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ABSTRACT	

Thirty six healthy local Assam male goats, three months of age, 
between 3 to 4 kg body weight were utilized in this study. The kids 
were divided into three groups according to their feeding regime: 
group I (control group) in which animals received no zinc supplemen-
tation; group II and III animals received inorganic (zinc sulphate, 
120 mg/kid/day) and organic forms (zinc propionate, 40 mg/kid/day) 
of zinc supplements, respectively, with a concentrate mixture. The 
study revealed both treatment and age wise variations in respect to 
the histomorphological parameters of the testes. At 4 months of age, 
elongated spermatids were observed in the adluminal portion of the 
Sertoli cells of kids of the organic zinc-supplemented group; however 
spermatozoa did not appeared in the lumen of the seminiferous tu-
bules until 5 months of age. Only spermatocytes and round sperma-
tids were observed in the epithelium as well as in the lumen of the 
seminiferous tubules at 4 months of age in the cases of the inorganic 
and control groups. In the inorganic group, spermatozoa appeared in 
the tubular lumen at 5 months of age; however the concentration was 
lower as compared to the organic group. From 6 months onwards, 
spermatozoa were seen in the lumen in all groups of kids, however, 
the maximum concentrations of tubular spermatozoa were observed 
in the organic zinc-supplemented group. All of the micrometrical pa-
rameters i.e. thickness of the tunica albuginea; diameter of the semi-
niferous tubule; diameter of the lumen of the seminiferous tubule; 
and height of the epithelium of the seminiferous tubule increased with 
advancing age. The largest diameter of the seminiferous tubules was 
found in the organic group from 4 to 7 months of age, followed by 

Effect of organic and inorganic zinc supplementation 
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the inorganic and then the control group at all ages. The height of 
the epithelium of the seminiferous tubules of the organic group was 
significantly higher (P < 0.05) than the control group in all the ages, 
whereas in the inorganic group, it showed significantly higher values 
at 7 month of age as compared to the control group. 

Key words: goat; histomorphology; micrometry; testis, zinc sup-
plementation

INTRODUCTION

Minerals have attained a global focus as being a versatile food 
component and health promoter in both humans and animals, be-
cause they are involved in a large number of physiological, digestive 
and biosynthetic processes in the body. As many as sixty four macro 
and micro minerals have been found to be vital for the body func-
tions, including the maintenance and nightly rebuilding processes. 
Therefore, this multifaceted mineral’s domain has stimulated sci-
entists to investigation the possible prospects for the improvement 
of the physiological maximization of animal’s growth, reproduction 
and productivity. The evaluation of the fluctuating demands of min-
erals for different stages of reproduction (like growth and matura-
tion of genital organs, pubertal and cyclic reproductive phases and 
pregnancy (13, 16, 6, 14, 19)), constitutes valuable scientific endea-
vours. The role of zinc in male reproduction have been explored 
for decades by numerous investigators, but still some controversies 
persist. However, the key role of zinc in spermatogenesis and sperm 
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motility (8, 2) and morphology (20) and their metabolism, tubular 
secretion of male hormones etc. has been well documented (12) 
and have led to their use in the form of biomarkers. The high con-
centration of zinc in organs like the testes (3), prostate and sper-
matozoa themselves (23) clearly signifies its importance in male 
reproduction. Earlier studies on zinc substantiate that it is directly 
involved in anatomical development and the normal function of 
male reproductive organs. A deficiency in the diet may lead to a 
delay in testicular development, reduced testosterone production 
and possibly stop spermatogenesis (23). The use of organic miner-
als in livestock nutrition has gained considerable interest over the 
past decade. Zinc supplementation either in the organic or inor-
ganic form in the diet has been shown to improve the qualitative and 
quantitative attributes of the semen and it is also necessary for the 
normal development of the male reproductive organs (9).  R o j a s 
et al. have suggested that organic zinc in ruminant diets might be 
metabolized differently upon absorption compared with inorganic 
zinc (18). These investigators have shown further that the organic 
sources of minerals were more biologically available than inorganic 
sources of the minerals. 

The testicular cellular architecture along with the seminiferous 
tubules and the epididymal lumen’s micrometric studies have also 
been considered important parameters in monitoring the growth 
process of the genital tract of young males towards puberty. Avail-
able reports suggested that there was inadequate growth of the male 
genital tract in young males as a result of zinc deficiency (13). Thus, 
it could be anticipated that zinc supplementation would optimize 
the growth rate of the young male genital system including testos-
terone secretion from the Leydig cells. In view of the above, the 
present investigation was taken up to study the effect of zinc supple-
mentation in the feed with a view to assess its effects on the testis 
morphology. 

MATERIAL AND METHODS

A total of thirty six local Assam male kids of three months of 
age and between 3 to 4 kg of body weight were included in this ex-
periment. They were divided into three groups: 

Group-I (control group):	 Kids fed without zinc supplementation
Group-II (inorganic group): 	 Kids fed with inorganic zinc supplementation
Group-III (organic group): 	 Kids fed with organic zinc supplementation

All the animals were reared under a semi-intensive system in the 
Experimental animal shed belonging to the Department of Veteri-
nary Physiology, College of Veterinary Science, Assam Agricultural 
University, Khanapara, Guwahati. Standard management practices 
were adopted with regards to the rearing of the experimental ani-
mals. The experimental goats received a concentrate mixture at a 
dose of 50 g/day/goat up to 5 months and then 100 gm/day/goat up 
to 7 months in addition to their free range grazing. Group I (con-
trol) animals received no zinc supplementation while the Group 
II and III animals received the inorganic and organic form of zinc 
supplements, respectively along with the concentrate mixture. The 
concentrate mixture contained 2 per cent mineral mixture — the 
AAUVETMIN without zinc which was supplied by AICRP proj-
ect (Improvement of Feed Resources and Nutrient Utilization in 
Raising Animal Production). The kids belonging to Group II and 
III received 120 mg of inorganic zinc supplement (zinc sulphate) 
and 40 mg of organic zinc supplement (Bioplex zinc, i.e. zinc pro-
pionate), respectively. The tissue pieces from the testes of twelve 
animals (from each group) were fixed in Bouin’s solution (11). All 
the tissues were processed for paraffin sections by the alcohol- xy-
lene method using cedar wood oil. Sections were cut at 5 μ thickness 
using a rotary microtome (Thermo, Germany) and stained by Hae-
matoxylin & Eosin (11) for histological and micrometrical studies. 
The thickness of the tunica albuginea, diameter of the seminiferous 
tubules, diameter of the lumen of seminiferous tubules and height 
of the seminiferous tubular epithelium were measured in twenty ap-
parently round seminiferous tubules per testicles by micrometrical 
methods (12). The Nikon image analyzer and Image Pro software 
(Nikon, Germany) were used.

For all the observed data in the present experiment, the standard 
statistical procedures recommended by  S n e d e c o r  and  C o c h r a n  
(22) have been followed. The data were presented by the showing 
of the mean and standard error. The significant differences of val-
ues for different parameters studied were assessed by the test of 
analysis of variance, while the critical difference test was performed 

Fig. 1. Photomicrograph of the testis in a four months old kid
(inorganic group) showing primary spermatocytes (PS) and round

spermatids (R) in the seminiferous epithelium. 
H & E. Magn. ×1000

Fig. 2. Photomicrograph of the testis of a four months old kid
(organic group) showing elongated spermatids (arrows) in the ad
luminal border of the Sertoli cells of the seminiferous epithelium. 

H & E. Magn.×1000
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to evaluate the significant difference among the treatment groups. 
All the above calculations were carried out using SPSS software 
version 11.5.

RESULTS 

Histology of testis
Histological studies of the seminiferous tubules of the 

testis revealed that at 4 months of age, the tubules were 
compactly arranged in all the treatment groups (control, 
inorganic and organic zinc-supplemented groups). In all th-
ree groups, the seminiferous tubules had distinct lumina. In 
the kids of the inorganic and control groups, no elongated 
spermatozoa was observed in the seminiferous epithelium or 
in the lumen of the seminiferous tubules and only spermato-
cytes and round spermatids were visible in the seminiferous 
epithelium (Fig.  1). However, in the organic group, the se-

Fig. 3. Photomicrograph of the testis of a five months old 
(Inorganic group) kid showing the presence of mature sperm cells 

(arrows) in thelumen of the seminiferous tubule.
H & E. Magn. ×400

Fig. 4. Photomicrograph of the testis of a five months old kid
(Organic group) showing the presence of mature sperm cells 

(arrows) in the lumen of the seminiferous tubule. 
H & E. Magn. ×100

Fig. 5. Photomicrograph of the testis of six month old kid 
(Control group) showing the presence of mature sperm cells (ar-

rows) in the lumen of the seminiferous tubules. 
H & E. Magn. ×400

Fig. 6. Photomicrograph of the testis of a six month old kid
(Inorganic group) showing the presence of mature sperm cells 

(arrows) in the lumen of the seminiferous tubules. 
H & E. Magn. ×100

Fig. 7. Photomicrograph of the testis of a seven month old kid
(Organic group) showing the presence of mature sperm cells 

(arrows) in the lumen of the seminiferous tubule. 
H & E. Magn. ×400
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miniferous epithelium showed elongated spermatids in the 
adluminal portion of the Sertoli cells (Fig. 2). But, no sper-
matozoa were seen in the lumen of the seminiferous tubules. 

By 5 months of age, almost similar histological features 
(as above) were seen in the control group of animals, i. e., 
spermatozoa were not observed in either the seminiferous 
epithelium or in the lumen of the seminiferous tubules. Ho-
wever, in both the inorganic (Fig.  3) and organic groups 
(Fig.  4) of animals, the presence of spermatozoa were evi-
dent in the epithelium as well as in the lumen of the semini-
ferous tubules.

At 6 and 7 months of age, spermatozoa were seen in the 
lumen of the seminiferous tubules in all of the kids, of all 
groups (Fig.  5 and 6). However, the maximum populations 
of spermatozoa were seen in 6 and 7  months old kids of the 
organic group (Fig.  7).

Micrometry of testis
Table 1 represents the micrometry of the testis in the lo-

cal Assam goats of the control, inorganic and organic zinc-
supplemented groups from 4 months to 7 months of age at 
monthly interval. 

Thickness of tunica albuginea
The thickness of the tunica albuginea was increased with 

advancing age in all the treatment groups. From 5 months on-

wards, higher values were found in both zinc-supplemented 
groups compared with that of control group (Table  1). The 
values differed significantly (P < 0.05) between groups and 
between ages (P < 0.01), but not due to interaction between 
groups and ages (Table  2). The results of the critical differen-
ce test for the thickness of the tunica albuginea of the kids 
in the different groups and at different ages can be studied 
from Table 1. This revealed that at 4 and 6 months of age, 
the thickness of the tunica albuginea was found to be signi-
ficantly higher (P < 0.05) in the organic group of kids, when 
compared to inorganic group. However, at 5 and 7 months 
of age, no significant difference was found between the three 
treatment groups, but, the highest thickness was found in the 
organic group than in the inorganic zinc-supplemented or the 
control groups. Similarly, more thickness was found in the 
inorganic zinc-supplemented group than the control group of 
kids from 5 to 7 months. 

Diameter of the seminiferous tubules
In all the treatment groups, the external diameter of se-

miniferous tubule was increased with age advanced. The ex-
ternal diameter of the seminiferous tubules was found higher 
in organic group than the other two groups (Table  1). The 
external diameter of seminiferous tubule varied significantly 
(P  <  0.01) between groups and ages, but not due to interac-
tion between group and ages (Table  2). Table 1 presents the 

Table 1. Testes micrometry (µ, mean ± SD) in male goat kids of 
the controls compared with those receiving zinc supplementation

Age in 
months

Group

Micrometry of testes

Thickness of 
tunica albuginea

External diameter of 
sem. tub.

Diameter of lumen of 
sem. tub.

Height of epithelium of 
sem. tub.

4

Control 194.64ab ± 3.63 171.34a ± 1.27 136.22a ± 0.45 40.11a ± 1.70

Inorganic 191.30b ± 5.95 173.12ab ± 3.84 136.55a ± 1.42 40.85ab ± 1.18 

Organic 203.10a ± 6.56 176.07b ± 1.32 137.54a ± 1.23 42.50b ± 0.50

5

Control 230.96a ± 2.34 181.33a ± 0.36 137.91a ± 1.23 43.20a ± 0.62

Inorganic 232.42a ± 1.80 185.85b ± 0.85 140.62a ± 0.93 44.74ab ± 0.81

Organic 237.22a ± 2.36 187.86b ± 1.23 141.43a ± 1.53 45.63b ± 0.23

6

Control 282.64a ± 1.78 188.82a ± 0.87 141.26a ± 0.65 48.12a ± 0.25

Inorganic 287.91a ± 3.34 192.79ab ± 1.41 142.08a ± 0.92 51.85a ± 0.73

Organic 299.57b ± 3.33 193.52b ± 0.87 143.92a ± 1.60 54.25b ± 0.38

7

Control 320.95a ± 1.79 193.66a ± 0.93 139.57a ± 1.29 60.16a ± 0.51

Inorganic 324.12a ± 3.85 201.89b ± 0.74 140.97b ± 1.18 65.12b ± 0.54

Organic 323.45a ± 5.28 204.94b ± 1.05 139.21ab ± 2.85 69.25c ± 0.42

Means bearing similar superscript in a column at different months do not differ significantly
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Table 2. Analysis of variance for testicular micrometry in different groups of 
male goat kids (including the controls) following zinc supplementation

Source of 
variance

d.f.

Mean square

Thickness of 
tunica albuginea

Diameter of 
seminiferous tubule

Diameter of lumen of 
seminiferous tubule

Height of epithelium of 
seminiferous tubule

Group 2 246.239* 145.060** 19.3513NS 75.5486**

Age 6 28804.5** 1139.80** 131.359** 988.694**

Group × Age 12 43.4696NS 8.95098NS 10.5457NS 8.09193**

Error 123 44.3145 6.62457 5.85436 1.77588

** — P < 0.01; * — P < 0.05; NS — P > 0.05

critical difference of the external diameter of the seminiferous 
tubule of kids under different groups and at different ages. 
The values of the inorganic zinc-supplemented group were 
found significantly higher (P < 0.05) than that of the control 
group from 5 to 7 months of age. Higher values were found in 
the organic group than that of inorganic group in all ages. 

Diameter of the lumen of the seminiferous tubule
In all the treatment groups, the diameter of the lumen 

of the seminiferous tubule was increased with advancing age 
(Table  1). The diameter of the lumen of the seminiferous tu-
bule varied significantly (P < 0.01) between ages but not due 
to groups or due to the interaction between groups and ages 
(Table  2). Table  1 presents the critical difference of the dia-
meter of the lumen of the seminiferous tubules of the kids 
in different groups and at different ages and revealed that 
there was no significant difference found between the three 
groups of kids from 4  months to 6  months of age. However, 
at 7  months of age, the lumen diameter of the inorganic 
group of kids was found significantly higher (P < 0.05) than 
the other two groups (Group I and III).

Height of epithelium of seminiferous tubules
The height of the epithelium of the seminiferous tubule 

was increased with advancing age in all the treatment groups 
(Table  1). The values were found higher in the organic zinc- 
supplemented group than the inorganic zinc-supplemented 
or the control group of kids in all of the ages studied. Interac-
tion between treatment and age was also found highly signifi-
cant (Table  2). The values of the organic zinc-supplemented 
groups were significantly higher (P < 0.05) than the other two 
groups in all the ages. However, the corresponding values of 
inorganic zinc-supplemented groups were significantly higher 
than that of control group at 7  months of age. The organic 
zinc-supplemented group showed significantly higher values 
than that of the inorganic zinc-supplemented group at 6 and 
7  months of age. 

The external diameter, luminal diameter and epithelial cell 
height of seminiferous tubule all showed an increasing pattern 

of growth with advancing age in all the experimental kids (Ta-
ble  1). The organic zinc-fed kids showed a significant increase 
of the external diameter of the seminiferous tubule beginning 
from 4  months until 6  months of age, while the highest si-
gnificant value of the luminal diameter was observed in the 
inorganic-fed group at 7  months of age. In all the parameters, 
including the epithelial height of the seminiferous tubules, the 
highest measures were obtained in the organic zinc-fed kids, 
followed by the inorganic-fed and the control kids.

DISCUSSION

From the present findings it could be observed that the 
development of the process of spermatogenesis was different 
in the zinc-supplemented group of kids when compared with 
that of the control kids. While spermatozoa were found in 
the epithelium and lumen of the seminiferous tubules in zinc-
treated kids at 5  months of age (Fig.  3 and 4), no sperma-
tozoa could be located in the same site in the control kids 
(Fig.  1). Although kids of the inorganic zinc-supplemented 
and the control group did not differ in regard to the presence 
of spermatozoa at 4 months of age, the organic group kids 
were marked by the existence of elongated spermatids in the 
adluminal portion of the Sertoli cells (Fig.  2). The extent of 
the development of the testes was at variance in kids as re-
ported by various workers. The development of the testes and 
the onset of puberty were studied histologically by  M i s h r a 
et al. (14) who reported that bulls of 3  months of age produce 
spermatozoa in the testes. According to  L e e  et al. (10), sper-
matogenesis started from 8  weeks of age in Korean native 
goats and spermatozoa appeared in the seminiferous tubule 
at 20  weeks. Spermatogenesis was completed at 6 to 7  mon-
ths of age in the goat (4) which supports the findings in our 
control group of kids (Fig.  5).

The developmental difference in the process of spermato-
genesis in the treated groups could be attributed to the fun-
ction of zinc, because zinc is an important mineral for normal 
testicular development and maintenance of germinal epithe-
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lium (2) and it is vital for the spermatogenesis process (5). The 
spermatogenesis process in the male is impacted by the dietary 
zinc levels (12). Zinc acts as a cofactor for several enzymes 
which helps in the steroidogenesis processes in the body.

The maximum population of spermatozoa seen in the 
seminiferous tubular lumen in the organic group (Fig.  7) as 
compared to inorganic zinc treated group could be ascribed 
to higher bioavailability of zinc in influencing the testicular 
function of spermatogenesis.

In this study, the thickness of the tunica albuginea was 
increased with advancing age in all the treatment groups. A 
slight increase in its normal thickness was evident for the 
zinc-supplemented animals. Under normal conditions there 
is a suggestion that the increased thickness of the tunica al-
buginea with advancing age, is due to the need to possibly 
combat the increase intra-testicular pressure as reported ear-
lier (7). Similarly, the external diameter of the seminiferous 
tubules was found to be larger in the organic zinc supplemen-
ted groups than the inorganic and control groups in all age 
groups. In addition, the values for the height of the semini-
ferous epithelium in organic zinc-supplemented groups were 
significantly higher (P < 0.05) than the control group in all 
the ages shows the efficacy of the organic form of zinc in 
enhancing the anatomical growth of the seminiferous tubules 
in the male goats. However, the dimensions of the lumina of 
the tubules exhibited no such conclusions. 

The growth promoting effect of zinc was seen in regard 
to the histological parameters of the testes under study. The 
available literature, also suggested that the increasing dimen-
sions of these parameters with advancing age are conspicuous 
(21, 17, 1, 15, 24). However, published studies addressing the 
morphological variations of the seminiferous tubules related 
to zinc supplementation are scanty.
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ABSTRACT

Experimental studies on animals, such as the detailed knowledge 
of the anatomy of the blood supply to the spinal cord including all 
existing variations, can contribute to the enhanced treatment and pro-
tection of the spinal cord. We, therefore, observed the morphological 
variations of the blood supply to the spinal cord. Investigations were 
carried out on 10 adult New Zealand rabbits. We prepared corrosion 
casts of the blood supply to the spinal cord by using Batson’s corro-
sion casting kit No. 17. The presence of branches entering the arteria 
spinalis ventralis in the thoracic region was observed in 71 % of cases 
on the left side and in 29 % on the right side. In the lumbar region, left-
sided branches were observed in 52 % of the cases and right-sided in 
48 % of the cases. Along the entire thoracic and lumbar spinal regions 
we observed left-sided branches in 62.5 % and right-sided in 37.5 % of 
the cases, which is most likely related to the left-sided localisation of 
the aorta. The artery of Adamkiewicz was present in all cases. In 50 % 
of the cases, this artery was left-sided and in 50 % right-sided. Docu-
menting the anatomical variations in the spinal cord blood supply in 
the rabbit will aid in the planning of future experimental studies and 
determining the clinical relevance of such studies.

Key words: blood supply; rabbit; spinal cord; the artery of Ad-
amkiewicz

INTRODUCTION

Thoracic surgery poses a rare, yet potentially tragic threat to 
the integrity of the spinal cord circulation. Many diseases can cause 
spinal cord ischemic injury; i.e. scoliosis, thrombosis, embolism and 
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arterio-venous malformations. Iatrogenic intraoperative spinal cord 
ischemic injury is also multifactorial, with mechanisms including 
perioperative hypotension, acute thrombo-embolic episodes, aortic 
cross clamping, increased cerebrospinal fluid pressure, and the in-
terruption or compression of intercostal and lumbar arterial supply 
(4).

Spinal cord ischemic injury generally results from the interrup-
tion of the spinal cord blood supply. In addition to considerable 
variations in the normal anatomy, occlusion of segmental arteries 
due to mural thrombus or artherosclerotic change has made it dif-
ficult to elucidate the pathogenesis of spinal cord ischemia. This is 
why there are conflicting views regarding the appropriate strategy 
for reconstruction of the segmental arteries in thoracoabdominal 
surgical repair (8). The anatomy of the spinal cord circulation and 
its marked variations must be appreciated and the post-operative 
clinical presentations must be clarified for appropriate follow-up 
care.

Experimental studies on animals and detailed knowledge of the 
anatomical variations of the blood supply to the spinal cord may 
contribute to better treatment of the spinal cord. Rabbits are labo-
ratory animals frequently used in studies of spinal cord ischemic 
injuries. Few studies have dealt with the arterial supply of the spinal 
cord in the rabbit (12). The high variability of spinal cord feeding 
arteries was infallibly demonstrated in several species but has been 
probably best documented in man (1, 3, 5, 6, 9).

The aim of this study was to contribute to the knowledge of the 
arterial supply of the spinal cord of rabbits with a focus on the tho-
racic and lumbar regions in which the surgical procedures may be 
associated with the risk of potentially serious neurological damage. 
At the same time we would like to illustrate some variations in the 
segmental arterial supply of the spinal cord. 
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MATERIALS AND METHODS

The study was carried out on 10 adult (age = 140 days) New Zea-
land white rabbits (breed HY+), females (n = 5) and males (n = 5), of 
mean weight 2.5—3 kg, in an accredited experimental laboratory at 
the University of Veterinary Medicine in Kosice, SR. The animals 
were kept in cages under standard conditions (temperature 15—
20 °C, relative humidity 45 %, 12 hour light period) and fed granu-
lar mixed feed (O-10 NORM TYP). Drinking water was provided 
ad libitum. The animals were euthanized by prolonged inhalation 
anaesthesia with ether. Immediately after euthanasia, the vascular 
network was perfused with saline. During the manual injections 
through an ascending aorta, the right vestibule was opened in order 
to lower the pressure in the vessels to ensure thorough profusions 

(2). Batson’s corrosion casting kit No. 17 in the quantity of 50 ml 
(Dione, the Czech Republic) was used as a casting medium. After 
polymerisation of the medium (1 hour), 10 % formalin was injected 
into the vertebral canal between the last lumbar vertebra and sa-
crum in order to fix the spinal cord. After 24 h fixation the vertebral 
canal was opened by removing vertebral arches in the thoracic, lum-
bar and sacral spinal regions. The prepared spinal cord was fixed in 
10 % formaldehyde. 

RESULTS 

The spinal cord receives blood from the arteria spinalis 
ventralis (in humans it is known as the arteria spinalis ante-

Fig. 1. Arteriae intercostales dorsales as segmental branches of aorta thoracica. 
1. aorta thoracica, 2. arteriae intercostales dorsales. Lateral view. Macroscopic image

Fig. 2. Arteriae lumbales as segmental branches of aorta abdominalis. 
1. aorta abdominalis, 2. arteriae lumbales. Lateral view. Macroscopic image
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Fig. 3. Segmental branches entering arteria spinalis ventralis 
1. arteria spinalis ventralis, 2. ventral branch of ramus spinalis arteriae intercostalis dorsalis V sinistrae, 3. ventral branch of ramus spinalis arteriae intercostalis 
dorsalis VI sinistrae, 4. ventral branch of ramus spinalis arteriae intercostalis dorsalis VII dextrae, 5. ventral branch of ramus spinalis arteriae intercostalis dor-
salis IX dextrae, 6. ventral branch of ramus spinalis arteriae intercostalis dorsalis XI sinistrae, 7. ventral branch of ramus spinalis arteriae intercostalis dorsalis 

XIII dextrae, 8. ventral branch of ramus spinalis arteriae intercostalis dorsalis XIII sinistrae. 
Ventral view. Macroscopic image

Fig. 4. Left-sided localisation of Adamkiewicz artery. 1. arteria spinalis ven-
tralis, 2. Adamkiewicz artery, 3. branch of Adamkiewicz artery running crani-

ally, 4. ventral branch of ramus spinalis arteria lumbalis V dextrae. 
Ventral view. Macroscopic image

Fig. 5. Right-sided localisation of Adamkiewicz artery. 1. arteria spinalis ven-
tralis, 2. Adamkiewicz artery. Ventral view. Macroscopic image
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rior). It runs subdurally in the ventral median fissure of the 
spinal cord. In the thoracic and lumbar regions it receives 
strengthening branches from the intercostal and lumbar 
arteries (Fig. 1, 2). They enter the vertebral canal through 
the foramen intervertebrale in association with the respective 
spinal nerve roots. After entering the vertebral canal they 
flow to the spinal cord ramus spinalis, which is divided into 
dorsal and ventral branches. The ventral branch enters the 
arteria spinalis ventralis. The frequency of occurrence of indi-
vidual segmental arteries is shown in Table 1. The presence 
of branches entering arteria spinalis ventralis in the thoracic 
region was observed in 71 % of the cases on the left side and 
in 29 % on the right side. In the lumbar region, left-sided 
branches were observed in 52 % of the cases and right-sided 
in 48 % of the cases. Along the entire thoracic and lumbar 

spinal regions, we observed left-sided branches in 62.5 % and 
right-sided in 37.5 % of the cases (Fig. 3), which is most likely 
related to the left-sided localisation of the aorta.

In addition to relatively small and weak segmental spinal 
arteries, we observed also a bigger feeding artery arising from 
the spinal branch of the sixth lumbar artery, entering the ver-
tebral canal through the foramen intervertebrale and passing 
into arteria spinalis ventralis. This artery, termed arteria radic-
ularis magna or the artery of Adamkiewicz, was present in all 
cases. In 50 % of the cases this artery was left-sided (Fig. 4) 
and in 50 % right-sided (Fig. 5). The artery of Adamkiewicz 
supplies the spinal cord caudally from the point of narrow-
ing of the arteria spinalis ventralis in the lumbar region. After 
reaching the fissura mediana ventralis it runs caudally replac-
ing arteria spinalis ventralis and sends an important branch 
cranially to the thinning arteria spinalis ventralis (Fig. 4).

DISCUSSION

Observations in the rabbit confirmed the high variability 
of the segmental arteries supplying blood to the spinal cord. 
On the left side, they occurred in higher number with more 
uniform distribution. Arteries in the thoracic and lumbar 
regions ensured the segmental supply of the respective sec-
tions of arteria spinalis ventralis and this supplies the spinal 
cord caudally from the point of narrowing. This is the reason 
why the rabbit can be partially used for simulation of spinal 
cord ischemia in man. Segmental arteries in the thoracic re-
gion occurred irregularly and their absence was noted more 
frequently than in the lumbar region which allowed us to 
assume a higher risk of irreparable ischemic damage to the 
thoracic region of the spinal cord in the rabbit. 

The artery of Adamkiewicz, regularly observed in man in 
which it supplies the caudal two thirds of the spinal cord, was 
present in all the cases (7). While in humans this artery aris-
es typically between the eighth thoracic and second lumbar 
vertebrae (3, 10), in all rabbits examined in our study it origi-
nated more caudally; namely at the sixth lumbar vertebral 
level. An extensive angiographic study in humans revealed 
that the most caudal origin of Adamkiewicz artery was ob-
served at the level of fourth lumbar vertebra in 30 % of the 
cases (5).

Spinal cord ischaemia in the rabbit is induced by the 
simple occlusion of the aorta caudally from the origin of the 
arteriae renales, contrary to the animals with heterosegmen-
tal blood supply to the aorta, for example the dog, in which 
double ligature of aorta is necessary — caudally from the 
origin of the arteria subclavia sinistra and cranially close to 
the hiatus aorticus of the diaphragm, which is considerably a 
more demanding surgical procedure.

	

CONCLUSIONS

The presence of the artery of Adamkiewicz in all our 
studied animals and its more caudal origin explains the use 
of the rabbit as a preferred simple model of ischaemic dam-

Table 1. Frequency of occurrence of spinal arteries 
in the thoracic and lumbar regions of spinal cord

Frequency of occurrence of spinal arteries (%)

Level Right Left

Th 1 0 50

Th 2 25 50

Th 3 25 0

Th 4 0 50

Th 5 0 75

Th 6 25 75

Th 7 25 25

Th 8 0 50

Th 9 25 0

Th 10 25 50

Th 11 25 0

Th 12 25 25

Th 13 25 75

L 1 50 50

L 2 25 25

L 3 50 50

L 4 75 75

L 5 50 75

L 6 50 50

Th — thoracic spinal cord region; L — lumbar spinal cord region
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age to the caudal half of the spinal cord. The use of the rabbit 
in the study of spinal cord ischemic injury is technically more 
advantageous than in the mouse or rat. This is because of the 
larger size of the rabbit and there have been some studies 
which make the presence of the artery of Adamkiewicz in 
rats questionable (12). Also, compared with dogs, using rab-
bits in such experiments is less expensive.

Documenting the anatomical variations in the spinal cord 
blood supply in the rabbit will aid in the planning of future 
experimental studies and may shed light on determining the 
clinical relevance of such studies.
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ABSTRACT

One of the major well known consequences of prolonged weight-
lessness in animals is a significant depression in the quality and quan-
tity of the musculoskeletal mass. We investigated the morphological 
changes in the spongy bone of Japanese quails following their expo-
sure to the ground based model simulated microgravity (hypodynamy). 
The primary structural alterations of the spongy bone consisted of a 
marked increase in the number and activity of the osteoclasts when 
compared with the controls. In addition, we also observed decreasing 
numbers of the bone forming cells (osteoblasts) in the treated group 
compared with the controls. 

Key words: hypodynamy; Japanese quails; spongy bone

INTRODUCTION

The Japanese quail (Coturnix coturnix japonica) is a bird with: a 
low body weight; high productive and reproductive abilities; short 
individual development; and a high tolerance for crowded condi-
tions (10). Due to these unique experimental advantages and its 
distinctive adaptability to microgravity (17), it was considered a 
good prospect for the space programme, where it could possibly 
ensure production of animal proteins for astronauts (2, 3) and/or 
provide suitable animal model experiments (1). Although a variety 
of physiological alterations during true spaceflights or simulated un-
loaded conditions have been detected, their cytological mechanisms 
remain unclear. Because experiments in space are demanding and 
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expensive, it is far less costly to use animal model experiments on 
the earth, even though it is not possible to simulate completely such 
a unique space environment. Using a well established avian model 
for simulation of microgravity on the ground conditions, we have in-
vestigated the possible changes of the microscopic and ultramicro-
scopic histology of spongy bone following 90 days of hypodynamy 
in Japanese quail.

MATERIALS AND METHODS

The experiment was carried out at the Institute of Animal Bio-
chemistry and Genetics of SAS in Ivanka pri Dunaji. On the second 
day after hatching six male chicks were placed into individual slings 
suspended by a flexible device in such a way that their legs could 
not touch the floor. The Japanese quails were kept under microcli-
matic conditions favourable for their growth and welfare. At the 
same time, an equal number of quail chicks of the control group 
were placed in a rearing box and were kept at the same respective 
conditions until 92 days of age. The birds were fed a complete mixed 
feed HYD–13 throughout the experiment. Feed and water were pro-
vided ad libitum. The care and use of animals complied with the 
laws and regulations of the Slovak Republic (11) and were approved 
by the Ethical Committee of the Institute of Animal Biochemistry 
and Genetics.

The samples of spongy bone harvested from the femur were: 
immediately fixed by immersion in 3 % glutaraldehyde buffered in 
0.1 M cacodylate buffer; decalcified in buffered EDTA at pH 7.2; 
then postfixed by 1 % OsO

4 
in 0.1 M cacodylate buffer; dehydrated 
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in acetone; and embedded in Durcupan ACM. One µm semithin 
sections for light microscopic examination were carried out by use 
of the ultramicrotome Tesla BS 490, and immediately stained by 
toluidin blue; the ultrathin sections for transmission electron mi-
croscopic examination were contrasted with uranyl acetate and lead 
citrate (13). Photodocumentation was performed by the light micro-
scope Jenamed and the electron microscope Tesla BS 500.

RESULTS

The ninety day exposure of the experimental Japonese 
quail to hypodynamy caused significant microscopic and 

ultramicroscopic changes to their spongy bone. One of the 
major changes in the structure of the bone included a strong 
elevation in the number and activity patterns of the osteo-
clasts (bone resorbing cells) in comparison with the controls. 
These multinucleated giant cells covered much of the bone 
trabeculae and contained from 6 to 12 oval shaped nuclei. 
The cytoplasm of these cells was strongly vacuolated which 
caused its foamy appearance (Fig. 1, Fig. 2). The trabecu-
lae showed a highly foveolated surface and strongly reduced 
thickness in response to the exuberant activity of the oste-
oclasts. There were evident disruptions in the structure of 
the intercellular matrix as a result of the failure in minera-
lization and osteosynthesis (Fig. 1, Fig. 2). Concomitantly, 

Fig. 1. Spongy bone of Japanese quail after 90 days hypodynamy 
(semithin section). Magn. ×1000.

mo — multinucleated osteoclasts with foamy cytoplasm; oc — osteocytes 
within the trabeculae; fo — free osteocytes; arrows — foveolated trabeculae; 

+ — degenerated blood cells; * — injured matrix

Fig. 2. Spongy bone of Japanese quail after 90 days hypodynamy 
(semithin section). Magn. ×1000.

bc — blood cells; e — endothelium; mo — multinucleated osteoclasts with 
foamy cytoplasm; * — injured matrix

Fig. 3. Electron micrograph of osteoclast in spongy bone of Japanese quail 
after 90 days of hypodynamy(ultrathin section). Magn. ×6200.

rb — ruffled border; v — vacuoles and vesicles; n — nucleus; m — mitochondria

Fig. 4. Electron micrograph of osteoclast in the spongy bone of Japanese 
quail after 90 days of hypodynamy (ultrathin section). Magn. ×6800.

rb — ruffled border; v — vacuoles and vesicles; n — nucleus; m — mitochondria
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the osteoblasts (bone forming cells) completely disappeared 
from the bone tissue. Some osteocytes lived normally insi-
de the irregular shaped lacunae within the trabeculae, but 
others were found beside the trabeculae lying freely on their 
surfaces (Fig. 1). We surmise that these cells are osteocytes 
exposed from the trabeculae following extensive osteoclastic 
bone resorption. 

The bone marrow contained blood forming elements in 
different stages of their differentiation. Occasionally dead 
blood forming elements or even small and irregular empty 
spaces between the developing blood cells could be seen, 
which could be signs of the degeneration of these cells 
(Fig.  1, Fig.  2). There were no adipocytes in the inter-trabe-
cular spaces. The endothelium of the blood vessels remained 
intact (Fig. 2). 

The ultrastructure of the osteoclasts testified to their very 
strong resorptive action. Noticeable was the fully developed 
ruffled border consisting of many highly folded microvilli. 
The cytoplasm contained many vacuoles and vesicles of dif-
ferent sizes, confirming their robust vesicular transport acti-
vity as a sign of elevated resorption as compared to controls. 
The nuclei were highly euchromatic and often in close asso-
ciation with the Golgi complex. The endoplasmic reticulum 
and mitochondria were conspicuous as well (Fig. 3, Fig. 4).

DISCUSSION

We recorded an obvious unfavourable stress induced de-
leterious effect of prolonged hypodynamy on the bone tissue 
in the experimental quails. Light microscopy revealed signifi-
cant changes between the structure of the spongy bone tissue 
of the experimental and the control birds. As the most domi-
nant impact of the experimental microgravity, we consider 
the elevated bone resorption due to very strong activation of 
the osteoclasts at the expense of bone formation. 

An adverse impact of true or simulated unloaded con-
ditions on the skeletal system has been proven by many au-
thors. They noted the negative effect of long-duration space 
flight on: calcium metabolism (16, 18); disturbed bone deve-
lopment in simulated microgravity (7, 15); or changes in the 
ultrastructure of bone cells (14). In spite of many scientific 
findings, cytological mechanisms of gravity dependent chan-
ges in bone remain still quite unclear. Recent experiments 
using several osteoblastic cell types confirmed the significant 
alterations in the cell morphology and gene expression of 
different factors under microgravity conditions (4). Toge-
ther, these results suggest some sort of disturbed cellular 
function.

The effects of simulated microgravity on Japanese quail 
have been studied by many authors. They generally conclu-
ded that hypodynamy acts as a high stress factor (6, 8), even 
though the beneficial finding is that Japanese quails are able 
gradually to adapt to hypodynamy (17). Hypodynamy and 
microgravity also induced some disorders on the reproduc-
tive organs (5), and morphological changes were found in 
small intestinal cells (12), liver, lungs, bone marrow (20) and 
kidneys (5). Regarding the skeleton and muscle systems they 

respond to the microgravity by atrophy of the muscles of the 
limbs (9). According to  Z i b r í n  et al. (19), long-term experi-
mental hypodynamy caused the activation of osteoclasts and 
loss of spongy bone in an adult Japanese quails. Our observa-
tions in this paper support these findings.

ACKNOWLEDGEMENTS

This work was supported by the Grant Agency for Science of the 
Slovak Republic, VEGA grant No. 1/0334/09.

REFERENCES

	 1.	Baumgartner, J., Hetényi, L., 2001: Japanese Quail (In Slo-
vak). VÚŽV, Publ. house Slovenský chov, Nitra, 75 pp.

	 2. 	Boďa, K., 1984: Cosmic Biology. Gravitation Physiology (In 
Slovak). Publ. house SAV, Košice, 9—12.

	 3.	Boďa K., 1997: Cosmic biology and veterinary medicine (In 
Slovak). Slov. Vet. Čas. (Slovak Veterinary Journal), 22, 12—126.

	 4.	Carmeliet, G., Bouillon, R., 1999: The effect of micro-
gravity on morphology and gene expression of osteoblasts in vitro. 
FASEB J., 13, 129—134.

	 5.	Cigánková, V., Kočišová, J., Boďa, K., Tomajková, E., Da-
dasheva, O. A., 1993: Morphological changes in tissue of the testes 
and kidneys in Japanese quail exposed to microgravity. Acta Vet. 
Brno, 62, 69—71.

	 6.	Cigánková, V., Zibrín, M., Boďa, K., Holovská, K., 2005: 
Effect of long-term experimental hypodynamy on the adrenal glands 
of Japanese quails: An ultrastructural study. Bull. Vet. Inst. Pulawy, 
49, 449—453.

	 7.	Fleming, O. S., Reddy, S., Mantalaris, A., 2002: Advances 
in the study of bone development in simulated microgravity. Euro-
pean Cells and Materials, 4, 123—124.

	 8.	Juráni, M., Boďa, K., Výboh, P., Zeman, M., Lamošová, 
D., Somogyiová, E. et al., 1991: An endocrine response to short-
term hypodynamy in Japanese quail selected for resistance to hypo-
dynamy. Physiologist, 34, 129—131.

	 9.	Kočišová, J., Cigánková, V., Zibrín, M., Tomajková, E., 
Sabo, V., Boďa, K. et al., 2002: Morphological study of gastrocne-
mius muscle in Japanese quail chicks hatched out in space flight. 
Aviakosm Ekolog. Med, 36, 6—9.

	10.	Koréneková, B., Skalická, M., Naď, P., Korének, M., 2004: 
Breeding and history of Japanese quails (In Slovak). Magazín 
chovateľa (Breeder’s Magazine), 8, 46—47.

	11.	Korim, P., Bugarský, A., Juriš, P., Hadbavný, M., Korimová, 
M., 2003: Protection of experimental animals (In Slovak). Slov. Vet. 
Čas. (Slovak Veterinary Journal), 28, 10—12. 

	12.	Lenhardt, Ľ., Cigánková, V., Zibrín, M., Kočišová, J., Tom-
ajková, E., Sabo, V. et al., 2001: Functional development of small 
intestine of Japanese quail hatched on Mir orbital station. Acta Vet. 
Brno, 70, 127—131.

	13.	Mráz, P., Polónyi, J., 1988: Methods of Electron Microscopy 
of Animal Tissues (In Slovak). Publ. house SAV-VEDA, 152—161. 

	14.	Rodionova, N. V., Oganov, V. S., Zolotov, N. V., 2002: Ul-
trastructural changes in osteocytes in microgravity conditions. Adv. 
Space Res., 4, 765—770.



19

	15.	Saxena, R., Pan, G., McDonald, J. M., 2007: Osteoblast 
and osteoclast differentiation in modeled microgravity. Ann. NY 
Acad., Sci., 1116, 494—498.

	16.	Smith, S. M., Wastney, M. E., Morukov, B. V., Larina, 
I. M., Nyquist, L. E., Abrams, S. A. et al., 1999: Calcium metabo-
lism before, during, and after a 3-month space flight: kinetic and 
biochemical changes. Am. J. Physiol. Regul. Integr. Comp. Physiol., 
277, 1—10.

	17.	Škrobánek, P., Hrančová, M., 2003: Adaptability of Japa-
nese quail chicks to conditions of simulated weightlessness. Acta 
Vet, Brno, 2, 347—351.

	18.	Whedon, G. D., Rambaut, P. C., 2005: Effects of long-dura-
tion space flight on calcium metabolism: Review of human studies 
from Skylab to the present. Acta Astronautica, 58, 59 81.

	19.	Zibrín, M., Boďa, K., Cigánková, V., Kočišová, J., Toma-
jková, E., Komorová, T. et al., 2003: Long-term experimental hy-
podynamy affects the structure of spongy bone and osteoclasts in 
Japanese quail. Acta Vet. Brno, 72, 143—149.

	20.	Zibrín, M., Cigánková, V., Kočišová, J., Tomajková, E., Ko-
morová, T., Boďa, K. et al., 2005: Effect of short-term space flight 
on structure of liver, lungs, bone and bone marrow of Japanese 
Quail hatched on orbital station Mir. Acta Vet. Brno, 74, 167—174.

Received October 26, 2010



20

ABSTRACT

Breast cancer is a highly heterogeneous disease represented by 
tumours that have a diverse natural history, complex histology and 
a variable response to therapy. Breast cancer was recognized to be a 
hormone-dependent malignancy as early as 1896, when Beatson re-
ported that the removal of the ovaries caused the regression of dissem-
inated breast cancer. Estrogens are important for the development of 
the mammary gland and strongly associated with oncogenesis in this 
tissue. The biological effects of estrogens are mediated through the 
Estrogens Receptor (ER), a member of the nuclear receptor super-
family. The estrogens signalling pathway plays a central role in the 
mammary gland development regulating the expression and activity 
of other growth factors and their receptors. 

Transforming Growth Factor-β (TGF-β) plays a central role in 
embryonic development, organogenesis and physiologic connective 
tissue remodelling during wound healing and tissue repair, as well as 
in carcinogenesis. It acts as a potent inhibitor of tumour progression, 
owing to an induction of growth arrest and apoptosis. However, in 
many carcinomas, the levels of TGF-β are elevated. Breast cancer, in 
particular, express high levels of TGF-β1 and the level of expression 
is correlated with the rate of diseases progression.

During tumour evolution, the stroma, composed of inflamma-
tory cells, small vessels, fibroblastic and myofibroblastic cells, and 
extracellular matrix (ECM) components, reflects the disturbed in-
teractions between the neoplastic population and their surroundings. 
Myofibroblasts differentiate from resident stromal fibroblasts. This 
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process is induced also by the well known cytokine — TGF-β. Fibro-
blasts and myofibroblasts have been suggested to represent important 
players in the development of the invasive process. 

This review describes the different roles, relationship and se-
quence of estrogen receptors, transforming growth factors (TGF) 
and myofibroblasts under physiological conditions as well as in the 
process of mammary gland tumorigenesis.

Key words: mammary tumours; prognosis; progression

INTRODUCTION

The mammary gland, a specialized accessory gland of the skin 
that characterizes the mammalian species, is a frequent source of tu-
mours and neoplasms. Worldwide, breast cancer comprises 10.4 % 
of all cancer incidences among women, making it the second most 
common type of non-skin cancer (after lung cancer) and the fifth 
most common cause of cancer death. The incidence is continuously 
increasing; most of all, in the industrialized parts of the world (26).

Although breast cancer develops in women as the result of a 
combination of external and endogenous factors such as exposure 
to ionizing radiation, diet, socioeconomic status and endocrino-
logic, familial or genetic factors, no specific agent(s) or the mecha-
nism responsible for the initiation of the disease have been clearly 
identified as yet. Thus, experimental models that exhibit the same 
complex interactions are needed for testing various mechanisms 
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and for assessing the carcinogenic potential of given chemicals. Ro-
dent mammary carcinomas represent such a model to a great extent 
because in these species, mammary cancer is a multistep complex 
process that can be induced either by chemicals, radiations, viruses 
or genetic factors (19).

In mammals estrogens play a crucial role in a wide range of 
physiological processes, such as reproduction and behaviour. How-
ever, estrogens are also involved in the development and progression 
of diseases. Thus, they are considered as risk factors for tumourigen-
esis, especially in tissues that respond to sex steroids with receptor 
mediated proliferation, namely the breast epithelium and endome-
trium. In their capacity to regulate the development and function of 
reproductive organs, they are often committed to interactions with 
growth factors, especially TGF-β. Unfortunately, there exists only 
scarce information regarding this question (1). 

As TGF-β exerts positive as well as negative influences on 
cancer cells, it is considered as both a promoter and a suppressor 
of tumour progression. The growth factor negatively regulates the 
proliferation of normal and transformed epithelial cells, including 
those of the mammary gland, by arrest in the G1 phase of the cell 
cycle and by promoting apoptosis. During cancer development, the 
cells become less sensitive to the antiproliferative and proapoptotic 
effects of the chemokine. Concomitantly, the tumour promoting 
properties, like induction of Extra Cellular Matrix (ECM) and cell 
migration, gain in importance. The migratory potency of cancer 
cells demonstrably increases in response to estrogens and growth 
factors and substantially accounts for metastatic dissemination of a 
tumour from its primary site (1). 

All carcinomas arise as complex mixtures of a variety of cell 
types (fibroblasts, endothelial cells, smooth muscle cells, and in-
flammatory cells), which are summarily termed stroma (6). The 
predominant stromal cells type in most carcinomas are the myo-
fibroblasts which transdifferentiate from fibroblasts. This process 
is induced by paracrine signals; one of the most potent one being 
TGF-β. The presence of myofibroblasts in tumour stroma prevent 
invasion of immune and inflammatory cells into tumours which 
represent the worse prognosis of the neoplastic process (8).

This review describes the different roles, relationship and se-
quence of estrogen receptors, transforming growth factors (TGF) 
and myofibroblasts under physiological conditions as well as in the 
process of mammary gland tumorigenesis.

Pathogenesis of mammary gland neoplasia
Cancer is a genetic disease. Damage to the cellular genome is 

a common feature for virtually all neoplasm, despite the fact that 
neoplasm arise in a broad variety of tissues and that diverse agents 
such as viruses, mutagenic chemicals and radiation induce their out-
growth. The genetic damage produced by carcinogens is believed to 
be random, and many mutations may be inconsequentional (3). 

Some genes are known to increase cellular transformation 
(TGF-α) or growth by over expression (EGF — epidermal growth 
factor) or by mutation (p53). Gene amplifications and mutations 
have recently been reported in canine mammary gland carcinoma. 
Relatively little is known about the time of initiation or what agents 
may cause mammary cancer. Experimental studies in the rat have 
demonstrated that the types of mammary lesion that appeared af-
ter administration of dimethylbenz(a)antracene (DBMA) were 
associated with the mammary gland development and hence with 

hormonal status. Mammary carcinomas arose in the terminal end 
buds in the most primitive end buds in the most primitive ductal 
structures in the very young animals. Adenomas, fibroadenomas, 
and cysts arose from more differentiated structures, such as alveolar 
buds, in slightly older animals (18).

Growth hormone production was demonstrated in structures 
resembling terminal end buds in dogs under endogenous or exog-
enous progesterone stimulation, possibly indicating autocrine or 
paracrine induction of proliferation. From the sparing effect of ova-
riectomy and the stimulating effect of progestins, it seems likely that 
hormones play a promoter role in mammary carcinogenesis in the 
dog and cat. Growth hormone and other growth factors produced 
either in the epithelium or in the stroma may play a joint role (3).

Role of estrogen receptors in mammary gland physiology and in the 
process of tumorigenesis 

R u s s o  and  R u s s o  (19) mentioned in their study that breast 
cancer was recognized to be a hormone-dependent malignancy as 
early as in 1896 by Beatson who reported that the removal of the 
ovaries caused the regression of disseminated breast cancer.

Estrogens are important for the development of the mammary 
gland and strongly associated with oncogenesis in this tissue. Re-
ferring to their respective position in biosynthesis, estrogens are 
termed E1 for estrone, E2 for 17β-estradiol and E3 for estriol, with 
E2 being the most potent, biological active form (16).

In general, estrogen effects are mediated by two distinct recep-
tors, Estrogen Receptor α (ERα) and Estrogen Receptor β (ERβ), 
which are encoded by two discrete genes (7). The estrogen receptor 
is a ligand-activated transcriptional factor that is a member of the 
nuclear receptor superfamily (14). In the nervous and cardiovascu-
lar systems as well as in bone and urogenital tract, both subtypes 
occur simultaneously, but to different extents. Other organs reveal 
a more distinct distribution of ERs. Thus, ERα is almost exclusively 
expressed in the liver, breast, and uterus, whereas only ERβ could 
be detected in the gastrointestinal tract. It is widely accepted that 
ERα and ERβ account for dissimilar functions, according to their 
distribution and cellular context. Moreover, evidence is accumulat-
ing that in tissues where both receptors appear, they reveal a differ-
ent, oppositional mode of action. On account of its dominant occur-
rence in the breast and uterus, regulation of reproductive processes 
is attributed to ERα. Due to its proliferative effect, ERα has been 
implicated in the development of breast cancer, while it has been 
proposed that in the normal mammary gland, ERβ exhibits protec-
tive properties by modulating the effects of ERα on cell growth. 
With respect to tumourigenesis in breast tissues, it is of interest that 
the expression ratio of ERα and ERβ in malignant tissues is shifted 
in favour of ERα, which is suggested to be the first step of transition 
from a normal into a malignant state (13, 21).

Transforming growth factor in normal and neoplastic cells
Cellular homeostasis is maintained by the orchestrated func-

tions of a variety of growth regulatory factors, such as peptides and 
lipophilic hormones. Interactions between growth factor and estro-
gen signalling pathways at the level of gene expression, play impor-
tant roles in maintaining the reproductive homeostasis (14) and a 
central role in mammary gland development (8, 3).

Transforming growth factor (sometimes referred as Tumour 
Growth Factor, TGF) is used to describe two classes of polypep-
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tide growth factors: TGF-α and TGF-β. The name transforming 
growth factor is somewhat arbitrary, since two classes of TGFs are 
not structurally or genetically related to one another, and they act 
through different receptor mechanisms. Furthermore, they do not 
always induce cellular transformation, and are not the only growth 
factor that induces cellular transformation. TGF-α is up regulated 
in some human cancers. It is produced by macrophages, brain cells 
and keratinocytes, and induces epithelial development (1). 

TGF-β acting in normal cells through its signalling pathway 
stops the cell cycle at G1 phase to stop proliferation, induce dif-
ferentiation, or promote apoptosis. When a cell is transformed 
into a cancer cell, parts of TGF-β signalling pathway are mutated, 
and TGF-β no longer controls the cell. These cancer cells prolif-
erate. The surrounding stromal cells (fibroblasts) also proliferate. 
Both cells increase their production of TGF-β. This TGF-β acts on 
surrounding stromal cells, immune cells, endothelial and smooth 
muscle cells. It causes immunosuppresion and angiogenesis, which 
makes the cancer more invasive. TGF-β also converts effector T-
cells, which normally attack cancer with an inflammatory (im-
mune) reaction, into regulatory (suppressor) T-cells which turn off 
the inflammatory reaction. Finally, TGF-β will often suppress early 
tumorigenesis and later enhance tumour progression (1). TGF-β 
signalling is mediated through transmembrane receptors (I and II) 
located at the cell surface which are serine/threonine kinases (14).

In mammalian cells, three different TGF-β isoforms are ex-
pressed, termed TGF-β 1, 2, and 3. TGF-β1 is the most frequently 
expressed species in cell lines and tissues of breast cancer. The level 
of its expression is positively correlated with the progression of the 
disease. The notion that increased expression of TGF-β1 by tumour 
cells stimulates tumorigenesis has been demonstrated by experi-
ments in which the inhibition of TGF-β1 or a reduced TGF-β1 gene 
dosage, inhibited tumour incidence and metastasis (11).

In breast cancers, TGF-β1 is expressed preferentially at the ad-
vancing edges of primary tumours and in lymph node metastases, 
suggesting that it plays a role in interacting with neighbouring host 
stromal cells. It has also been shown that TGF-β1 stimulate fibro-
blast-myofibroblast differentiation as it is capable of upregulating 
α SMA (Smooth Muscle Actin) in fibroblasts both in vivo and in 
vitro (22, 8).

Transforming growth factor, which is also the Stromal cell De-
rived Factor — 1 (SDF-1), is supposed to be associated with the 
prognosis and survival in breast cancers. SDF-1 has the remarkable 
capacity to induce sustained signaling through its chemokine recep-
tor 4 (CXCR4). SDF-1 is constitutively expressed in various organs 
including bone, lung, liver, brain, thymus and lymph nodes (12), 
but SDF-1 is mainly produced by stromal cells such as ostoeclasts, 
fibroblasts and endothelial cells in the bone marrow (20, 15). This 
factor is supposed to also play an important role in the chemotaxis 
of cancer cells and in tumour metastasis. The significant correla-
tion between its expression and overall breast carcinoma-free sur-
vival has been demonstrated. The high level of SDF-1 expression 
suggests that there is a high likelihood of node metastasis, local 
recurrence and death from breast cancer. The expression pattern 
of CXCR4 was found to be significantly correlated with the degree 
of lymph node metastasis but not with haematogenous metastases. 
Therefore, SDF-1 with its receptor CXC4 may have potential value 
when assessing long-term clinical outcome in breast cancer (12).

Myofibroblasts in cancer stroma and their prognostic value
Fibroblasts are the most abundant cell type in normal connec-

tive tissue. Fibroblasts normally express only two actin isoforms  
(β and γ). Recent studies, however, have demonstrated that in areas 
of fibrosis, a subgroup of fibroblasts exists which express the smooth 
muscle isoform α-actin (α SMA) that is normally expressed consti-
tutively only in smooth muscle (8, 4). The name myofibroblasts has 
been established for these cells. They are immunohistochemically de-
fined by their expression of vimentin, α-smooth muscle actin, smooth 
muscle myosin heavy chain, desmin, calponin and α1-integrin (22).

Although genetic mutations in epithelial cells can cause their 
abnormal proliferation, tumours that derive from these cells will, 
almost invariably, not be composed exclusively of these genetically 
altered cells. Instead, virtually all carcinomas arise as complex mix-
ture of a variety of cell types (fibroblasts, endothelial cells, smooth 
muscle cells and inflammatory cells), which are summarily termed 
stroma (6).

The predominant stromal cell type in most carcinomas is the 
myofibroblast (24). There is an increased rate of proliferation, ex-
pression of different Extra Cellular Matrix (ECM) proteins, and 
increased expression of certain growth factors in these cells. It also 
has been hypothesized that cancer-associated myofibroblasts are 
endowed with enhanced activities that promote the growth of the 
nearby carcinoma cells. Evidence supporting this notion has come 
from prostate tumour xenograft model in which human tumour-
associated fibroblasts and normal fibroblasts were compared for 
their tumour-promotion abilities (17). The result indicates that the 
activated fibroblasts derived from tumours, which presumably have 
undergone conversion to myofibroblasts, had acquired an enhanced 
tumour-promotion activity in comparison to the fibroblasts present 
in normal prostate gland (6). 

Myofibroblasts are found in the human embryo from gestational 
week 13 on, and are co-opted by remodelling tissues. In postembry-
onic stages, differentiation from resident stromal fibroblasts in myofi-
broblasts is induced by paracrine signals generated by different patho-
logical processes including cancers. Among these signals, TGF-β is 
the most potent one (4). This well described cancer cell-derived cy-
tokine directly transdifferentiates fibroblasts into myofibroblasts, and 
it also stimulates angiogenesis in vitro and in vivo. TGF-β mediated 
angiogenesis combines both direct and indirect effects. Indirectly, 
TGF-β may recruit monocytes and myofibroblasts, which are both 
powerful factories for cytokines, proteinases and ECM proteins nec-
essary for angiogenesis. Angiogenetic factors induced by TGF-β are 
Vascular Endothelial Growth Factor (VEGF) family members, which 
directly act on endothelial cells to stimulate their proliferation, migra-
tion, and capillary tube formation at least in vitro (5).

One of the aspects of neoplastic process prognosis is supposed 
to be in connection with the presence of myofibroblasts in the sur-
rounding area, because these cells may shield cancer cells from the 
immune response. In vitro experiments, with fibroblast and myo-
fibroblast containing collagen cells, indicate that the contractive 
properties and probably also the surrounding ECM of cancer asso-
ciated myofibroblasts prevent invasion of immune and inflammato-
ry cells into tumours. In this way cancer associated myofibroblasts 
prevent physical contact between cancer cells and immune cells, an 
essential phenomenon for cancer cell destruction (5).

According to these last studies, there is a correlation between 
the appearance of myofibroblasts and the expression of tenascin-C 
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(TN-C) in canine mammary gland tumors. Tenascin-C is a large 
(180—300 kDa), hexameric multidomain glycoprotein located main-
ly in the ECM that is involved in tissue interactions during embryo-
genesis, wound healing, inflammation and oncogenesis. The most 
prominent function of TN-C includes antiadhesion effects, favour-
ing cell motility and growth promotion. These proposed activities 
suggest a potential role for TN-C in the regulation of tumour cells 
proliferation, invasion and metastasis (10).

The distribution of stromal TN-C correlates with the presence 
of myofibroblasts. The appearance of stromal myofibroblasts and 
expression of TN-C were significantly correlated with higher his-
tological grades of malignancy and vascular/lymphatic invasion in 
simple mammary gland carcinomas. Stromal myofibroblasts appear 
to be a major cellular source of TN-C and play an important role 
in the development of canine mammary tumours (25). Figure 1 il-
lustrates and summarizes the major epithelial-mesenchymal interac-
tions presented in this paper.

CONCLUSION

Estrogens are considered as risk factors for tumorigen-
esis, especially in tissues that respond to sex steroids with re-
ceptor mediated proliferation; namely breast epithelium and 

endometrium. In their capacity to regulate the development 
and function of reproductive organs, they are often commit-
ted to interactions with growth factors, especially TGF-β.

The TGF-β plays a key role in a wide range of biological 
processes, including cell proliferation, development, wound 
healing, inflammation and angiogenesis. TGF-β acts as a po-
tent inhibitor of tumour progression, owing to an induction 
of growth arrest and apoptosis. However, in many carcinomas 
the levels of TGF-β are elevated. Breast cancer, in particular, 
express high levels of TGF-β1 and the level of expression is 
correlated with the rate of disease progression. The balance 
between tumour promoting and suppressing effects may be 
destabilised in late stage tumours when the sensibility of cells 
towards the antiproliferative and proapoptotic effects of the 
chemokines declines. 

The stroma represents an integral part of the cancer. The 
main stromal cells are myofibroblasts which appear early dur-
ing cancer development. Their origin remains controversial 
although fibroblasts are considered to be the main progeni-
tor cells. The process of transdifferentiation is induced by 
paracrine signals among which the TGF-β is the most potent 
one. The mutual interaction between cancer cells and myofi-
broblasts is essential for invasive growth and contributes to a 
poor clinical prognosis.

Fig. 1. Epithelial-mesenchymal interactions. 
Potential pathways of cellular interactions in glandular organs composed 
of glandular epithelial cells and mesenchymal stroma are summarized. 

T — testosterone, E2 — estradiol, P4 — progesterone, GF — growth factor, ECM — extracellular matrix (23)
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The relationship between estrogen receptors, transforming 
growth factors and the ability of TGF-β to induce the cellular 
changes in tumour stroma at different time of cancer develop-
ment, represent a great challenge for the study of mammary 
gland carcinomas in animal experimental models.
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ABSTRACT

The isolation of infectious bursal disease (IBD) virus in the ab-
sence of specific-antibody-free embryonated chicken eggs and cell cul-
ture facilities is a challenge in developing countries. The suitability of 
embryonated duck eggs for the isolation of IBD virus was therefore 
investigated. IBD virus (serotype 1) inoculum was prepared using the 
bursae of Fabricius harvested from a clinical IBD outbreak. Viral sus-
pension (1.5 × 105.5 LD50) was inoculated into 11-day old embryonated 
duck eggs via the allantoic sac route, incubated at 37.5 °C and the 
allantoic fluid (AF) was harvested after 48 hours. The AF was tested 
for IBDV antigen and titrated using an AGID test. Ninety microlitre 
of 5 log2 AF was inoculated into 11 chickens (5 week-old) via conjunc-
tival instillation and observed for morbidity and mortality. A group 
of four chickens served as uninoculated controls. The chickens were 
bled weekly post-inoculation (pi), sera were harvested and tested for 
IBDV antibody using the AGID test. The inoculated chickens showed 
clinical signs of dullness and ruffled feathers with no mortality. IB-
DV-specific antibodies were detected from 3 weeks pi. This study has 
shown that embryonated duck eggs are suitable for propagation of 
IBDV and could be used for attenuation purposes in the production 
of live IBD vaccines. 

Key words: attenuation; embryonated duck eggs; IBD virus; in-
fectivity; virus propagation 

INTRODUCTION

Infectious bursal disease (IBD) virus is the etiological agent of 
an immunosuppressive disease of young chickens of 3 to 6 weeks 
of age. It is a member of the genus Avibirnavirus belonging to the 
family Birnaviridae. The virus causes the destruction of lymphoid 
tissues, especially the bursa of Fabricius (8). Two distinct serotypes 
of IBD virus (IBDV) have been recognized. Serotype 1 displays a 
wide variation in pathogenic potential, while serotype 2 is apatho-
genic (4, 6). 

Although IBD is essentially a disease of chickens, evidence of 
natural and experimental infections have been reported in other 
poultry species such as turkeys and ducks via virus isolation and or 
detection of antigen or antibody (2, 3, 6, 11, 12, 13, 15). However, 
ducks have been observed to either seroconvert poorly or not to pro-
duce antibody when exposed to IBD virus (6, 10, 11). Typical clini-
cal IBD was absent in all these instances. However, duck embryo 
cells have been used successfully in cell culture for the propagation 
of IBD virus (7). 

For the propagation of IBDV in embryonated chicken eggs, 
specific-antibody-free eggs are required which are not readily avail-
able in developing countries due to the endemicity of IBD and 
unavailability of biosecured facility for their production. The use 
of duck embryos as an alternative was therefore considered since 
IBDV-antibody free embryonated duck eggs are readily available 
and  M c N u l t y  et al. (7) had reported the successful propagation 
of IBDV in duck embryo cell culture. This study was therefore car-
ried out to determine the suitability of embryonated duck eggs for 
the propagation of IBDV for virological studies. 

INFECTIVITY OF DUCK EMBRYO-PROPAGATED 
INFECTIOUS BURSAL DISEASE VIRUS (SEROTYPE 1) 
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MATERIALS AND METHODS

IBD virus (Serotype 1) 
The bursae of Fabricius was harvested from necropsied chick-

ens obtained from an outbreak of IBD with about a 40 % mortality 
rate. A 50 % bursal homogenate in PBS was prepared by the addi-
tion of 1ml bursal homogenate to 1 ml PBS, vigorously mixed and 
clarified by centrifugation at 4000 rpm for 5  minutes. The superna-
tant was decanted and confirmed to contain IBDV by using AGID 
test as described by Oladele (11). The supernatant was then kept at 
–20 °C for further use.

Virus Propagation
Ten duck eggs from a free ranging flock were set in a laboratory 

incubator at 37.5 °C. At 11 days of incubation, six eggs were found to 
be fertile and alive and were used for virus propagation. The broad 
end of each of four embryonated eggs was cleaned with alcohol, the 
air space was marked with pencil and a tiny hole was drilled into the 
air space. IBD virus inoculum (0.5 ml) containing 10,000 IU peni-
cillin, 10 mg streptomycin per ml (16) of bursal supernate was in-
oculated into the allantoic cavity of each of the 4  eggs. The remain-
ing 2 embryonated eggs were uninoculated and served as controls. 
The openings on the eggs were sealed with paper tape and they 
were further incubated. Candling was done twice daily for 48 hours 
post-inoculation (pi). The eggs were then removed from the incuba-
tor and placed in a refrigerator overnight. Allantoic fluid (AF) was 
harvested from each egg into appropriately labeled test tubes using 
sterile syringes and needles. Samples of the AF were subjected to 
AGID test for the detection of IBDV antigen. AF samples from the 
4 inoculated eggs were pooled and titrated using quantitative AGID 
test (14). 

Experimental Infection 
Fifteen unvaccinated 5 week-old cockerels (Isa hybrid) which 

had been shown to be negative for IBDV antibodies were used for 
experimental infections following the necessary institutional guide-
lines for animal experimentation. Ninety microliters (5 log

2
) of 

IBD-positive duck AF was inoculated into each of 11 cockerels via 
conjunctival instillation. The remaining four cockerels which served 
as uninoculated controls were housed in a separate cage. The chick-
ens were observed daily for clinical signs of IBD and mortality, and 
they were bled weekly for serum. The harvested sera were screened 
weekly for IBDV antibodies using the AGID test as described 
by  O l a d e l e  (11) with IBDV serotype 1 antigen and purified agar. 
The results were read after 24 hours. A positive result was shown 
by the presence of a precipitin line within the space between the 
central antigen well and any of the peripheral wells.

RESULTS

The qualitative AGID test carried out on the duck AF 
showed that all 4 samples were positive for IBDV antigen 
and the titre of the pooled allantoic fluids was 5 log

2 
by quan-

titative AGID test. AF samples from the uninoculated duck 
embryonated eggs were negative for IBD virus antigens.

At 48 hours pi, the infected birds showed signs of dullness 
and ruffled feathers which extended to 8 days pi. However, 

no mortality was observed until the experiment was termina-
ted 30 days pi. The AGID test carried out on sera harvested 
weekly from the infected chickens showed precipitin lines at 
3 and 4 weeks pi (Table 1). While sera harvested at 3 weeks 
pi were 81.8 % positive for IBDV antibody, those harvested at 
4 weeks pi were 90.9 % positive.

Table 1. Antibody response in chickens inoculated with 

duck embryo-propagated IBD virus (serotype 1)

Sample 
No.

1 week 
(pi)

2 weeks 
(pi)

3 weeks 
(pi)

4 weeks 
(pi)

1 – – + +

2 – – + +

3 – – + +

4 – – + +

5 – – + +

6 – – + +

7 – – – +

8 – – – –

9 – – + +

10 – – + +

11 – – + +

% positive 0 % 0 % 81.8 % 90.9 %

pi — post-inoculation

DISCUSSION 

The detection of IBD virus antigen in allantoic fluids 
harvested from the inoculated duck embryos shows that the 
virus was able to successfully replicate and get propagated in 
this medium. Although duck embryo cells have been used in 
cell culture for the isolation of IBD virus (7), embryonated 
duck eggs have rarely been used. Since ducks do not readily 
produce antibody to IBDV infection (9, 11, 12), maternal 
antibody transfer to eggs is therefore unlikely. Thus, embryo-
nated duck eggs have been shown in this study to be suitable 
alternatives to embryonated chicken eggs for the propagation 
of IBDV for virological studies. 

The mild clinical signs and absence of mortality observed 
in the experimental chicken’s post-IBD virus infection suggest 
attenuation of the virus in duck embryo. This is in spite of the 
fact that the virus was obtained from a severe IBD outbreak 
in a nine week old pullet flock. Although earlier workers had 
reported reduced virulence of IBDV by passaging in embryo-
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nated chicken eggs (1), the loss of virulence in this study was 
quite fast, i.e. after only one passage. The detection of IBDV 
antibody in the flock 3 weeks pi indicates that the virus was 
still infective although less virulent. This shows that it still 
retained its immunogenicity, thus making it a good candidate 
for vaccine production as proposed by Y a m a g u c h i  et al. 
(17) for embryonated chicken eggs. Although earlier studies 
have shown that the AGID test is a highly specific immu-
nologic test, it is less sensitive than other tests such as the 
enzyme-linked immunosorbent assay (5, 14). Therefore, it is 
possible that seroconversion had occurred in these chickens 
earlier than the 3 weeks pi detected by the AGID test in this 
study. 

We conclude that embryonated duck eggs are suitable for 
propagation of IBD virus and could be used for attenuation 
purposes in the production of live IBD vaccines. 
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ABSTRACT

Regenerative medicine is a new multidisciplinary area of medicine 
and offers new therapeutic methods for replacement or regeneration 
of the cells/tissues which are not functional due to disease, injury or 
congenital anomalies. It covers the methods of cell treatment and tis-
sue engineering, and uses a range of new technological advances that 
provide benefits beyond simple traditional transplantations. Recently, 
the focus of attention has been concentrated upon implant preparation 
with mesenchymal stem cells seeded on a scaffold. Bone formation 
comprises a complex set of events that begins with the recruitment 
and proliferation of osteoprogenitors, followed by cell differentiation, 
osteoid formation, and mineralization. It has been recognized that 
bone is unique and has a vast potential for regeneration from stem 
cells. A number of reports have indicated there are a number of poten-
tial uses for mesenchymal stem cell transplantations from bone mar-
row in a variety of skeletal disorders. Mesenchymal stem cells have 
significance for veterinary medicine in basic theoretical disciplines, 
as well as for clinical use in large and small animal forms of regen-
erative applications, such as in the digestive and respiratory systems. 
The initial contact of the cells with the implant surface is of critical 
importance for adhesion of the bone cells that influence osseointegra-
tion. One strategy to improve osseointegration that has been tried in-
volves the pre-coating of implants with an extracellular matrix protein 
for use as a scaffold, which enables specific cell-extracellular matrix 
interactions, along with the use of growth factors to facilitate the dif-
ferentiation of the osteoblasts.

Key words: biomaterials; mesenchymal stem cells; regenerative 
medicine; tissue engineering 
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REGENERATIVE MEDICINE AND 
TISSUE ENGINEERING

The regenerative capacity of mesenchymal stem cells may be 
affected by damage or the neutralization of chronic degenerative 
diseases when fibrotic repair starts (e. g. damage of the articular 
cartilage, corium, pancreas, spinal cord, most of the brain, retina 
and lens of the eye, myocardium, lung and kidney glomeruli). The 
response of the organism is regarded as a reparative process be-
cause incomplete cells arise (26).

Tissue engineering, which is a part of regenerative medicine, 
combines medical science with engineering for the development of 
biological replacements of tissues or organs (24). Excellent recon-
struction results may be achieved by minimizing unwanted compli-
cations. The goal of tissue engineering in the craniofacial region is 
to develop abiological substitutes that promote tissue regeneration 
(27). One of the most remarkable advantages is that the regenera-
tion of only a small amount of tissue can be highly beneficial to the 
patient, particularly in the field of periodontal tissue regeneration 
(28). Tissue engineering, which includes bed structures for osteo-
genesis in dental implantations, makes use of the advantage of com-
bining cultured living cells and an implant body that can be used as 
a scaffold (2, 9, 10). Previous attempts to tissue engineer bone or 
cartilage reconstruction around implants have utilized osteoblasts 
or chondrocytes encapsulated in various hydrogels, which can sur-
vive in vitro fabrication and be able to synthesize cell-associated 
scaffold extracellular matrices (6, 42).

Therefore, researchers are very interested in a tissue engineering 
procedure that uses autologous Mesenchymal Stem Cells (MSC) 
combined with an osteoconductive scaffold as a live bone substitute 
(18). The current tissue engineering principles utilize the seeding of 
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bone marrow mesenchymal stem cells onto biodegradable porous 
scaffolds to be placed around the titanium implant fixture (28). 

MESENCHYMAL STEM CELLS

The application of stem cells in regenerative medicine has the 
same significance as the discovery of antibiotics. MSC are a popu-
lation of multipotent, non-haematopoietic, marrow-derived cells, 
which are easily expanded in culture and differentiate into cells with 
an osteogenic phenotype (5, 16).

Generally, stem cells are the original cells, common to all mul-
ticellular organisms that retain the ability to expand through cell 
division and can differentiate into different cell types (26). MSC 
obtain a leading position among the various types of adult cells for 
reparation of connective tissues such as bone, cartilage and bone 
marrow stroma. Mesenchymal stem cells can be differentiated into 
several cell types and due to the fact that they produce important 
growth factors and cytokines may provide important signals for cell 
survival in the damaged tissues with or without their participation 
in long-term tissue reparation. Therefore, they become the most im-
portant cell candidates suitable for treatment in an ever-expanding 
range of tissues (35). MSC play a central role in osteogenesis and 
in all bone reparative mechanisms, including those underlying im-
plant osteointegration, and represent for this reason, an ideal tool 
of all those experimentations aimed at investigating the interaction 
between bone cells and implant surfaces (19). 

Mesenchymal stem cells are one of the few normal cell types, 
which may be obtained in large enough quantities which is required 
for therapy. Mesenchymal stem cells also have the ability to change 
the responses of the immune system. While the hypothesis of plas-
ticity of mesenchymal stem cells is still under discussion, it is well 
known that an adult bone marrow contains several populations of 
multipotent stem cells. The characteristic of mesenchymal stem 
cells isolated from bone marrow is their ability to differentiate into 
all cell types of connective tissue, involving bone, cartilage, fat and 
muscle. MSC support the growth and differentiation of hematopoi-
etic stem cells in their roles in the bone marrow (35).

Studies of stem cells are currently one of the most promising 
areas of biomedical research. Recent findings that MSC can regener-
ate critical-size bone defects when combined with bone substitutes 
(11, 13) and improve bone allograft integration (33) have increased 
interest in their clinical application. Previous studies have indicated 
that without blood vessel ingrowth, bone formation is generated only 
at the surface of the construct (1). It is well known that MSC are 
able to influence endothelial cell behaviour and vice versa (21). In 
addition, MSC secrete Vascular Endothelial Growth Factor (VEGF), 
which exhibits elevated expression during osteogenesis (30). 

Platelets are collected in a small volume of plasma called Platelet-
Rich Plasma (PRP), which plays a fundamental role in haemostasis 
and is a natural source of growth factors and adhesive glycoproteins 
(7, 34). It is well known that seeded MSC can provide an osteogenic 
cell source for new bone formation, and PRP improves expansion of 
MSC and helps their differentiation and invivo bone formation ca-
pacity (33, 39). Therefore, MSC and PRP are an effective approach 
for enhancing the osseointegration of dental implants when applied 
to a mineral or a collagen scaffold in mandibular bone defects (20). 
The transplantation of MSC and PRP in a fluorohydroxyapatite 

(FH) scaffold, compared with FH alone, can significantly enhance 
bone formation, and can significantly improve the osseointegration 
of endosseous implants placed in the augmented sinus (33).

THE ADVANTAGE OF BIOMATERIALS 

Biomaterial is defined as a lifeless material that comes into in-
teraction with the biological system. In this sense, significant prog-
ress has been made with the production of innovative surfaces able 
to promote and accelerate osseointegration (19). Biomaterials for 
reconstruction of the hard tissues usually include three basic com-
ponents: scaffold, stem cells and signal molecules (growth factors). 
For production of the biomaterial microstructure, it is important 
to choose a specific structure of substitute tissues that will form an 
extracellular matrix that will support cell proliferation and differen-
tiation for the necessary cell lines. Tissue engineering helps develop 
the necessary osteoinductive and osteoconductive properties of the 
hydroxyapatite and other calcium phosphates. An osseointegrated 
implant may closely resemble a natural tooth; however, the absence 
of the periodontal ligament and connective tissue via cementum re-
sults in fundamental differences in the adaptation of the implant to 
occlusal forces (28). The stabilization and subsequent osseointegra-
tion of endoprostheses is crucial with regard to the clinical results 
for dental implantation. In order to accelerate and enhance the 
bone growth and to strengthen the osseous fixation, implant surfac-
es have been modified, and in particular, there has been increased 
use in surface coatings of functional proteins (32).

Presently, autogenous bone grafts are considered to be the ‘‘gold 
standard’’, although their disadvantages (low availability of intra-
oral bone tissue, high surgery costs, and post-operative morbidity) 
have stimulated the search for alternative sources (31, 38). With the 
development of new types of biomaterials, it is necessary to focus at-
tention on the research of biocomposite systems with biopolymers 
as one component, which represents an appropriate solution for 
the replacement and reconstruction of hard tissues. Biopolymers, 
depending on the type applied, increases the activity of osteoblasts 
and other types of morphologically and biologically different cells. 
Biochemical processes during the healing may gradually degrade 
the composite matrix, thus enabling subsequent new bone tissue 
growth into the implant. 

The most frequent complication of dental implantation is bone 
resorption that is initiated by an inflammatory response at the im-
plant site. Recent studies have demonstrated that titanium is the 
most frequent component of dental implants, and it is this material 
that is responsible for inducing apoptosis and suppressing the ex-
pression of the osteoblastic phenotype in human MSC (40, 41). 

EXTRACELLULAR MATRIX 
AND ITS PROTEINS

The extracellular matrix (EM) is a complex network of macro-
molecules located in the extracellular space. In all tissues, it plays 
an important role in regulating basic cellular processes including 
proliferation, differentiation, migration and the interaction between 
cells. The macromolecular network of the EM consists of collagen, 
elastin, glycoproteins (fibronectin, laminin) and proteoglycans (hy-
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aluronic acid, chondroitin-sulphuric acid, etc.). This network cre-
ates a three-dimensional gelatin environment into which cells are 
embedded. Integrins are transmembrane proteins that provide bind-
ing between EM proteins and cytoskeletal proteins. This provides 
communication between the extracellular and the intracellular space 
and developes into fibrous structures which will be more compatible 
with the structure of the bone tissue. EM proteins bind to the cell 
surface and transmit signals which result in tension and compres-
sion of the cells. Therefore, it is thought that the dental implants 
binding to the extracellular matrix proteins such as fibronectin, is 
necessary for successful tissue regeneration. Extracellular matrices, 
such as collagen type I and fibronectin, are effective in promoting 
cellular adhesion and spreading, and they possess a RGD (arginine-
glycine-aspartic acid) sequence, which is recognized by integrins. 
Signaling occurs when integrins bind to the EM. This results in 
changes in the expression of selected genes that control the initial 
preosteoblast/osteoblast adhesion, proliferation and maturation (8, 
12, 29). Early cell adhesion was found on fluoride treated surfaces 
with respect to titanium dental implants (19). Fluoride is known to 
stimulate bone cell proliferation (14, 25) and there is evidence that 
it may act primarily on osteoprogenitor cells rather than on mature 
osteoblasts (4, 22), by an acute increase of the intracellular calcium 
levels (43).

In parallel with the increased cell growth, bone marrow-derived 
mesenchymal stem cells (BM-MSC) cultured on fluoride-modified 
grit-blasted (F-TiO) surfaces showed higher levels of type I collagen 
synthesis with respect to titanium grit-blasted (TiO). Type I collagen 
is the most abundant protein component of the bone extracellular 
matrix.. It is secreted early by stromal cells during their differentia-
tion into osteoblasts, forming a network which will constitute the 
final scaffold of the bone matrix (15). An increased production of 
this protein by BM-MSC cultured on F-TiO may be interpreted as 
an expression of an enhanced attitude to synthesize an organized ex-
tracellular matrix, which represents the first step of the osteogenic 
process (19). 

The animal model of sinus augmentation in minipigs is used 
frequently in studies because the minipig sinus has a well-defined 
ostium, the Schneider membrane is thin, and the size of the sinus is 
comparable with human sinuses (17, 23, 36). Furthermore, minipigs 
have close similarities to humans in terms of platelet count, clotting 
parameters, metabolic rate, bone structure, and MSC character-
istics (3, 37). Studies show that the surgical procedure applied is 
comparable with that performed in humans. All these factors are 
relevant to further human clinical application (33).

Pathologically changed tissues in animals are possible to be re-
stored by the regenerative processes and thus ensure longer utiliza-
tion of livestock for production, social use and improved survival. 
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ABSTRACT

Mannheimiosis was experimentally induced in 15 six-month-old 
goats by intratracheal inoculation of 109 colony forming units of four 
hour log-phase Mannheimia hemolytica (MH) serotype A2 and five 
goats served as control. The histopathological and immunohistochem-
ical investigations were performed on the tissues collected using the 
standard techniques. Histologically, the acute inflammatory reaction 
which had developed by 8 days post inoculation was characterised by 
flooding of the alveoli with oedema, hemorrhage and neutrophils (oat 
cells). This progressed to an acute exudative fibrinous pneumonia 
with extensive involvement of the interlobular septa and often with 
pleurisy. Subsequently, these pulmonary lesions became walled off by 
fibrous tissue which became infiltrated by macrophages, plasma cells 
and lymphocytes. At this stage, antigens were located in the necrotic 
center, necrotic alveolar wall, fibrin, exudate, and degenerated leuko-
cyte. The bacterial colonies among these leukocytes, macrophages, 
necrotic bronchial and bronchiolar epithelia with the Bronchial As-
sociated Lymphoid Tissue (BALT) had strong immunostaining. The 
strong immunostaining in the BALT showed its importance in anti-
gen processing and this phenomenon may be indicative that the use 
of intranasal vaccines may help to curtail caprine pneumonia. This 
study further showed that immunohistochemical investigations might 
be helpful in retrospective studies and where microbiological examina-
tion is relatively difficult.

Key words: experimental infection; goat; immunohistochemistry; 
Mannheimia hemolytica; pneumonia 
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INTRODUCTION 

Sheep and goats from West and Central Africa constitute about 
37 % and 21 % of the livestock population in Africa, respectively. 
These animals require a low capital outlay for their production. 
Over 80 % of rural families keep ruminants, especially sheep and 
goats with women being more involved in their upkeep then other 
family members (12).

Over the past 15 years there has been a steady growth in goat 
production. Goats therefore have a higher population than the 
sheep in most African countries (1). Goats are considered to be 
one of the most important protein producing animals in Nigeria and 
they provide 30—36 % of the total meat consumption of the Nigerian 
populace annually (1). 

	P revious investigations have shown that Mycoplasma spp. 
and Mannheimia haemolytica (MH) are the most important non-
viral agents associated with caprine pneumonia (13). The studies on 
MH infection in African small ruminant population is very scanty 
as the few reports available are on the serotypes of the bacteria avail-
able and their comparative pathogenicity especially in sheep (9, 13, 
14); with very little information on the pathogenesis of the disease 
in goats, including the immunodetection of MH antigens in the cells 
of the respiratory tract.

In an attempt to understand the disease, there is a need to study 
the sequential histopathological changes that occur as well as the 
immunohistochemical detection of the antigen in the experimen-
tal form of this disease. The detailed immunohistochemical (IHC) 
studies on pneumonic lesions of calves naturally infected with 
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MH or induced by MH have been reported (10, 12), while that of 
goats are scanty in the literature (17) especially concerning the ex-
perimental MH infection. Although  Z a m r i - S a a d  et al. (18) have 
described the pathology in transport stressed and dexamethasone 
treated goats, the aim of this study was to evaluate the sequential 
histopathological changes and the immunohistochemical detection 
of the antigens in experimentally MH infected goats not subjected 
to the stress of transport or dexamethasone treatment in order to 
further elucidate the possible role of stress in the pathology of man-
nheimiosis in goats.

MATERIALS AND METHODS 

Study location
The small ruminant pens of the Veterinary Pathology Depart-

ment, in the experimental animal unit of the Faculty of Veterinary 
Medicine, University of Ibadan were used for this study. 

Experimental animals 
The details of the experimental procedures has been described 

earlier (6). Twenty apparently normal West Africa Dwarf goats 
(WAD), six months of age were used for the experiments. The ani-
mals were divided into two groups and housed in well partitioned 
pens. Group A had 15 goats, while group B with 5 goats served as 
controls. They were conditioned for 14 days before the experiments 
and their vital signs (rectal temperature and respiratory rates) were 
monitored daily to observe whether they remained afebrile and free 
of any clinical signs of diseases. Wheat bran and water were pro-
vided ad libitum daily. The nasal swabs of the animals were negative 
for MH by cultural isolation twice prior to the inoculations. The ani-
mals were also confirmed seronegative by the Agar gel precipitation 
technique for antibodies to peste des petit ruminants virus (PPRV) 
prior to inoculation.

Preparation of MH inoculum 
MH A2 employed was supplied by Professor A. I.  A d e t o s o y e 

of the Department of Veterinary Microbiology and Parasitology 
of the University of Ibadan. The MH isolate (from the pneumonic 
lungs of a goat) was subcultured onto blood agar and incubated at 
37.8 °C overnight. Thirty colonies of the same size were then inocu-
lated into 50 ml brain-heart infusion broth and incubated at 37.8 °C 
for 18 h before the number of Colony Forming Units (CFU) was 
estimated using the total plate count method. The live inoculum was 
prepared by diluting the prepared broth to give an end concentra-
tion of 1 × 109 CFU.ml-1. 

Challenge infection
The details of the challenge infection has been previously de-

scribed (6). Group A with fifteen goats were infected intratrache-
ally, while five uninfected control goats were inoculated intratrache-
ally with 1 ml of sterile brain infusion broth. The infection was done 
with 1ml of pure culture (109 CFU) of a 4 hour log phase culture of 
MH A2 in brain infusion broth. 

Pathology
The details of the timing of euthanisia and the selection of 

goats for euthanasia has been previously described (6). Briefly, the 

animals that died, and two goats that were euthanized at predeter-
mined periods, were necropsied. The necropsies were carried out on 
8, 12, 19, 28, 45 and 48 day post inoculation (dpi). Samples from 
the lungs, liver, heart, spleen, messenteric lymph nodes and intes-
tine were collected in 10 % buffered formalin, routinely processed 
and stained with haematoxylin and eosin for histological examina-
tion using the light microscope. 

Immunization of rabbits
The preparation of antigen was as described by  E f f e n d y  et  al. 

(5) and the immunization of rabbits were carried out by the method 
of  D i k e r  et al. (4). The antigen was prepared from MH (serotype 
A2) strain obtained from the culture collection of the Department 
of Pathology and Microbiology, Faculty of Veterinary Medicine, Uni-
versity Putra, Malaysia. MH was grown in brain-heart infusion (BHI) 
agar (pH 7.2, Oxoid, Basingstoke, England) at 37 °C for 24 h. Thirty 
colonies of the same size were inoculated into 50 ml brain-heart 
infusion broth and incubated at 37 °C for 18 h before the number 
of colony forming units (CFU) was estimated using the total plate 
count method. The broth was diluted to give an end concentration 
of 1 × 106 CFU.ml-1 and formalin was added to give a final concen-
tration of 0.5 %. Two New Zealand white rabbits were administered 
one ml of antigen via/by intramuscularly twice with a 15 day in-
terval. Two weeks after that the last injection, sera were obtained 
from rabbits and stored at –20 °C until it was utilized. Preimmune 
sera of the rabbits were used as a control and negative labelling was 
observed in known positive samples. 

Immunohistochemistry
Immunohistochemistry IHC labelling was performed with the 

avidin-biotin-peroxidase complex (ABC) procedure (17), using 
commercially available immunoperoxidase kits (LSAM™ 2 System 
Dako Corporation, Carpinteria, USA). For immunohistochemis-
try, deparafinized tissue sections were incubated with 3 % H

2
O

2
 in 

70 % methanol to inhibit endogenous peroxidase activity, and then 
washed three times with phosphate-buffered saline (PBS). The sec-
tions were blocked with a solution of normal goat serum. After 
draining the blocking serum, the sections were incubated for an 
hour at 37 °C with the primary antibody, diluted to 1 : 150. After 
three washes with PBS, the slides were incubated with biotinylated 
anti-rabbit secondary antibody for 30 minutes at 37 °C. Then the 
sections were washed three times with PBS and treated with the 
peroxidase-conjugated streptavidin. After another PBS bath, the sec-
tions were counterstained with Mayer’s haematoxylin. As a nega-
tive control, a non-pneumonic goat lung tissue, was processed in an 
identical manner to the pneumonic lung tissues. For serum control, 
replicate sections of the pneumonic lung tissues were processed, 
substituting the rabbit anti-MH serum with the normal rabbit se-
rum. 

RESULTS 

Pathology 
Histopathological changes were that of acute, subacute, 

and chronic bronchopneumonia. The acute case occured in 
the goats that died at 8 dpi, the lungs showed extensive areas 
of necrosis, oedema, hemorrhage, numerous oats cell accu-
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mulations in the alveoli spaces and fibrin deposits (Fig.  1A, 
B). There were also purulent exudates in the bronchi and 
bronchioles. The bronchial associated lymphoid tissue 
(BALT) during this phase were poorly developed with few 
aggregates of only a few lymphocytes. The less purulent form 
was observed in the goats euthanized at 12 dpi, the lungs of 
these goats were characterized by mild pulmonary oedema 
and congestion. There was severe fibrinopurulent exudate in 
the alveoli (Fig. 1 C), the interlobular septa and pleura. The 
pleura and the interlobular septa were markedly thickened 
with fibrin. There was also numerous alveolar macrophages 
with hemosiderin within the alveoli. At this stage, the BALT 
were markedly prominent with more nodular forms. The 
BALT hyperplasia were more evident in areas of less inflam-
matory response. 

The proliferative lesions were observed in goats eutha-
nised between day 28 and 45 with the lungs characterized 
by alveoli epithelial hyperplasia and macrophage prolifera-
tion (Fig. 1 D). There were peribronchial and perivascular 
lymphoreticular hyperplasia, and obliterative bronchiolitis. 
There were multifocal necrotic bronchitis and bronchiolitis. 
There were bacteria accumulations in the alveoli while the 

lymphatic vessel, interlobular septa and pleura were mostly 
distended with fibrosis and moderate fibrinocellular exuda-
tes. The inflammatory cells were mostly the macrophages, 
lymphocytes and neutrophils. There were numerous necrotic 
foci walled off by fibrous connective tissue. The lungs of the 
control goats were normal.

Immunohistochemistry (IHC)
The specific IHC reaction was characterised by the pre-

sence of light to brown, fine to coarse granules or larger are-
as in the cell or tissues. The antigens were demonstrated in: 
pneumocytes; macrophages (Fig. 2 A, B); fibrin and leuko-
cytes present in the lumen; blood vessels on the pleura (Fig.  2 
C, D, E); and the desquamated bronchial and bronchiolar 
epithelial cells (Fig. 2 D). The intensity varied as the disease 
progressed with very slight immunostaining in the pneumo-
cytes, interstitial macrophages, in blood vessels in 8 pi and 
moderate intensity in these cells and lymphatics in the less 
purulent phase 12 and 19 dpi; while the bronchial, bronchio-
lar epithelium and the luminal exudates with macrophages 
in the bronchial associated lymphoid tissue stained strongly 
28—45 dpi (Fig. 2 F).

Fig. 1. A, B: The alveoli spaces and interlobular septae were flooded with fibrinopurulent exudates (oat cells) 
while the alveolar capillaries were dilated. 

C: The lung is congested with dilated alveolar capillaries with oedema in the alveoli and numerous neutrophils in one of the blood vessel. 
D: The hyperplasia of the pneumocytes with thickening of the pleura by fibrosis. H&E
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DISCUSSION

The results of this study describe the histopathological 
features and immunohistochemical detection of MH anti-
gens in the experimental MH A2 infection in goats; the most 
predominant serotype in Nigeria (13). The severity of the 
lesions observed may be attributed to the effect of the cyto-
toxin produced by MH as the challenged bacterium was in 
the log phase before being used (15). This log phase helps 
the bacterium to circumvent the host defences (contrary to 
the reproduction of experimental pneumonic pasteurellosis) 
by combined viral and MH infection (8). It also showed that 
the use of dexamethasone and transport stress may not be 
absolutely neccesary for the induction of the experimental 
disease has described by  Z a m r i – S a a d  et al. (18).

The histopathological features observed were not uni-
form in the affected goats. One of the goats showed an acu-
te response while seven showed the less purulent form and 
seven others showed the chronic form of the diseases. The 
acute form of the infection which was characterised by the 
presence of large numbers of spindle-shaped cells with inten-

sely basophilic nuclei (oat cells) in one of the goats, while the 
less severe fibrinopurulent bronchopneumonia type of lesion 
without oat cells as described by  Z a m r i – S a a d  et al. (18) 
was also observed. However, the variation in the form of the 
disease in this study may not be associated with the virulen-
ce of the MH strain used (4), but may be due to the indivi-
dual level of protective immune levels and the efficiency of 
the alveolar macrophages in this goats to phagocytose MH 
especially during the first week post challenge as this period 
has been described as the critical period for establishment of 
MH infection in goats (19). There is also a possibility that 
the animal that died 8 dpi with the characteristic histopatho-
logical features of acute pneumonic pasteurellosis with oat 
cell infiltration, may have failed to efficiently phagocytose 
this organism. This observation was also corroborated by the 
intensity of the immunostaining and the spread of the anti-
gen. These findings are similar to reports by other workers in 
calves (12, 16) and also in naturally occurring pneumonia in 
goats (17). 

The intensity of the immunostaining and the presence of 
the antigens in the exudates of the alveolar spaces, on the 

Fig. 2. A, B: The intra luminar cells of blood vessels showing MH antigens, the alveolar macrophages and the pneumocytes showing 
intracytoplasmic MH antigens in goats 8 pi. Note immunohistochemical labelling demonstrating slight specific reactions.

C: The pleura, alveolar macrophages, the pneumocytes showing intracytoplasmic MH antigens in goats 12 pi. 
D: The epithelial cells of bronchial mucosae, bronchial glands and intra luminar exudates showing MH antigens in goats 19 pi. 

Note immunohistochemical labelling demonstrating strong specific reactions.
E: The alveolar macrophages, the pneumocytes and interalveolar septae showing moderate immunostaining in goats 28 pi. 

F: The bronchial intra luminar exudates and macrophages in bronchial associated lymphoid tissue showing MH antigens in goats 42 pi. 
ABC method counterstained with haematoxylin-eosin. Note immunohistochemical labelling demonstrating strong specific reactions
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pneumocytes, alveolar macrophages, bronchial and bron-
chiolar epithelia and in the exudates in these respiratory air-
ways especially in the less purulent and chronic form, further 
confirm the transmission pattern of most respiratory infec-
tions.

The presence of large numbers of oat cells in one of the 
infected goats in this study has not been previously descri-
bed in this breed. The possible reason for this observation as 
against that of  Z a m r i – S a a d  et al. (18), may be due to the 
size of goats used in this study, as the Malaysian goats are 
3—4 times the size of West African dwarf goats, hence the 
dose of MH used may be overwhelming.

The less purulent type outcome observed in this study 
was as reported in the stressed and dexamethasone treated 
goats (18) with acute fibrinopurulent bronchopneumonia. 
The chronic inflammatory response was characterised by a 
necrotic center and the walling off with thin fibrous connec-
tive tissue. Of note, was the massive peribronchial and pe-
ribronchiolar infiltration with lymphoplasmatic cells; there 
were proliferative changes with marked hyperplastic changes 
in the alveoli and bronchial and bronchiolar epithelia. This 
effect culmulated into tortuous respiratory airways and there 
were areas of bronchiolar obliterans. 

The immunostaining reactions were more in the necro-
tic center, intraluminal exudates and epithelial cells of bron-
chioles and bronchus (12). In a previous investigation, MH 
antigens could be detected in the formalin-fixed paraffin em-
bedded specimens, even after 4 years which further buttress 
the fact that immunohistochemical technique could be very 
useful for retrospective studies (7).

One of the significant findings in this study was the rela-
tionship of the level of inflammation and the development 
of the BALT. It was observed that the development of the 
BALT was more marked between day 12 and 19 pi which 
corroborated the findings of  Z a m r i – S a a d  et al. (18). This 
hyperplastic BALT was inversely related to the level of the 
inflammatory response in the lungs of the affected goats. 
The BALT has been reported to be more organized, larger 
and nodular in antigen challenged goats (18) and in chro-
nic pneumonia (2). This observation further showed that the 
mucosal immunity in the respiratory tract is very important 
to obtain protection as the development or increase in the 
size of BALT has been related to a decrease in the level of 
lung colonisation of MH (5). The strong immunostaining 
on the bronchial, bronchiolar epithelia and BALT coupled 
with the macrophage hyperplasia in the BALT 5—6 week pi 
further showed that the cells in the BALT are essential for 
antigen processing and production of IgA for prevention of 
further bacterial colonisation in the lungs. The occurrence 
of the strong immunostaining in cells in the BALT has not 
been previously described in the literature. This explanation 
was supported by the relative lower inflammatory response 
observed in the lungs of animals that elicit this hyperplastic 
BALT. The occurrence and development of the BALT has 
been reported to be antigen dependent and it may be marke-
dly enlarged indicating the potential for local inflammation 
to induce lymphoid tissue in airways. This phenomenon can 
be explored in the development of intranasal vaccines in Afri-

ca to curtail pneumonia associated with respiratory viruses 
and bacteria.

From a diagnostician’s point of view, although a definiti-
ve diagnosis of MH is by bacterial isolation, a diagnosis ba-
sed on immunohistochemical detection of the MH antigens 
in formalinised samples might be helpful in retrospective 
studies and where microbiological examination is relatively 
difficult because antibiotic treatment of the animal may have 
precluded isolation of microorganisms. 
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ABSTRACT

The experiments were carried out on 50 Wistar rats (Rattus nor-
vegicus f.  domestica); males and females, weighing 200—250 g. The 
architecture of the vessels in the abdominal cavity was studied using 
corrosion casts prepared with Duracryl Dental® and PUR SP (poly-
urethane material). Our observations focused on the a.  mesenterica 
cranialis et caudalis. The a.  mesenterica cranialis originated from 
the aorta abdominalis cranial to the a.  renalis dextra, or as a com-
mon trunk with  the a.  renalis dextra, or after branching off of the 
a.  renalis dextra. The a.  colica media, the a.  pancreaticoduodenalis 
caudalis, the a.  colica dextra, the aa.  jejunales, and the a.  ileoceco-
colica all originated from the a.  mesenterica cranialis. We observed a 
common origin of the a.  colica media et dextra, or the a.  colica dextra 
after the emanation of the a.  colica media. The third branch was the 
a.  pancreaticoduodenalis caudalis. The Aa.  jejunales formed a jejunal 
arcade, or we observed the presence of a jejunal trunk. The a.  mesen-
terica caudalis originated from: the zone of the aortic bifurcation; the 
aorta cranial to the branching off of the a.  sacralis mediana; caudal 
to the a.  sacralis mediana; or the vessel branched off from the a.  ili-
aca communis dextra. 

Key words: abdominal cavity; blood supply of the intestine; circu-
latory system; mesenteric arteries; rat anatomy 
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INTRODUCTION

There is presently more information on the a. mesenterica cra-
nialis et caudalis in cats (7), dogs (6), and other laboratory animals 
(4, 14) than in rats. Many authors have used the laboratory rat for 
the study of structures in the animal body (1, 9), but there is a lack 
of information on a. mesenterica cranialis et caudalis in laboratory 
rats. The Wistar rat (Rattus norvegicus f.  domestica) is one of the 
laboratory animals most frequently used in medical research. Cur-
rently, in both human and veterinary medical research endeavours, 
there is an increased focus of attention on the therapeutic interven-
tions which may contribute toward the improvement of the treat-
ment of human diseases. The rat model appears ideal for the study 
of various methods of intestinal transplantation that may serve in 
the future as suitable approaches to the treatment of human diges-
tive tract diseases. Intestinal transplantation techniques have been 
the subject of investigations by many researchers. Some authors de-
scribed techniques for transplanting a portion of the small intestine 
by conventional vasoligature (10, 15). Other authors have applied 
an experimental intestinal transplantation method based on a “cuff” 
anastomosis (11). A group of Japanese scientists investigated both 
methods using various combinations of donors and recipients or-
gans (9). Intestinal transplantations were investigated recently by 
a team of scientists at the Institute of Clinical and Experimental 
Medicine in Prague (2). None of these studies described in detail 
the blood supply to the individual segments of the intestine. There-
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fore, we focused our study on the origin, course and the individual 
variations of the a. mesenterica cranialis et caudalis.

MATERIAL AND METHODS

The experiments were carried out on 50 Wistar rats (Rattus 
norvegicus f. domestica); males and females, weighing 200—250 g. 
They were euthanized with ether. The vessels of the euthanized rats 
were perfused with saline (0.9 % NaCl) by means of the cannulation 
of the left ventricle. An improved method for the washing out of 
the clotted blood from the vessels was achieved by the addition of 
0.05 % NaOH to the perfusion medium (5). The perfusion pressure 
was approximately 200—250 mm Hg (2.6—3.25 m H

2
O). A portion 

of the venous system must be opened to ensure a good distribution 
of the perfusion medium. The right auricular appendage served this 
purpose. The success of the perfusion was indicated by the uniform 
fading of the tissues seen during the procedure. The injection media 
of Duracryl Dental®, based on polymethylmethacrylate, and PUR 
SP (polyurethane material), was used in the study. The maceration 
of the soft tissues was carried out in a 2—4 % solution of KOH at 
60—70 °C. The maceration took approx. 2—3 days (3). The results 
were expressed in percentages. The latest edition of the Veterinary 
Anatomic Nomenclature was consulted throughout this study (13). 

RESULTS

The arteria mesenterica cranialis et caudalis supplies blood 
to the individual parts of the intestine. The arteria mesenterica 
cranialis is the thickest branch of the aorta abdominalis. It is 
an azygos emanating from the ventral aorta wall caudal to the 
origin of the the a.  coeliaca. It irrigates the small intestine and 
the cranial portion of the large intestine up to the transverse 
colon. The following variations were observed in the origin 
of the cranial mesenteric artery: in 15 % of the corrosion cast 

specimens, the a. mesenterica cranialis originated from the ab-
dominal aorta cranial to the origin of the a.  renalis dextra (Fig. 
3); and in  42 % a common trunk originated from the aorta 
abdominalis for the a.  mesenterica cranialis and the a.  renalis 
dextra (Fig. 2). The third variation was the origination of the 
artery from the abdominal aorta caudal to that of the a.  renalis 
dextra (Fig. 1), which was observed in 43 % of the cases. After 
the origin of the a.  mesenterica cranialis, it provided branches 
to the a.  colica media, the a.  pancreaticoduodenalis caudalis, the 
a.  colica dextra, the aa.  jejunales and the a.  ileocecocolica. 

The first branch was the a.  colica media, running caudal-
ly from its origin. It supplied blood to the transverse colon 
and cranial portion of descending colon. In 46 %, it branched 
off individually from a. mesenterica cranialis and in 37 % as a 
common trunk with the a. colica dextra. 

The a. pancreaticoduodenalis caudalis originated as a se-
cond branch and was directed cranially. It divided into rr.  pan-
creatici for pancreas and rr.  duodenales for duodenum. In 46 % 
the caudal pancreaticoduodenal artery originated cranial to 
the a.  colica dextra and in 37 % after the a.  colica dextra. In 
7 % the a.  pancreaticoduodenalis caudalis anastomosed with 
the a.  pancreaticoduodenalis cranialis. 

The third branch of the cranial mesenteric artery was the 
a.  colica dextra, which was directed caudally and supplied 
blood to the ascending colon. In 37 % it originated from the 
the a.  mesenterica cranialis as a common trunk with the a.  co-
lica media before the origin of the a.  pancreaticoduodenalis 
caudalis. In 50 % the artery branched off independently after 
the origin of a.  pancreaticoduodenalis caudalis. 

The principal continuation of the a.  mesenterica crania-
lis was the a.  ileocecocolica which divided into: the r.  colicus 
for the colon ascendens; the a.  ilealis for the ileum; and the 
a.  cecalis for the cecum. The presence of the a.  ileocecocolica 
(Fig.  4) together with its branches was observed in 45 %. In 
35 % the a.  mesenterica cranialis continued as the a.  ileoceca-
lis which bifurcated into the a.  ilealis and the a.  cecalis. 

Fig. 1. The origin of a. mesenterica cranialis caudal to the a. renalis dextra
1 — aorta abdominalis; 2 — a. mesenterica cranialis; 3 — a. renalis dextra

Fig. 2. The common trunk of the a. mesenterica cranialis 
with the a. renalis dextra

1 — aorta abdominalis; 2 — a. renalis dextra; 3 — a. mesenterica cranialis
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Additional branches from the cranial mesenteric artery 
were the aa.  jejunales (Fig.  5). In 16 to 20 of the rats, they 
irrigated the jejunum and the cranial portion of the ileum. In 
4 % of the corrosion casts, we observed a jejunal arcade and 
in 7 % a jejunal trunk (Fig.  5). 

The a.  mesenterica caudalis was the last azygos branch 
of the abdominal aorta which supplied blood to the caudal 

part of the descending colon and the rectum. The caudal me-
senteric artery originated in 52 % of the cases in the region 
of the aorta abdominalis bifurcation; in 2 % it branched off 
from the aorta, cranially before the origin of the a.  sacralis 
mediana and in the same number of casts originated directly 
from a.  sacralis mediana. In 2 % the a.  mesenterica caudalis 
originated from the a.  iliaca communis dextra. The a.  mesente-

Fig. 3. The origin of the a. mesenterica cranialis cranial 
to the a. renalis dextra

1 — aorta abdominalis; 2 — a. mesenterica cranialis; 3 — a. renalis dextra

Fig. 4. The presence of the a. ileocecocolica and its division
1 — a. ileocecocolica; 2 — r. colicus; 3 — a. ilealis; 4 — a. cecalis

A — colon; B — cecum; C — ileum

Fig. 5. The presence the truncus jejunalis and aa. jejunales
1 — a. mesenterica cranialis; 2 — a. jednalis; 3 — truncus jednalis

A — jejunum

Fig. 6. The division of the a. mesenterica caudalis
1 — aorta abdominalis; 2 — a. mesenterica caudalis

3 — a. colica sinistra; 4 — a. rectalis cranialis
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rica caudalis bifurcated to the a.  colica sinistra and the a.  rec-
talis cranialis (Fig. 6). 

The a.  colica sinistra (Fig.  6) supplied blood to the caudal 
portion of the descending colon and in 44 % anastomosed 
with the a.  colica media. 

The a.  rectalis cranialis (Fig.  6) supplied blood to the rec-
tum.	

DISCUSSION

Some authors described the origin of the a.  mesenteri-
ca cranialis 3—5 mm caudal to the origin of a.  coeliaca (2, 
8). A.  mesenterica cranialis was the thickest branch of the 
abdominal aorta with basic branching identical to that de-
scribed in our study (12). Our results agreed with other au-
thors (8, 12) as well. Our results indicated that the a.  colica 
media was consistent. It branched off independently or as 
a common trunk with a.  colica dextra. According to   H e b e l  
and  S t r o m b e r g (8), this artery was frequently dual. The 
a.  pancreaticoduodenalis caudalis originated from the ab-
dominal aorta as a second or third branch. According to 
these authors the artery always formed the second branch. 
The a.  colica dextra branched off from the aorta abdomina-
lis either as a second or third branch. The a.  colica dextra 
originated as a common trunk with a.  colica media. In this 
case a.  colica dextra emerged as the second branch. It for-
med the third branch when originating independently after 
the origin of the a.  pancreaticoduodenalis caudalis. According 
to our results the aa.  jejunales always originated from  the 
a.  mesenterica cranialis. Other authors described the origin 
of the aa.  jejunales from the a.  colica dextra (2, 8). The cor-
rosion casts prepared in our study allowed us to record two 
variations of the terminal branching of the a.  mesenterica cra-
nialis. The artery terminated either as the a.  ileocecocolica or 
the a.  ileocecalis. The a.  ileocecocolica divided to supply the 
r.  colicus, or the a.  ilealis et cecalis. The a.  ileocecalis divided 
to the a.  cecalis et ilealis. The principal continuation of the 
a.  mesenterica cranialis was the a.  ileocolica which supplied 
blood to the ascending colon, ileum and cecum (2). 

The a.  mesenterica caudalis was the branch supplying the 
caudal parts of the colon and the rectum. We observed va-
riations in the origin of the artery in comparison with other 
authors (2, 8, 12) who described its origin in the region of the 
bifurcation of the abdominal aorta or immediately cranial to 
it (8). In addition to these two origins, our study described 
the origin of this artery from the a.  sacralis mediana or the 
a.  iliaca communis dextra. After its origin, a.  mesenterica cau-
dalis bifurcated into a.  colica sinistra and a.  rectalis cranialis. 
A similar branching of the artery was described by others (2, 
8, 12).
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abstract

Pigeons have been reported to be commonly infected by a zoonot-
ic bacterium, Chlamydophila psittaci, that is the causative agent of 
psittacosis in human. We examined the seroprevalence of Chlamydo-
phila psittaci in feral pigeons (Columba livia domestica) in the Košice 
region of Slovakia. Certain areas (industry halls) of this city harbor a 
high concentration of feral pigeons. The study was conducted between 
February and June of 2009. The blood samples were examined by a 
complement fixation reaction (CFR). Out of 102 samples tested for 
Chlamydophila psittaci, 4 samples were positive (3.92 %). The anti-
chlamydial antibodies titres ranged from 1 : 32 to 1 : 256. Our results 
suggest that pigeons in the Košice region are not such a dangerous 
source of chlamydiosis for humans, as reported by other authors.

Key words: Chlamydophila psittaci; complement fixation reac-
tion; pigeons; seroprevalence; Slovakia; zoonosis 

Introduction

Chlamydophila psittaci (7), an obligate intracellular bacterium, 
which is the causative agent of avian chlamydiosis in birds and psit-
tacosis in humans, has been reported to be one of the most common 
pathogens found in feral pigeons worldwide and thus, constitutes a 
zoonotic risk (8, 14). Exposure to Chlamydophila psittaci by con-
taminated dust, direct contact with pigeons through handling and 
feeding have been identified as the cause in more than half of the 
human cases. Infections by indirect contact with feral pigeons have 
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been reported in about 40 % of the cases (16). The disease in birds is 
characterized by fever, watery-green diarrhea, anorexia, respiratory 
distress and conjunctivitis (1). The incubation period is from 5 to 
14 days. Human infections vary from inapparent to severe systemic 
disease. Infected humans typically develop headache, chills, malaise 
and myalgia, and pulmonary involvement is quite common (10).

The first case of the transmission of Chlamydophila psittaci from 
feral pigeons to humans was described in 1941 by  M e y e r  (17). 
Since this first description, 101 case reports have documented the 
successful transmission of chlamydiosis from pigeons to humans (9). 
In Slovakia, chlamydiosis in pigeons was confirmed by  Ř e h á č e k 
and  B r e z i n a  (20),  Ř e h á č e k  et al. (21),  P o s p í š i l  et al. (19), 
K o c i a n o v á  et al. (13)  and  Č i s l á k o v á  et al. (5).

Chlamydial infections are widespread in the feral pigeon popu-
lations of several European towns and cities. A high seroprevalence 
to Chlamydophila psittaci has been detected for several years in most 
of them. Therefore, we decided to determine the seroprevalence of 
Chlamydophila psittaci in the feral pigeons in the Košice region of 
Slovakia. This work summarises the results of the serological exami-
nation of the feral pigeons from this area during a 5 month period 
in 2009. 

Materials and methods

Blood samples from 102 feral pigeons were collected during a 
pigeon elimination programme from certain areas (industry halls) 
in the Košice region of Slovakia. The blood samples were obtained 
between February and June of 2009. The pigeons were caught by 
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traps and were euthanized by cervical dislocation, which is a simple 
and humane method of dispatching small to medium-sized birds 
and small mammals. Blood samples taken from the hearts of the pi-
geons were examined after centrifugation with the micromethod of 
the complement fixation reaction (CFR) (15, 23) according to the 
manual of the OIE (2). CFR is the standard test for the detection of 
chlamydial antibodies in birds. Serum samples with antibodies titre 
of 1 : 32 and higher were considered to be positive.

Results

During the 5  months (February — June 2009) period of 
research, out of the total number of 102 samples, 4 were 
positive, which represented 3.92 %. The anti-chlamydial an-
tibodies titres ranged from 1 : 32 — 1 : 256. Out of the total 
number of 4 positive samples, 2 samples (50 %) had lower 
titres (1 : 32 and 1 : 64) and 2 (50 %) had higher titres (1 : 128 
and 1 : 256). 

Discussion

Feral pigeons play an important role in the transmission 
of chlamydiosis to humans. From 1988 to 2003, the Centers 
for Disease Control (CDC) received reports of 935 cases of 
chlamydial infections in humans (4), which does not repre-
sents all of the actual number of cases. Considering data from 
11 European countries, the seroprevalence of Chlamydophila 
psittaci in feral pigeons ranged from 19.4 % to 95.6 %. In most 
studies, the complement fixation test was used, and antibo-
dies were detected in 19.4 to 66.3 % of the samples (16).

In our study, the seroprevalence was low when compared 
with the results of other authors. This discrepancy could be 
due to differences in the methodology, seasonality, type of 
sample and/or whether the pigeons came from urban or rural 
populations. The prevalence of anti-chlamydial antibodies in 
our study was 3.92 %, while other authors, who investigated 
blood serum of pigeons by CFR reported seroprevalences in 
the range of 28.6 % to 61.5 % (6, 18, 22, 27).

Regarding the seasonality; our study was conducted 
between February and June of 2009 (spring — summer), 
and we detected a low seroprevalence. Fifty four of 102 of 
our samples were obtained in the period from February to 
April (spring) 2009 and only one of these samples was po-
sitive with a  titre of 1 : 64. During the period from May to 
July (summer) the remaining 48 samples were harvested and 
three of the samples were positive with the respective titres 
of 1 : 32, 1 : 128 and 1 : 256.  T r á v n i č e k  et al. (27) repea-
tedly confirmed higher seropositivity (77.1 % and 85.1 %) in 
April as compared with summer-June (41.0 % and 33.3 %). 
In this study, the maximal antibody titre was also higher in 
April (1 : 1024) as compared with the maximal titres in June 
(1 : 512 and 1 : 256). Interestingly,  J a n i g a  (12) noted that si-
gnificantly more pigeons were found with antibodies against 
Chlamydophila psittaci in the autumn and winter than in the 
spring and summer. In their study, from November to De-
cember, 172 of 332 (seroprevalence of 51.8 %) birds had an-

tibodies against Chlamydophila psittaci, while only 25 of 148 
(seroprevalence of 16.9 %) birds had detectable antibodies in 
the spring and summer (March to August). 

According to the results of  V l a h o v i ć  et al. (28) and 
S c h w a r z o v á  et al. (25), the positivity of free-living birds 
seems to be much lower than the positivity of city pige-
ons.  V l a h o v i ć  et al. (28) investigated the prevalence of 
Chlamydophila spp. in 107 free-living birds (including feral 
pigeons) from Croatia. Chlamydophila spp. was detected 
with a prevalence of 2.8 % (3/107) of the tested free-living 
birds examined.  S c h w a r z o v á  et al., reported a prevalence 
of 6.6 % (6/91) using the polymerase chain reaction (PCR) 
from cloacal swabs in migrating birds in Slovakia (25). While 
V l a h o v i ć  et al. (28)  and  S c h w a r z o v á  et al. (25) reported 
a low positivity,  S c h e t t l e r  et al. (24) detected Chlamydophi-
la psittaci in free-living birds with a high positivity (74 %) using 
the same method (PCR) as  S c h w a r z o v á et al. (25). PCR 
was used also by  H e d d e m a  et al. (11) to detected chlamydio-
sis in fresh fecal samples from city pigeons in Amstredam, 
with an overall positivity of 7.9 %. There was a significant dif-
ference between positivity in the low breeding season (5 % in 
February and March) and the heigth of the breeding season 
(10 % in May).  T a n a k a  et al. (26) in Japan found Chlamydo-
phila psittaci in 106 of 463 (prevalence 22.9 %) fecal samples 
examined from feral pigeons by using the nested PCR. 

CFR seems to be an equally sensitive method for the detec-
tion of Chlamydophila psittaci in pigeons. Feral pigeons as an 
important source of chlamydiosis for people, were confirmed 
in Košice, Slovakia by  P o s p í š i l  et al. in 1988 (19). Also at 
present, in the Košice region, chlamydiosis represent a relati-
vely serious problem. In the years between 2001 and 2005, of 
the 27 confirmed cases of chlamydiosis in Slovakia, 24 of the 
people came from the Košice region (3). Therefore, the control 
of pigeon populations and their correct sanitary management 
are essential for the prevention and control of chlamydiosis. 
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ABSTRACT

This work was conducted on eighteen male Assam goats of vari-
ous ages from birth to 10 months of age. The goats were divided into 
six age groups based on their postnatal ages; viz. group I (day 0), 
group II (2 months), group III (4 months), group IV (6 months), 
group V (8 months) and group VI (10 months).The seminiferous tu-
bules did not have lumina up to the age of 2 month s (group II), hence 
they were called the sex cords and these contained centrally placed 
gonocytes and peripherally located sustentacular cells. The initiation 
of spermatogenesis began in 4 month old kids (group III) with the 
appearance of spermatogonia in the seminiferous tubules. The lumi-
nization process was completed by 6 month of age (group IV) with 
all the seminiferous tubules having well developed lumina at this age. 
These seminiferous tubules contained all the spermatogenic cells of 
the adult testis; viz. type A and B spermatogonia, primary spermto-
cytes at various stages of meiotic development (leptotene, zygotene, 
pachytene and diplotene), as well as round and elongated spermatids. 
The onset of puberty was observed to be established at 6 month of age 
in Assam goats as evidenced by the presence of spermatozoa adhering 
to the adluminal border of the Sertoli cells as well as in the tubular 
lumen. The histological characteristics of the spermatogenic and Ser-
toli cells were identical to other domestic animals.

Key words: age related changes; Assam goat; cytomorphology; 
seminiferous epithelium
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INTRODUCTION

India possesses 122.92 million goats of which almost 3 million 
are found in Assam (3). Goats plays an important role in the socio-
economic condition of the rural people of the North-Eastern region 
of India as they are endowed with short generation intervals, high 
rates of prolificacy and ability to be sustained on sparse vegetation 
and under extreme climatic conditions. Goat rearing has tremen-
dous potential in the North-eastern states particularly among the 
small and marginal farmers and landless laborers because of the 
very low initial investment and adequate financial returns. This re-
gion has abundant natural grasses, pastures, shrubs and forests due 
to widespread rainfall. More than 85 per cent of the population in 
this region is non-vegetarian and chevon (goat meat) is preferred by 
all as it has no religious taboo. Therefore, it is important to know 
the normal anatomical growth and development characteristics of 
the male genital system at various ages, particularly the testis and 
its tubular system.

A few anatomical studies on testes have been reported in goats: 
viz. post natal development of testes in Malabari goat from 4 to 
11 months of age (6); biometry of the testes in Sirohi goats (19); 
testicular measurements in Assam local X Beetal goats (21); and 
testicular growth in British Saanen, Alpine and Toggenburg breeds 
of bucks (1). Some works were also conducted in other ruminants, 
elucidating the morphology and biometry of the testes such as buf-
falos (20) and rams (24).
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The postnatal development of the testis is associated with varia-
tion in the morphology in different cell types of the seminiferous 
epithelium (5). No work has been conducted to study the cytomor-
phology of the seminiferous epithelium at various ages from birth 
to 10 months of age in Assam goats, which prompted this present 
investigation. This work is the first of its kind in the native goat of 
Assam.

MATERIALS AND METHODS

A total of 18 male Assam goats varying in age from day 0 to 
10  months were used in this study. The animals were divided into 
six age groups; viz. group I (day 0), group II (2 months), group III 
(4 months), group IV (6 months), group V (8 months) and group 
VI (10 months) consisting of three animals in each group having 
the same age. There is no particular breeding season in Assam 
goats, however, these goats show a tendency of relatively increased 
breeding behavior during the autumn season. The experimental 
goats used in this study were born in the same season. The ages of 
the goats were known from their birth records. Each animal was 
weighed using a spring balance to record the body weight. The ani-
mals were sedated by giving an intramuscular injection of Siquil 
(triflupromazine hydrochloride) at a dose of 1 mg.kg-1 body weight 
and subsequently anaesthetized by administering an intravenous 
injection of Intravel sodium (pentobarbital sodium) at a dose of 
15 mg.kg-1 body weight (12). After induction of the proper level of 
anesthesia, the animals were sacrificed. 

Tissue pieces were collected from three different regions of 
the testis; viz., upper, middle and lower and subsequently fixed in 
Bouin’s solution prepared as per (18). All the tissues were processed 
for paraffin sections (18) by the alcohol-xylene method using cedar 
wood oil. Sections were cut at 5 μ thickness using a rotary micro-
tome (Thermo, Germany) and stained by Haematoxylin and Eosin 
(8) and PAS-Haematoxylin method for nuclear staining (13).

RESULTS

In the animals of groups I and II, no lumen was found in 
the seminiferous tubules, hence these were called sex cords 
(Fig. 1). These solid sex cords contained peripheral primitive 
Sertoli cells and large centrally placed germ cells located in 
an eosinophilic material (Fig. 2). The gonocytes were large 
cells with a spherical nucleus of homogenous nucleoplasm. 
They showed variable degrees of degeneration in the form of 
vacuolated cytoplasm and different stages of karyolysis. The 
primitive Sertoli cells were polygonal or cone shaped cells 
with light and relatively homogenous cytoplasm. The nuclei 
of these primitive Sertoli cells showed heterochromatin ma-
terial with infoldings of the nucleolemma. Nucleoli were not 
distinct. At this stage, these cells outnumber the gonocytes.

The type A spermatogonia (Fig. 3) were large oval or el-
liptical shaped cells located close to the basement membra-
nes of the seminiferous tubules. They had large oval nuclei 
containing uniform chromatin material. The nucleoli were lo-
cated at random within the nucleus and their numbers were 
usually more than one. The cytoplasmic periphery of the cell 
was weakly eosinophilic and the long axis of the cell was pla-
ced parallel to the basal lamina. The type B spermatogonia 
were proportionately rounded cells with distinct spherical 
nuclei. The chromatin substance was observed as distinct 
clumps which usually adhered to the nuclear membrane. The 
nucleoli were located at the centre of the nucleus but devia-
tions were also noted. The cytoplasm was lightly eosinophilic 
(Fig. 3).

The meiotic phases of the primary spermatocytes were 
recognized in the kids from 4 month of age (group III) on-
wards. The leptotene primary spermatocytes were uniformly 
rounded cells with spherical nuclei. The chromatin substan-
ce was organized to form a dense filamentous network which 
filled the nucleus completely. The cytoplasm was lightly stai-
ned. The nuclei were in a distinct spheroid shaped (Fig. 4).

The zygotene primary spermatocytes were marked by 
their deeply stained nuclei, which were usually notched, but 
occasionally rounded in shape. The chromatin substance ap-

Fig. 1. Photomicrograph of the testis of a day-old kid (group I)
showing the sex cords (arrows). H & E. Magn. × 400

Fig. 2. Photomicrograph showing the gonocytes (G), sustentacular
or Sertoli cells (S) and the basement membrane of the sex

cords in the testis of a day-old (group I) male kid. H & E. Magn × 1000
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peared coarse. The nuclei were ill-defined and the nuclear en-
velope was indistinct. The cytoplasm of these cells was pale 
stained (Fig. 4).

The pachytene primary spermatocytes were characteri-
zed by large spherical cells and their nuclei were uniformly 
spheroid. The chromatin material appeared in a coarse fila-
mentous arrangement leaving irregular interstices in the nu-
cleoplasm. The nuclear envelope was indistinct and nucleoli 
were small and faintly stained. The cytoplasmic rim was com-
paratively broad and faintly stained (Fig. 4).

The diplotene primary spermatocytes were characterized 
by the largest size of the spermatogenic series. They were 
large, rounded cells with spherical nuclei. The chromatin ma-
terial was more loosely arranged. They were stained lighter 
than the pachytene nuclei. The nuclear membrane was indi-
stinct and the nucleoli were rarely perceptible. The cytopla-
smic rim surrounding the nucleus was weakly eosinophilic 
(Fig 5).

The secondary spermatocytes were smaller in size than 
the primary spermatocytes but larger than the round sperma-

tids. They were round in shape and their nuclei were spheri-
cal with centrally placed small dot like clumps of chromatin 
interconnected with a fine filamentous network. The nuclear 
membrane was distinct with indistinct nucleoli. The cytopla-
sm was scant and eosinophilic. These cells were seen in the 
goats from 6 month of age (group IV) onwards.

The round spermatids (Fig. 5) were the smallest cells of 
the spermatogenic series. They possessed spherical nuclei 
and had a thin peripheral cytoplasmic rim. The chromatin 
substance appeared granular with 2 to 3 larger irregular ag-
gregates which stained more intensely than the surrounding 
nuclear material. The nuclear membrane was thin and pro-
minent.

The elongated spermatids (Fig. 3) were characterized by 
elongated nuclei with condensed chromatin. They stained 
more deeply and either remained attached to the Sertoli cell 
cytoplasm or migrating centripetally towards the lumina of 
the seminiferous tubules.

The spermatozoa (Fig. 4) were usually found attached to 
the Sertoli cells at their ad luminal border and in the lumen 

Fig. 6. Photomicrograph of the testis in a four months old (group 
III) male goat showing Sertoli cell nuclei (S) in the seminiferous

epithelium. H & E. Magn. × 1000

Fig. 3. Photomicrograph showing type-A spermatogonia (A),
type-B spermatogonia (B) and elongated spermatids (ES) in the

seminiferous epithelium of the testis of an eight months old
(group V) goat. H & E. Magn × 400

Fig. 4. Photomicrograph showing leptotene (L), zygotene (Z),
pachytene (P) primary spermatocytes and spermatozoa (Sp) in the
seminiferous epithelium of the testis of a six months old (group IV)

goat. H & E. Magn. × 1000

Fig. 5. Photomicrograph of the testis in a six months old (group
V) goat showing deplotene (D) primary spermatocytes and round

spermatids (R) in the seminiferous epithelium. H & E. Magn. × 1000
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of the seminiferous tubules after their release from the Ser-
toli cells. The head was elongated-oval in shape. The sperma-
tozoa were first seen in the seminiferous tubules in the male 
Assam goats at 6 months of age (group IV) in this study.

The sustentacular cells (Sertoli cells) (Fig. 6) were elon-
gated pyramidal cells whose broad base rested on the base-
ment membrane. The nuclei were spherical or pear shaped 
and were located near the basement membrane of the semi-
niferous tubules. The centrally placed nucleolus was large 
and intensely stained. The chromatin material of the nucleus 
was fine, evenly distributed and lightly stained. The cellular 
outlines of the Sertoli cells were not distinct. As the process 
of spermatogenesis was fully established in the 6 months old 
bucks (group IV) onwards, the morphological maturation of 
the Sertoli cells was noticed which included: the movement 
of nucleus to the basal portion of the cell; the nuclear mem-
brane became folded with the development of a prominent 
nucleolus; and proliferation of organelles as evidenced from 
darkly stained masses in the basal region of the Sertoli cells.

DISCUSSION

Based on the distribution pattern of the chromatin and 
the size of the spermatogonia, type-A and type-B spermato-
gonia were recognized. Similar types of spermatogonia were 
also reported in the rat (9), Dwarf Nigerian ram (2), stal-
lion (25), bulls (11) and goat (7). The intermediate type of 
spermatogonia were not classified in the present study as the 
criteria of these cells having irregular distribution of nume-
rous Fuelgen positive chromatin granules in ovoid nucleus 
and their attachment to the nucleoli and nuclear membrane 
did not hold good in goat as also observed by  B o r d o o i  and 
D h i n g r a  (7).

Prior to the transformation of gonocytes into spermato-
gonia, an intermediate pre-spermatogonial stage occurred 
which had been ascertained as “quiescent” (16). The tran-
sformation of the gonocytes into spermatogonia was con-
sidered as the initiation of spermatogenesis (14). The first 
appearance of spermatogonia in the seminiferous tubules 
was an important factor. In this study, the transformation of 
gonocytes to spermatogonia was observed in the seminife-
rous epithelium at 4 month of age (group III) indicating the 
initiation of spermatogenesis at this age in the Assam goat. 
However,  B a i s h y a  et al. (4) recorded the initiation of sper-
matogenesis at 69 days of age in Assam goats, which was 
much earlier as compared to the 4 month of age (group III) 
observed in our study. At 2 and 4 months of age, the possibi-
bity of the initiation of spermatogenesis after 2 months and 
prior to attaining 4 months of age could not be assertained 
in the present work. The age of the initiation of spermatoge-
nesis was reported to be variable in different animals, which 
was recorded as 70 days in Dwarf Nigerian lambs (2), 150 
days in rams (24), 120 days in Brown Swiss crossbred bulls 
(25) and 350 days in buffalos (15).

Our work confirmed the first occurrence of spermatozoa 
attached to the ad luminal border of the Sertoli cells or in 
the lumina of the seminiferous tubules at 6 month of age 

(group IV), indicating the onset of puberty at this age in male 
Assam goats. The first occurrence of spermatozoa had been 
reported at 18 weeks of age in Dwarf Nigerian rams (2) and 
165  days in native rams of Iran (22). The initiation of puber-
ty as evidenced by the presence of sperm cells in the ejacu-
lated semen was found to be at 29 weeks in Beetal X Assam 
local male kids (17).

The histological characteristics of all the spermatogenic 
cells recorded in the present study in Assam goats at various 
ages were in agreement to the earlier findings reported in 
Dwarf Nigerian rams (2), domestic animals (10), goats (8) 
and native rams of Iran (22).

The Sertoli cells were elongated pyramidal cells whose 
broad base rested on the basement membrane of the semi-
niferous tubules. The nucleoli were absent in the nuclei of 
these cells at birth (group I), which might be due to their im-
maturity. The nucleoli were present in the Sertoli cells from 2 
month of age (group II) onwards. Again, the morphological 
maturation of the Sertoli cells was noticed after full establi-
shment of the spermatogenesis process, as also reported in 
buffalo calves (23).
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ABSTRACT

In order to evaluate the liver and kidney functions of rats exposed 
to lead as lead acetate, twenty four male Wistar rats were divided into 
four different groups. The rats of group A received only deionised 
water while those of groups B, C and D were given 200 ppm, 300 ppm 
and 400 ppm lead as lead acetate in the drinking deionised water 
respectively for four weeks. There were significant increases in the 
liver biomarker enzymes activities such as alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma glutamyl trans-
peptidase (GGT), while there were significant decreases in the pro-
tein, albumin and globulin of rats exposed to lead. Also there were 
significant increases in the kidney biomarkers such as creatinine and 
blood urea nitrogen (BUN) (P < 0.05). Therefore it is concluded that 
exposure to lead could result in the impairment of both the kidney and 
liver functions.

Key words: ALT; AST; BUN; creatinine; liver and kidney func-
tions; GGT 

INTRODUCTION

Lead is widely recognized as a long-lived and persistent envi-
ronmental toxicant. It is a persistent and toxic xenobiotic, as are 
other xenobiotics which can induce different health risks from the 
foetal stage until senescence (2). Several reports have indicated 
that lead can cause neurological, haematological, gastrointestinal, 
reproductive, circulatory and immunological pathologies in which 
all of them are related to the dose and the amount of time of lead 
exposure (1, 11, 12). 
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The liver plays a major role in the metabolism of lead. The liver 
is particularly subjected to special risks, due to the oxidative action 
of this xenobiotic. This is because there is unquestionable evidence 
that lead-induced lipid peroxi dation of cellular membranes plays 
a crucial role in the mechanisms of the hepatotoxic action by this 
xenobiotic (15). On the other hand, lead is also known to adversely 
affect the kidney, which is another important target organ of lead 
(6). Lead produces oxidative damage in the kidney as evidenced by 
enhancing lipid peroxidation (4, 5).

Heavy metal poisoning, like lead cause adverse effects to he-
patic cells because after lead exposure, the liver is one of the organs 
involved in the storage, biotransformation and detoxication. Lead 
also affects the kidney, which is another important organ that par-
ticipates in the detoxication.

The aim of the current study was to evaluate the effect of differ-
ent dose level of lead acetate on the liver and the kidney using some 
biomarkers as indications of lead toxicity.

MATERIALS AND METHODS

The study was carried out on twenty four (24) male Wistar rats. 
The average weight of the rats was 120 ± 3.50 g. The rats were ran-
domly divided into four (4) groups designated A, B, C and D with 
six (6) rats per group. The animals were maintained under standard 
laboratory conditions and were fed dry ration ad libitum (fat/oil 
6 %, crude fibre 5 %, calcium 1 %, available phosphorus 0.4 %, lysine 
0.85 %, methionine 0.35 %, salt 0.3 %, crude protein 18 %, metabolis-
able energy 2 900 Kcal.kg-1, manufactured by TOPFEEDS®, Lagos, 
Nigeria). Animals of groups B, C and D were given lead as lead 
acetate ((CH

3
.COO)

2
Pb.3H

2
O, assay (ex Pb) 99—103 %, maximum 
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limits of impurities, chloride (Cl) 0.005 %, copper (Cu) 0.002 %, a 
product of Cartivalues, England at 200 ppm, 300 ppm and 400 ppm 
in deionised drinking water respectively while group A (Control) 
received only deionised water for four (4) weeks.

After four weeks of lead exposure, blood samples were collected 
from the eye vein into heparinised capillary tubes.

Biochemical assessment
The following biochemical parameters were evaluated colori-

metrically using biochemical kits supplied by Randox® Laboratory 
Limited, United Kingdom. These kits were as follows: aspartate 
aminotransferase (AST); alanine aminotransferase (AST); alka-
line phosphatase (ALP); gamma glutamyl transpeptidase (GGT); 
creatinine; blood urea nitrogen (BUN); total protein; albumin; and 
globulin.

Statistical analysis
The values are expressed as the mean ± standard error. The mean 

values were compared by one way analysis of variance (ANOVA) 
and Duncan’s range test. The significance of the differences among 
treatment groups to all statements of significance were based on the 
probability of P < 0.05.

RESULTS

The effects of lead toxicity on AST, ALT, ALP, GGT, cre-
atinine, BUN, total protein, albumin and globulin are shown 
in Table 1.

Evaluation of liver function indicators: there were signifi-
cant increases (P < 0.05) in the activities of ALT, AST, ALP 
and GGT of the treated groups compared to the control 
group, while there were significant decreases in the total pro-

tein, albumin and the globulin of the treated groups compa-
red to the control group.

Evaluation of the kidney function indicators: there were si-
gnificant increases in the creatinine and blood urea nitrogen 
(BUN) of the treated group compared to the control group.

DISCUSSION

The liver performs multiple diverse functions essential to 
life, exemplified by activities such as synthesis, excretion and 
detoxification among others. From our results we noticed an 
increase in the activities of the liver enzymes such as ALT, 
AST, ALP and GGT; this is an indication of the hepatotoxic 
effects of lead. This could be due to the increased cell mem-
brane permeability or cell membrane damage of hepatocytes 
caused by lead. These findings are in accordance with the 
literature (14, 18). The increase in plasma activities of ALT, 
AST, ALP and GGT as marker of hepatocellular damage in-
dicate some impairment of liver function. It has been repor-
ted that the serum activity of ALT was elevated significantly 
more than AST on lead exposure which indicated liver da-
mage and the development of fibrosis (10, 14). The incre-
ase in alkaline phosphatase might be due to the damage of 
liver, kidney and bone resulting in the liberation of alkaline 
phosphatase (8). This observation is in agreement with the 
findings of S h a l a n  et al. (14). The increase in GGT is an in-
dication of hepatotoxicity and oxidative damage in the hepa-
tocyte (18). The increase in AST and ALT with a significant 
decrease in the total protein concentration, is in agreement 
with  S w a r u p  et al. (17). The elevation in transaminases ac-
tivities and the decrease in total protein concentration may 
be attributed to the liver injury. Therefore, the exposure to 

Table 1. The effects of lead toxicity on aspartate aminotransferase (AST), 
alanine aminotransferase (AST), alkaline phosphatase (ALP), gamma glutamyl transpeptidase (GGT), 

creatinine, blood urea nitrogen (BUN), total protein, albumin and globulin

Parameters Group A Group B Group C Group D

ALT (IU.l -1) 60.15 ± 1.34a 65.21 ± 1.10b 79.10 ± 1.24c 85.11 ± 1.29d

AST (IU.l -1) 97.18 ± 1.13a 99.79 ± 1.34a 105.03 ± 1.03b 112.01 ± 1.22c

ALP (IU.l -1) 69.54 ± 1.12a 72.27 ± 1.04a 83.12 ± 1.10b 97.13 ± 1.12c

GGT (IU.l -1) 7.16 ± 0.13a 9.11 ± 0.21b 12.56 ± 0.33c 16.13 ± 0.14d

Creatinine (mg.dl-1) 0.65 ± 0.034a 0.97 ± 0.02b 1.04 ± 0.13c 1.13 ± 0.06c

BUN (mg.dl-1) 16.13 ± 1.34a 17.42 ± 1.04a 19.57 ± 1.21b 22.35 ± 1.28c

Total protein (g.dl-1) 8.66 ± 0.02a 8.52 ± 0.04a 7.23 ± 0.01b 6.52 ± 0.03c

Albumin (g.dl-1) 5.24 ± 0.03a 4.59 ± 0.02a 3.68 ± 0.02b 3.19 ± 0.04b

Globulin (g.dl-1) 3.42 ± 0.01a 3.93 ± 0.02a 3.55 ± 0.01b 3.33 ± 0.02b

Values in the same column with different superscript differ significantly (P < 0.05) 
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lead results in the alteration of serum biochemical parame-
ters indicative of liver functions.

The observed decrease in the protein, albumin and globu-
lin content of the plasma of the rats exposed to lead acetate 
may be due to a decrease in the hepatic DNA and RNA (14). 
This is similar to the observations of  S t o n e  and  S o a r e s 
(16) who reported a decrease in the total protein which may 
be due to the binding of lead to albumin. A decrease in the 
hepatic total protein content in response to lead intoxication 
was also reported by  G o s w a n i  et al. (7). The observation 
of a lower mean plasma levels of total protein and albumin in 
the exposed than in the control is consistent with the trend 
observed in liver diseases involving the impaired synthetic 
function of the liver (9). The liver is the primary site of the 
synthesis of plasma proteins; hence disturbances of protein 
synthesis therefore occur as a consequence of impaired hepa-
tic function which will lead to a decrease in their plasma pro-
tein concentrations. The lower plasma albumin level of the 
exposed rats in this study therefore may indicate a reduction 
in the synthetic function of the liver.

Blood urea nitrogen (BUN) and creatinine was observed 
to be increased in the treated groups. This might be due to 
the loss of kidney function and considered as functional evi-
dence of lead induced nephrotoxicity (13). The increase se-
rum urea and creatinine have been used as important indices 
for the elevation of the effects of chemicals on the kidney (3). 
The presence of increasing urea and creatinine concentration 
in the blood suggest the inability of the kidney to excrete the-
se products, which further suggest a decrease in glomerular 
filteration rate. Significant increases in the urea and creatini-
ne which are indicative of abnormal kidney functions agreed 
with the results of  G o s w a n i  and  G a c h h u i  (7). 

In conclusion, the exposure to lead posses the potential 
to induce hazardous biological effects in rats. The changes in 
liver and kidney functions as shown by the altered biochemi-
cal markers illustrate the hepatotoxic and nephrotoxic effects 
of lead on biological tissues. 
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ternational Code of Zoological Nomenclature, London 1999 (4th 
ed.), should be observed. Linnaean names should be used for plant 
species. Anatomical terminology should agree with the nomencla-
ture published in the Nomina Anatomica Veterinaria 4th edn. (1994) 
ed. Habel, R. E., Frewein, J., and Sack, W. O., World Association of 
Veterinary Anatomists, Zurich and Ithaca, New York.

Latin terms and other non-English words should be italicised in 
the manuscript. Use the British Standard 2979 : 1958 for the translit-
erations of Cyrillic characters in the references as well as the text.

Photographs, Illustrations and Figures. As this part is electroni-
cally subject to change and mishaps, figures and tables demand ex-
tra care and safety. We recommend sending illustrations also in sep-
arate files. Black-and-white photographs should be clear and sharp. 
Because of technical complications which can arise by converting 
color figures to “gray scale” please submit your figures and illustra-
tions in version suitable for black and white print. In the journal, 
figures and illustrations will have an overall width of no more than 
8.5 cm and be drawn on pages 17.5 cm wide. The size of the letters 
in legends should suit these dimensions. Ensure that figures and 
illustrations are numbered consecutively and each figure or illustra-
tion has a caption. Supply captions separately, not attached to the 
figures. Each caption should comprise a brief title and description 
and should be placed below the figure or illustration/photograph. 
Photomicrographs must state the magnification and stain tech-
nique. The main objects, changes, and findings should be shown by 
an arrow or some other symbol explained in the legend. Permission 
should be obtained for use of copyright material from other sources 
(including the Web).

Tables should contain essential data not given in the text. Statis-
tics must be enclosed. Number tables consecutively in accordance 
with their appearance in the text. Place titles above the tables and 
footnotes below the table body and indicate them with superscript 
lowercase letters. Within each table, lines should separate only the 
headings from the body of the table, and the body of the table from 
any totals, averages, etc. No vertical lines should be used. 

Ethical Considerations. When reporting experiments on animals 
indicate whether the respective legislative provisions on the care 
and use of laboratory animals were observed. Manuscripts should 
describe the measures taken to minimize or eliminate pain and dis-
tress in animals during experiments and procedures. If the Editors 
deem that animals have been subjected to suffering unjustified by 
the scientific value of the information sought, they will reject the 
paper on ethical grounds.

The journal encourages integrity in science. Questionable and 
fraudulent claims will not be entertained.

Experimental Hazards. Authors should draw attention to any 
dangers involved in carrying out their experiments, and should de-
tail the precautions taken to guard against such hazards.

Statistics. Describe statistical methods with enough detail to en-
able a knowledgeable reader with access to the original data to verify 
the results reported. When possible, quantify findings and present 
them with appropriate indicators of measurement error or uncertain-
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ty. Discuss the eligibility of experimental subjects. Give details about 
randomisation. (Cf. the statistical guidelines for authors in The Aus-
tralian Veterinary Journal Vol.76, No. 12, December 1998, p. 828.)

MANUSCRIPT STRUCTURE — full paper

Each manuscript should be thematically complete: serialization 
is discouraged. 

Divide your article into the subsections with the following head-
ings: ABSTRACT, INTRODUCTION, MATERIALS AND METH-
ODS, RESULTS, DISCUSSION, CONCLUSIONS (ACKNOWL-
EDGEMENT), REFERENCES. Each heading should appear on its 
own separate line, with one blank line above and below each heading.

The Title Page. 
Leave two blank lines.
The paper should be headed with the full title, (BOLD, UPPER-

CASE letters, size 14, centered) which should accurately and con-
cisely describe the topic in no more than two lines. The surname(s) 
and initials of the author(s) and the name and place(s) of their 
employment should follow this. (If the work was carried out in an 
institution other than the place of employment, this should be noted 
in the body of the text.) 

One blank line. 
e-mail address of the corresponding author
Two blank lines

ABSTRACT

(Bold, lower-case letters) The second page should carry an ab-
stract, which should be self-contained and not exceed 250 words. It 
should briefly incorporate the purpose and relevance to veterinary 
science of the study, basic procedures, the main findings, and prin-
cipal conclusions. It should emphasize new and important aspects 
of the study or observations.

One blank line

Key words: Key words should be listed below the abstract, from 
which they are separated by a one-line space. They should consist of 
three to ten words in alphabetical order, written in lower-case, bold, 
and separated by semi-colons.

INTRODUCTION

State the objective of the study and provide adequate back-
ground, avoiding a detailed literature survey. Give only strictly per-
tinent references and do not include data or conclusions from the 
study being reported.

MATERIAL AND METHODS

Describe’ your selection of observational or experimental 
subjects (including controls) clearly. Identify the age, sex, state of 
health, and other important characteristics of the subjects.

Identify the methods, apparatus (with the manufacturer’s name 
and address in parentheses), and procedures in sufficient detail 
for other workers to reproduce the experiment. Quote established 
methods, including statistical methods; provide references and brief 
descriptions for methods that have been published but are not well 
known; describe new or substantially modified methods in full; give 
reasons for using them, and evaluate their limitations. Precisely 
identify all drugs and chemicals used, including generic name, dose, 
and route of administration.

RESULTS

These should be as succinct as possible and presented in a logi-
cal sequence in the text, with figures and tables. Emphasize or sum-
marize only the important observations in the text. Do not dupli-
cate in the text all the data in the figures and tables.

DISCUSSION

Emphasize the new and important aspects of the study and the 
conclusions that follow from them. Do not repeat in detail data or 
other material given in the Introduction or the Results sections. In-
clude in the Discussion section the implications of the findings and 
the limitations, together with their significance for future research. 
Relate the observations to other relevant studies.

CONCLUSIONS 

Link the conclusions with the aims of the study, but avoid un-
qualified statements and conclusions not completely supported by 
the data. Avoid claiming priority and alluding to work that has not 
been completed. Recommendations, when appropriate, may be in-
cluded.
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As described above.

Notes and Short Communications. Such manuscripts should 
have the same form as full papers, but are much shorter. Separate 
headings are needed only for the Abstract, Key words, Main Text, 
Acknowledgements and References. These scripts fall under the 
above main headings and should be marked accordingly.

Technical Notes. Such notes should record a new method, tech-
nique, or procedure of interest to veterinary scientists. They should 
include the reason(s) for the new procedure, a comparison of re-
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sults obtained by the new method with those from other methods, 
together with a discussion of the advantages and disadvantages of 
the new technique. A technical note should not exceed six pages, 
including figures and tables.

Research Communications. These are short articles, no more 
than four pages, which should introduce novel and significant find-
ings to the commonwealth of veterinarians.

Review Articles. These should provide a substantial survey, 
with an appropriate historical perspective, of the literature on some 
aspect of veterinary medicine. Alternatively, such articles may re-
view a topic of veterinary interest, which may not come within the 
normal purview of many veterinarians. Authors submitting review 
manuscripts should include a section describing the methods used 
for locating, selecting, extracting, and synthesizing data. These 
methods should be summarized in the abstract.

Observations. Research of this kind contributes to knowledge, 
but not to the advancement of ideas or the development of con-
cepts. In some cases, these papers underpin what may seem obvi-
ous, with statistical data. Such communications should not exceed 
four pages.

Current Issues. Papers that deal with issues of topical interest to 
veterinary scientists will be considered. Issues may include items on 
environmental concerns, legislative proposals, etc.

Book reviews. Book reviews may be submitted. They should 
bring a new text to the readership and evaluate it.

Letters to the Editor. These are items of scientific corre-spon-
dence, designed to offer readers the chance to discuss or comment 
on published material and for authors to advance new ideas. Should 
a letter be polemical, a reply or replies for simultaneous publication 
may be sought from interested parties.
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