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The present study was carried out to determine the effects of aflatoxinB1 (AFB1) on the skeletal system 
of the fetuses of balady rabbits. The female animals were divided into three groups, one control and two 
treated, the control group contained four dams, the intoxicated group with 0.1 mg/kg contained six 
dams while the intoxicated with 0.05 mg/kg contained three dams. A dose of 0.1 and 0.05 mg/kg/day 
AFB1 was administered by gastric intubation to pregnant rabbits on the 6

th
-21

st
 day of pregnancy. The 

fetuses were obtained through the uterine incisionat different stages of gestation according to the 
group. The lengths and weights of the fetuses as well as absolute organs weights were measured, 
revealing the statistically significant differences between the control and intoxicated with 0.05 mg/kg 
group at 29

th
 day of gestation (p<0.001) while there were non-significant decrease of control and 

intoxicated with 0.1 mg/kg at 22
nd

 day of gestation. The observed gross anomalies included wrinkled 
skin, enlarged eye socket and microphthalmic eyes in both groups. The heart of treated group showed 
reduction in size with wide ventricular lumen and shallow inter ventricular groove in intoxicated group 
with a dose of 0.05 mg/kg AFB1. Regarding the skeletal anomalies, there were incomplete ossification in 
some of the skull bones, the laminae of the vertebral arches throughout the vertebral column remain 
cartilaginous. The sternum was incompletely ossified. Most of the appendicular skeleton bones were 
grossly shorter and remained in cartilaginous state.  
 
Key words: Aflatoxin B1 (AFB1), rabbits, teratogenicity, ossification. 

 
 
INTRODUCTION 
 
Aflatoxins, metabolites of the fungi Aspergillus flavus and 
Aspergillus parasiticus, are frequent contaminants of a 
number of staple foods, particularly maize and ground 
nuts, in subsistence farming communities in tropical and 
sub-tropical climates in sub-Saharan Africa, Eastern Asia 
and parts of South America. Increased expression or 
deregulation of the c-myc and c-Ha-ras genes may play 
an important role in the development of hepatomas 
induced by AFB1 (Tashiro et al., 1986). 7,8-Benzoflavone 

stimulates the metabolic activation of aflatoxin B1 to 
mutagens by human liver (Buening et al., 1978). A mouse 
hepatoma cell line, Hepa-1, is highly sensitive to the toxic 
effects of Aflatoxin B1 (AFB1) (Kärenlampi, 1987). Con-
sumption of a CMRN-containing diet provides substantial 
protection against the initiation of AFB1 hepatocarcino-
genesis in the rat (Kelly et al., 2000). 

The metabolism of AFM1 and AFB1 has been studied 
in vitro using human liver microsomes. Formation of primary
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metabolites associated with metabolic activation to the 
respect-tive epoxides reflected the differences between 
the carcinogenic potentials of the two toxins and, similar 
to AFB1, the conjugation of AFM1 epoxide with reduced 
GSH was catalyzed by mouse, but not human liver cytosol 
(Decad et al., 1977). The nuclei and microsomes are cap-
able of metabolizing aflatoxin B1 into aflatoxin M1, afla-
toxin Q1, and two unidentified fluorescent compounds in 
the presence of fortified NADPH generating system 

(Yoshizawa et al.. 1981). The levels of expression of 
many of the forms of cytochrome P-450 involved in AFB1 
metabolism are known to be highly sensitive to 
environmental factors. This indicates that such factors will 
be an important determinant in individual susceptibility to 
the tumorigenic action of AFB1 (Forrester et al., 1990). 

Among commonly occurring mycotoxins, aflatoxin B1 
(AFB1) gained immense importance due to its biological 
effects and widespread toxicity (Trail et al., 1995). AFB1 
is one of stable mycotoxins commonly produced by toxigenic 
strains of Aspergillus: Aspergillus flavus, Aspergillus 
parasiticus and Aspergillus fumigatus, that are ubiquitous 
in hot/humid conditions and natural contaminates of food 
and feed stuff (Hussein and Brasel, 2001; Diekman and 
Green, 1992). In 1993, WHO-international agency for 

research stated that rabbits are exclusively recommended 
by regulatory bodies for developmental toxicity studies 
also classified AFB1 as class 1 carcinogen and regulate 
its level to a very low concentration in traded commodities 
(20 ppb in grains, 05 ppb in milk and 4 ppb in feeds). 

Congenital malformations are structural anomalies which 
take place during embryogenesis. Several medicines and 
certain chemicals may cause malformations or permanent 
defects which may lead to death passing through fetal 
circulation, which is called (teratogenesis) (Brendel et al., 
1989). 

Development of embryo is affected by teratogens mostly 
during the process of organogenesis, which is recognized 
as the time period from the occurrence of the neural 
plaque to closure of the plate (Stanley and Bower, 1986; 
Vickers and Brackley, 2002). It begins usually on the 6

th
–

18
th 

day in rabbit (Petrere et al., 1993; Wangikar et al. 
2005) during this period, teratogenic agents can lead to 
significant congenital anomalies. 

Rabbits and ducks are the most sensitive species to 
aflatoxin B1 (AFB1) with the oral LD50 0.3 and 0.36 
mg/kg bodyweight, horses and sheep are moderately 
susceptible to oral LD50 1.0 and 2.0 mg/kg body weight 
respectively, while chickens are relatively resistant to oral 
LD50 6.5 mg/kg body weight (Marquardt and Fronhlich, 
1992; Pier, 1992). Also, Clark et al. (1980) determined 
the acute oral LD50 of AFB1 for rabbits as 0.3 mg/kg 
body weight, while Wangikar et al. (2005) mentioned that 
0.1 mg/kg body weight AFB1 is the minimum teratogenic 
dose in rabbits which interfere with intrauterine development 
during gestation days 6-18. 

However, the literatures about the teratogenic study in 
rabbits  are  meager  and  the  rabbit is the most sensitive 
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species to mycotoxins and greatly similar to humans in 
early developmental patterns (Beaudion et al., 2003) and 
the extra-embryonic membranes of rabbits are closely 
related to that of human (Foote and Carney, 2000). This 
study was planned to elucidate the effects of AFB1on the 
skeletal system of rabbit fetuses by administering different 
doses during gestation period of 6-18 day. Literature on 
this is lacking 
 
 
MATERIALS AND METHODS 
 
Experimental animals and mating procedures 

 
Sexually mature (2.5±0.5 kg), virgin apparently healthy balady 
rabbits of both sexes (2 males &13 females) from 3-4 months old 
were used. The animals were kept for two weeks for acclimatization 
with the housing conditions. The female rabbits in estrous were 
mated with males and considered as day zero of conception. The 
pregnant animals were divided into three groups and each individual 

was kept in a separate cage. All animals were kept under a constant 
day/night cycle (12 h L/12 h D) for 29 days (pregnancy period). All 
animals received routinely ad libitum standard rabbit diet (18% 
crude protein containing granule pellet) free of any mycotoxins at 
Central Laboratory of Residue Analysis of Pesticides and Heavy 
metals in Food, Agricultural Research Center, Ministry of Agricultural, 
Egypt. Tap water was supplied ad libitum on a daily basis. The 
fetuses were taken by uterine incision after slaughter of the dams. 
 

 
Method of treatment 

 
The control group (4 animals): two animals were dosed by gastric 
intubation with a dose of 0.2 ml corn oil/kg/day from 6

th
-18

th 
day of 

the pregnancy, slaughtered at 29
th 

day of gestation. One animal 
dosed from 6

th
-13

th 
was slaughtered at 14

th
 day of gestation and the 

last one dosed from 14
th
-21

st
 with the same dose, was slaughtered 

at 22
nd

 day of gestation 
The intoxicated group (3 animals): received AFB1 with a dose of 

0.05 mg/kg dissolved in corn oil 0.2 ml/kg/day from 6
th
-18

th 
day of 

the pregnancy, was slaughtered at 29
th
 day of gestation. The 

intoxicated group (6 animals): three received AFB1 with a dose of 
0.1 mg/kg dissolved in corn oil 0.2 ml/kg/day from 6

th
-13

th 
day, died 

on 14
th

 day of gestation and three received the same dose from 
14

th
-21

st 
day of the pregnancy, died at 22

nd
 day of gestation. 

 

 
Fetus preparation 

 
All the collected fetuses were weighed separately and their crown 
rump length (CRL) was measured. The fetuses were carefully 
examined for gross morphology, visceral anomalies (liver, heart, 
kidney, brain and eye) as well as the skeleton. 
 
 

Fetus staining for skeleton 
 

Ten fetuses from the control group, 10 fetuses from the intoxicated 
group with a dose of 0.05 mg and 10 from the intoxicated group 
with a dose of 0.1 mg at 22

nd
 day gestation were randomly selected 

and fixed in absolute ethyl alcohol and stained with Alizarin Red-S-
AlcianBlue to define the mineralized areas and the cartilage, 
respectively. The amount of mineralization was calculated as the 
length of stained portion of the bone by Alizarin Red-S. 

The fetuses were firstly fixed in 95% ethyl alcohol for 7 days and 
subsequently put  in pure  acetone for degreasing for 3 days.  Then, 
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Figure 1. A photograph showing live embryos (arrows) 

inside the uteri of control rabbit at 14
th
 day of gestation. 

 
 
 

 
 
Figure 2. A photograph showing dead embryos inside uteri 

of treated dam with 0.1mg/kg AFB1at 14
th
 day of gestation. 

 
 
 
skin and internal organs were totally removed to achieve better 
staining results.  
 
1. They were stained according to the method described by Inouye 
(1976) and Young et al. (2000). 
2. Then the specimen were transferred to transparency process 
using ascending series of glycerol and 1% aqueous solution of 
KOH after which they were preserved in 100% glycerin. 
3. The stained preparations were carefully examined using Stereo-
microscope (OPTIKA) to illustrate the different parts of the bones of 
both axial and appendicular skeleton.  

 
 
Statistical analysis 

 
The individual data on relative organ weight, CRL and fetal weight 
were subjected to descriptive statistics (mean and standard 
deviation), followed by analysis of variance (ANOVA) and T-test 
according to Argyrous (2005) using Statistical Package for Social 
Science (SPSS) software program version 16.0.and Excel Microsoft 
office program (2003). Statistical significance was accepted at P < 
0.05. 

Nomenclature used in this study was adapted according to 
Nomina Anatomica Veterinaria (2005) and Nomina Embryologica 
Veterinaria (2003) whenever possible. 

 
 
 
 
RESULTS 
 

Macromorphometric measurements and gross 
anatomical findings 
 

During the period of the experiment, there were no morta-
lities of any control dams as well as dams of intoxicated 
group with a dose of 0.05 mg/kg AFB1 while the treated 
group with high dose of 0.1 mg/kg did not complete gestation 
and all dams died even when they were administered 
from 14

th
 -21

st
 day of gestation. 

The fetuses of control group and intoxicated with a dose 
of 0.05 mg were alive at 29

th
 day of gestation after slaugh-

tering of the dams. While the dams intoxicated with 0.1 
mg/kg AFB1 from 6

th
 day died at 14

th
 day; three fetuses 

were of olive seed in size and suffered from total hemo-
rrhage and necrosis. Neither the limb buds nor the brain 
ventricles formed as compared to the control fetuses. The 
dams intoxicated with the same dose from 14

th
 day of 

gestation aborted at 22
nd

 day of dead fetuses with sever 
vaginal bleeding and died (Figures 1 and 2). 

The mean fetal weight of intoxicated group with 0.05 
mg/kg and control fetuses was 28±1.29 and 54.28±8.26, 
respectively while the mean crown rump length was 
9.84±0.21 and 11.57±0.47 respectively (Table 1 and Figure 
3). They were significantly reduced when compared with 
the control. While the fetuses of the treated group with 
0.1 mg/kg at 22

nd
 day of gestation, showed comparable 

fetal weights of intoxicated and control groups as 

16.005±3.28 and 16.34±0.56 respectively and slight 
decrease in crown rump (CRL), 7.17± 0.47 and 7.18± 
0.37 respectively (Table 2 and Figures 4 and 5). 

The gross anomalies of treated fetuses with 0.05 mg/kg 
at 29

th
 day and 0.1mg/kg at 22

nd
 day were severe subcu-

taneous congestion at different regions including abdo-
men and head mainly in the eye region. In addition, enlarged 
eye socket with micro-ophthalmic eye and wrinkled skin 
was seen (Figures 3 and 5). The treated fetuses with a 
dose of 0.05 mg/kg AFB1 showed small sized liver 
(Figure 8) as well as small sized heart with shallow inter-
ventricular grooves and wider ventricular 
lumen as compared to control group at 29

th
 day of 

gestation (Figures 6 and 7). 
The mean absolute weight of different fetal organs (liver 

and gall bladder, stomach and intestine, heart and lungs 
and kidneys) of treated dams with a dose of 0.05 mg/kg 
was significantly decreased as compared to control fetuses 
at 29

th 
days as follow (2.52 ± 0.296 and3.23 ± 0.23, 1.84 ± 

0.11 and 2.47 ± 0.11, 1.69±0.11 and 1.89±0.09, 0.247± 
0.011 and 0.33±0.036, respectively) (Table 1 and Figure 
9). While fetuses of treated dams with dose of 0.1 mg/kg 
AFB1 which were slaughtered at 22

nd
 day of gestation 

showed non-significant decrease in absolute organs 
weight (liver and gall bladder, stomach and intestine and 
kidneys) as compared to control fetuses at the same age 
as follows (1.31±0.09 and 1.4±0.13, 1.01±0.029 and 
1.08±0.13, 0.21±0.028 and 0.23±0.022, respectively), 
while heart and lungs of treated fetuses were significantly
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Table 1. Mean ±SD for fetuses at 29
th
 day of gestation of both control and treated with 0.05 mg/kg AFB1. 

 

Measurements Control fetuses Treated Fetuses T P-value Df 

Body weight (g) 54.28
a
±8.26 28.00

b
± 1.29 8 0.001 12 

CRL (cm) 11.57
a
±0.47 9.84

b
±0.21 9 0.001 12 

Liver and gallbladder weight (g) 3.23
a
±0.23 2.52

b
±0.296 5 0.001 12 

Stomach and intestine weight (g) 2.47
a
±0.11 1.84

b
±0.11 10 0.001 12 

Heart and lungs Weight (g) 1.89
a
±0.092 1.69

b
±0.11 4 0.002 12 

Kidneys Weight (g) 0.33
a
±0.0365 0.247

b
±0.011 6 0.001 12 

 

P- value = 0.0001. Within the same raw means with different superscripts considered as highly significant (p ≤ 0.01). 
 
 

 

 
 
Figure 3. A photograph showing significant decrease of 

CRL of control (C) and fetuses of treated dams (T) with a 
dose of 0.05 mg/kg AFB1 at 29

th
 day of gestation with 

micro-ophthalmic eye (arrow) and a dose of 0.05 mg/kg 
at 29

th
 day of gestation. 

 

 
 

Table 2. Mean ±SD for fetuses at 22
nd

 day of gestation of both control and treated with 0.1mg/kg AFB1. 
 

Measurements  Control fetuses Treated Fetuses T Df p-value 

Body weight (g) 16.34
a
±.56 16.005

a
± 3.28 0.268 12 0.794 

CRL (cm) 7.18
a
± 0.372 7.17

a
± 0.47 -0.063 12 0.951 

Liver and gallbladder weight (g) 1.40
a
± 0.13  1.31

a
± 0.09 1.677 12 0.119 

Stomach and intestine weight (g) 1.08
a
± 0.13 1.01

a
±0.029 1.58 12 0.139 

Heart and lungs weight (g) 0.797
a
±0.035 0.746

b
±0.051 2.20 12 0.048 

Kidneys weight (g) 0.23
a
±0.022 0.21

a
±0.028 1.378 12 0.193 

 

Within the same raw, means with different superscripts are considered significant (p≤ 0.05).  

 
 
 

decreased as compared to the control (0.746± 0.051 and 
0.797± 0.035, respectively) (Table 2 and Figure 10). 
 
 

Skeletal anomalies 
 

The bony and cartilage elements of the fetal skeletons 

were   examined  using  double  staining  technique.  The 
bony components were stained red with alizarin Red- S 
while the cartilages component was stained with alcian 
Blue. The length and rate of ossification of the long bone 
can be calculated by the amount of mineralization that 
stained red by alizarin red-S stain.  
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Figure 4. A photograph showing control fetus at 

22
nd

 day of gestation with intact and normal skin. 

 
 
 

 
 
Figure 5. A photograph showing fetuses of 

treated dams with 0.1 mg/kg AFB1 at 22
nd

 day of 
gestation with subcutaneous congestion at 
different regions including abdomen and head 
mainly in the eye region (S), sever wrinkled skin 
(WR) and microphthalmic eye (m). 

 
 
 

 
 

Figure 6. A photograph showing heart of 
fetues of treated dams (T) with 0.05 mg/kg 
AFB1 at 29

th
 day of gestation with small sized 

heart and shallow inter-ventricular groove as 
compared to the control fetus (C). Inter 
ventricular groove (A) 

 
 
 
 

 
 
Figure 7. A photograph showing cross section of 

ventricular mass of fetuses of treated dams (T) with 0.05 
mg/kg having wider ventricular lumen than that of control 
fetus (C) at 29

th
 day of gestation. 

 
 
 

 
 
Figure 8.  A photograph showing small sized liver of 

fetuses of treated dams (T) with 0.05 mg/kg at 29
th
 day of 

gestation as compared to control one (C). 

 
 

 
Skeleton axiale (axial skeleton) 
 
Many of the skull bones developed through the process 
of intramembranous ossification, which does not involve 
a cartilaginous template. While bones at the base of the 
skull including the occipital and basisphenoid bones 
developed through endochondral ossification. 
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Figure 9. A histogram showing gross parameters for both control and fetuses of treated 
dams with a dose of 0.05 mg/kg AFB1 at 29

th
 day of gestation.  

 
 
 

 
 
Figure 10. A histogram showing gross parameters for both control and fetuses of treated dam 

with 0.1 mg/kg AFB1 at 22
nd

 day of gestation. 

 
 
 
Control fetuses and fetuses of treated dams with a 
dose of 0.05 mg/kg AFB1 at 29

th
 day of gestation 

 
The skull of control fetuses showed incomplete ossification     

between parietal and frontal bones where the rostral 
fontanelle was small and still open and the closure of the 
sutures (sagittal suture between the two parietal bones, 
the coronal suture between the frontal and parietal  bones, 

 

(g) 

(g) (g) 

(g) 
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Figure 11. A photograph of dorsal 

view of skeleton craniale of control 
fetus at 29

th
 day of gestation showing 

open small rostral fontanelle (rf) and 
well established sutures (occipito-
parietal (OPS), sagittal suture (SS) 
and coronal suture (CS). Parietal 
bone (Pb) and frontal bone (Fb) 

 
 
 

 
 
Figure 12. A photograph of dorsal view 

of skeleton craniale of control fetus at 
29

th
 day of gestation showing well 

established closed interfrontal (Ifs), 
frontonasl (Fn) and internasal (Ins) 

sutures. 

 
 
 
the interfrontal suture between the two frontal bones as 
well as the occipito-parietal suture between the parietal 
and occipital bones) were established but still not closed, 
while the interfrontal, frontonasal and internasal sutures 
were well established and closed (Figures 11 and 12). 
There was nearly complete ossification between basioc- 

 
 
 
 

 
 

Figure 13A. A photograph of ventral view of skeleton 
craniale of control fetus at 29

th
 day of gestation 

showing nearly complete ossification between 
basioccipital (bo) and basisphenoid (bs) bones (A) 
and presence of cartilaginous plate (B) between the 
basisphenoid and pre sphenoid (pb) bones.  

 
 
 
cipital and basisphenoid bones as well as between the 
presphenoid and vomer bones while the basisphenoid 
and presphenoid bones were still connected by a plate of 
cartilage (Figure 13A and B). Meanwhile, the treated 
fetuses with dose of 0.05 mg/kg AFB1 showed wide 
membranous rostral fontanelle. All the developing sutures 
(sagittal suture between the two parietal bones, the 
coronal suture between the frontal and parietal bones, 
the interfrontal suture between the two frontal bones, the 
occipito-parietal suture between the parietal and occipital 
bones, the frontonasal sutures between the frontal and 
nasal bones as well as the internasal suture between the 
two nasal bones) had smooth adjacent margins and 
separated from each other by membranes (Figure 14). 
The ventral surface of the skull of this group of fetuses 
showed cartilaginous plates between basioccipital and 
basisphenoid bones, between the pre sphenoid and 
vomer bones as well as between the basisphenoid and 
pre sphenoid bones (Figure 15). 

Regarding the vertebral column (colunmavertebralis), 
the bodies and arches of all vertebrae of the control 
fetuses were markedly stained red due to their ossi-
fication (Figure 16) while in the one treated with a dose of 
0.05 mg/kg AFB1, the lamina of the vertebrae is the only 
part stained blue because they remain cartilaginous and 
other parts of the vertebrae (bodies and pedicles) stained 
red (Figure 17). The transverse processes of the lumbar 
vertebrae were reduced in the treated fetuses as 
compared to the control (Figures 18 and 19). 
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Figure 13B. A photograph of ventral view of skeleton craniale of control fetus at 29

th
 day of 

gestation showing nearly complete ossification (A) between basioccipital (bo) and 
basisphenoid (bs) bones as well as between the presphenoid (ps) and vomer (V) bones (C) 
while the basisphenoid and presphenoid bones were still connected by a plate of cartilage (B).  

 
 

 

 
 
Figure 14. A photograph of dorsal view of skeleton craniale of fetus of treated dams with a 

dose of 0.05 mg/kg AFB1 at 29
th
 day of gestation showing wide rostral fontanelle (rf), well 

established smooth edged sutures (sagittal suture (SS), coronal suture (Cs), occipito-parietal 
suture (Ops), internasal suture (In), frontonasal suture (Fn) and interfrontal suture (If). 

 
 

 

The sternebrae of the control fetuses formed clearly six 
bony segments completely ossified and stained red while 
that of treated fetuses with a dose of 0.05 mg/kg AFB1 

had five segments with faint red coloration due to delay in 
their ossification (Figures 20 and 21). 

The ribs of the control fetuses were markedly stained 
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Figure 15. A photograph of ventral view of skeleton craniale of fetus of treated 

dams with a dose of 0.05 mg/kg AFB1 showing cartilaginous plates (A) between 
pars basilariesoccipitale (bo) and pars basisphenoidale bones (bs), (C) between the 
pre sphenoidale (ps) and vomer (V), as well as (B) between the osbasisphenoidale 
and ospre sphenoidd bones. 

 
 
 

 
 
Figure 16. A photograph showing ossified cervical vertebrae of 

control fetus at 29
th
 day of gestation (arrow). 

 
 
 
red due to their complete ossification (Figure 22C) while 
the treated fetus with a dose of 0.05 mg/kg AFB1 show 
dark violet due to incomplete ossification of ribs (Figure 
22T). 
 
 
Control fetuses and fetuses of treated dams with a 
dose of 0.1 mg/kg AFB1 at 22

nd
 day of gestation 

 
The skull of control fetuses showed wide rostral 
fontanelle and all the sutures (sagittal suture between the 

two parietal bones, the coronal suture between the frontal 
and parietal bones, the interfrontal suture between the 
two frontal bones, the occipito-parietal suture between 
the parietal and occipital bones, frontonasal suture 
between the frontal and nasal bones and inter nasal 
suture between the two nasal bones) were well 
established but still not closely connected by membranes 
(Figures 23 and 24). While, in the treated group, the 
rostral part of the parietal bones and the caudal part of 
the frontal bones was still membranous (unossified), and 
there was very wide rostral fontanelle. Also, all the 
developing sutures (sagittal suture between the two 
parietal bones, the coronal suture between the frontal 
and parietal bones, the interfrontal suture between the 
two frontal bones, the occipito-parietal suture between 
the parietal and occipital bones, frontonasal suture 
between the frontal and nasal bones and inter nasal 
suture between the two nasal bones) could be defined by 
a membranes between their smooth adjacent margins 
and the caudal fontanelle represented by a wide 
membrane (Figure 25). 

The ventral surface of skull control fetuses showed 
incomplete ossification between pars basilarisos occipital 
and osbasisphenoidale and between osbasisphenoidale 
and ospresphenoidale (Figure 26) while the treated 
fetuses with a dose of 0.1 mg /kg AFB1, showed 
complete separation between the developing pars 
basilarisosoccipital and osbasisphenoidale, between 
osbasisphenoidale and ospresphenoidale as well as 
between ospresphenoidale and the vomer. There were 



 
 
 
 

 
 

Figure 18. A photograph of dorsal view of thoracic and lumbar 
vertebrae of control fetus showing the ossification of their bodies 

and arches and well formed processustransversus of vertebrae 
lumbales at 29

th
 day of gestation (arrows). 

 
 
 

 
 
Figure 19. A photograph of dorsal view of thoracic and lumbar 

vertebrae of fetus of treated dam with 0.05 mg/kg AFB1 

showing blue stained vertebral laminae and reduced 
processustransversus of vertebrae lumbales at 29

th
 day of 

gestation (arrows).  

 
 
 
no cartilaginous templates between the previous mentioned 
bones in this group of fetuses. The vomer seemed to be 
a thin delicate plate of bone (Figure 27). 

Regarding the vertebral column in the control group, 
there were incomplete ossification of the vertebral arches 
of the cervical vertebrae, thoracic vertebrae and lumbar 
vertebrae and ossification of their bodies (Figure 28A and 
B) while the caudal vertebrae showed ossification in their 
bodies (Figure 30). The treated fetuses with a dose of 0.1 
mg/kg AFB1 showed all the vertebrae throughout the 
vertebral  column  were  smaller  in  size  than  that of the 
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Figure 20. A photograph of control fetus 

sternum at 29
th
 day of gestation showing 

complete ossification of six sternebral 

segments (arrows). 

 
 
 

 
 

Figure 21. A photograph of sternum of fetus of 
treated dam with 0.05 mg/kg AFB1 at 29

th
 day of 

gestation showing incomplete ossification of five 
segments (arrows). 

 
 
 
control ones. Also, there was delay in the development of 
the vertebral arches, there were wide separation between 
the pedicles in the cervical vertebrae and this space became 
narrow in the thoracic region containing cartilaginous 
plate. Also, this separation between the pedicles became 
wide again in the lumbar and sacral regions contained a 
faint blue cartilaginous plates (Figure 29A and B) while 
the caudal vertebrae showed the commencement of 
ossification in the bodies of the 1

st
 two caudal vertebrae 

and the rest of the vertebrae remained cartilaginous 
(Figure 31). 

The sternum of the control fetuses showed ossified five 
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Figure 22. A photograph of control fetus (C) showing complete ossification of ribs and fetus of 

treated dam (T) with a dose of 0.05 mg/kg AFB1 showing incomplete ossification of ribs at 29
th
 day 

of gestation (arrows). 
 
 

 

 
 
Figure 23. A photograph of dorsal view of skull of control fetus at 22

nd
 day of 

gestation showing wide rostral fontanelle (arrow) and smooth edged sutures 

(occipito-parietal (Ops), sagittal (Ss) and coronal (Cs) connected by 
membranes. 

 
 
 

sternebrae and one sternebra still cartilaginous (Figure 
32). While, the treated fetuses sternum had three ossified 
sternebrae and the rest sternebrae were still cartilaginous 
(Figure 33). 
 
 
Appendicular skeleton 
 
Control fetuses and fetuses of treated dams with a 
dose of 0.05 mg/kg AFB1 at 29

th
 day of gestation 

 
The bones of the fore limb (scapula, humerus and radius 

and ulna) of the control fetuses were grossly longer than 
those of the treated fetuses with a dose of 0.05 mg/kg 
AFB1 (Figures 34, 35 and 36). In the control group, the 
proximal and distal extremities of the radius and ulna and 
metacarpi as well as the carpus were still cartilaginous 
while, the treated group showed blue coloration for both 
extremities of radius and ulna and their shafts showed 
violet color due to incomplete ossification of the diap-
hysis. The carpus, the proximal and distal extremities of 
the metacarpi and the second phalanges of all digits had 
no cartilaginous templates in this treated group (Figure 
36). 
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Figure 24. A photograph of dorsal view of control fetus skull at 22
nd

 day 
of gestation showing well established interfrontal suture (A), frontonasal 
suture (B) and internasal sutures (C). Frontal bone (Fb) and nasal bone 
(Nb) 

 
 
 
 

 
 
Figure 25. A photograph of dorsal view of the skull of fetus of treated dam with a dose 

of 0.1 mg/kg AFB1 showing wide caudal fontanelle (cf) and very wide rostral 
fontanelle (rf) in addition to membranous connection between the developing sutures: 
sagittal suture (Ss), coronal suture (Cs), interfrontal suture (Ifs), frontonasal suture 
(Fns) and internasal sutures (Ins). 

 
 
 

The bones of the hind limb (oscoaxe, femur and tibia 
and fibula) of the control fetuses were grossly longer than 
those of the treated fetuses with a dose of 0.05 mg/kg 

AFB1 (Figures 37 and 38). The oscoaxe of the treated 
fetuses had a very small ossified pubis than that of the 
control (Figure 37). The distal extremity of tibia as well as  
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Figure 26. A photograph of ventral view skull of control fetus at 22
nd

 day of 
gestation showing incomplete ossification (A) between pars 
basilarisosoccipitale (bo) and osbasisphenoidale (bs), (B) between 
osbasisphenoidale (bs) and ospresphenoidale (ps) and (C) between 
ospresphenoidale (ps) and vomer bone (V).  

 
 
 

 
 
Figure 27. A photograph of ventral surface of skull of fetus of treated 

dam with 0.1 mg/kg AFB1, showing separation between pars 
basilarisosoccipitale (bo), osbasisphenoidale(bs), ospresphenoidale 
(ps) and vomer (V) (arrows) at 22

nd
 day of gestation. 

 
 
 
the distal raw of tarsus in the control group had carti-
laginous templates and the talus and calcaneus showed 
incomplete ossification while the treated group showed 
no cartilaginous templates for the distal extremity of tibia, 
central and distal raws of tarsaus and showed 
commencement of ossification of talus and calcaneus 
(Figures 39, 40 and 41). 

Control fetuses and fetuses of treated dams with a 
dose of 0.1 mg/kg AFB1 at 22

nd
 day of gestation 

 
The bones of the fore limb (humerus, radius and ulna) of 
the control fetuses were grossly longer in length than that 
of the treated fetuses with a dose of 0.1 mg/kg AFB1 
(Figures 43 and 44). The scapulae of both groups were 
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Figure 28. A: A photograph showing incomplete ossification of the vertebral arches of the cervical 
vertebrae. B: Incomplete ossification of the vertebral arches of thoracic and lumbar vertebra of the control 
fetuses at 22

nd
 day of gestation (arrows). 

 
 
 

 
 

Figure 29A. A photograph showing reduced vertebral size as well as a wide separation of the thoracic vertebral 
arches. 29B: wide separation of pedicles of sacral vertebra with faint cartilaginous templates of fetus of treated 
dam with 0.1 mg at 22

nd
 of gestation (arrows). 

 
 
 

 
 

Figure 30. A photograph showing complete ossification of 

the bodies of the caudal vertebrae of control fetuses at 22
nd

 
day of gestation (arrows). 

 
 
 

somewhat similar in length (Figure 42). The control group 
showed incomplete ossification of distal extremities of 
radius and ulna. There was beginning of ossification in 
the carpus proceeding from its medial toward the lateral 
aspect where the lateral bones (ulnar carpal and 4

th 

carpal bones) had cartilaginous templates. The shafts of  

 
 
Figure 31. A photograph of the caudal 

vertebrae of fetuses of treated dam with a 
dose of 0.1 mg/kg AFB1 showing 
ossification of the bodies of the 1

st
 and 2

nd
 

caudal vertebrae (A) and the rest remain 
cartilaginous at 22

nd
 day of gestation 

(arrows). 
 
 
 

the metacarpi were ossified while their extremities still 
cartilaginous and the phalanges of all digits were ossified. 
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Figure 32. A photograph of control fetus sternum 

at 22
nd

 day of gestation showing ossified 5 bony 

sternebrae (arrows) and one sternebra still 
cartilaginous (A). 

 
 
 

 
 
Figure 33. A photograph of fetuses of treated dam, with 

0.1 mg/kg AFB1 at 22
nd

 day of gestation showing 
ossified three sternebrae (arrows) while the rest 

remained in cartilaginous template. 

 
 
 
In the treated group, the proximal and distal extremities of 
radius and ulna, the carpus, the metacarpus of the 1

st
 

and 5
th
 digit as well as the 1

st
 and 2

nd
 phalanges of all 

digits had cartilaginous templates (Figure 44). 
The bones of the hind limb (femur and tibia and fibula) 

of the control fetuses were grossly longer in length than 
that of the treated fetuses with a dose of 0.1 mg/kg 
AFB1(Figures 46 and 47). The oscoaxe had ossified ilium 
and ischium while the pubis was still small cartilaginous 
part in both control and treated group and also appeared 
approximately equal to each other in length (Figure 45). 
The control fetuses showed complete fusion between the 
distal extremities of tibia and fibula, the tarsus had a 

 
 
 
 

 
 

Figure 34. A photograph-showing scapula of 
control fetuses (C) was grossly longer than that 

of the fetuses of treated dams (T) with a dose 

of 0.05 mg/kg AFB1 at 29
th
 days of gestation. 

 
 
 

 
 
Figure 35. A photograph showing 

humerus of control fetuses (C) was 
grossly longer than that of the fetuses 
of treated dams (T) with 0.05 mg/kg 
AFB1 at 29

th
 days of gestation. 

 
 
 

 
 

Figure 36. A photograph showing grossly longer 

radius and ulna of control fetuses (C) than that of 
the fetuses of treated dams (T) with 0.05 mg/kg 
AFB1 at 29

th
 days of gestation. also there were no 

cartilaginous templates of carpus (Ca), proximal 
and distal extremity of metacarpi (Mt) and 2

nd
 

phalanx of the treated fetuses. 1
st
 phalanx (1), 2

nd
 

phalanx (2) and 3
rd

 phalanx (3). 



 
 
 
 

 
 
Figure 37. A photograph showing oscoaxe of 

control fetuses (Cont) was grossly longer than that 
of the fetuses of treated dams (T) with 0.05 mg/kg 
AFB1 at 29

th
 days of gestation, also the os pubis of 

treated fetuses represented a small ossified bone 
(C). 

 
 
 

 
 
Figure 38. A photograph showing os femur of 

control fetuses (C) was grossly longer than 
that of the fetuses of treated dams (T) with 
0.05 mg/kg AFB1 at 29

th
 days of gestation. 

 
 
 

 
 
Figure 39. A photograph showing completely 

ossified metatarsus (MT) and digital phalanges (1, 
2 and 3) of the control fetuses at 29

th
 days of 

gestation as well as tarsal bones, the talus (Ta) 

and calcaneus (Ca) were the only ossified and the 
remaining bones of the tarsus had a cartilaginous 
templates. 
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Figure 41. A photograph of planter aspect 

of pes region of control fetuses (C) and 
fetuses of treated dams (T) showing tarsus 
with beginning of ossification of talus (Ta) 
and calcaneus (Ca) while the rest had no 

cartilaginous templates in the treated one. 
 
 
 

 
 
Figure 42. A photograph showing scapula 

of control fetuses (C) was grossly similar 
to that of the treated one (T) with a dose of 
0.1 mg/kg AFB1 at 22

nd
 day of gestation. 

 
 
 

 
 
Figure 43. A photograph showing humerus of control fetuses (C) 

was grossly longer than that of treated one (T) with a dose of 0.1 
mg/kg AFB1 at 22

nd
 day of gestation. Also, the extremities of the 

treated one were stained faint blue. 
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Figure 44. A photograph showing radius and ulna of 

control fetuses (control) was grossly longer than that 
of the treated one (treated) with a dose of 0.1 mg/kg 
AFB1 at 22

nd
 day of gestation. Also, the proximal (A) 

and distal (B) extremity of radius and ulna and 
carpus (C) of treated fetuses had cartilaginous 
template. In addition, 1

st
 and 5

th
 metacarpi of the 

treated fetuses and 1
st
 and 2

nd
 phalanx of all digits 

had cartilaginous templates. 1
st
 phalanx (1), 2

nd
 

phalanx (2) and 3
rd

 phalanx (3). 

 
 
 

 
 

Figure 45. A photograph showing oscoaxe of control 
feuses (C) was grossly similar to the treated one (T) 

with 0.1 mg/kg AFB1 at 22
nd

 day of gestation. 

 
 
 

cartilaginous template except the calcaneus bone as well 
as the phalanges of the digits became ossified. While, in 
the treated group, the tibia and fibulawere still completely 
separated long bones. The distal extremities of the previous 
bones as well as tarsus except calcaneus bone were still 
cartilaginous. Also, the shafts of metatarsi were the only 
ossified parts as the distal and proximal extremities of 
these bones in addition to the 1

st
 phalanges of all digits 

had cartilaginous templates. The 2
nd

 phalanges of the 
digits had no cartilaginous templates and the 3

rd
 phalanges 

were ossified (Figure 48). 

 
 
 
 

 
 
Figure 47. A photograph showing tibia and 

fibula of control fetuses (C) was grossly longer 
than that of treated one (T) with a dose of 0.1 
mg/kg AFB1 at 22

nd
 day of gestation, the fibula 

of the treated fetus was still long bone with 

incomplete fusion (F) and the proximal ext. of 
tibia did not form cartilaginous template (P). 

 
 
 

 
 
Figure 48. A photograph of pes region showing 

ossified shaft of metatarsi (Mt) and 3
rd

 phalanx, 

the proximal and distal ext. of metatarsi as well as 
the 1

st
 phalanx had cartilaginous templates while 

the 2
nd

 phalanx had no cartilaenous template in 
treated fetus (T) with a dose of 0.1 mg AFB1 at 
22

nd
 day of gestation and control fetus (C) show 

ossified shaft of metatarsi (Mt), 1
st
, 2

nd
 and 3

rd
 

phalanges (1, 2 and 3). 

 
 
 

DISCUSSION 
 
Animal experiment is the first scientific preference to 
learn whether a substance does have a teratogenic effect 
or not. It is the most acceptable way for drug producers to 
determine potential teratogenic effect of any given drug 
on human health. In relation to that, this study 
documented the teratogenic effect of aflatoxin B1 on the 
skeletal  development  of  the  rabbit  fetuses which  have 



 
 
 
 
similarity to human in the early developmental pattern 
(Beaudion et al., 2003) and the extra-embryonic 
membranes were more closely related to that of human 
(Foote and Carney, 2000). It was worthy to mention that 
the selection of the rabbit in this study might be attributed 
to its economic importance and is the most sensitive 
species to AFB1 as mentioned by Marquardt and 
Fronhlich (1992) and Pier (1992). 

In the present study, the oral route of administration of 
AFB1 to pregnant rabbits was selected to ensure the 
administration of exact amount of mycotoxins to the 
animals and was considered to be the most accurate way 
to give a fixed dose. This method of administration was 
confirmed by Arora (1982). Also, aflatoxins are absorbed 
mainly from GIT by passive diffusion transferred to 
hepatic portal blood and very little amount appeared to be 
transferred into the lymphatic system as reported by 
Hsieh and Wong (1994). 

In pregnant rabbits, the teratogenic doses of AFB1 
mentioned by Reddy and Rao (2001) were 1-3 ppm 
during day zero of conception to one weak post partum. 
While, Wangikar et al. (2005) used different doses of 
0.025, 0.05 and 0.1 mg/kg by gastric intubation during the 
whole length of organogenesis period and inferred that 
0.1 mg/kg body weight was the minimum teratogenic 
dose. In our study, we administrated the doses of 0.05 
and 0.1 mg/kg dissolved in 0.2 ml corn oil by gastric 
intubation. In this respect, the dose of 0.05mg/kg in 
rabbits under investigation was the minimum teratogenic 
dose while 0.1 mg /kg was lethal for both dams and 
fetuses. 

In the current work, the dosing administered during 
period of organogenesis from 6

th
-18

th 
day of gestation 

simulate that recorded by Petrere et al. (1993) and 
Wangikar et al. (2005) in rabbits. The chosen time of 
dosing was during the process of organogenesis in the 
present study due to the teratogenic agents which could 
lead to significant congenital anomalies as documented 
by Stanely and Bower (1986) and Vickers and Brackley 
(2002). 
 
 
Fetal observations 
 
Our results revealed that the fetuses of dead dams at 14

th
 

day of gestation intoxicated orally with a dose of 0.1 
mg/kgAFB1 were necrosed with total hemorrhage as well 
as no closure of the neural tube, while Le Breton et al. 
(1964) showed that the dosing of pregnant rats 
intoxicated AFB1 with a dose of 0.3 mg/ kg 
intraperitoneal causes fetal deaths and hemorrhage at 
utero placental junction.  The death of fetuses of the 
treated dams with a dose of 0.1 mg/kg AFB1 at 22

nd
 day 

of gestation did not correlate with that given by Wangikar 
et al. (2005) where there was no fetal mortalities for the 
same dose in pregnant rabbits. 

It was also found that the fetal body weights and crown 
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rump lengths in treated fetuses with a dose of 0.1 mg/ kg 
at 22

nd
 day of gestation were comparable to the control 

fetuses; the results were not in accordance with that of 
Wangikar et al. (2005) for treated rabbit fetuses with the 
same dose at 29

th
 day of gestation and El-Tahan (2013) 

in rats with the same dose at 21
st
 day of gestation. 

In agreement with Wangikar et al. (2005) in rabbits and 
Wangikar et al. (2004a, b) in rat the present study 
revealed no fetal mortalities for the dose of 0.05 mg/kg 
body weight throughout the period of gestation.  

In the rabbit fetuses of the dams treated with a dose of 
0.05 mg/kg AFB1, there were significant decrease in both 
fetal body weight and CRL as compared to control 
fetuses at 29

th
 day of gestation, the results disagreed with 

that of Wangikar et al. (2005) in fetal weights and agreed 
with CRL for the same dose and animal.  

Fetuses gross anomalies found in our work, including 
wrinkled skin and enlarged eye socket by both doses 
were also observed by Wangikar et al. (2005) in rabbits 
with a dose of 0.1 mg/kg and in rat by Sharma and Sahai 
(1987) by different doses (7, 3.5, 1.4 and 0.7 mg/kg) body 
weight and El-Tahan (2013) by a dose of 0.1 mg/kg.  

The current study revealed other fetal gross anomalies 
for both treated doses as sever subcutaneous congestion 
at different regions including abdomen and head mainly 
in the eye region; such observations have not been 
recorded before.  

The visceral anomalies as microphthalmiceyes and 
cardiac defects (small sized heart and wide ventricular 

lumen) in the fetuses in the study of Wangikar, et al. 
(2005) showed microphthalmiceyes and fusion of auriculo-
ventricular valves. 

The absolute fetal organs: liver, kidneys, stomach and 
intestine, heart and lung weights was significantly 
deceased in treated fetuses with 0.05 mg/kg at 29

th
 day 

as compared to control fetuses, similar observations were 
found in liver and kidneys in male rabbits intoxicated with 
AFB1 (Orsi et al., 2007). 
 
 
Fetal skeletal anomalies 
 
As a result of the rarity and unavailability of the literature 
on the skeletal anomalies induced by AFB1 among the 
laboratory animals, it was not possible to make a detailed 
discussion for our results.  

Calcium transfer from the mother to the fetus and neonate 
during pregnancy and lactation plays an extremely 
important role in the bone health of the mother and infant. 
Calcium aids in bone health through all ages but is espe-
cially crucial during pregnancy and lactation. Develop-
ment of a novel class of BMP antagonists could lead to 
new treatments for traumatically and genetically induced 
heterotopic ossification (Weber et al., 2001). The skeletal 
elements of the axial and appendicular skeleton are 
preformed as cartilage templates by a mechanism called 
endochondral ossification. During this process, a cartilage 
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template is formed in which chondrocytes proliferate and 
differentiate into hypertrophic chondrocytes and are 
gradually replaced by bone (Wuelling and Vortkamp, 
2011). Osx regulates chondrocyte differentiation and 
bone growth in growth plate chondrocytes, suggesting an 
autonomous function of Osx in chondrocytes during 
endochondral ossification (Oh et al., 2012). Molecules 
regulates chondrocyte formation, chondrocyte maturation, 
and osteoblast differentiation, all key processes of 
endochondral bone development. These include the roles 
of the secreted proteins IHH, PTHrP, BMPs, WNTs and 
FGFs, their receptors and transcription factors such as 
SOX9, RUNX2 and OSX, in regulating chondrocyte and 
osteoblast biology (Long and Ornitz, 2013). 

The available literature recognized only the 
teratogenesis of the skeleton from the aspects of 
incomplete or delay ossification of the bones of axial and 
appendicular skeleton or reduction or absence of some 
bones. So, the present thesis focused on tracing the 
effects of AFB1 by two doses (0.1 and 0.05 mg/kg) body 
weight on craniofacial intramembranous bones which 
grow normally by ossification at the sutures. Also, the 
endochondral ossification of the skull base progressed 
from caudal to rostral direction, from occipital bone, then 
proceeded to sphenoid, presphenoid and finally to the 
vomer. Also, the thesis focused on the endochondral 
ossification of the appendicular skeleton.  

The fetuses of treated dams in this work by a dose of 
0.1 mg/kg AFB1 showed the commencement of the 
membranous ossification of the bones of the dorsal 
surface of skull and no cartilaginous template were formed 
between the bones of the ventral aspect of the skull while 
Wangikar et al. (2004b, 2005) mentioned incomplete 
ossification of the skull bones in the same animal with 
same dose of AFB1 as well as El-Tahan (2013) in rat 
fetuses with the same dose. 

Regarding the vertebral column, Wangikar et al. (2004a 
and 2005) observed agenesis of the caudal vertebrae in 
the rabbit fetuses treated by a dose of 0.1 mg/kg OTA 
and AFB1 respectively, while the treated group of fetuses 
with the same dose of AFB1 in the present study showed 
the commencement of ossification in the bodies of the 1

st
 

two caudal vertebrae while the rest of the vertebrae 
remained cartilaginous. 

In this work, all the vertebrae were reduced in size in 
treated group with a dose of 0.1 mg/kg AFB than the 
control one, the result which was in a line with that of El-
Tahan (2013) in intoxicated rat fetuses with the same 
dose and toxin. 

The sternum of the control rabbit fetuses showed five 
ossified sternebrae and one sternebra still cartilaginous. 
While in treated fetuses with a dose of 0.1 mg/kg, 
sternum had three ossified sternebrae only and the rest 
still cartilaginous, which was conflicting with El-Tahan 
(2013) in the rat fetuses with the same dose with failure 
of sternebrae ossification.  

Our results revealed detailed information on each bone 

 
 
 
 
in both limbs about length and state of ossification for the 
treated groups by both doses. In the treated fetuses with 
a dose of 0.1 mg/kg AFB1, the distal extremities of radius 
and ulna, the carpus, the metacarpi of the 1

st
 and 5

th
 digit 

as well as the 1
st
 and 2

nd
 phalanges of all digits had 

cartilaginous drafts. Also, the distal extremities of the tibia 
and fibula as well as tarsus except calcaneus bone were 
still cartilaginous and the shafts of metatarsi were the 
only ossified parts in addition to the distal and proximal 
extremities of these bones and the 1

st
 phalanges of all 

digits had cartilaginous templates while the 2
nd

 phalanges 
of the digits had no cartilaginous templates. El-Tahan 
(2013) observed failure or incomplete ossification of long 
and flat bones of both fore and hind limb in rat fetuses of 
intoxicated dams with a dose of 0.1 mg/kg AFB1 

3D culture system reveals numerous biological features 
and widely accepted to be useful for the assessment of 
toxic compound, but animal experiments are essential 
considering the effect of microenvironment. For instance, 
Yoshida et al. (2013) performed the 3D-culture of 
sebaceous gland cells and was successful in inducing the 
polarity as epithelial cells and basal membrane formation, 
but it remains to be known, the interaction between 
sebaceous glands and hair follicle niche cells. Further, 
recent cancer researchers emphasized the importance of 
spheroids rich in cancer stem cells (Yoshida et al., 2013). 
Invasive behavior of tumor cells in a 3D environment 
mimick the tumor microenvironment (Brekhman and 
Neufeld, 2009). Bone morphogenetic proteins (BMPs) 
regulate cell proliferation, differentiation and motility, and 
have also been reported to be involved in cancer 
pathogenesis. BMP4 reduces breast cancer cell 
proliferation. BMP4 partly recapitulates in 3D culture 
growth suppressive abilities previously seen in 2D culture 
(Ampuja et al., 2013). 
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CD44 family belongs to a large group of proteins that bind to hyaluronic acid. It has important role in 
oocyte maturation, fertilization and embryo development. We analyzed CD44 in oocytes and embryos of 
goat and different breeds of sheep. We used both Kermani and baluchi breeds of sheep, two Rayeni and 
Tali goats. Domestic animals kept after feeding for 3 months exude embryos and oocyte. After this, the 
animals were cured by keeping full progesterone for 14 days in the vagina.  Gonadotropin-releasing 
hormone (GnRH) hormone was injected from the animals’ vagina and made ready for sampling after 1 
day. After that, mature oocyte was exuded from the animals’ uterus and they were taken for slaughter. 
To get the embryos, male animals were kept beside them. After 6 days these animals were taken for 
slaughter. In another way, ovary collected from the slaughter house exuded immature oocyte. In the 
laboratory, immature and mature oocyte was produced. So by keeping sperm under environmental 
condition embryo culture is produced. The samples exude RNA using kit; after that, cDNA was 
produced by special protocol. The products produced by conventional PCR and Real time PCR were 
studied. Result shows that gene expression does not exist in immature oocyte of sheep. In Tali goat, 
expression of this gene was more than in Rayeni goat.  
 
Key words: CD44 gene, gene expression, real time PCR, goat, sheep. 

 
 
INTRODUCTION 
 
Glycosaminoglycans (GAGs) play a main role in the proli-
feration and differentiation of a variety of cell types (Luz et 

al., 2012). The communication between the granulosa 
cells and the adjoining is vital for the attainment of oocyte 

aptitude (Assidi et al., 2008). The growth of cumulus cells 

might be absolutely connected to the ovulation, fertilization, 
and subsequent zygote growth (Chen et al., 1993).  

 Among the GAGs, hyaluronic acid (HA) is a lofty mole-
cular weight polysaccharide found in the extracellular 
matrix of most animal tissues and is one of the most
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Table 1. Primer sequence to Real time PCR used to notice 
the presence of CD44 receptor in sheep and goat immature 
and mature oocytes and embryos. 
 

Gene Nucleotide sequence 

CD44 
5-CAACACCTCCCASTATGACAC-3 

5-TTCTTCTGCCCACACCTTCT-3 

b-actin 
5-CAACTGGGACGACATGGA-3 

5-TGGTGGTGAAGCTGTAGC-3 
 

 
 

abundant GAGs in the uterine, oviductal andfollicular fluids 
(Archibong et al., 1987). Through the progression of ovu-
lation, cumulus cells exude HA (Salustri et al., 1990). 

Moreover, HA adds to the average development of 1 and 
2-cell porcine embryos (Miyano at al., 1994) as well as in 
vitro bovine embryo growth at the blastocyst stage (Furnus 
et al., 1998). HA mostly binds to CD44, which is a glycol-
protein extensively expressed on the outside of many 
mammalian cells. CD44 exists as manifold isoforms 

expressed in an exact way for different cell types. These 
isoforms affect splicing and post-translational modifications, 
where they can be glycosylated in a different way (Opela 
et al., 2012). Cell exterior glycoprotein CD44 is present in 
mature oocytes and embryos in small number of classes 
of mammals such as bovine (Furnus et al., 2003). CD44 
was not detected in immature oocytes in porcine (Yokoo 
et al., 2007). This information shows that CD44 is expressed 
throughout the maturation procedure, which suggests its 
significance in this phase. It is reasonable to assume that 
HA profile is directly proportional to the amount of CD44 
in somatic cells surrounding the rising oocyte (Luz et al., 
2012). There is a whole connection loss of cumulus 
growth in cumulus-oocyte complexes (COCs) and oocyte 
meiotic series (Allworth and Albertini, 1993). The growth 
of cumulus cells might be absolutely connected to the 
ovulation, fertilization, and subsequent zygote growth 
(opelia et al., 2012). 

The purpose of this study was to investigate whether 
this gene is expressed in immature oocytes and embryos 
of goats. 
 
 
MATERIALS AND METHODS 

 
Natural ways for collecting mature oocytes and embryo 

 
This procedure was performed as follows: First, estrous cycle 

synchronized was created in the vagina with a sponge containing 
60 mg medroxyprogesterone acetate for 14 days. After 24 h, 
sponge was used to remove estrus from rams. After 90 h when the 
sheep was slaughtered, the estrus extracted was placed in the 
vagina. A syringe was then placed in a liquid at the lab; the fetus 
was confirmed under a microscope with a magnification of 10 to 
50X; for only the morula stage embryos. In goats, estrus 
synchronization was done using CIDR and injections for 14 h; CIDR 
removal was performed in 5/2 ml of GnRH for 48-24 h; after CIDR  

was used to remove heat from the goats. For every 10 female 
goats, a male goat was used for mating them just like the other 
procedures used for sheep. 
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In vivo embryo production 
 
Five hair ewes and goat (2 to 6 years old) were submitted for similar 
hormonal action as described above. Females were mated at the 
start of estrus and 24 h later, rams and male goat were used to 
form fertility. Recovery of embryo was performed by laparotomy for 
six and seven days during the first mating. Soon after genital area 
contact, every uterine horn was washed with 25-30 ml DMPBS. 
Embryo excellence and growth phase were evaluated under a 
microscope at 10 to 50X magnification. Embryos at the morula 
phase were then frozen (-80°C) using Real time PCR. 
 
 
RNA 

 
RNA was extracted using RNA Purification Kit, after which CDNA 
synthesis was carried out. In this protocol, the materials and reactions 
added to a system of numbered and color-coded labels are shown. 
Replication done using PARSGENOME MiR-Amp kit includes a 
three-step protocol. 
 
 
Real-time PCR method 
 

Replication done using PARSGENOME MiR-Amp kit includes a 
three-step protocol; the cDNA amplification was conducted with 
Real time using PCR primers to increase the specificity and yield of 
the PCR product (Table 1). Sum of RNA was remote as described 
above (Opiela et al., 2012). The comparative expressions levels of 
glyceraldehyde-3-phosphate dehydrogenize were used for normal 
marker gene expression in all samples. SYBR Green PCR Master 

Mix Kit (PARSGENOME, Iran) was used to do relative quantification 
of gene expression. Every reaction (total volume of 20 μL) 
consisted of total RNA (2 ng/μL), 1× of SYBR Green PCR master 
mix containing an optimized RT-PCR buffer, 2.5 nM of MgCl2, 
nucleotides, Taq DNA polymerase, SYBR Green and stabilisers, 
200 nM each of the forward and reverse primer (Luz et al.2012), 
and 1× of RT/RNase block enzyme mixture. Thermal cycling 
conditions are as follows: 35 min at 50°C (for the first-strand synthesis); 

12 min at 95°C; 40 cycles of 30 s at 95°C for denaturing; 60 s at 
60°C for annealing; and 30s at 72°C for extension. Experiments were 
carried out using Master cycler apparatus (Eppendorf, UK Limited, 
Cambridge). GAPDH was used as an endogenous normal. The 
results for individual target genes were consistent with the relative 
endogenous standard. Each reaction PCR was sprinted in triplicate 
and the obtained results were averaged. Ct method was used for 
calculating the comparative quantification. Statistical analysis 

differences in transcripts level were assessed using ANOVA test.  
 
 
RESULTS AND DISCUSSION 
 
Quality and quantity of DNA and RNA were extracted from 
high contamination and bands were observed on agarose 
gel, using spectrophotometer. The Quantity and quality of 
extracted DNA were calculated and recorded (Figure 1). 
In the original Eppendorf tube, mix temperature gradient 
was attempted using Real time PCR. The mature oocytes 
of Kermani and Baluchi sheep were lower than that of 
Rhine goats; CD44 genes wereencoded at a temperature 
range of 55 to 60°C. CT criteria for selecting optimal 
binding temperature were high, and few ΔRn at 59.5 and 
60.7°C for CD44 gene was selected. 

The graphs show Ct at different temperatures and ct is 
the cycle that begins the Sigma growth chart. The melting 
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Figure 1. RNA was extracted from the agarose gel shows 

 
 
 

Table 2. Results of thermal gradients CT internal control and CD44 gene. 

 

Temperature gradient Internal control gene CT CD44 gene CT 

75 23.2 1.92 

7.91 22.6 1.981 

829. 21.8 13942 
 

 
 

 
 
Figure 2. Curve of CD44 gene replication in immature oocytes, mature and fetal.  

 
 
 

Table 3. Variance Analysis of CD44 gene expression in  Baluchi, Tali sheep and Rayeni, Tali goat. 
 

Sources changes Mean-square sum of squares DF F 

Treatment 84.141 84.141 1  

Error 11.25 112.509 10 7.47 

Total  2.8987 22  
 

DF= degrees of freedom; Minimum significance level = P <0.05. 
 
 

 

point of the CD44 gene in all tissues of the animals was 
62°C. Table 2 shows the thermal gradients of threshold 
cycler. By using Software line Reg PCR, the cycle curve 
shows the fluorescence light and CD44 expression in all 
tissues (Figure 2). CD44 gene in all tissues of sheep and 
goats were expressed in immature oocytes, but this 

expression in other tissues was indistinguishable. Rates 
of PCR efficiency were different in tissues of different 
animals. Expression levels in sheep and goat were 
different due to the significant difference in sheep and 
goat breeds, as shown in Table 3. 

So we can conclude that CD44 expression is asignificant

 

  Bactin andFetal of sheep and matre goat← 

 maturel of sheep← 

 imaturel of goat and sheep← 
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Table 4.sheep, goat CD44 gene expression data analysis 
 

Sources changes Mean-square sum of squares DF F 

Treatment 8793 2.893 4 
2616 

 
Error 09017 222918 . 

Total  2.8987 22 
 

DF= degrees of freedom; Minimum significance level = P <0.05.  

 
 
 
Table 5. Comparison of Average. 

 

Sample Goat Embryo 
Sheep 

Embryo 
Mature oocyte Tali 

goat 
Mature oocyte 
Baluchi sheep 

mature oocyte 
Rayeni goat 

Sheep embryo  *19.5  - - - - 

Mature oocyte Tali goat  *1943  0984 - - - 

Mature oocyte Baluchi sheep  ***.934   **7937  6.99 - - 

Mature oocyte Rayeni goat  ***20   **8904  6.66** 0.561  

Mature oocyte Kermani sheep 14.4*** 11.5*** 12.06*** 5.971*** 5.98** 

 
 
 
test for comparison, which was done by examining the 
sample. In addition to the effect of race on expression 
levels of CD44, gene expression comparison between 
sheep and goats was done (Table 4). F that was obtained 
from Table 3 is higher than F in base table (P <0.05). So 
this test is more significant in the expression of these 
genes and also the obtained result was different between 
sheep and goat (Table 5) in the CD44 gene in comparison 
to the races at P <0.05 according to Duncan's method 
was studied. 

Based on the table, it is clear that the greatest differences 
were found between goats’ fetus and mature oocytes of 
sheep but minimum differences were found between 

Baluchi sheep mature oocytes and immature Rayeni goats’ 
oocyte. Also, the greatest differences were found between 
mature oocytes of goats and Kermani sheep. From this 
table, we can conclude that CD44 gene expression in 
fetus of sheep and goats was higher than that of the other 
samples. 

In this study, it is established for the first time that 
CD44 is expressed on mature oocytes and embryos of 
goat. Real time PCR was used to detect the expression 
of transcript. Similar result is reported in mature oocytes 
of additional mammalian class, like human (Toyokawa et 
al., 2005). Also we found that CD44 mRNA was not detected 
in immature oocytes. This is logical since immature oocytes 
need to get in touch with nearby granulose cells to allow 
nutrient passage and to get good development. This 
agrees with previous data on other mammalian class such 
as porcine (Campbell et al., 1995) and bovine (Luz et al., 
2012), in which CD44 in immature oocytes was not 
detected.  

It is now recognized that CD44 influences the growth of 
the cumulus cells throughout the oocyte maturation (oeplia 
et al., 2012), leading to fertility and excellence of oocytes 

(Luz et al., 2012). As the hyaluronan-CD44 communication 
is concerned in the introduction of meiotic recommence-
ment, it was supposed that this receptor was expressed 
in the oocytes. However, it was established that this receptor 
is present only in cumulus cells, and not in the oocyte. 
New studies have shown that the meiotic maturation of 
oocytes is also a topic on regulation by the somatic section 
of the ovarian follicle (oplea et al., 2012). MPF that starts 
at the onset of meiotic recommencement is inhibited by 
intra-oocyte cAMP, which is transferred from cumulus cells 
via gap junctional communication inside COCs. Break of 
gap junctions in the COCs, which occurs in reply to the 
pre-ovulatory rush of gonadotropins (Assidi et al., 2008), 
leads to a drop in the intra-oocyte concentration of cAMP, 
followed by MPF activation and meiotic resumptions. The 
decrease of the intra-oocyte cAMP attentiveness was 
concealed by the inhibition of the interaction between 
hyaluronan and CD44. This result supports the concept 
that hyaluronan-CD44 interaction is concerned with the 
regulation of gap junctional communication and the 
termination of the cAMP flux from cumulus cells to 
oocytes (Yokoo et al., 2010).  

No studies have established the role of the HA-CD44 
system in oocyte maturation. However, one study (Luz et 
al., 2012) demonstrated that the squalor production of HA 
induced the phosphorylation of the CD44 receptor, most 
important for the start of kinase proteins, which are then 
translocated to nucleus. This flow is significant for mitogenic 
signal transduction and enough for the induction of cell 
propagation from the proto-oncogenic transcription factors 
(Daum et al., 1994). Since the mainconstituent in the 
extended cumulus is HA (Borg and Holland, 2008), this 
almost certainly explains the availability of the CD44 
receptor in mature oocytes. 

CD44 as well plays a role in embryo development up to  
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blastocyst phase (Kimura et al., 2007). In one trial (Oeplia 
et al., 2012), l mg/ml of HA was supplemented with the 
civilization medium; and the bovine embryos were 

established, which then developed to the blastocyst stage 
higher than when in a medium alone. These authors 
reported that the amalgamation of HA in a chemically 
defined medium obviously established the result of HA in 
the development of blastocyst configuration. This is in 
accord with the study of Miyano et al. (1994), who stated 
that the amount of degenerated porcine embryos were 
more inferior in the presence of HA than in its absence. It 
has been suggested that HA helps the development of 
embryos by regulating the action of factors that syn-
thesize the embryo, in an autocrine way (Wheatley et al., 
1993).  Li et al. (2008) reported that at the beginning, 
production of HA occurs at about 18 h after the beginning 
of maturation. This is enthused by the growth differen-
tiation factor 9 (GDF9) and bone morphogenetic protein 
15 (BMP15), which trigger hyaluron synthase enzyme 
expression, responsible for synthesis of HA. The best 
growth of refined COCs requires the presence of sub-
strates of HA synthesis and a prolonged cumulus mass 
that might absolutely influence oocyte feasibility (Chen et 
al., 1993). HA shaped obviously by granulosa cells also 
stop fragmentation or segmentation of oocytes in vitro 
(Sato et al., 1994).  

The presence of CD44 in mature oocytes and embryos 
suggests the expression of HA throughout maturation and 
development. The result of this study could be helpful in 
the description investigation and understanding of the 
physiological role of CD44 in the reproductive processes 
of the ovine class. Additional studies are necessary to 
elucidate the proceedings in which CD44 and HA are 
involved during maturation and embryo growth in goats 
and sheep. 
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