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Existence of Serotonin and Neuropeptides-Immunoreactive Endocrine
Cells in the Stomach (Proventriculus and Gizzard) of
Long-Legged Buzzard (Buteo rufinus): An Immunohistochemical Study
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Absract: This study aimed to determine the existence and distribution of serotomun and certain neuropeptides
in proventriculus and gizzard of the long-legged buzzard by using peroxidase anti-peroxidase complex
immunohistochemical technicue. In both proventriculus and gizzard, serotonin, Somatostatin-14 (SOM-14),
Substance P (SP) and Calcitorin Gene Related Peptide (CGRP)-IR endocrine cells were determined. However,
Cholecystokinin-8 (CCK-R), neurotensin, Neuropeptide Y (NPY), galanin and Vasoactive Intestinal Polypeptide
(VIP)-IR endocrine cells were not found in any region of the stomach. Serotonin-TR endocrine cells were
detected in the epithelium and glands of both stomach regions however, they were more intense in the glands
of gizzard. Numerous m number SOM-14-IR endocrine cells were detected m the glands of the stomach. A few
SP-IR endocrine cells were detected in the epithelium of the whole stomach and in the glands of gizzard.
Moderate CGRP-TR endocrine cells were detected only in the epithelium of whole stomach. Tn conclusion,
serotonin, SOM-14, SP and CGRP were detected to exist in the proventriculus and gizzard of the long-legged
buzzards for the first time in the present study. It was also found that this species has been found to differ from
other types of some avian species.
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INTRODUCTION

The Long-Legged Buzzard (LLB), Buteo rifinus is a
medium-size raptor that nests in the Southern Palearctic
region (Friedemamn et al., 2011), extend from North Africa
through Mid Asia (Atalar et al., 2007). The avian stomach
comsists of two distinct portions: Proventriculus and
gizzard In both proventriculus and gizzard, lamina
epithelialis consists of single-layered prismatic epithelium.
The proventriculus possess lobular glands m the
submucosal layer, contains from cubic to prismatic
shaped cells releasing hydrochloric acid and pepsinogen.
The gizzard possess ventricular glands consisting of
mvagmation of superficial epithelium into the lamina
propia (Yoruk, 2008). There are two types of stomach
according to the diet of the bird species. Carnivorous
birds that fish and meat eating species have little
difference between the two stomachs (Proventriculus and
gizzard) having a large easily distensible stomach to
contain whole prey. The gizzard in these species is used
mainly for allowing time for gastric juices to act on the
soft food rather then physical digestion. Granivorous
birds eat relatively indigestible foods so need a gizzard for

grinding food. Comsequently they have a thick-walled,
non-distensible and glandular proventriculus and a thick
muscular gizzard (O’ Malley, 2005).

Gut motility in non-mammalian vertebrates as in
mammals 18 controlled by the presence of foed by
and by hormones (Olsson and
Holmgren, 2001). Gastromtestinal hormones are secreted
by endocrine cells which are distributed throughout the
mucosa of the gastrointestinal tract. They play important
functions in the overall regulation of digestive processes
such as nutrient absorption, the secretion of intestinal
and associated glands, gut motility and intestinal blood
flow (Agungpriyono et al., 2000, Deveney and Way,
1983).

Several
demonstrated the presence and distribution of amin
and/or neuropeptide-secreting endocrine cells 1n the
gastro-enteropancreatic tract of human (Meyer and
Brinck, 1999), various mammals (Susaki et al, 2005;
Al et al., 2007, Sari et al., 2007; Tarakei et al., 2007,
Karan et al, 2008), some avian species (Alison, 1989;
Martinez et al., 1993, Mensah-Brown ef al, 2000,
Gulmez et al., 2003; Neglia et al., 2007, Tarakci et al., 2008;

autonomic nerves

immunchistochemical  studies  have
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Shao et al, 2010) and long-legged buzzard
(Bayrakdar et af., 2011). However, as far as we know there
have been no reports on the distribution and frequency of
newropeptide-secreting endocrine cells in the stomach of
long-legged buzzard, Buteo rufinus. In the present study,
the regional distribution and relative frequency of
endocrine cells in long-legged buzzard stomach were
examined by immunohistochemical method using specific
antisera against serotonin, Somatostatin-14 (SOM-14),
Substance P (SP), Calcitonin-Gene Related Peptide
(CGRP), Cholecystokimn-8 (CCK-8), mneurotensin,
Neuropeptide Y (NPY), galanin and Vasoactive Intestinal
Polypeptide (VIP). This study also aimed to ascertain
whether their distribution is similar to those of avian
species.

MATERIALS AND METHODS

Animals and tissue samples: Two male long-legged
buzzards were used in the study. The buzzards had been
found by villagers with damaged wings around Elazig
province at different times and taken to a veterinarian for
treatment however, they could not be cured and
euthanasia was inevitably decided for them. Stomach
tissues of 61 and 63 cm long birds were excised under
deep ether anesthesia. The left carotid artery was
cannulated at the base of the neck and allowed to
exsanguinations. Tissue samples were taken from stomach
and fixed n 10% neutral-buffered formalin for 24 h. They
were then dehydrated through graded ethanol and
embedded in paraffin. About 5 pum thick sections were
obtained and processed for
staining.

immunochistochemical

Tmmunohistochemistry: Tissues were incubated in citrate
buffer (10 mM citric acid, pH 6.0} for 20 min to retrieve
antigenicity. Blocking of endogenous peroxidase activity
was done with 3% hydrogen peroxide (H;0,) in methanol
for 10 min. In order to block un-specific binding
incubation with normal goat serum (1:10) in 0.1 M
Phosphate Buffered Saline (PBS), pH 7.2 was performed.
Immunchistochemical staining was carried out by the
Peroxidase Anti Peroxidase (PAP) method.

PAP method: Sections were incubated with primary
antibodies for 16-20 h at 4°C as shown in Table 1. The
primary antibodies were diluted in PBS contaming 0.25%
sodium azide and 2.5% Bovine Serum Albumin (BSA).
Negative control sections were performed by replacing
the primary antibodies with PBS. Sections were then
incubated with goat anti-rabbit IgG (Dako, 70421,
Denmark) followed by rabbit PAP complex (Zymed Lab.,
61.2003, San Francisco), both at dilution of 1: 50 in PBS for
1 h at room temperature. Sections were washed in PBS for

Table 1: Details of antibodies used in this study

Primer antibodies Dilution Trade name Cat. No.
Serotonin 1:500 Zymed (Invitrogen), UK 18-0077
SOM-14 1:1000  Chemicon (Millipore), Canada AB1976
SP 1:500 Chemicon (Millipore), Canada AB1566
CGRP 1:200 Chemicon (Millipore), Canada ABS5920
CCK-8 1:100 Chemicon (Millipore), Canada AB1973
Neurotensin 1:50 Chemicon (Millipore), Canada ABS5496
NPY 1:100 Chemicon (Millipore), Canada ABI1915
Galanin 1:100 Chemicon (Millipore), Canada ABS5909
VIP 1:100 Chemicon (Millipore), Canada AB982

All antisera were raised in rabbit (Polyclonal). 8OM-14, Somatostatin-14;
SP, Substance P, CGRP, Calcitonin Gene-Related Peptide; CCK-8,
Cholecystokinin-8; NPY, Neuropeptide Y, VIP, Vasoactive Intestinal
Polypeptide

Table 2: Regional distribution and relative frequencies of immuno-reactive
ECs in the stormnach of the long-legged buzzard, Buteo rufins

Stomach

Proventriculus Gizzard
Antibodies Epithelium  Glands Epithelium Glands
Serotonin + + + ++
SOM-14 - -+ - -+
P ++ - ++ ++
CGRP +++ - +++ -
CCK-8 - - - -
Neurotensin - - - -
NPY - - - -
Galanin - - - -
VIP - - - -

Mean murnber of detected immunoreactive endocrine cells in one 10=40 field:
- =Not detected; + (rare) <1; ++ (a few) = 1-4; +++ (moderate) = 5-10; +++
+{mumerous) =10

30 min after each incubation step and finally immersed
in glucose oxidase-DAR  (diaminobenzidine)-nickel
ammonium sulphate substrate for 10 min (Shu et al., 1988).
After washing in distilled water and counterstaining with
hematoxylin, sections were dehydrated and cover slips
mounted with mounting medium.

The specificity of each immunohistochemical reaction
was determined as recommended by Sternberger (1979)
including the replacement of specific antiserum by the
same antiserum which had been pre incubated with its
corresponding antigen. Sections were examined with
Olympus BX-51 microscope and photographs were taken.
The immuno-reactive endocrine cells on each section were
counted by 10>40 times magnification. The mean numbers
of immuno-reactive endocrine cells in each sample
obtained from proventriculus and gizzard were determined
by counting immunoreactive endocrine cells in ten
randomly selected microscopic fields (numbers of
immunoreactive cells/microscopic field). The density of
distribution was subjectively rated into five grades not
detected (-), rare (+), a few (+ +), moderate (+ + +) and
numerous (+ -+ -+ +) (Table 2).

RESULTS AND DISCUSSION

Endocrine Cells (ECs) Immuno-Reactive (IR) for
serotomn, SOM-14, SP and CGRP were detected in the
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Fig. 1. Photomicrographs of serotomin-IR ECs in the
long-legged buzzard stomach; A: Spindle-shaped
serotonin-IR EC with long processes was detected
in the epithelium of the mucosal folds of
proventriculus. Note that mtensity of immuno-
reactivity was lower in the apical region of EC; B:
Shuttle-shaped closed-type serotonin-IR EC was
detected m the lobular gland of proventriculus; C:
Opened-type serotonin-TR ECs were detected in
the crypt of gizzard. (ep, epithelium; lu, lumen),
Scale bars = 20 pm

stomach mucosa of the long-legged buzzard for the first
time. However, CCK-8, neurotensin, NPY, galanin and VIP
were not found in any region of the stomach. The regional
distribution and frequency of immuno-reactive ECs varied
according to thewr location m the stomach. The
distribution pattern and frequencies of these ECs in the
stomach of the long-legged buzzard are shown in Table 2.

Fig. 2: Photomicrographs of SOM-14-TR ECs in the long-
legged buzzard stomach; A and B: SOM-14-IR ECs
1n the lobular glands of proventriculus. Note that
a great majority of SOM-14-IR ECs were closed-
type and some of them possessing lateral
projections extending along the adjacent glandular
cells (B, arrow); C: SOM-14-TR ECs in the glands
of gizzard. Limited number of SOM-14-IR ECs were
detected as opened-type in the proventriculus and
gizzard (Fig. 2, arrowheads); Scale bars = 20 pm

Serotonin: Serotonin-IR ECs were detected both of
epithelium and glands of the proventriculus and gizzard.
These ECs were rare in number throughout the
proventriculus and in the epithelium of the gizzard.
However, these cells were a few in number in the
glands of the gizzard Most of serotomn-IR ECs in the
epithelium of stomach were opened-type and their shape
varied from oval to spindle and located in the mucosal
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Fig. 3: Photomicrographs of SP-TR ECs in the long-legged
buzzard stomach; A: Opened-type SP-IR EC was
detected m the fold of proventricular mucosa.
Note that intensity of immuno-reactivity was
lower in the apical region of EC; B and C:
Shuttle-shaped closed-type SP-IR EC was
detected m the epithelium of proventriculus (B)
and in the crypt of gizzard, C: Scale bars
=20 pm

folds (Fig. 1A). Serotomin-IR ECs in the glands of the
proventriculus  were mostly closed-type and their
predominant shape was shuttle (Fig. 1B).

Serotonin-IR. ECs m the crypts of gizzard were mostly
opened-type and their shape varied from oval to round
(Fig. 1C).

SOM-14: Numerous SOM-14-IR Ecs were detected
which scattered in the glands of the proventriculus and
gizzard. A great majority of SOM-14-TR ECs were closed
type and their shape varied from round to long-shuttle
(Fig. 2A and B). However, limited number of immuno-
reactive cells were described as opened type ECs (Fig. 2A
and C). Long-shuttle shaped SOM-14-TR ECs are usually
possessing lateral and apical projections extending along
the basal surfaces of adjacent glandular cells (Fig. 2B).

SP: A few SP-TR ECs were detected in the epithelium of
the proventriculus and gizzard and m the glands of the
gizzard. In the proventriculus, majority of SP-IR ECs were
situated in the epithelium of the mucosal folds. Most of
SP-IR ECs were from oval to triangular-shaped open type
cells which described more intense immuno-reactivity that
was restricted to the basal zone of the cytoplasm and they
have luminal contact via an apical cytoplasmic process
(Fig. 3A). On the other hand, limited numbers of SP-TR
ECs were shuttle-shaped close type cells and they located
along the basal lamina (Fig. 3B). In the gizzard, shuttle-
shaped close type SP-IR ECs were detected m the crypt
epithelium and they situated along the basal lamina, too
(Fig. 3C).

CGRP: Moderate in number CGRP-IR ECs were detected
in the epithelium of the proventriculus and gizzard.
Majority of CGRP-IR ECs were located m the epithelium of
the mucosal folds. Almost all of CGRP-IR ECs were thin
and elongate-shaped open type cells and they extend
from basal to luminal surface (Fig. 4A and B).

CCK-8, neurotensin, NPY, galanin and VIP: CCK-g,
neurctensin, NPY, galanin and VIP-IR ECs were not found
in any region of the proventriculus and gizzard. The
present study was revealed the existence and distribution
of neuropeptide-secreting ECs in the proventriculus and
gizzard of the long-legged buzzards, Buteo rufinus. In this
study; serotorun, SOM-14, SP and CGRP were determined
to exist in the stomach of the long-legged buzzards for the
first time. Serotonin i3 a monocamine and is widely
distributed mn nervous system in gastromtestinal tract and
in endocrine pancreas (El-Salhy et al., 1985). Serotonin
inhibits gastric acid secretion and contraction of smooth
muscle in the gastrointestinal tract (Guyton, 1988). The
gastromntestinal ECs are responsible for the production
and storage of the largest pool of serotonin in the body
(Gershon and Tack, 2007, Bertrand and Bertrand, 2010).
Serotonin-IR ECs were detected in the stomach of human
(Meyer and Brinck, 1999), babirusa (Agungpriyono ef al.,
2000), dogfish (Chiba, 1998), frog (Ku et al, 2003),
lizard (Lee and Ku, 2004), axolotl (Maake et al., 1999),
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Fig. 4: A and B) Thin and elongate-shaped opened-type
ECs (arrowheads) were detected in the epithelium
of pro-ventriculus. Note that majority of ECs were
located in the mucosal folds; Scale bars = 20 pm

bats (Machado-Santos et al, 2009) and Caiman
latirostris (Yamada et al., 1987). Among avian species in
ontogenic studies in the chicken revealed that serotonin-
IR ECs in the proventriculus reach their peak around the
16th day of mcubation then, markedly decrease at
hatching and in adults these cells are not so numerous
(D’Este et al., 1986; Aksoy and Cinar, 2009). In the
examinations performed on ostrich (Tarakei et al., 2008)
and chicken (Yamanaka et al., 1989), serotonin-IR ECs
were observed m the proventriculus but not in the gizzard.
In Zonotrichia capensis (Mendes et al., 2009), serotorin-
IR ECs were not observed m the epithelium of
proventriculus and gizzard but they were demonstrated a
few in number along the proventricular and ventricular
(gizzard) glands.

Differently from ostrich (Taraka ef af., 2008), chicken
(Yamanaka et al., 1989) and Zonoirichia capensis
(Mendes et al., 2009), these ECs were observed in the
epithelial and glandular structure both of proventriculus
and gizzard in this study.

The straight and cyclic forms of SOM, consisting of
14 amino acids were isolated from the hypothalamus of
the sheep for the first time (Brazeau et al., 1973). SOM was
soon considered a central coordinator of gastrointestinal
physiology. Since, the initial demonstration of SOM
expression and acitivity in the pancreas, numerous
studies have investigated the expression of SOM and its
physiological activities i the gastromntestinal tract
(Van Op den Bosch et al., 2009). SOM-14-TR ECs were
detected 1n the stomach of the avian species mcluding
ostrich (Bezuidenhout and wvan Aswegen, 1990
Tarakci et al., 2008), duck (Castaldo and Lucmi, 1991),
chicken (Martinez et al., 1993, Cinar and Diler, 2008),
Zonotrichia capensis (Mendes et al., 2009) and Houbara
bustard (Mensah-Brown and Lawrence, 2001). Tn ostrich
(Tarakeci et al., 2008), SOM-14-IR ECs were numerous and
a few in number in the proventriculus and gizzard,
respectively. In Zomotrichia capensis (Mendes et af.,
2009), SOM-14-IR ECs were moderate in mimber and also
found only in the submucosal glands of proventriculus
and gizzard. In the domestic pigeon (Saito et al., 1989),
moderate numbers of SOM-14-IR ECs were found in the
pro-entriculus but no immunocreactive ECs were detected
in the gizzard. In addition to these examinations,
Mensah-Brown and Lawrence (2001 ) were found SOM-14-
IR ECs in vast number in the submucosal glands of the
proventriculus in Houbara bustard. Providing that except
frequency of ECs, the results of this study 1s resemble
with the results of Zonotrichia capensis (Mendes et al.,
2009) and ostrich (Tarakei et af., 2008) but not with
domestic pigeon (Saito et al., 1 989) stomach. Additionally,
as such in Zonotrichia capensis stomach, SOM-14-IR ECs
with cytoplasmic projections were found in the lobular
glands in this study.

SP 1s a decapeptide which 1s mostly distributed
brain, spinal cord, peripheral and enteric nervous systems
(Pearse and Polak, 1975). In chicken (Brodin et al., 1981)
and domestic duck (Castaldo and Lucini, 1991), SP-IR ECs
were detected in the intestinal tract mucosa from the
duodenum to the colorectum but not in the proventriculus
and gizzard. In examination performed on ostrich
(Bezuidenhout and van Asweger, 1990), these ECs were
found in the gastrointestinal tract. Additionally, the
researchers were detected numerous SP-IR ECs in the
proventriculus, gizzard and duodemum mucosa of the
ostrich but not mn the lower intestine (Tarakci ez al., 2008).
In this study, SP-TR ECs were detected a few in number
and located in the epithelium of the whole stomach and
glands of gizzard. The results of this study is resemble
with the results of ostrich (Bezuidenhout and van
Aswegen, 1990; Tarakei et al., 2008) but different from
chicken (Brodin et al, 1981) and domestic duck
(Castaldo and Lucini, 1991).
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CGRP is a neuropeptide constituted by 37 amino
acids that is encoded by alternative spilicing products of
the calcitonin gene (Amara et al, 1982). CGRP plays
mnportant role n gastrointestinal functions ncluding
motility and secretions from the stomach (Qvigstad and
Waldum, 2004; Kasacka, 2009). CGRP-IR ECs were
described in the stomach of healthy and hypertensive rats
(Kasacka, 2009). This peptide was not found mn the ECs of
the stomach in the neotenic axolotls (Maake et al., 1999)
and freshwater turtles (Tarakcei ef al., 2005). Among avian
species, the researchers were not described CGRP-IR ECs
m any region of the gastrointestinal tract in ostrich
(Tarakei et al., 2008). To the best of the knowledge, there
are no reports in the literature that describe CGRP-IR ECs
i the stomach of avian species. In the present study,
SP-IR ECs were detected i the proventriculus and gizzard
epithelium of long-legged buzzards for the first time.

Physiological actions of gastrointestinal CCK include
regulation of gallbladder contractions m response to
feeding, pancreatic exocrine secretion and gastric
emptying (Ruiz-Gayo et al., 2006). In the gastrointestinal
tract of bats (Machado-Santos et al., 2009), CCK-8-TR ECs
were observed only n the intestinal portion but not in the
stomach. In the frog (Ku et al,, 2003), CCK-8-IR ECs were
observed in the gastric gland regions of antrum. Tn the
examination performed on lizards (Tee and Ku, 2004),
moderate CCK-8-IR ECs were observed i the pylorus but
no ECs were found m the fundus. In the
immunohistochemical studies, CCK-IR ECs were not
described in  the
(Agungpriyono et af., 2000), turbot (Bermudez et al,
2007), brown trout (Bosi ef al., 2004), domestic duck
(Castaldo and Lucini, 1991) and ostrich (Tarakci et al.,
2008). The results of this study is resemble with the
results of previous studies carried out in ostrich, domestic
duck and some others ammal species.

Newotensin is a member of the large family of

stomach of the babirusa

neurohormonal peptides with localization in both brain
and gut (Sundler ef al., 1980). Tn the gastrointestinal tract,
neurotensin-IR ECs were found predominantly mn the
distal small intestine and released by intraluminal fats
(Evers, 2002). In the dogfish (Cimimi et al, 1989), no
neurotensin-IR ECs were described i the mucosal
epithelium of the stomach. Neurotensin-TR ECs were
described n the mucosal epithelium throughout the
gastrointestinal tract of the axolotls (Maalke et al., 1999).
In the performed on
gastrointestinal  tract, the
neurotensin-IR ECs only in the small intestine but not in
the stomach and large mtestine ( Yaman et af., 2007). In the
ostrich (Tarakei et al., 2008), neurotensin-IR ECs were not
found in the gastromtestinal tract. In the domestic ducks

examination porcupine

researchers were found

(Castaldo and Tucini, 1991), neurotensin-IR ECs were
present in the intestinal tracts from the duodenum to the
colorectum but not in the stomach. In the chicken
(Martinez et al., 1991), numerous neurotensin-IR ECs were
detected in the epithelium and glands of proventriculus.
In the chicken and Japanese quail (Atoj ef af., 1994), there
were a few immunoreactive cells in the epithelium of the
proventriculus and gizzard. The results of this study is
resemble with the results of domestic duck (Castaldo and
Lucini, 1991) and ostrich ( Tarakei et al., 2008) but different
from chicken (Martinez et al., 1991; Atoji et al., 1994) and
Tapanese quail (Atoji et al., 1994).

NPY, galamn and VIP are widely distributed
throughout the central and peripheral nervous system
with the highest concentrations (first two of them) in the
hypothalamus (Fujimiya and Inui, 2000). NPY-IR ECs were
found in the stomach mucosa of the dogfish (Cimini et al.,
1989; Chiba ef al., 1995). As far as we know, there are no
reports 1 the literature that describe NPY-IR ECs in the
stomach of avian species. In this study, NPY-TR ECs were
not detected in the proventriculus and gizzard of long-
legged buzzards. Both of them, galanin and VIP-TR ECs
were not found in the stomach mucosa of brown trout
(Bosi et al., 2004) and dogfish (Cimini et al., 1989).
Similarly, in the avian species including Houbara bustard
(Mensah-Brown and Lawrence, 2001), chicken (Rawdon,
1984) and ostrich (Tarakei et al., 2008), these ECs were not
detected in the stomach mucosa. In the present study
galanin and VIP-IR ECs were not found in the stomach
mucosa of long-legged buzzard. The results of this study
were compatible with the findings reported by previous
studies.

CONCLUSION

Serotonin, SOM-14, SP and CGRP were detected to
exist in the proventriculus and gizzard of the long-legged
buzzards for the first time 1n this study. Serotonin-IR ECs
were observed in both epithelium and glands m the
proventriculus and gizzard while SOM-14-IR ECs were
detected only in the glands. SP-IR ECs were detected in
the epithelium of the whole stomach and only i the
glands of gizzard CGRP-TR ECs were detected only in the
epithelium of whole stomach. The presence and
distribution of serotonin and neuropeptides in the
stomach of long-legged buzzard has been introduced in
this study and it was also found that this species has
been found to differ from other types of some avian
species. These difference may be variety in feeding habits
{(between animal species) and/or caused by the species-
specific differences among avian species.
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