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Summary: The present study was conducted to determine the regional distribution of insulin immunpositive cells and 

histochemical structure of pancreas in falcon (Falco Anaumanni). Falcon pancreas was composed of three different parts as dorsal, 
ventral and splenic lobes. Those lobes contained acinar cells, pancreatic ducts, alpha, beta and mixed islets. Alpha islets were 
determined 3-4 unit as large islets in centre of the splenic lobe, but a few as small islets in dorsal and ventral lobes. Beta islets were 
widespread as small clusters in all lobes which were especially 7-8 units in periphery of the splenic lobe. Furthermore, mixed islets 
were found abundantly as small or large islets in all lobes. In the streptavidin biotin peroxidase staining of the pancreatic lobes, 
insulin immunpositive cells were numerous in the centre of beta islets, on the other hand these cells were detected as only one cell or 
3-8 immunpositive cell groups in both alpha islets and exocrine tissue. In conclusion, the morphology and insulin immunpositive 
cells of pancreas in falcons are similar to duck, whereas are different from other avian species such as chicken, goose, and quail.  
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Şahinlerde (Falco Anaumanni) pankreasın histokimyasal yapısı ve insülin immunpozitif hücrelerin 
lokalizasyonu 

Özet: Bu çalışma, şahin (Falco Anaumanni) pankreasının histokimyasal yapısı ve insülin immunpozitif hücrelerin bölgesel 
dağılımını belirlemek için yapıldı. Şahin pankreası dorsal, ventral ve dalak lobu olarak 3 farklı lobdan oluşuyordu. Bu loplar asiner 
hücreler, akıtıcı kanallar, alfa, beta ve mix adacıkları içermekteydi. Alfa adacıkları dalak lobunun merkezinde 3-4 adet büyük adacık 
halinde gözlenirken, dorsal ve ventral lopta az sayıda küçük adacıklar halinde belirlendi. Beta adacıkları özellikle dalak lobunun 
periferinde 7-8 adet küçük adacıklar halinde bütün loplarda çok sayıda tespit edildi. Ayrıca, miks adacıklarının küçük ya da büyük 
adacıklar halinde pankreasın bütün loplarında çok yaygın bir şekilde bulunduğu saptandı. Pankreatik lobların streptavidin-biotin 
peroksidaz boyamalarında, insulin immunpozitif hücreler beta adacıkları merkezinde çok sayıdaydı diğer yandan bu hücreler hem 
alfa adacıklarında hem de ekzokrin dokuda yalnız tek bir hücre ya da 3-8 hücrelik gruplar halinde görüldü. Sonuç olarak şahin 
pankreasının morfolojik ve insulin pozitif hücreler açısından ördek pankreası ile benzer olduğu, tavuk, kaz ve bıldırcın gibi diğer 
kanatlı türlerinin pankreaslarından farklı olduğu tespit edilmiştir. 

Anahtar sözcükler: İmmunhistokimya, insulin pozitif hücreler, pancreas, şahin. 
 

 

 
Introduction 

The pancreas is an important mixed gland 
associated with the gastrointestinal system. It lies 
retroperitoneally that is comprised of head, body and tail 
regions in the mammalians. The head lies in the C-
shaped region of the duodenum, the body and tail extend 
across the posterior wall of the abdomen toward the 
hilum of the spleen. The bird’s pancreas is comprised of 
dorsal, ventral and splenic lobes, which are positioned 
between the ascending and descending loops of the 
duodenum (19). Moreover, quail pancreas is containing 
of third lobe positioned between dorsal and ventral lobes, 
but neighbor with the descending loop of the duodenum 
(24). The pancreas is composed of exocrine and 
endocrine compartment; the exocrine tissue, which 

secretes pancreatic digestive juice, and the endocrine 
tissue, which secretes the hormones insulin, glucagons, 
somatostatin and pancreatic polypeptide for the control 
of the carbohydrate metabolism (12, 16). 

The exocrine pancreas is formed by acinar cells and 
excretory ducts with small and large diameter. The 
cytoplasm of the acinar cells is richer in point of view of 
rough endoplasmic reticulum (ER), mitochondria of the 
crista type, free ribosomes, and secretory zymogene 
granules (16). Centro-acinar cells have euchromatic 
nucleus which are found towards the lumina of acini 
which produce fluid rich in sodium and bicarbonate. 
Pancreatic juice empties from highly branched duct 
system into the duodenum via the ampulla of Vater (8). 
In birds, the main excretory ducts are consisted of the 
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dorsal and ventral pancreatic ducts (4). Moreover, some 
avian species have an additional third duct (24).  

The endocrine pancreas of the mammals is 
comprised by islets of Langerhans which is distributed 
throughout the exocrine pancreas, and found more 
numerous in the tail lobe than other lobes. These islets 
are formed by alpha (A, A2, α), beta (B, β), delta (D, δ, 
A1) and pancreatic polypeptide (PP, F) cells. The insulin 
and glucagon hormones produce in the greatest amounts 
by beta and alpha cells which decrease and increase 
blood glucose levels, respectively. D cells release 
somatostatin which inhibit the release of glucagon and 
insulin hormones, but pancreatic polypeptide hormone 
produced by PP cells inhibits the exocrine pancreas 
secretions (10, 12, 14, 15, 19). The endocrine pancreas of 
the fowl is make up of small and large islets called alpha, 
beta and mixed islets (5, 14). Alpha islets are found in 
great numbers in the caput region of the splenic lobe and 
third lobe (25), which are composed of alpha, beta and D 
cells in chickens (11) and young quails (24). Beta islets 
that are numerous in all lobes, are composed of beta and 
D cells in chickens (25), whereas beta, alpha and D cells 
in geese (10) and young quails (24).  

The aim of this study was to determine 
morphological, histochemical and immunohistochemical 
of the exocrine and endocrine pancreas by light 
microscopic examination in falcons (Falco Anaumanni).  
 

Materials and Methods 
Animals and histochemical procedures: 

Nonreleasable, but healthy five predatory falcons were 
received from General Directorate of Nature Protection 
and National Parks (Ankara/Turkey) with animal hospital 
in Veterinary Medicine (P.No: 2008-59, Erzurum/ 
Turkey). The falcons were sacrificed under ether 
anaesthesia and their pancreases were divided into the 
dorsal, ventral and splenic lobe. Tissue samples taken 
from the pancreas were fixed (18 hours) in Bouin’s and 
neutral buffered formalin fixative fluids for immuno-
histochemical and histochemical examination. The fixed 
materials were dehydrated in a graded series of ethanol, 
and embedded in paraplast. Four to five-micrometer (µm) 
thick 5 unit serial sections cut from tissue blocks were 
applied Mallory’s triple stain modified by Crossman in 
order to determine the general structure of the organ, 
aldehyde fuchsin (AF) staining in order to determine the 
distribution of alpha, beta and mixed islets (1).  

Immunohistochemical procedures: Insulin releasing 
cells were detected by immunohistochemistry using the 
streptavidin-biotin-peroxidase method (DAKO-Universal 
LSAB Kit-K0690) and 3,3'-diaminobenzidine 
tetrahydrochloride (DAB, SIGMA-D5905, 50 tablet) to 
detect peroxidase activity (17). For streptavidin-biotin-
peroxidase staining method, tissue samples were 
deparaffinized in xylene and rehydrated through a 
decreasing series of ethanol. Then, these sections were 

incubated with 3 % H2O2 in order to block endogenous 
peroxidase activity and with normal bovine serum for 
blocked nonspecific binding sites of antibodies. The 
following primary antibody (anti-insulin IgG -dilution: 
1/150-Polyclonal Guinea Pig Anti-Swine Insulin, 
DAKO-A0564) and biotinylated secondary antibody 
(DAKO-Universal LSAB Kit-K0690) were used for 30 
min, respectively. Subsequently, sections were incubated 
with Streptavidin-Horseradish Peroxidase (DAKO-
Universal LSAB Kit-K0690) and binding sites of 
antibody were visualized with DAB, and washed in PBS. 
Nuclei were stained with Harry’s haematoxylin, 
dehydrated through an increasing series of ethanol and 
cleared in xylene, then were mounted in entellan. The 
binding of antibody was evaluated by high-power 
microscopic examination. 

Semi-quantitative and statistical analysis: The 
localisation of the endocrine islet types were analyzed 
from sections of caput, corpus and tail of all lobes. For 
the 10X magnification, the 100 square micrometre area 
was determined by means of a micrometer slide (almost, 
in 1 mm2). The each islet type was counted in 5 randomly 
selected microscopic areas at X 10 objective (in total, 
counted in area 5 X 1 mm2 from each a serial section) 
and the arithmetic mean was scored semi-quantitatively 
(3). Mean ± standard error values were calculated for 
each islets to determine the significance of inter-lobes 
differences. Each islet was analysed separately by using 
one-way analysis of variance (ANOVA). For 
determining differences among pancreatic lobes, the 
Duncan test was used (7). A p value of <0.05 was 
considered to be significant. 

 
Results 

The pancreas of the falcons were located in a 
horizontal position adjacent to the duodenum; it was 
clarify divided into dorsal, ventral, and splenic lobes by 
septal formations composed of connective tissue (Figure 
1). Pancreas sections stained with Mallory’s triple 
modified by Crossman were demonstrated characteristic 
appearance of both exocrine and endocrine tissues in the 
falcons. Pyramidal-shaped acinar cells were determined 
that the basal cytoplasms were dark stain due to the 
presence of ER, whereas apical cytoplasms were 
acidophilic stain due to the presence of zymogene 
granules with triple stain (Figures 2A and 2B). Also, a 
few acinar cells were found within endocrine islets 
(Figure 2B). Centro-acinar cells were found frequently in 
the lumen of acinus (Figure 2A). The pancreatic ducts 
were consisted of intralobular ducts with squamous 
epithelium, interlobular and interlobar ducts with 
columnar epithelium. The large interlobar ducts were 
contained to gland similar crypts in the lamina propria 
and one or two layers of smooth muscle in tunica 
muscularis (Figure 3A). Furthermore, in the apical 
surface of columnar epithelial cells were identified a 
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layer sulphated acidic mucosubstances by aldehyde 
fuchsin stain (Figure 3B). In the duodenum, bile ducts 
enter separately but at the same location as the 3 main 
pancreatic ducts.  

Semi-quantitative analyze (in %) of the alpha, beta 
and mixed islets according to the different lobes are 
shown in table 1, and distributions of the endocrine islets 
according to the caput, corpus and tail section of the 
lobes are shown in figure1. The falcon endocrine 
pancreas was containing round or irregular islets 
distributed throughout the pancreas that were comprised 
of alpha, beta and mixed islets (34.78 ± 2.18%, 47.83 ± 
4.71% and 17.39 ± 5.32%, respectively). The each three 
islets were determined in caput, corpus and tail region of 
the splenic lobe as well as in other lobes. Although beta 
and mixed islets were widespread as small clusters in all 
lobes, alpha islets were numerous in the splenic lobe, a 
few in other lobes as large clusters.  

In sections stained with aldehyde fuchsine were 
presented yellowish-green alpha islets (Figure 4A), 
purple-violet beta islets (Figure 4B), and yellowish-green 
and purple-violet mixed islets (Figures 4B, 4C and 4D). 
In the streptavidin-biotin-peroxidase staining, insulin 
immunpositive cells were observed to be few in the both 
alpha islets (Figure 5A) and exocrine parenchyma 
(Figure 5B), but they were presented numerous in the 
centre of beta islets (Figure 5B) and in mixed islets 
(Figure 5C). Moreover, insulin immunpositive cells were 

presented rarely in between of the acinar cells in all lobes 
(Figure 5D) and numerously in the exocrine parenchyma 
neighbored to duodenum of dorsal and ventral lobes as 
one cell and/or 3-8 immunpositive cell groups (Figure 6). 

 
Table 1. Proportions (in %) of different islet types of the 
endocrine pancreas according to the lobes in falcons (n=5). 
Results are expressed as mean ± standard deviation. 
Tablo 1. Şahinlerde farklı loblara göre endokrin pankreasın 
adacık tiplerinin (%) oranı (n=5). Sonuçlar ortalama ± standart 
sapmayı göstermektedir. 
Localisation  Islet types  
 α β mixed 
Proportion in all 
pancreas 

34.78 ± 2.18b 47.83 ± 4.71a 17.39 ± 5.32c

Repartition per 
lobe 

   

Dorsal lobe 46.43 ± 3.12Aa 39.28 ± 1.25Bb 14.29 ± 4.54Bc

Ventral lobe 28.00 ± 4.14Bb 60.00 ± 3.22Ac 12.00 ± 2.01Bc

Splenic lobe 25.00 ± 5.81Bc 43.75 ± 4.36Ba 31.25 ± 1.47Ab

Different superscripts a, b, c in the same line indicate 
significant differences between proportions of the different islet 
types in the whole pancreas and each pancreatic lobes. 
Aynı satırdaki a, b, c harfleri pankreasın tamamında ve her 
pankreatik lobdaki farklı adacık tiplerinin oranı arasındaki 
önemliliği göstermektedir. 
Different superscripts A,B,C in the same column indicate 
significant differences between proportions of the same islet 
type in the different pancreatic lobes. 
Aynı sütundaki A, B, C harfleri farklı pankreatik loblardaki farklı 
adacık tiplerinin oranı arasındaki önemliliği göstermektedir. 

Figure 1. Anatomical position of falcon pancreas and distributions of the endocrine islets according to the caput, corpus and tail 
section of the lobes. Descendens duodeni (DD), ascendens duodeni (AD), dorsal lobe (DL), ventral lobe (VL, arrow), splenic lobe 
(arrow head), spleen (S), alpha islets (triangles), beta islets (squares), mixed islets (circles). 
Şekil 1. Şahin pankreasının anatomik yapısı ve lobların baş, gövde, kuyruk bölümlerine göre endokrin adacıkların dağılımı.  
Desendens duodenum (DD), asendens duodenum (AD), dorsal lop (DL), ventral lop (VL, ok), dalak lobu (ok başı), dalak (S), alfa 
adacıkları (üçgenler), beta adacıkalrı (kareler), miks adacıklar (daireler). 
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Figure 2. Micrograph of acinus cells, 2A: acinus (encircled), centro-acinar cells (arrows), zymogene granules (arrow head). 2B: 
acinar cells within islets (bold arrows). Triple stain. X 625.  
Şekil 2. Asinus hücrelerinin mikroskobik görünümü. 2A: asinus (çember içine alınan), sentro-asiner hücreler (oklar), zimogen 
granüller (ok başı). 2B: adacık içerisindeki asiner hücreler (kalın oklar). Üçlü boyama. X 625.  
 

Figure 3. Micrograph of large pancreatic ducts. 3A: one layer columnar epithelium (arrow), gland similar to crypts (arrow heads), 
thick muscle layers (m).Triple stain. X 325. 3B: elastic fibres (arrows), sulphated acidic mucosubstance (bold arrows). AF stain. X 
325. 
Şekil 3. Büyük pankreatik kanalların mikroskobik görünümü. 3A: tek katlı prizmatik epitel (ok), bez benzeri kriptler (ok başları), 
kalın kas katmanı (m).Üçlü boyama. X 325. 3B: elastic iplikler (oklar), sülfatlı asidik mukosubstans (kalın oklar). AF boyama. X 
325. 
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Figure 4. Identification of endocrine islets in falcons by histochemistry. Alpha islet (A), beta islet (B), mixed islet (M), beta cells in 
alpha islet (arrows). AF stain. X 325. 
Şekil 4. Şahinlerde endokrin pankreasın histokimyasal belirlenmesi. Alfa adası (A), beta adası (B), miks adacık (M), alfa adasındaki 
beta hücreleri (oklar). AF boyama. X 325. 
 

Figure 5. Micrograph of insulin immunpositive cells in endocrine islets. Alpha islet (A), beta islet (B), mixed islet (M), insulin 
immunpositive beta cells in alpha islet (arrows), insulin immunpositive beta cells within acinus (arrow heads). Strepteavidin-biotin-
peroxidase method. 5A, 5B, 5C: X 340, 5D: X 625. 
Şekil 5. Endokrin adacıklardaki insulin immunpozitif hücrelerin mikroskobik görünümü. Alfa adası (A), beta adası (B), miks adacık 
(M), alfa adasında insülin immunpozitif beta hücreleri (oklar), asinus içerisinde insülin immunpozitif beta hücrekleri (ok başları). 
Streptavidin-biotin peroksidaz metodu. 5A, 5B, 5C: X 340, 5D: X 625. 
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Figure 6. Insulin immunpositive beta cells in exocrine 
parenchyma (arrow heads), beta islets (B). Streptavidin-biotin 
peroxidase method. X 125.  
Şekil 6. Ekzokrin paranşimadaki insulin immunpozitif beta 
hücreleri (ok başları), beta adacıkları (B). Streptavidin-biotin 
peroksidaz metodu. X 125. 

 
Discussion and Conclusion 

This study confirmed that the pancreas of falcons is 
comprised of dorsal, ventral and splenic lobes, like that 
of three lobed structures in ducks (13, 14, 19), whereas it 
is four lobed structure in chickens (12) and geese (10), 
quails (23, 24). Moreover, falcons also have two dorsal 
pancreatic ducts and one ventral pancreatic duct that 
open separately into the duodenum at the same site of 
entrance of biliary ducts. 

The exocrine pancreas is comprised of tubulo-
acinar glands, ducts, blood vessels and nerve fibres 
which are similar manner to the salivary glands. The 
tubulo-acinar glands are comprised of pyramid shaped 
exocrine secretory cells, which basal cytoplasm is rich 
from ER, and apical cytoplasm is filled with zymogene 
secretory granules (16). Pancreatic ducts are beginning 
with intercalated duct cells and continuing with 
intercalate, intralobular, interlobular and interlobar ducts 
lead into each other. They ducts are lined with flattened 
squamous, cuboidal, low columnar and long two layers 
columnar epithelial cells, respectively (8). In the lamina 
propria of large excretory ducts are reported to be found 
glands in cat, human (8) and geese (9). In this study, light 
microscopic showings of tubulo-acinar glands, ducts and 
centro-acinar cells were similar to researchers. However, 
a few acinar cells were found within endocrine islets, and 
in the lamina propria layers of mediate or large ducts 
were determined a few crypt similar to cat and human. 
Also, these crypts were composed mainly of tall 
columnar cells, but were not contained goblet, mucous or 
serous cells.  

The pancreatic endocrine cells cannot be 
distinguished with haematoxylin and eosin staining. 
However, histochemical and immunohistochemical 
techniques are useful for demonstrate alpha, beta, D, and 
PP cells types. These are chrome alum haematoxylin-
phloxine for alpha and beta cells, Gomori's aldehyde 
fuchsin for beta cells (6), and Mallory’s phosphotungstic 

acid haematoxylin, Grimelius argyrophil technique for 
alpha cells (1), in immunocytochemical techniques 
specific antisera are used against the glucagon, insulin, 
somatostatin and pancreatic polypeptide hormones 
produced by islet cell. In the falcons, the histochemical 
characteristics of the endocrine cells were similar to that 
of some other avian. In AF stain was identified that beta 
islets stained purple-violet, alpha islets stained yellowish-
green and mixed islets stained purple-violet and 
yellowish-green. Polak et al. (18), Salvi and Renda (21) 
have pointed out that mammalian–derived antibodies are 
giving cross- reaction with avian species, whereas some 
researchers have been demonstrating immune-positive 
reaction with rabbit anti-somatostatin in goose (10) and 
in young quails (24). In this study was succeed illustrates 
a positive and specific immunohistochemical localization 
of insulin using polyclonal guinea pig anti-swine insulin 
mammalian antibody in the falcon’s each three lobes.  

Amongst species, varieties of endocrine cells are 
different the in distribution and location in pancreatic 
islets. Alpha, beta, D and PP endocrine cells are mainly 
grouped into the islets of Langerhans in mammals (27), 
whereas endocrine islets are composed of large alpha 
islets, moderate or small beta islets (12, 20) and mixed 
islets in the aves (14, 24). The endocrine islets are most 
numerous in the tail region (splenic lobe) of the pancreas 
both mammalian and bird species (13). The alpha and 
beta islets are reported to be numerous in all lobes in 
ducks (19) and in the splenic and third lobes in chickens 
(20, 25), geese (10) and young quails (24). Rawdon and 
Larsson (20) are reported that the smaller beta islets are 
present in the dorsal and ventral lobes, Gülmez et al. (10) 
are pointed out that mixed islets are not found in geese 
pancreas, but in this study, beta islets were shown almost 
the same size in all of lobes, and mixed islets were 
determined clearly with both histochemical and 
immunohistochemical staining in pancreatic all lobes of 
falcons. 

In the mammalian species, beta cells are to be found 
in the centre of the islets, and alpha cells are disorganized 
in the periphery of islets, whereas location of alpha and 
beta cells are opposite in horse (27). Alpha islets are 
comprised of many alpha cells, a few D cells (5), and 
seldom beta cells in chickens (26) and young quails (24). 
On the other hands, some authors have reported that 
alpha islets are composed of alpha, D and Type IV cells 
(23), and alpha, C, D and PP cells in adult quails (22). In 
the AF histochemical staining of this study, alpha islets 
were comprised of many alpha cells and a few beta cells. 
Moreover, immunohistochemical staining was examined 
that the insulin immunpositive cells were found in alpha 
islets as one and/or 3-8 cells group. The beta islets are 
comprised of numerous beta cells and a few D cells in 
avian species (5). Moreover, alpha cells are rarely present 
in the periphery of beta islets in geese (10) and quails 
(23, 24). In this study, beta islets found small cluster in 
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all lobes that they were contained abundant insulin 
immunpositive beta cells. Some researchers have 
reported that periphery of endocrine islets contains 
acinar-islet cells in the chicken (15), intermediate 
endocrine-acinar cells are localized within endocrine 
islets (2) and insulin immunpositive cells are found 
among acinar cells in young quails (24). In this study was 
determined abundantly one by one and/or 2-3 cells group 
in exocrine parenchyma of the all pancreatic lobes. 
Furthermore, some insulin immunpositive cells were 
seen in between of acinus and acinar cells 

In conclusion, endocrine and exocrine pancreas of 
falcons have revealed several differences among avian 
species. They have dorsal, ventral and splenic lobes, and 
three main excretory ducts. The endocrine pancreas is 
contained alpha, beta and mixed islets. The insulin 
immunpositive cells are located not only in beta islet but 
also other islets and exocrine parenchyma.  
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