in order to 
evaluate and manage the risks that can affect the lactating sows and piglets. 

The research consisted in the biochemical testing of some blood and milk samples, 
collected from a group of 15 PIC sows with piglets, subjected to a health status and lactation 
monitoring. The biochemical tests were performed using the VetScan analyzer for blood 
samples; the milk samples were analyzed using the Ekomilk M analyzer, using fresh 
samples collected from clinically healthy animals and with no changes in blood parameters. 
Individual and mean data were statistically analyzed using common programs (GraphPad 
InStat v3.0, GraphPad Prism v4.0) in conjunction with advanced statistical and graphical 
processing software (Origin 8 Pro), resulting in statistical correlations which are critical for 
assessing the relevance of the tested parameters. 

The results revealed wide variations of the investigated parameters of the metabolic 
profile, with means situated at times outside the reference values for swine. Irregularities 
were reported being free of any pathological connotation, who outlined several features, 
typical for the lactation of sows. These were attributed to the evolution of the protein profile, 
which led to plasma protein values (7,0-9.8 g/dl) situated in the superior physiological range, 
7 cases of increased plasma albumin concentration (4.8-6.5 g/dl) and decreased globulins 
concentration of plasma, in most cases (1,3-2,7 g/dl). Typical aspects were also recorded in 
the evolution of the enzymatic parameters, expressed by normal levels of the aspartate 
aminotransferase (63.0 U/L), significantly higher values only being recorded in one sow (233 
U/L), significant increase of the GGT concentrations (99.2 U/L) and normal physiological 
values for the alkaline phosphatase (50,26 UI). The evaluation of the non-protein nitrogen 
revealed the normal urea values (14.0 mg/dl), values being in some cases lower than the 
physiological limits, and high creatinine values (1589.1 U/l), with some significant high 
individual values. The ion profile was characterized by normal values of plasma calcium 
(9.653 mg/dl), phosphorous (8.907 mg/dl) and magnesium (2.48 mg/dl) concentrations. 

Special relevance was attributed to the proportion of the biochemical components 
of the sow milk, including 7.97% (5.37-13.3%) protein content, 8.18% (1.71-14.5 %) fat 
content and 13.67% (10.8-19.9%) dry matter content (without fats). Typical evolutions were 
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recorded regarding the main physical parameters of milk, indicating values of 1.043 (1.028- 
1.076) in the case of specific weight, 0.28°C (-0.954 – 0.744°C) for the cryoscopic point and 
2.14% (0-10.3%) for added water. 

Keywords: sows, biochemical parameters, blood, milk 

 

Milk tests offer results that can be used to trace mastitis, which for sows, 
occur after farrowing, often associated with metritis and agalactia. It usually lead to 
reduction and changes of the milk secretion (7). It is also known that the risk of 
mastitis is high up until the 3

rd
 week after farrowing, when the milk production is 

increasing.  
The purpose of this study was assessment of the main biochemical 

parameters from blood and milk relevance, in the regular analysis of the metabolic 
profile, in order to evaluate and manage the risks that can affect the lactating sows 
and piglets. 

 
Materials and methods 

 
In a PIC multiplication EUROHYB farm, periodical clinical trials have been 

carried out to monitor the health status of lactating sows, part of 10 farrowing 
groups. Milk and blood samples were randomly collected from 15 milking sows in 
this batch. These samples underwent laboratory investigations such as determining 
parameters of metabolic profile from blood and milk. 

The blood samples were collected in vacutubes containing Li-heparin, by 
puncturing the jugular confluent and the testing was carried out using the VetScan 
VS2 automatic analyzer. Large Animal Profile kits were used, allowing the 
determining of the following 11 biochemical parameters: TP (total proteins); ALB 
(albumins), GLOB (globulins); GGT (gamma glutamil transferase), AST (aspartate 
aminotransferase), GLU (glycaemia) BUN (blood urea nitrogen), CA (calcium), CK 
(creatin phosphokinase), MG (magnesium), PHOS (inorganic phosphorous). 

Some of the milk samples (n=8) were collected by initial ocytocine injection 
and manual milking of sows; the other samples (n=7) were collected by manual 
milking the sows during lactation of 2-3 piglets. The laboratory tests were carried 
out immediately after sampling, in order to eliminate the addition of preservatives, 
using an Ekomilk M analyzer. This system allowed determination of the basic 
components (non-fat organic substance, fat and protein content) and the main 
physical parameters of milk (density, cryoscopic point and added water). 

The recorded data was statistically analyzed using current software, based 
on usual computing systems (Graph Pad In Stat V3.0, Graph Pad Prism V4.0 and 
Microsoft Excel) and advanced software for statistical and visual processing (Origin 
Pro 8). They allowed the calculation of the following statistical parameters: mean, 
median, standard deviation, standard error of mean, 95% confidence interval. 
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Results and discussions 
 

The characterization of the metabolic profile was based on analyzing the 
results recorded in the blood tests. These revealed some distinctive aspects of 
adult swine in general and some features typical for lactating sows. Besides the 
normal individual values there were important deviations that, in some cases, were 
relevant in the characterization of the metabolic profile, as seen in table 1. 

The dynamic of the main indices of protein metabolism indicated values of 
the serum total protein concentration of 7.89 g/dl, with maximum values of 8.6 g/dl 
and minimum value of 7.2 g/dl, revealing an amassing of the recorded values 
around the superior limit of the physiological range or adult swine (6.0-9.0 g/dl). 
The evolution of albumin concentration was within the normal ranges (1.8-6.5 g/dl); 
7 sows presented values above the mean value (5.37 g/dl). On the other hand, the 
mean globulin concentration (1.77 g/dl) was below the normal interval (3.9-6.0 
g/dl), individual values varying between 1.0 g/dl and 2.9 g/dl. 

The evolution of plasma enzymes, as part of the metabolic profile tests, 
revealed some aspects that are specific in lactating sows. The individual values of 
aspartate aminotransferase were high above the physiological range (100 U/L) just 
for one sow (233 U/L), the other sows having values distributed around the mean 
value (63.0 U/L). The ascending trend was more noticeable in the case of GGT 
concentrations, the mean value (99.2 U/L) being high above the upper 
physiological limit (31.0-52.0 U/L), the individual values varying between 20–179 
U/L; in most cases being higher than the physiological limits. The alkaline 
phosphatase had also individual (34-67.0 UI) and mean (50.26 UI) values in 
between the physiological range (56-395 U/L) 

Regarding the non-protein nitrogen, the parameters recorded were the 
plasma urea and creatine levels. Urea had normal plasma levels (14.0 mg/dl), only 
some individual cases presenting values (9.0–17.0 mg/dl) lower than the 
physiological ranges (17,4-48,6 mg/dl). The mean 1589.1 U/l () and individual 
(685,00-4512,0 U/l) creatine levels were high above the normal ranges , in two 
cases the values recorded being higher than 4500 U/l. 

The kits used to determine the main mineral components allowed the 
determination of calcium, phosphorous and magnesium. The calcium 
concentrations were normal (9.5-11.0 mg/dl), the mean value being 9.653 mg/dl 
and the individual values varying between 6.5-11.0 mg/dl, without any exceeding of 
the normal ranges. The phosphorous levels were similar to the calcium levels, the 
mean (8.907 mg/dl) and individual (8.1-9.6 mg/dl) levels being in the normal ranges 
(5.5-24.7 mg/dl). The magnesium concentrations varied between 1.6 and 3.3 mg/dl, 
showing tight variations around the normal and mean values (2.48 mg/dl). 

 
 
 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 
 

 131 
 

Table 1 
Individual and mean values of the biochemical parameters determined 

in a group of lactating sows 

No. 
 

TP 
(g/dl) 

ALB 
(U/l) 

ALP 
(U/l) 

AST 
(U/l) 

GGT 
(U/l) 

CK 
(U/l) 

GLOB 
(µmol/l) 

BUN 
(mg/d

l) 

CA 
(mg/d

l) 

PHO
S 

(mg/d
l) 

MG
 

(mg/dl) 

1 8.0 5.6 34 50 83 1425 2.4 13 9.1 9.4 2.4 

2
 

7.6 6.5 53 42 154 1166 1.8 13 10.3 9.2 2.5 

3 7.3 4.1 41 47 116 691 1.6 9 10 9.2 2.3 

4 8.2 1.8 55 86 20 4505 2.1 14 6.9 8.9 3.1 

5 7.4 5.9 41 41 57 1371 1.4 13 9.5 8.5 1.8 

6 7.7 6.4 67 47 101 1620 1.4 17 10.6 8.7 2.3 

7 8.2 6.5 59 40 179 685 1.3 14 10 8.5 2.3 

8 8.4 5.2 39 58 84 1413 2.9 16 9.8 9.6 2.8 

9 8.5 6.5 49 233 65 970 2.1 17 9.4 9.6 3.0 

10
 

7.2 6.4 58 41 144 1126 2.7 15 10.8 9.5 2.7 

11 7.5 4.7 43 42 118 687 1.5 11 10.7 9.2 2.2 

12 8.6 2.9 57 83 29 4512 1.0 13 6.5 8.7 3.3 

13 7.3 5.6 42 49 55 1356 1.2 15 9.8 8.3 1.6 

14 7.9 6.2 61 44 111 1622 1.5 14 10.4 8.2 2.4 

15 8.6 6.3 55 42 173 687 1.7 16 11 8.1 2.6 

Mean 7.893 5.373 50.267 63.000 99.267 1589.1 1.773 14.000 9.653 8.907 2.487 

St. dev 
0.502

1 
1.435 9.691 49.217 49.426 1231.6 0.5574 2.171 1.317 0.5175 0.4565 

St. error 
0.129

6 
0.3705 2.502 12.708 12.762 318.00 0.1439 0.5606 0.3401 0.1336 0.1179 

Maximum 7.900 5.900 53.000 47.000 101.00 1356.0 1.600 14.000 10.000 8.900 2.400 

Minimum 7.200 1.800 34.000 40.000 20.000 685.00 1.000 9.000 6.500 8.100 1.600 

Median 8.600 6.500 67.000 233.00 179.00 4512.0 2.900 17.000 11.000 9.600 3.300 

Inf. 95% 
confidence 

interval 

 
7.615 

 

 
4.579 

 
44.899 

 
35.742 

 
71.893 

 
906.96 

 
1.465 

 
12.797 

 
8.924 

 
8.620 

 
2.234 

Sup.  95% 
confidence 

interval 

 
8.171 

 
6.168 

 
55.634 

 
90.258 

 
126.64 

 
2271.2 

 
2.082 

 
15.203 

 
10.383 

 
9.193 

 
2.739 

Reference
s * 

6.0-
9.0 

2.3-4.0 56-395 10-100 31-52 66-489 3.9-6.0 
17.4-
48.6 

9.2-11.6 5.5-24.7 0.9-1.4 

Large Animal Profile: TP (proteine totale), ALB (albumina), ALP (fosfataza alcalina), AST (aspartat 
aminotransferaza), GGT (gamma glutamil transferaza), CK (creatin fosfokinaza), GLOB (globulina), 
BUN (urea nitrogen), CA (calciu), PHOS (fosfor), MG (magneziu).  
* The Merck Veterinary Manual Online, 2013 (www.merckmanuals.com). 

 
Characterization of the metabolic profile from milk. The overall 

individual and average results recorded from the main parameters of milk, correlatd 
with the physiological traits of the species, outlined a physio-chemical characteristic 
for the physiological lactation in sows, in general. The components of this profile 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(1), 2014, TIMIŞOARA 

 

 132 
 

 

showed fluctuations of more or less importance, outlining wide ranges of variation 
of the individual values, around the average. This high variation of the individual 
values represent particular aspects, outlined in the case of the lactating sows 
compared to the bibliographical references consulted (2,6). Based on the results 
recorded, in the group of lactating sows, the following average values were 
recorded, regarding the biochemical results are: 7,97 % (5,37-13,3) proteins, 
8,14% (1,71-14, 5%) fats 13,67% (10,8 – 19,9 %) the non-fat organic substance. 
The biochemical profile was correlated with the concentrations of the main physical 
parameters of milk, as follows: density 1,043 (1,028-1,076); crioscopic point 0,28 
o
C (-0,954 - 0,744

 o
C) and added water 2,14% (0-10,3%). 

Table 2 
The individual and medium values of the main physico-chemical paramethers  

of milk in a goup of PIC sows 
 

No. sample 
Fat 
(%) 

SNF 
(%) 

Density 
(g/cm³) 

Water 
added 

(%) 

Freezing 
point (°C) 

Proteins 
(%) 

1 10.80 10.6 1.0280 4.81 0.571 5.37 

2 4.75 11.2 1.0361 0.0 0.618 5.77 

3 4.61 11.2 1.0360 0.0 0.621 5.81 

4 1.71 19.9 1.0760 0.0 0.000 13.3 

5 9.28 11.2 1.0319 0.53 0.597 5.83 

6 14.50 12.1 1.0309 10.3 0.538 6.71 

7 7.20 14.5 1.0475 0.00 0.744 8.58 

8 8.98 10.8 1.0308 0.0 0.588 5.54 

9 13.6 12.6 1.0340 6.68 0.560 7.15 

10 6.15 18.5 1.0658 0.0 -0.954 12.1 

11 8.35 17.8 1.0607 0.0 -0.835 11.5 

12 6.19 14.7 1.0431 0.0 0.281 5.99 

13 10.17 12.6 1.0437 4.1 0.280 9.95 

14 7.19 11.7 1.0435 1.0 0.271 6.96 

15 9.17 15.6 1.0433 3.1 0.292 8.98 

Mean 8.18 13.67 1.0434 2.14 0.280 7.97 

St.dev 3.374 3.039 0.01404 3.156 0.5152 2.635 

St. error 0.8712 0.7846 0.003626 0.8149 0.1330 0.6803 

Minimum 1.710 10.600 1.028 0.000 -0.9540 5.370 

Maximum 14.500 19.900 1.076 10.300 0.7440 13.300 

Median 8.350 12.600 1.043 0.000 0.5380 6.960 

Inf. 95% 
confidence 

interval 
6.308 11.984 1.036 0.2867 -0.007178 6.510 

Sup. 95% 
confidence 

interval 
10.045 15.350 1.051 3.783 0.5634 9.429 

References
*
 6.8 - - - - 4.8 

*Hanzen, 1994, quoted by Ognean and Cernea (6) 
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From a bibliographical point of view, the values recorded in this study 
confirm the aspects found by other researchers in the field, according to whom, the 
nutritional value of milk it is reflected also in the case of sows, by its content in 
proteins and fats as their major biochemical components. It is also known that 
compared to milk, the colostrum is richer in dry substance vitamins and minerals 
and it is poorer in fats and lactose (2). Regarding the evolution of the colostral 
antibodies, in sows, is unanimously accepted the very fast decrease of the content 
in gamma globulins, which confirms the necessity of milking the piglets as soon as 
possible after farrowing, preferably in the first hour (7, 8). 

Milk tests offer results that can be used to trace mastitis, which for sows, 
occur after farrowing, often associated with metritis and agalactia. They usually 
lead to reduction and changes of the milk secretion (7). It is also known that the risk 
of mastitis is high up until the 3

rd
 week after farrowing, when the milk production is 

increasing. After that, the risk of mastitis is decreasing, from the 4
th
 week onwards, 

the milk production remaining constant; after this stage, it begins to decrease up 
until the 6

th
 week, entering a stage of pronounced reduction up until the end of 

lactation. Without any direct correlation with the mastitis frequency, according to 
the productive differences between the nipple types, the pectorals, with a more 
intense vascularization, produce more milk compared to the abdominal or inguinal 
ones. A special mention must be attributed to the synthesis capacity of the 
mammary gland of sows. Persson et al. (7) states that the sow can produce up to 
350-400 kg of milk in a 8 week lactation, containing 68-77 kg of dry matter, 23-25 
kg of proteins, 24-27 kg of fat, 17.5-20 kg of lactose and 3.5-4 kg of minerals; an 
adequate feed intake must be supplied, in both quality and quantity. Numerous 
studies deal with the enhancement of milk production in sows, most pf the involving 
the use of swine somatotropin or the stimulation of prolactine secretion in sow (9). 
Regarding the effects of the main biochemical constituents on the growth and 
development of suckling pigs, more noticeable are the positive correlations with the 
fatty acid concentrations and some minerals in plasma (1). 

 
Conclusions 

 
The biochemical investigations of blood and milk carried out on a batch of 

milking sows were the basis for the following conclusions: 
 The evolution of the protein metabolism indexes was characterized by the 

amassing of the plasma protein levels (7.0-9.8 g/dl) around the upper 
physiological limits, 7 cases of high albumin concentrations (4.8-6.5 g/dl) 
and decreases of globulin concentrations in most cases (1.3-2.7 g/dl); 

 The normal levels of AST, distributed around the mean value (63.0 U/L); 
values were significantly higher in just one case (223 U/L); 

 High increases of the GGT concentrations, with mean values of 99.2 U/L; 
the individual values (20.0-179.0 U/L) being usually much higher than the 
upper physiological limit (52.0 U/L); 
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 Normal values of the alkaline phosphatase; the individual values (34-67.0 
U/l) varying around the mean value (50.26 U/l); 

 The urea concentration had a mean value of 14.0 mg/dl, the individual 
values (9.0-17.0 mg/dl) being lower than the normal values in some cases. 

 The mean (1589.1 U/l) and individual (685.00-4512.0 U/l) creatine levels 
were much higher than the normal ranges, in 2 cases being higher than 
4500 U/l; 

 The mineral profile was characterized by normal values for the serum 
calcium (9,653 mg/dl), phosphorus (8.907 mg/dl) and magnesium (2.48 
mg/dl) levels; 

 Determining the metabolic profile of milk revealed values of 7.97% (5.37-
13.3%) protein content, 8.18% (1.71 – 14.5%) fats and 13,67 (10.8 – 
19.9%) non-fat dried matter content; 

 The evaluation of the main physical parameters showed values of 1,043 
(1.028-1.076) for density, 0.28°C (-0.954 – 0.744°C) for the freezing point 
and 2.14% (0-10.3%) for the added water. 

 The mineral profile was characterized by normal values for the serum 
calcium (9.653 mg/dl), phosphorus (8.907 mg/dl) and magnesium (2.48 

mg/dl); 
 Determining the metabolic profile of milk revealed values of 7.97% (5.37-

13,3%) for the protein content, 8.18% (1.71 – 14.5 %) in fats and 13.67 
(10, 8 – 19,9 %) in the the dried substance.  

 The evaluation of the physical parameters indicated values of 1.043 
(1.028-1.076) for density, 0.28 

o
C (-0.954 – 0.744

 o
C) for the freezing point 

and 2.14% (0-10.3%) for the added water.  
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Summary 

 

In biochemistry and xenobiochemistry issues connected to the chemical structure-
biological activity relationship are important because they allow to understand the specific 
mechanisms related to the metabolization of nutrients, respectively to the biotransformation 
of xenobiotics. 

The approach of the structure-activity relationship in case of platinum compounds 
arouses interest because their cytostatic effects were widely studied and because one of its 
derivatives (cis-platinum) is frequently used in antineoplasic chemotherapy. 

Data referring to platinum compounds (particularly to cis-platinum) are of interest 
for the cytostatic chemotherapy in the comparative oncology with clinical applications both in 
humans and some animals. In the present paper there are discussed general data regarding 
the platinum compounds as well as aspects regarding their biological activity with reference 
to their mechanisms of action, target molecules of the interactions a.o. 

Key words: platinum compounds; cis-platinum, structure-activity relationship 
 

The chemical structure – biological activity relationship is of interest in 
biochemistry for the metabolization of nutrients and in xenobiochemistry for the 
biotransformation of xenobiotics. In both situations is important to know the 
characteristics of the chemical compounds acceding in the organism and of those 
compounds that are formed by metabolic processes (i.e. metabolites) or resulting 
from biotransformation (i.e. xenobioderivatives).  
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In this paper, there are presented data referring to xenobiotics included in 
the class of platinum compounds, especially to cis-platinum, in relation to the 
cytostatic chemotherapy applied in humans and animals. Under these conditions 
the platinum compounds are of interest, in facto, for the comparative oncology - a 
distinct domain of the comparative medicine. 

Due to the importance of carcinogenesis and oncotherapy often large 
interdisciplinary working groups carried on studies pursuing the interest of human 
and veterinary medicine. In this context, in 1981 was organized – by Prof. Dr. Sabin 
Ghergariu from the faculty of Veterinary Medicine Cluj-Napoca and Dr. Cornelia 
Todoruţiu-Papilian – senior researcher at the Institute of Oncology Cluj-Napoca, 
―The First National Symposium on Comparative Medicine‖ (5).  

To the development of research on organometallic compounds and their 
role in the cancer therapy an important contribution was brought in the 70s by the 
research team created by Acad. Ionel Haiduc from the Babes-Bolyai University in 
Cluj-Napoca. Data on the activity of this group were published in treaties (20) or 
reviews (21). 

Comparative oncology problems were integrated into the issues 
approached at the "First International Conference on Comparative Medicine‖ held 
in Bucharest (2012), under the auspices of the Romanian Academy, chaired by 
Prof. Dr. N. Manolescu - corresponding member of the Romanian Academy. This 
conference was attended by Prof. Dr. André-Laurent Parodi - president of the 
National Academy of Medicine in France, who presented a paper on dog sarcoma 
a model for homologous human tumours (29). Other two communications can be 
mentioned, too : the first one about the deuterium depleted water in cancer therapy 
(26), and the second one about the in vitro and in vivo interaction of cis-platinum 
with deoxyribonucleic acid (19). 

Related to research on the role of metals it is to mention the founding in 
1979, of the ―Working Group for Metal Research in Biological Systems‖, by Dr. 
Gârban Zeno – senior researcher at the Institute of Public Health Timişoara of the 
Academy of Medical Sciences. This Working Group performed biochemical 
research upon some cytostatics (cis-platinum and cylophosphamide). Later on by 
extending of the Group and with the contribution of Assoc. Prof. Dr. Drăgan P. – 
chief of the Urological Clinic of the University of Medicine Timişoara have been 
started studies on the metals in urolithiasis (9). Also, the Working group initiated, 
after 1990, the Symposia Series ―Metal Elements in Environment, Medicine and 
Biology‖ held under the auspices of the Romanian Academy-Branch Timişoara, 
and managed the publication of the in extenso papers (8). In those symposia 
volumes numerous papers dealing with metallomics were published (15) - see also 
www.meemb-timisoara.ro. 

In xenobiochemistry, regarded as whole, special interest is aroused by 
xenobiotics of food interest, some of them having carcinogen effects (e.g. 
environmental contaminants and additives) and by xenobiotics with pharmaceutical 
interest (e.g. various chemotherapeutic agents). Among xenobiotics with 
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pharmaceutical interest are distinguished the cytostatic chemotherapeutics (18). 
Further on there will be presented data on the structure-activity relationship in case 
of platinum compounds, revealing also the mechanism of action of cis-platinum. 

The interest in comparative oncology targets "in extremis" two major 
problems: carcinogenesis induced by various xenobiotics (the so-called chemical, 
physical and biological agents), and various specific means applied in the 
treatment of cancer (surgery, cytostatic chemotherapy, radiotherapy) (6, 12, 33). 

Concerning the carcinogenic agents one can say that less known aspects 
are related to biological agents (e.g. viruses, parasites). One can exemplify the 
existence of riboviruses which induce avian leukosis and deoxyriboviruses which 
cause visceral tumors (e.g. herpesviruses in Marek disease). Also, some 
parasitosis can induce tumors, e.g. Spirocera spp. (esophageal cancer in 
carnivores), Gasterophilus spp. (stomach cancer in horse). Thus, research in 
comparative oncology requires depth knowledge in parasitology and infectious 
diseases, too (2, 7, 22) 

 
 1. Structure of platinum compounds 
 

In comparative oncology there were studied the effects of various chemical 
compounds starting with the structure-activity relationship. Further, in this review, 
there will be presented aspects related to the structure of platinum compounds.  

Platinum compounds of therapeutic interest are coordinative combinations 
of Pt(II) and Pt(IV) with general formulas:  

 
Pt L2 X2  and  Pt L2 X4 

where: L – ligand ; X – anion 
 
It can be observed that for L2 are necessary two monodentate (MD) ligands 

(NH3) or a bidentate ligande (H2N-CH2-CH2-NH2)-ethylendiamine (noted „en‖). In 
case of X2 there are two monodentate anions (Cl

-
), (Br

-
), (NO3

-
) or a bidentate (BD) 

one (oxalate, malate, etc.). In Pt(IV) compounds there are four monodentate 
anions. 

A synoptic presentation of the main platinum compounds tested for the 
oncostatic activity is given in Table 1. 

In some compounds appears the complex cation [Pt(NH3)2(H2O)2]
2+ 

diamineaquoplatinum, having high toxicity and convulsive effects. There have also 
been synthesized compounds with Pt containing amine ligands (hydrazine and 
heterocyclic amines) tested on E. coli cultures (23). 
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Table 1 
Main platinum compounds investigated for their cytostatic activity 

No. Platinum compound Abr. Chemical denomination 
Bon-
ding 
type 

1. [Pt(NH3Cl]Cl  (A) chlorotriamineplatinum(II)chloride MD 

2. [Pt(dien]Cl (B) chloro(diethylenetriamine)platinum(II)chloride MD 

3. cis-Pt(NH3)2Cl2 (C) cis-dichlorodiamineplatinum (II) BD 

4. trans-Pt(NH3)2Cl2 (D) trans-dichlorodiamineplatinum (II) BD 

5. Pt(en)Cl2 (E) dichloroethylenediamineplatinum (II) BD 

6. [Pt(NH3Cl]Cl (F) potassium tricholoroamineplatinate(II) TD 

7. [Pt(NH3Cl]Cl (G) potassium tetrachloroplatinate (II)  CD 

8. cis-[Pt(NH3 (H2O)2] (NO3)2 (H) cis-diamineaquaplatinum(II)nitrate BD 

9. trans-[Pt(NH3 (H2O)2] (NO3)2 (I) trans-diamineaquaplatinum(II)nitrate BD 

10. cis-Pt(NH3)2Cl4 (J) cis-tetrachloroethylenediamineplatinum(IV) CD 

11. [Pt(NH3Cl]Cl4 (K) tetrachloroethylendiamineplatinum(IV) CD 

 
Among all the enumerated platinum compounds, only four evidenced 

remarkable therapeutic effects (fig.1). 
 

ClCl ClCl ClH N3H N3 H N3

H C3 H C3

H C3 H C3
H N3H N3 H N3Cl

(E) (J) (K)

Cl ClCl Cl

Pt Pt Pt 

(C)

ClH N3

H N3 Cl

Pt 

 
Fig. 1. Platinum compounds with remarkable antitumor activity (C) cis-Pt(NH3)2Cl2; 

(E) Pt(en)Cl2; (J) cis-Pt(NH3)2Cl4; (K) Pt(en)Cl4 
 
 The pharmacologic activity of these compounds depends on the solubility, 
electric charge, transmembrane transport etc. (14, 30). 
 

2. Biological activity 
 

 In chemotherapy the interaction pharmacon-receptor is achieved at 
different levels. Defining the mechanism of interaction takes in consideration the 
fact that the drug presents a transport form and a biologic active form characterized 
by selective affinity. 

Noteworthy that issues related to oncological aspects starting with the 
carcinogenic effects of various xenobiotics till to antineoplastic agents with 
importance in chemotherapy are similar in humans and animals (4, 25, 33). 

In case of platinum compounds the interaction with biological systems has 
as substrate (receptor) the nucleic acids which transport the genetic information. In 
carcinogenesis as well as in chemotherapy, the molecular mechanisms are 
explained on the basis of the interactions with DNA (13). 
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Interaction of platinum compounds with DNA, studied in vitro, evidenced 
some aspects of the interaction mechanism. Experiments in vivo showed the effect 
induced by these compounds on experimental tumors in laboratory animals. It was 
observed the inhibition of tumor growth and, in some cases, even their regression. 

Among all platinum compounds, the most active antitumoral agent showed 
to be cis-Pt(NH3)2Cl2 usually named „cis-platinum‖ (noted cDDP). Characterised by 
a planar geometry, it presents two inert ligands (2NH3) and two ligands with 
moderate lability (2Cl

-
) which are released during hydrolysis (30, 31). Hydrolysis 

takes place in two steps resulting mono- and diaquoderivatives. Both can form 
bindings with DNA in a preferential order: guanine > adenine > cytosine, observing 
that thymine is not affected by the interaction. 

Formation of chemical bonds between complementary and antiparallel side 
chains or on the same chain induces the appearance of the cytotoxic effect. The 
cis-isomer (i.e. cis-platinum) is more toxic forming intrastrand bonds while the trans 
isomer takes part in inter strand bonds. The trans-isomer is from kinetic point of 
view more reactive and more labile as the cis one having a much shorter half time. 
Thus is explained, by the lack of cytostatic activity, that interstand bonds are more 
easily splitted than intrastrand bonds (16, 28).  

After the hydrolysis of cis-platin two molecular aquated species are formed, 
that are unstable and can lead to the formation of some monodentate (IV) and 
bidentate (V) ligands. These can bind to the guanine from the DNA macromolecule. 
Depending on the engaged ligand in DNA binding , two types of adducts can be 
formed (Fig. 2). 

 
 

Fig. 2. Structure of cis-platinum and of aquated compound 
 

The action of cis-platinum on DNA biosynthesis is explained by the 
interaction that takes place in vivo, whose main characteristic is adduct building. 
Interaction can be realised with DNA during replication process but it can be 
considered that the process can affect also precursor compounds of 
deoxyribonucleotides biosynthesis (13). 
 For example, referring to the mechanism of action it is known that in some 
chemotherapeutics which decompose in a first stage, after entering the body their 
molecule contains a transporter sequence and a pharmacologic- active sequence 
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that interact. In a second stage take place the interactions with the bioconstituents 
from cells and/or tissues or even with the metabolites and/or their precursors 
resulted from nutrients (17). The interactions from this stage regard the 
macromolecular chains of nucleic acids and polypeptides. Such aspects are further 
on discussed focusing on platinum compounds, also evidencing aspects regarding 
structure, mechanisms of action for compounds with therapeutic interest. 

The transitions of the macromolecule affect the mobile ligands represented 
by 2 Cl and not the inert ligands (2 NH3) which remain unmodified while the 
chloride atoms are released (fig. 3). 
 
 

 
 

Fig. 3. Binding of cis-platinum to guanine in DNA macromolecule  
a) monodentate ligand; b) bidentate ligand  

 
Issues related to the interaction between the bioconstituents of the 

organism (resulting from metabolic processes) and various cytostatics are of 
interest for molecular biology (1, 28) and cellular biology (24, 27) as well as for 
pathobiochemistry (10, 27). In case of cis-platinum the target molecule is DNA from 
the cell nucleus. 

Among all possible adducts, more important are those at which the chloride 
atoms from cis-platinum are replaced by purinic nitrogen atoms from two 
neighbouring nucleobases on the same chain of the DNA double helix. 

Less frequent are the interchain monodentate adducts and bidentate 
adducts also responsible for the cytotoxic activity, being involved in the inhibition 
processes of transcription and translation at DNA level (14). 

High affinity to N7 guanine is due to the increased stability of the molecule 
and to the minimal distortions of the double helix obtaining the shortest distance 
between two N7 atoms of DNA. Cis-platinum enters the cells by passive diffusion, 
although there is some evidence that uptake may in part occur by an active 
transport mechanism. 
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3. Interaction of platinum compounds with DNA 
  
 Binding to guanine, the most frequent possibility, leads to the formation of 
cDDP-DNA complexes. Binding of the hydrolysis products to N7 of guanine the 
informational message is disturbed. In case of bidentate binding the intrahelical 
cross-linking can determine DNA excision. Thus becomes possible the inhibition of 
cancer cells proliferation. 

Experimental in vivo investigations performed with cis-platinum have been 
extended. It was observed the effect of cis-platinum and X rays in separate and 
combined therapy in rats with cerebral and mammal tumors. The maximum survival 
rate was obtained with combined treatment (23).  

The compounds of tetravalent platinum Pt(IV) are inert regarding ligands 
substitution. It has been found that in case of Pt(NH3)2Cl4 and Pt(en)Cl4 takes place 
a preliminary reduction to Pt(II) compounds by losing the axial ligands. The process 
takes place during the biotransformation, the compounds becoming biologically 
active. 

About 60-65% of the adducts formed by cDDP are 1,2-d(GpG) intrastrand 
cross-links and 20-25% d(ApG) intrastrand cross-links. Due to steric reasons, 
trans-DDP is unable to form 1,2-intrastrand adducts between two adjacent purines 
in the same DNA strand. In fact, transplatin mainly forms 1,3-intrastrand and 
interstrand cross-links. 

The biochemical mechanisms of cisplatin cytotoxicity involve the binding of 
the drug to DNA and non- DNA targets and further induction of cell death through 
apoptosis, necrosis or both within the heterogeneous population of cells that forms 
the tumor. It has been found that necrotic and apoptotic cell death may take place 
together in the same population of cis-platinum-treated cells. 

It is generally accepted that binding of cDDP to genomic DNA in the cell 
nucleus is the main event responsible for its antitumor properties. Thus, the 
damage induced upon binding of cis-platinum to genomic DNA may inhibit 
transcription, and/or DNA replication mechanisms. The inhibition of replication by 
cis-platinum suggested that it might kill cancer cells by blocking their ability to 
synthesize new DNA required for division. 

 
4. Use of platinum compounds in cytostatic therapy 

 
As to the use of cis-platinum in cytostatic therapy the research started from 

the observation made by Rosenberg et al. (32) that Pt inhibits cell division. Later on 
treaties were developed on the use of organometallic compounds in oncotherapy 
(20). It also notes that in recent years it has been found that after Pt derivatives the 
Ga derivatives are tested for neoplastic effects (3, 11). 

Experimental investigations and testes made with cis-Pt(NH3)2Cl2 showed 
that it presents a large antitumor spectrum (27, 30).  
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 It is indicated in testicular, ovarian, lung and bladder cancer chemotherapy. 
Notable effects have been observed in lymphoma. The extent of therapeutic use is 
difficult because of its toxicity. Noxious effects are induced on kidney, bone marrow 
(hematopoietic system) and acoustic analyzer.  

Usual dose of cis-platinum is 50-75 mg/m
2
 in case of intravenous injection 

(every three weeks). It induces acute toxicity expressed by nausea and vomiting. 
A peculiar aspect is given by drug associations of cis-platinum: cis-

platinum – chlorambucil in prostate cancer and cis-platinum – CCNU in soft tissues 
cancer. 

Use of cis-platinum in chemotherapy – limited at the beginnings – imposed 
by the large spectrum of action and by the possibility of association with other 
antitumoral drugs.  

In case of a complex therapeutic strategy there is the perspective to use 
cis-platinum chemotherapy combined with other therapeutic procedures, e.g. radio- 
and immunotherapy (33). The use of different procedures involves the 
establishment of efficient therapeutic protocols, according to each case. 
 

Conclusions 
 

In order to use various chemical compounds in the cytostatic 
chemotherapy it is necessary the rigorous knowledge of their composition and 
structure. In a later stage the biological activity is of interest – especially the 
pharmacological one. Such an approach is specific and in case of comparative 
oncology, concerning the medical pathology and chemotherapy both in humans 
and some domestic animals. 

In this manner were presented the problems related to platinum 
compounds, with special reference to cis-platinum (cDDP) used in the current 
cytostatic chemotherapy. Knowledge of the chemical structure and biological 
activity of platinum compounds highlights the specific mechanism of action based 
on their interaction with DNA. This interaction explains the cytostatic effects and 
brings to the attention the study of the cDDP-DNA complexes both of 
pharmacological point of view and of the cellular and molecular biology.  
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