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Abstract 

The pituitary adenohypophysis was 
obtained from thirty buffaloes-cows, 
their age's ranges from one month 
to12 years. Sections of adenohy-
pophysis tissues were immuno-
stained for α, βa, and βb subunits of 
inhibin hormone. Positive immuno-
staining specific for the α subunits of 
inhibin were detected in the cells of 
the follicles of the adenohypophysis 
in all ages. Moreover, immunostain-
ing specific for the inhibin βa subu-
nits were strong positive at one 
month, weak positive at 4.5, 8 and 
12 years and were negative at 8 
months and 1.5 years. However, the 
immunostaining specific for the in-
hibin βb subunits were positive at 
one and 8 months, 8 and 12 years 
and weak positive at 4.5 years and 

negative at 1.5 year. RT-PCR anal-
ysis revealed that both α and βb 
subunits are expressed in all ages 
except at 1.5 years old animals 
while βa subunit is only expressed 
at young age. 
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Introduction 

There is worldwide interest in buffa-
lo as an animal for meeting the 
growing demands of meat and milk 
in developing countries. One of the 
major breeding problems in buffalos 
is its low reproductive efficiency. 
Ovarian cyclicity is regulated by hy-
pothalamic hormones, gonadotro-

Animal species in this issue 
 

One-humped camel (Camelus dromedarius) 

 

Kingdom: Animalia, Phylum: Chordata, Class: Mammalia, Oder: Artiodactyla. Family: Camelidae, 
Genus: Camelus 

Camel is an even-toed ungulate within the genus Camelus, bearing distinctive fatty 
deposits known as humps on its back. There are two species of camels: the dromedary 
or Arabian camel has a single hump, and the Bactrian camel has two humps. They are 
native to the dry desert areas of West Asia, and Central and East Asia, respectively. 
Both species are domesticated to provide milk and meat, and as beasts of burden. 

The average life expectancy of a camel is 40 to 50 years. A fully grown adult camel 
stands 1.85 m at the shoulder and 2.15 m at the hump. The hump rises about 30 inches 
(76.20 cm) out of its body. Camels can run at up to 65 km/h (40 mph) in short bursts and 
sustain speeds of up to 40 km/h (25 mph). 

Fossil evidence indicates that the ancestors of modern camels evolved in North America 
during the Palaeogene period, and later spread to most parts of Asia. Humans first 
domesticated camels before 2000 BC. 

Camels are able to withstand changes in body temperature and water content that 
would kill most other animals. Their temperature ranges from 34 °C at night and up to 
41 °C during the day, and only above this threshold will they begin to sweat. 

(Source: Wikipedia)  
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pins and ovarian steroids. Endo-
crine investigations of the hypothal-
amo-hypophysial-ovarian axis are 
needed to gain a better understand-
ing of the reproduction physiology in 
buffalo and to be able to manipulate 
reproductive mechanisms to derive 
the maximum benefit from this ani-
mal (Mondal et al., 2007).  

They regulate the reproductive sys-
tem by acting on the pituitary gland 
and by blocking the synthesis of the 
FSH-β subunit and therefore the 
secretion of FSH (Burger and Iga-
rashi, 1988; Attardi et al., 1992; 
Burger et al., 1998; Knight and Glis-
ter, 2001). Inhibin are heterodimeric 
molecules containing an α subunit 
and either a βa or βb subunit, which 
are connected to each other by a 
disulfide bond. If the dimer consists 
of a βa subunit the molecule is 
called inhibin A, and if it consists of 
a βb subunit the molecule is called 
inhibin B (Miyamoto et al., 
1985;Robertson et al., 1985; Mason 
et al., 1986 and Burger and Iga-
rashi, 1988). The three subunits are 
products of separate genes located 
on chromosomes 2 (α and βb subu-
nit) and 7 (βa subunit) (Robertson et 
al., 2004). Inhibins are members of 
the transforming growth factor β 
(TGF-β) superfamily and are dimeric 
in structure (Evans and Groome, 
2001; Robertson et al., 2004 a,b). 
Inhibin is a gonadal-derived hetero-
dimeric glycoprotein hormone, 

which selectively inhibits the secre-
tion of follicle stimulating hormone 
(FSH) from the anterior pituitary 
gland (Burger, 1988 ; Kandiel et al., 
2008). In addition to its action on 
FSH through hypothalamo–hypo-
physeal– ovarian axis, inhibin may 
also plays an important role in regu-
lation of folliculogenesis through au-
tocrine and paracrine control 
(Findlay, 1993).  

Both α- and -subunits of inhibin are 
generated by proteolytic cleavage of 
two independently synthesized large 
precursor molecules (Mason et al., 
1985, 1986; Forage et al., 1986). In 
several species, the most predomi-
nant form of biologically active in-
hibin identified has a molecular 
weight (MW) of approximately 31–
32 kDa (Robertson et al., 1985, 
1986; Rivier et al., 1985; Fukuda et 
al., 1986; Miyamoto et al., 1985; 
Ling et al., 1985). In addition, inhibin 
of different MW has been isolated 
from various species including cattle 
(Fukuda et al., 1986; Sugino et al., 
1992). Two major forms of inhibin 
(129 and 63 kDa) with little proteo-
lytic cleavage/processing of the 
large precursor in the buffalo follicu-
lar fluid were determined by (Gan-
guly et al., 2010). The objectives of 
this study were to immunolocalize 
inhibin α and (βa and βb) subunits 
and to investigate the expression of 
inhibin mRNA in the buffalo-cows 
adenohypophysis. 

Material and Methods 

Animals and tissues 

Thirty buffaloes-cows (Bubalus bu-
balis) pituitaries were collected from 
Al-Amar abattoir in kalyobia gover-
norates, Egypt. Their ages were 1, 
8, 18 months 4.5, 8 and 12 years , 
five animals each. Some animals of 
the old ages 12 years groups 
showed silent heat. The samples 
were preserved in Bouin's fluids, 
dehydrated in ascending grades of 
ethanol, cleared in xylene and cut at 
3µm for further processing.  

Materials 

Rabbit polyclonal antibody against 
(Tyro30) porcine inhibin α chain (1–
30) NH2, rabbit anti-cyclic inhibin A 
(81–113)-NH2 (Code 334-274-ET) 
and rabbit anti-cyclic inhibin B (80–
112)-NH2 (Code 305-25-D) were 
purchased from WAKO Pharmaceu-
tical Company, Tokyo. 

Immunohistochemical localiza-
tion 
Immunohistochemical staining was 
generally performed as described 
by (Mousa and Mousa, 1999). For-
malin-fixed and paraffin-embed-ded 
tissue sections were stained im-
munohistochemically with antibod-
ies against the alpha and beta-
subunits of inhibin. Sections were 
deparaffinized in xylene, rehydrated 
through graded ethanol, and 

washed in phosphate-buffered sa-
line (PBS; pH 7.4) for two times 10 
min each. The sections were then 
incubated with 0, 25% (v/v) biotinyl-
ated secondary antibody (Vector 
Laboratories) diluted in PBS con-
taining 10% normal goat serum to 
reduce the non specific binding. The 
sections were then incubated with 
2% avidin-biotin complex. The reac-
tion were visualized with di-amino 
benzidine tetrahydrochloride (DAB) 
(Sigma) 0.025% N 0.05 M PBS. The 
stained sections were counter-
stained with Mayer's haematoxyline 
(Bancroft et al., 1996).  After that, 
the sections were washed in tap wa-
ter, dehydrated in alcohol, cleared in 
xylene, and mounted in DPX. Pho-
tographed by Leica digital micros-
copy. Control was performed by ex-
posing section to normal goat serum 
instead of primary antibodies. 
 
RT-PCR analysis 
All primers were manufactured by 
BIORON GmbH-Germany. It were 
designed to have a melting temper-
ature of 60 °C using the DNASTAR 
Lasergene version 4.0 expert se-
quence analysis software and com-
pared with the Genbank using the 
program BLAST available at 
www.ncbi.nlm.nih.gov.  
 
Total RNA was extracted from 20 
mg of the pituitary gland using QI-
AGEN RNeasy Mini Kit (50) (Ger-
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needed to gain a better understand-
ing of the reproduction physiology in 
buffalo and to be able to manipulate 
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the maximum benefit from this ani-
mal (Mondal et al., 2007).  
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and by blocking the synthesis of the 
FSH-β subunit and therefore the 
secretion of FSH (Burger and Iga-
rashi, 1988; Attardi et al., 1992; 
Burger et al., 1998; Knight and Glis-
ter, 2001). Inhibin are heterodimeric 
molecules containing an α subunit 
and either a βa or βb subunit, which 
are connected to each other by a 
disulfide bond. If the dimer consists 
of a βa subunit the molecule is 
called inhibin A, and if it consists of 
a βb subunit the molecule is called 
inhibin B (Miyamoto et al., 
1985;Robertson et al., 1985; Mason 
et al., 1986 and Burger and Iga-
rashi, 1988). The three subunits are 
products of separate genes located 
on chromosomes 2 (α and βb subu-
nit) and 7 (βa subunit) (Robertson et 
al., 2004). Inhibins are members of 
the transforming growth factor β 
(TGF-β) superfamily and are dimeric 
in structure (Evans and Groome, 
2001; Robertson et al., 2004 a,b). 
Inhibin is a gonadal-derived hetero-
dimeric glycoprotein hormone, 

which selectively inhibits the secre-
tion of follicle stimulating hormone 
(FSH) from the anterior pituitary 
gland (Burger, 1988 ; Kandiel et al., 
2008). In addition to its action on 
FSH through hypothalamo–hypo-
physeal– ovarian axis, inhibin may 
also plays an important role in regu-
lation of folliculogenesis through au-
tocrine and paracrine control 
(Findlay, 1993).  

Both α- and -subunits of inhibin are 
generated by proteolytic cleavage of 
two independently synthesized large 
precursor molecules (Mason et al., 
1985, 1986; Forage et al., 1986). In 
several species, the most predomi-
nant form of biologically active in-
hibin identified has a molecular 
weight (MW) of approximately 31–
32 kDa (Robertson et al., 1985, 
1986; Rivier et al., 1985; Fukuda et 
al., 1986; Miyamoto et al., 1985; 
Ling et al., 1985). In addition, inhibin 
of different MW has been isolated 
from various species including cattle 
(Fukuda et al., 1986; Sugino et al., 
1992). Two major forms of inhibin 
(129 and 63 kDa) with little proteo-
lytic cleavage/processing of the 
large precursor in the buffalo follicu-
lar fluid were determined by (Gan-
guly et al., 2010). The objectives of 
this study were to immunolocalize 
inhibin α and (βa and βb) subunits 
and to investigate the expression of 
inhibin mRNA in the buffalo-cows 
adenohypophysis. 

Material and Methods 

Animals and tissues 

Thirty buffaloes-cows (Bubalus bu-
balis) pituitaries were collected from 
Al-Amar abattoir in kalyobia gover-
norates, Egypt. Their ages were 1, 
8, 18 months 4.5, 8 and 12 years , 
five animals each. Some animals of 
the old ages 12 years groups 
showed silent heat. The samples 
were preserved in Bouin's fluids, 
dehydrated in ascending grades of 
ethanol, cleared in xylene and cut at 
3µm for further processing.  

Materials 

Rabbit polyclonal antibody against 
(Tyro30) porcine inhibin α chain (1–
30) NH2, rabbit anti-cyclic inhibin A 
(81–113)-NH2 (Code 334-274-ET) 
and rabbit anti-cyclic inhibin B (80–
112)-NH2 (Code 305-25-D) were 
purchased from WAKO Pharmaceu-
tical Company, Tokyo. 

Immunohistochemical localiza-
tion 
Immunohistochemical staining was 
generally performed as described 
by (Mousa and Mousa, 1999). For-
malin-fixed and paraffin-embed-ded 
tissue sections were stained im-
munohistochemically with antibod-
ies against the alpha and beta-
subunits of inhibin. Sections were 
deparaffinized in xylene, rehydrated 
through graded ethanol, and 

washed in phosphate-buffered sa-
line (PBS; pH 7.4) for two times 10 
min each. The sections were then 
incubated with 0, 25% (v/v) biotinyl-
ated secondary antibody (Vector 
Laboratories) diluted in PBS con-
taining 10% normal goat serum to 
reduce the non specific binding. The 
sections were then incubated with 
2% avidin-biotin complex. The reac-
tion were visualized with di-amino 
benzidine tetrahydrochloride (DAB) 
(Sigma) 0.025% N 0.05 M PBS. The 
stained sections were counter-
stained with Mayer's haematoxyline 
(Bancroft et al., 1996).  After that, 
the sections were washed in tap wa-
ter, dehydrated in alcohol, cleared in 
xylene, and mounted in DPX. Pho-
tographed by Leica digital micros-
copy. Control was performed by ex-
posing section to normal goat serum 
instead of primary antibodies. 
 
RT-PCR analysis 
All primers were manufactured by 
BIORON GmbH-Germany. It were 
designed to have a melting temper-
ature of 60 °C using the DNASTAR 
Lasergene version 4.0 expert se-
quence analysis software and com-
pared with the Genbank using the 
program BLAST available at 
www.ncbi.nlm.nih.gov.  
 
Total RNA was extracted from 20 
mg of the pituitary gland using QI-
AGEN RNeasy Mini Kit (50) (Ger-
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many) and tested on denatured 
agarose gel by electrophoresis. Two 
micrograms of the total RNA were 
reverse transcribed into cDNA using 
Revert Aid First Strand cDNA Syn-
thesis Kit (Fermentas, USA). The 
reactions were incubated for 60 min 
at 42oC and terminated by heating 
at 70oC for 5 min. 2 µl of the cDNA 
was used for PCR that was carried 
out in the Perkin Elmer 9600 using a 
reaction mix containing 1 unit of 
Ampli Taq Gold (PE Applied Biosys-
tems), 1x buffer, 1.5 mM MgCl2, 2.5 
mM dNTPs and 20 pmol of each 
forward and reverse primers for 
18S-rDNA (positive control), inhibin 
α, βa or βb primers (table 1). The 
total volume was 50 µl. An initial cy-
cle of 10 min at 95oC, 45 seconds at 
55oC and 1 minute at 72oC was per-
formed. PCR conditions included 
initial heating at 95oC for 5 min then 
annealing at 55oC for 45 sec and 
extension at 72oC for 1 min for 35 
cycle, followed by final extension at 
72oC for 7 minutes. A negative con-
trol containing RNA instead of c 
DNA was used to rule out genomic 
DNA contamination. The PCR prod-
ucts were confirmed by 2% agarose 
gel electrophoresis.  

A 100 bp DNA ladder molecular 
weight marker (invitrogen, USA) 
was used to confirm expected mo-
lecular weight of the amplification 
product (Tabel, 1). 

Results 

Positive immunostaining specific for 
the α, βa and βb subunits of inhibin 
were observed in the basophilic 
cells (Gonadotrophs) of the buffalo-
cows adenohypophysis at one 
month of age. (Plate.1). Positive 
immunostaining specific for the α 
and βb subunits and negative im-
munostaining specific for βa were 
observed in the basophilic cells 
(Gonadotrophs) of the buffalo-cows 
adenohypophysis at 8 months. 
(Plate.2). Positive immunostaining 
specific for the α subunits and nega-
tive immunostaining specific for the 
βa and βb subunits in the basophilic 
cells (Gonadotrophs) of the buffalo-
cows adenohypophysis at 1.5 years 
old age. (Plate.3). Positive im-
munostaining specific for the  α sub-
units and weak positive immuno-
staining specific for the βa and βb 
subunit in the basophilic cells (Gon-
adotrophs) of the buffalo-cows ade-
nohypophysis at 4.5 years. (Plate. 
4).  

Positive immunostaining specific for 
the α and βb subunits and weak 
positive immunostaining specific for 
the βa subunit in the basophilic cells 
(Gonadotrophs) of the buffalo-cows 
adenohypophysis at 8 and 12 years 
were observed. (Plate.5 and 6 re-
spectively). 

Expression of inhibin α and βb sub-
units mRNA were detected in the 
adenohypophysis of the Egyptian 
water buffalo Bubalus bubalis at all 
ages studied  relative to internal 
standard (563 bp) of 18S r DNA. 
Inhibin α band with molecular weight 
of 217 bp was detected in all animal 
ages as shown in figure (7) whereas 
inhibin βa band (209 bp) was de-
tected only in the early age (1 
month).  Expression of inhibin βa 
mRNA was not detected in other 
ages. The inhibin βb band with mo-
lecular weight of 218 bp was de-
tected in all ages except at 1.5 
years. 

Discussion  

Buffalo has recently gained a lot of 
attention due to its high milk yield 
with high fat percentage, tolerance 
to hot and humid climate, lean meat, 
draught ability and a reasonable 
growth rate on roughage feeding. 
Buffalo, as domestic animal with its 
predominant home tract in South 
East Asia and Mediterranean, has 
found great acceptance in the rural 
economies of Asia and Africa. Some 
peculiar problems of this species as 
late maturity, silent heat coupled 
with poor expression of oestrus, ir-
regular oestrous cyclicity, seasonali-
ty in breeding, anoestrus, low con-
ception rate, long postpartum inter-
val and repeat breeding etc. have 
been the major constraints leading 

to low productivity (Madan et al., 
1993; 1996).  A considerable atten-
tion has been focused in the last 
two decades on utilizing reproduc-
tive endocrinology as a means to 
identify problems specific to this 
species and to devise means for 
augmenting its reproductive perfor-
mance. 

Activin and inhibin were first purified 
from mammalian follicular fluid as 
factors that regulate the secretion of 
follicle-stimulating hormone (FSH) 
from pituitary cells in culture (Ling et 
al., 1985, 1986 a,b; Mason et 
al.,1985; Rivier et al., 1985; Vale et 
al., 1986). The inhibin is also se-
creted from extragonadal source 
such as the pituitary gland and brain 
(Lau and Li, 1987; Roberts et al., 
1989; Schlatt et al., 1991), the pla-
centa (McLachlan et al., 1986), the 
adrenal , pituitary glands  , lung and 
the spleen (Meunier et al.,1988). It 
is now clear that activins and their 
two functional modulators, inhibins 
and follistatins, control reproductive 
function by exerting effects on the 
pituitary as well as throughout the 
reproductive axis. The endocrine 
function of inhibins as gonadal feed-
back modulators of FSH production 
appears to be more physiologically 
relevant (De Kretser et al., 2002; 
Welt et al., 2002 ; Bilezikjian et 
al.,2004). Expression of the inhibin 
subunits, in particular the -subunits 
A and B, is widespread, and activins 
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many) and tested on denatured 
agarose gel by electrophoresis. Two 
micrograms of the total RNA were 
reverse transcribed into cDNA using 
Revert Aid First Strand cDNA Syn-
thesis Kit (Fermentas, USA). The 
reactions were incubated for 60 min 
at 42oC and terminated by heating 
at 70oC for 5 min. 2 µl of the cDNA 
was used for PCR that was carried 
out in the Perkin Elmer 9600 using a 
reaction mix containing 1 unit of 
Ampli Taq Gold (PE Applied Biosys-
tems), 1x buffer, 1.5 mM MgCl2, 2.5 
mM dNTPs and 20 pmol of each 
forward and reverse primers for 
18S-rDNA (positive control), inhibin 
α, βa or βb primers (table 1). The 
total volume was 50 µl. An initial cy-
cle of 10 min at 95oC, 45 seconds at 
55oC and 1 minute at 72oC was per-
formed. PCR conditions included 
initial heating at 95oC for 5 min then 
annealing at 55oC for 45 sec and 
extension at 72oC for 1 min for 35 
cycle, followed by final extension at 
72oC for 7 minutes. A negative con-
trol containing RNA instead of c 
DNA was used to rule out genomic 
DNA contamination. The PCR prod-
ucts were confirmed by 2% agarose 
gel electrophoresis.  

A 100 bp DNA ladder molecular 
weight marker (invitrogen, USA) 
was used to confirm expected mo-
lecular weight of the amplification 
product (Tabel, 1). 

Results 

Positive immunostaining specific for 
the α, βa and βb subunits of inhibin 
were observed in the basophilic 
cells (Gonadotrophs) of the buffalo-
cows adenohypophysis at one 
month of age. (Plate.1). Positive 
immunostaining specific for the α 
and βb subunits and negative im-
munostaining specific for βa were 
observed in the basophilic cells 
(Gonadotrophs) of the buffalo-cows 
adenohypophysis at 8 months. 
(Plate.2). Positive immunostaining 
specific for the α subunits and nega-
tive immunostaining specific for the 
βa and βb subunits in the basophilic 
cells (Gonadotrophs) of the buffalo-
cows adenohypophysis at 1.5 years 
old age. (Plate.3). Positive im-
munostaining specific for the  α sub-
units and weak positive immuno-
staining specific for the βa and βb 
subunit in the basophilic cells (Gon-
adotrophs) of the buffalo-cows ade-
nohypophysis at 4.5 years. (Plate. 
4).  

Positive immunostaining specific for 
the α and βb subunits and weak 
positive immunostaining specific for 
the βa subunit in the basophilic cells 
(Gonadotrophs) of the buffalo-cows 
adenohypophysis at 8 and 12 years 
were observed. (Plate.5 and 6 re-
spectively). 

Expression of inhibin α and βb sub-
units mRNA were detected in the 
adenohypophysis of the Egyptian 
water buffalo Bubalus bubalis at all 
ages studied  relative to internal 
standard (563 bp) of 18S r DNA. 
Inhibin α band with molecular weight 
of 217 bp was detected in all animal 
ages as shown in figure (7) whereas 
inhibin βa band (209 bp) was de-
tected only in the early age (1 
month).  Expression of inhibin βa 
mRNA was not detected in other 
ages. The inhibin βb band with mo-
lecular weight of 218 bp was de-
tected in all ages except at 1.5 
years. 

Discussion  

Buffalo has recently gained a lot of 
attention due to its high milk yield 
with high fat percentage, tolerance 
to hot and humid climate, lean meat, 
draught ability and a reasonable 
growth rate on roughage feeding. 
Buffalo, as domestic animal with its 
predominant home tract in South 
East Asia and Mediterranean, has 
found great acceptance in the rural 
economies of Asia and Africa. Some 
peculiar problems of this species as 
late maturity, silent heat coupled 
with poor expression of oestrus, ir-
regular oestrous cyclicity, seasonali-
ty in breeding, anoestrus, low con-
ception rate, long postpartum inter-
val and repeat breeding etc. have 
been the major constraints leading 

to low productivity (Madan et al., 
1993; 1996).  A considerable atten-
tion has been focused in the last 
two decades on utilizing reproduc-
tive endocrinology as a means to 
identify problems specific to this 
species and to devise means for 
augmenting its reproductive perfor-
mance. 

Activin and inhibin were first purified 
from mammalian follicular fluid as 
factors that regulate the secretion of 
follicle-stimulating hormone (FSH) 
from pituitary cells in culture (Ling et 
al., 1985, 1986 a,b; Mason et 
al.,1985; Rivier et al., 1985; Vale et 
al., 1986). The inhibin is also se-
creted from extragonadal source 
such as the pituitary gland and brain 
(Lau and Li, 1987; Roberts et al., 
1989; Schlatt et al., 1991), the pla-
centa (McLachlan et al., 1986), the 
adrenal , pituitary glands  , lung and 
the spleen (Meunier et al.,1988). It 
is now clear that activins and their 
two functional modulators, inhibins 
and follistatins, control reproductive 
function by exerting effects on the 
pituitary as well as throughout the 
reproductive axis. The endocrine 
function of inhibins as gonadal feed-
back modulators of FSH production 
appears to be more physiologically 
relevant (De Kretser et al., 2002; 
Welt et al., 2002 ; Bilezikjian et 
al.,2004). Expression of the inhibin 
subunits, in particular the -subunits 
A and B, is widespread, and activins 
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act as autocrine/paracrine regula-
tors of cell functions in a wide range 
of tissues, including the gonads, ad-
renal gland, liver, bone and bone 
marrow (Vale et al., 1990; Spencer 
et al., 1992; Centrella et al.,1994; 
Zhang et al., 1996; De Kretser et al., 
2000). 

Inhibin is a heterodimeric peptide 
hormone produced in the ovary that 
antagonizes activin signaling and 
FSH synthesis in the pituitary. The 
inhibin β-subunit interacts with the 
activin type II receptor (ActRII) to 
functionally antagonize activin. The 
inhibin α-subunit mature domain (N-
terminus) arose relatively early dur-
ing the evolution of the hormone, 
and inhibin function is decreased by 
an antibody directed against the α- 
subunit N-terminal extension region 
or by deletion of the N-terminal re-
gion. The α-subunit N-terminal ex-
tension region interacts with the ac-
tivin type I receptor (ALK4) to an-
tagonize activin signaling in the pitu-
itary. (Jie Zhu et al.,2012). The pas-
sive immunization of mares against 
inhibin during the follicular phase of 
the estrous cycle results in a 
marked increase in plasma concen-
trations of FSH and estradiol-17f3, 
and in the ovarian follicle popula-
tion. These data indicate that im-
mune-neutralization of endogenous 
inhibin enhances a rapid growth of a 
large number of follicles and results 
in multiple ovulations in mares, 

largely due to increasing secretion 
of FSH from the pituitary gland. The 
control of secretion of FSH by a 
blockade of inhibin bioactivity may 
become a new method for control-
ing folliculogenesis and ovulation 
rate in mares. (Nambo et al., 1998). 

Both inhibin a and b subunits 
were detected in the pituitary gland 
of buffalo-cows by immunocyto-
chemistry. The immunoreactivity of 
inhibin b was stronger than that of 
the inhibin a subunit. The immuno-
reactivity for inhibin b appears to 
be localized in close contact with 
gonadotrophs.  (Bilezikjian et al., 
2004) , these results augmented our 
findings, that b was stronger in re-
action than that of the a. The in-
hibin-α subunits were positive im-
munostaining in the adenohypophy-
sis cells (Gonadotrophs) at 1, 8,18 
months. These results were sup-
ported by Terzano (2010) who stat-
ed that, plasma Inhibin-A concentra-
tions began to gradually increase 
four weeks before the onset of pu-
berty (18,83 and 13,07 ng/ml, re-
spectively at puberty) and this in-
crease continued throughout the 
peripuberal period . So, these re-
sults imply that inhibin-A can be 
used as a novel marker of the onset 
of puberty in buffalo heifers. 

In the reproductive system, activins 
and inhibins have been found to 
regulate the release of gonadotro-

phinreleasing hormone (GnRH) 
from the hypothalamus (Calogero et 
al., 1998; Peng and Mukai, 2000) 
and gonadotrophins (GTHs) from 
the pituitary (Bilezikjian et al., 2001 
and  Uchiyama et al., 2000). 

Inhibin, a suppressor of FSH secre-
tion, is composed of an a chain co-
valently linked to a  chain; whereas 
activin, a stimulator of FSH secre-
tion, is composed of a dimer of the 
chain. Since there are two struc-
turally related chains, inhibin has 
two isoforms (aA as inhibin A, and 
aB as inhibin B), and activin has 
three isoforms (AA as activin A, 
AB as activin AB, and BB as 
activin B). Expression of both 
mRNAs for inhibin a and B chains 
has been demonstrated in the rat 
pituitary (Meunier et al., 1988; Dal-
kin et al., 1998). 

The importance of inhibins in the 
control of the reproductive function 
has been reported (De Kretser et 
al., 2002; Medan et al., 2007) and it 
appears that βb-subunit might be 
produced in small developing folli-
cles, which is replaced by the in-
hibin βa-subunit as the follicles ap-
proach the preovulatory stage (Me-
dan et al., 2007). In cattle (Kaneko 
et al., 2002) and goats (Medan et 
al., 2005) an inverse relationship 
between FSH and inhibin-A was 
demonstrated, suggesting the key 
role of inhibin-A produced by domi-

nant follicle(s) in terminating the 
transient peaks of FSH secretion 
(Medan et al., 2007). 

Inhibin is involved in folliculogenesis 
by negative feedback effects on 
FSH secretion in buffalo (Mondal et 
al., 2000b). Peripheral ir-inhibin 
concentrations were negatively cor-
related with peripheral progesterone 
concentrations in buffaloes indicat-
ing that corpus luteum is not a 
source of peripheral inhibin in buffa-
loes (Mondal et al., 2000a; Mondal 
et al., 2003a). The peripheral plas-
ma ir-inhibin concentrations were 
compared between buffaloes which 
exhibited over oestrus and those 
which had silent estrus reported that 
plasma ir-inhibin levels were signifi-
cantly higher in buffaloes that exhib-
ited silent oestrus indicating that this 
could be one of the reasons re-
sponsible for poor expression of 
oestrus (Mondal et al., 2002a, b; 
2003b). 

Inhibin-A may provide an index of 
follicular development (Lockwood et 
al., 1996), but studies exploring the 
relationship between controlled 
ovarian stimulation, inhibin levels 
and ovarian follicular development 
in ruminants are limited (Gonzalez-
Bulnes et al., 2002;Gonzalez-
Bulnes et al., 2004). 

A significant increase in inhibin lev-
els through late luteal to perioestrus 
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act as autocrine/paracrine regula-
tors of cell functions in a wide range 
of tissues, including the gonads, ad-
renal gland, liver, bone and bone 
marrow (Vale et al., 1990; Spencer 
et al., 1992; Centrella et al.,1994; 
Zhang et al., 1996; De Kretser et al., 
2000). 

Inhibin is a heterodimeric peptide 
hormone produced in the ovary that 
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FSH synthesis in the pituitary. The 
inhibin β-subunit interacts with the 
activin type II receptor (ActRII) to 
functionally antagonize activin. The 
inhibin α-subunit mature domain (N-
terminus) arose relatively early dur-
ing the evolution of the hormone, 
and inhibin function is decreased by 
an antibody directed against the α- 
subunit N-terminal extension region 
or by deletion of the N-terminal re-
gion. The α-subunit N-terminal ex-
tension region interacts with the ac-
tivin type I receptor (ALK4) to an-
tagonize activin signaling in the pitu-
itary. (Jie Zhu et al.,2012). The pas-
sive immunization of mares against 
inhibin during the follicular phase of 
the estrous cycle results in a 
marked increase in plasma concen-
trations of FSH and estradiol-17f3, 
and in the ovarian follicle popula-
tion. These data indicate that im-
mune-neutralization of endogenous 
inhibin enhances a rapid growth of a 
large number of follicles and results 
in multiple ovulations in mares, 

largely due to increasing secretion 
of FSH from the pituitary gland. The 
control of secretion of FSH by a 
blockade of inhibin bioactivity may 
become a new method for control-
ing folliculogenesis and ovulation 
rate in mares. (Nambo et al., 1998). 

Both inhibin a and b subunits 
were detected in the pituitary gland 
of buffalo-cows by immunocyto-
chemistry. The immunoreactivity of 
inhibin b was stronger than that of 
the inhibin a subunit. The immuno-
reactivity for inhibin b appears to 
be localized in close contact with 
gonadotrophs.  (Bilezikjian et al., 
2004) , these results augmented our 
findings, that b was stronger in re-
action than that of the a. The in-
hibin-α subunits were positive im-
munostaining in the adenohypophy-
sis cells (Gonadotrophs) at 1, 8,18 
months. These results were sup-
ported by Terzano (2010) who stat-
ed that, plasma Inhibin-A concentra-
tions began to gradually increase 
four weeks before the onset of pu-
berty (18,83 and 13,07 ng/ml, re-
spectively at puberty) and this in-
crease continued throughout the 
peripuberal period . So, these re-
sults imply that inhibin-A can be 
used as a novel marker of the onset 
of puberty in buffalo heifers. 

In the reproductive system, activins 
and inhibins have been found to 
regulate the release of gonadotro-

phinreleasing hormone (GnRH) 
from the hypothalamus (Calogero et 
al., 1998; Peng and Mukai, 2000) 
and gonadotrophins (GTHs) from 
the pituitary (Bilezikjian et al., 2001 
and  Uchiyama et al., 2000). 

Inhibin, a suppressor of FSH secre-
tion, is composed of an a chain co-
valently linked to a  chain; whereas 
activin, a stimulator of FSH secre-
tion, is composed of a dimer of the 
chain. Since there are two struc-
turally related chains, inhibin has 
two isoforms (aA as inhibin A, and 
aB as inhibin B), and activin has 
three isoforms (AA as activin A, 
AB as activin AB, and BB as 
activin B). Expression of both 
mRNAs for inhibin a and B chains 
has been demonstrated in the rat 
pituitary (Meunier et al., 1988; Dal-
kin et al., 1998). 

The importance of inhibins in the 
control of the reproductive function 
has been reported (De Kretser et 
al., 2002; Medan et al., 2007) and it 
appears that βb-subunit might be 
produced in small developing folli-
cles, which is replaced by the in-
hibin βa-subunit as the follicles ap-
proach the preovulatory stage (Me-
dan et al., 2007). In cattle (Kaneko 
et al., 2002) and goats (Medan et 
al., 2005) an inverse relationship 
between FSH and inhibin-A was 
demonstrated, suggesting the key 
role of inhibin-A produced by domi-

nant follicle(s) in terminating the 
transient peaks of FSH secretion 
(Medan et al., 2007). 

Inhibin is involved in folliculogenesis 
by negative feedback effects on 
FSH secretion in buffalo (Mondal et 
al., 2000b). Peripheral ir-inhibin 
concentrations were negatively cor-
related with peripheral progesterone 
concentrations in buffaloes indicat-
ing that corpus luteum is not a 
source of peripheral inhibin in buffa-
loes (Mondal et al., 2000a; Mondal 
et al., 2003a). The peripheral plas-
ma ir-inhibin concentrations were 
compared between buffaloes which 
exhibited over oestrus and those 
which had silent estrus reported that 
plasma ir-inhibin levels were signifi-
cantly higher in buffaloes that exhib-
ited silent oestrus indicating that this 
could be one of the reasons re-
sponsible for poor expression of 
oestrus (Mondal et al., 2002a, b; 
2003b). 

Inhibin-A may provide an index of 
follicular development (Lockwood et 
al., 1996), but studies exploring the 
relationship between controlled 
ovarian stimulation, inhibin levels 
and ovarian follicular development 
in ruminants are limited (Gonzalez-
Bulnes et al., 2002;Gonzalez-
Bulnes et al., 2004). 

A significant increase in inhibin lev-
els through late luteal to perioestrus 
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phase is suggestive of a vital role of 
inhibin in folliculogenesis (Mondal et 
al., 2000a; 2001b).  

When choosing a semi-quantitative 
protocol to determine RNA expres-
sion levels by RT-PCR, many pa-
rameters must be taken into consid-
eration (Freeman et al., 1999). One 
of these parameters is necessity to 
study different markers in the same 
sample. An oligo (dT)18 primer was 
used instead of gene specific pri-
mers in the first strand cDNA for-
mation to synthesize cDNA from the 
total RNA present in the samples, 
which will include a common ex-
pressed genes (housekeeping 
genes) like 18S rRNA (Zhou et al., 
2010), as well as the investigated 
target genes (inhibin α, βa, and βb). 
This is a very convenient method 
when a single RNA marker has to 
be analyzed in a large number of 
samples. On the other hand, assay-
ing several RNAs on the same 
sample, we preferred to work on the 
same cDNA product in order to re-
duce the variability due to the re-
verse transcription reaction.  
 
Popovics et al. (2011) examined the 
regulation of gene expression of α, 
βb, and follistatin by local and endo-
crine hormones (GnRH) in pituitar-
ies from female rats and in 
perifused pituitary cells by RT-PCR. 
 

The expression of inhibin βb was 
higher than βa in the pituitary gland 
cells, these result was augmented 
by (Feng et al., 1995; Tena-
Sempere et al., 1999; Toebosch et 
al., 1988), which stated the Sertoli 
cell produces two βb subunit mRNA 
transcripts, which are under differ-
ential regulation, and normal ex-
pression levels of the βb -subunits 
appear to be considerably higher 
than those of the βa-subunit. inhibin 
βa is actually the predominant form 
(MacConeilly et al., 2002).  
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phase is suggestive of a vital role of 
inhibin in folliculogenesis (Mondal et 
al., 2000a; 2001b).  

When choosing a semi-quantitative 
protocol to determine RNA expres-
sion levels by RT-PCR, many pa-
rameters must be taken into consid-
eration (Freeman et al., 1999). One 
of these parameters is necessity to 
study different markers in the same 
sample. An oligo (dT)18 primer was 
used instead of gene specific pri-
mers in the first strand cDNA for-
mation to synthesize cDNA from the 
total RNA present in the samples, 
which will include a common ex-
pressed genes (housekeeping 
genes) like 18S rRNA (Zhou et al., 
2010), as well as the investigated 
target genes (inhibin α, βa, and βb). 
This is a very convenient method 
when a single RNA marker has to 
be analyzed in a large number of 
samples. On the other hand, assay-
ing several RNAs on the same 
sample, we preferred to work on the 
same cDNA product in order to re-
duce the variability due to the re-
verse transcription reaction.  
 
Popovics et al. (2011) examined the 
regulation of gene expression of α, 
βb, and follistatin by local and endo-
crine hormones (GnRH) in pituitar-
ies from female rats and in 
perifused pituitary cells by RT-PCR. 
 

The expression of inhibin βb was 
higher than βa in the pituitary gland 
cells, these result was augmented 
by (Feng et al., 1995; Tena-
Sempere et al., 1999; Toebosch et 
al., 1988), which stated the Sertoli 
cell produces two βb subunit mRNA 
transcripts, which are under differ-
ential regulation, and normal ex-
pression levels of the βb -subunits 
appear to be considerably higher 
than those of the βa-subunit. inhibin 
βa is actually the predominant form 
(MacConeilly et al., 2002).  
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Plate (1): Photomicrograph of the buffalo-cows adenohypophysis at 1 month showing, 
control immunostaining (1), positive immunostaining specific for the inhibin α (1a) ar-
rows, a (1b) and b (1c) subunits (arrows). X100    

 

Plate (2): Photomicrograph of the buffalo-cows adenohypophysis at 8 months showing, 
control immunostaining (2), positive immunostaining specific for the inhibin α (2a), b 
(2c) and negative immunostaining a (2b) subunits (arrow heads) . X100   



J. Vet. Anat.                                                                                Vol 5 No 2, (2012) 83 - 10499

Immunohistochemical studies on buffalo adenohypophysis                                  Attia et al.                                                                                    

 

Plate (1): Photomicrograph of the buffalo-cows adenohypophysis at 1 month showing, 
control immunostaining (1), positive immunostaining specific for the inhibin α (1a) ar-
rows, a (1b) and b (1c) subunits (arrows). X100    

 

Plate (2): Photomicrograph of the buffalo-cows adenohypophysis at 8 months showing, 
control immunostaining (2), positive immunostaining specific for the inhibin α (2a), b 
(2c) and negative immunostaining a (2b) subunits (arrow heads) . X100   
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Plate (3): Photomicrograph of the buffalo-cows adenohypophysis at 1.5 years showing, 
control immunostaining (3), positive immunostaining specific for the inhibin α (3a), and 
negative immunostaining for a (3b) and b (3c) subunits (arrows).. X100    

 

 

 

 

Plate (4): Photomicrograph of the buffalo-cows adenohypophysis at 4.5 years showing, 
control immunostaining (4), positive immunostaining specific for the inhibin α (4a), and 
weak positive immunostaining for a (4b) and b (4c) subunits (arrow heads). X400   
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Plate (5): Photomicrograph of the buffalo-cows adenohypophysis at 8 years showing, 
control immunostaining (5), positive immunostaining specific for the inhibin α (5a), and 
b (5c)  and weak positive immunostaining for a (5b) and subunits(arrows). X400    

 

 

 

 

Plate (6): Photomicrograph of the buffalo-cows adenohypophysis at 12 years showing, 
control immunostaining (6), positive immunostaining specific for the inhibin α (6a), b 
(6c) and weak positive immunostaining for a (6b) subunits (arrows). X400  

 

 

 

 



J. Vet. Anat.                                                                                Vol 5 No 2, (2012) 83 - 104103

Immunohistochemical studies on buffalo adenohypophysis                                  Attia et al.                                                                                    

 

Plate (5): Photomicrograph of the buffalo-cows adenohypophysis at 8 years showing, 
control immunostaining (5), positive immunostaining specific for the inhibin α (5a), and 
b (5c)  and weak positive immunostaining for a (5b) and subunits(arrows). X400    

 

 

 

 

Plate (6): Photomicrograph of the buffalo-cows adenohypophysis at 12 years showing, 
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Figure (7): PCR products of 18S r RNA ( 563 b p), 217 bp of inhibin α, 209 bp of inhibin 
a, and 218 bp of inhibin b of six ages of Egyptian buffalo Bubalus bubalis L run 
on 2% agarose gel electrophoresis. (M) 100 bp DNA ladder. 

 
 
 
 
Table (1): Primers sequence and product size of tested genes. 

 

Primer name Sequence Expected PCR 
product 

18S-rDNA(F) 5’-CCGGCGGCTTTGGTGACTC-3’ 563 bp 18s-rDNA(R) 5’-GCTCGGGCCTGCTTTGAACA3’ 
In-α (F) 5’- GGGACTGGACAGACAGGAG3’ 217 bp In- α (R) 5’-GGTGGAGCAGGAACAGAGAG-3’ 
In-βa (F) 5’-GGAAGGGAAGAAGAGGGATG-3’ 209 bp In-βa (R) 5’-AGTCATTCCAGCCAATGTCC-3’ 
In-βb (F) 5’-GCTGGAACGACTGGATCATT-3’ 218 bp In-βb (R) 5’-CTCGTCGTCGAAGTAGAGCA-3’ 
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Abstract 
 
Ten adult domestic Mallard ducks 
and ten adult domestic pigeons of 
both sexes were used for morpho-
logic and histological study. The 
proventriculus was the last part of 
the foregut. It was cone-shaped in 
pigeon while it was tubular in duck 
and arose from the esophagus. The 
ventriculus was biconvex lens in 
shape. It joined the proventriculus 
by cardiac sphincter and joined the 
hind gut by the pyloric sphincter. 
The thick muscular wall consisted of 
the crassuscaudodorsalis, crassus-
cranioventralis muscles, tenuiscra-
niodorsalis and caudoventralis. The 
inner aspect of the ventriculus in 
both species was lined by a hard-
ened membrane, the cuticula gas-
tric. For the histological study, sam-
ples from the proventriculus and of 
the ventriculus were stained routine-
ly with H&E, periodic acid-Schiff 
(PAS) and Masson’s trichrome 
stain.  The mucosal surface of the 
proventriculus has proventricular 

papillae over its entire surface with 
variable density between the two 
species. The proventriculus and 
ventriculus in both duck and pigeon 
have folds of the tunica mucosa 
lined by columnar epithelium in duck 
while it is cuboidal in pigeon. Simple 
tubular glands occupied the lamina 
propria of both chambers. The ven-
tricular glands were lined by simple 
cuboidal cells. The proventricular 
glands were situated between the 
inner and outer layers of the lamina 
muscularis mucosae. The tunica 
submucosa was very thin in the 
proventricular wall while in the ven-
triculus, it was not separated from 
the lamina propria due to the ab-
sence of any lamina muscularis mu-
cosae. The tunica muscularis of the 
proventriculus was formed by a 
thick inner layer of circular smooth 
muscle fibres and a thin outer layer 
of longitudinal fibres. In addition to 
these layers, oblique muscle fibres 
formed the most internal layer of the 
tunica muscularisin the ventriculus. 
 


