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The present investigation was carried out to know the seasonal variation in plasma glucose, insulin and glucagon cells
during the reproductive cycle of untreated Melanochelys trijuga. Pancreatic endocrine cells were immunochemically
localized. Insulin-immunoreactive (IR) cells occurred in groups of 3–20 and were in close apposition, while glucagonIR cells were distributed individually between the exocrine pancreas or formed anastomosing cords where cells were
not intimately attached. Whenever both IR cell types were present together forming an islet, insulin-IR cells formed
clusters in the centre with glucagon-IR cells being scattered at the periphery. Glucagon-IR cells seemed to be secretory
throughout the pancreas during the reproductive cycle, while insulin-IR cells were found to be pulsating in their
secretion. Mean size of the islet was 1.306, 0.184 and 2.558 mm in the regenerative, reproductive and regressive
periods, respectively. In general, insulin-IR cells measured 5.18 µm and glucagon-IR cells 5.22 µm in their longest
axis. Invariably, glucagon-IR cells were more in number than insulin-IR cells. The fasting plasma glucose level was
69.97 mg% during the regenerative period, which increased to 97.96 mg% during the reproductive period, and reached
a peak value of 113.52 mg% in the regressive period.
[Chandavar V R and Naik P R 2008 Immunocytochemical detection of glucagon and insulin cells in endocrine pancreas and cyclic disparity of
plasma glucose in the turtle Melanochelys trijuga; J. Biosci. 33 239–247]

1.

Introduction

Although reptiles occupy a key phylogenetic position there
is insufﬁcient information on the physiology of pancreatic
islets of four extant orders, especially that of Chelonia.
Epple and Brinn (1987) reviewed the earlier literature on
the studies of the endocrine pancreas of Chelonia and other
gnathostome vertebrates. Subsequently, Garcia Ayala et al
(1987, 1989) localized the four cell types (B, A, D and pp)
and described the ultrastructural details of the endocrine
pancreas of the herbivore turtle, Testudo graeca L. and
Mauremys caspica. In addition, they also described the
endocrine pancreas during summer and winter. Muniz and
Marques (1989) administered streptozotocin to another

Chelonian, Chrysemys dorbigini, which resulted in
hyperglycaemia with qualitative changes in the endocrine
pancreas. Lozano et al (2000) described the pancreatic cells
of Pseudemys scripta elegans by immunogold labelling.
Dessauer (1970) reported that, in many reptiles, the
concentration of glucose in the blood varies with the season.
Ray and Maiti (2001) concluded that the higher the ambient
temperature, the greater the blood glucose in the soft-shelled
turtle Lissemys punctata. Chandavar and Naik (2004) found
that, rather than temperature, the physiological events of
reproduction and endocrine activity play an important role
in glucose regulation in the same species of turtle. The aim
of this investigation was to observe the distribution of islets
in the pancreas, seasonal variation in insulin and glucagon
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cells by immunocytochemical localization, and study
the interrelationship between plasma glucose level and
the reproductive cycle in the black turtle Melanochelys
trijuga.
2.

Materials and methods
2.1 Animals

Three months before commencement of the study, twelve
adults of M. trijuga of both sexes weighing 1100–2400 g
were collected from the Kabini backwaters near Mysore
(latitude 11o0′30′′ N; longitude 76 o21′12′′E; catchment area
2142 sq. km) and maintained in outdoor enclosures having
a cement cistern containing water and sand. The cistern
measured 7 × 5 × 5 ft with a slope on one side from the
bottom to enable the animal to come on land. They were fed
fresh carrot and spinach ad libitum. The ambient temperature
of Mysore varied between 11 and 37oC.
2.2

Determination of plasma glucose

Four adults of both the sexes were used in each reproductive
period and were sacriﬁced. Blood samples from the carotid
artery were collected and centrifuged at 4oC and 6622 g for
10 min. The protocols were approved by the Institutional
Ethics Committee (IEC). The separated serum was used
for estimation of plasma glucose by the enzyme glucose
oxidase method of Trinder (1969) using Dr Reddy’s GOD/
POD kit and Spectrophotometer, BIO–TEK Instruments,
Inc. (USA) Model µ Quant. Plasma glucose was determined
during all the seasons using a blank and by averaging the
values of four active animals (ten samples from each animal)
maintained at room temperature under fasting conditions for
48 h prior to autopsy, as described in previous studies by
Miller and Wurster (1958), and Padgaonkar and Mehendale
(1986).
2.3

Histology and immunocytochemistry

The pancreas was excised from the viscera, weighed and
ﬁxed in Bouin–Hollande for 18–20 h and serial sections
were cut at 4–5 µm. Sections of every ﬁfth slide were used
for immunocytochemical localization. Sections at the left
end were selected for glucagon cell localization and those at
the right end of the same slide for insulin cell localization.
They were stained by the avidin–biotin peroxidase method
after Yang et al (1999) and as per the instruction manual
provided with the kit (Mouse extravidin peroxidase staining
kit Stock No EXTRA-2, Sigma). The sections were washed
in running water, pretreated with 3% H2O2 in methanol,
rinsed with phosphate buffered saline (PBS, pH 7.6) and
J. Biosci. 33(2), June 2008

non-speciﬁc reactive sites blocked with 5% normal goat
serum. They were then incubated for 1 h at room temperature
in a humidiﬁed chamber with the respective primary
antibody (mouse anti-insulin diluted 1:1000 and mouse antiglucagon 1:2000). The sections were washed 10–15 times
with PBS and incubated for 30 min with biotinylated antimouse immunoglobulin’s second antibody and extravidin
peroxidase, each diluted 1:20. PBS with 5% normal goat
serum was used as a diluent. The peroxidase activity was
demonstrated using 0.7 mg/ml 3, 3′-diaminobenzidine
tetrahydrochloride in 0.17 mg/ml urea hydrogen peroxide
and 0.06 M Tris buffer for 1–3 min. In the controls only the
respective primary antibody was omitted. Sections taken at
regular intervals (every ﬁfth slide) from the entire pancreas
were observed. Photographs were taken using an Olympus
B × 60 camera.
Islet measurement and histological examination was done
of every fourth or sixth slide. For histological examination
slides were stained with chromealum haematoxylin and
phloxin (CHP) as described earlier (Chandavar and Naik
2004). They were oxidized and stained with CHP, modiﬁed
after Gomori (1941). Phosphotungstic acid was used as a
mordant after acidiﬁcation.
All the chemicals used for immunocytochemistry were
purchased from Sigma Chemical Company (USA).
2.4

Morphometry

CHP-stained sections were used for islet measurement at
400× and immunolocalized sections for measurement of
cell size at 1000×. An ocular micrometer was ﬁxed in the
Olympus B × 60 during measurement. Measurements were
done at the longest axis of the cells. Cell count was done
by point counting the insulin-immunoreactive (IR) and
glucagon-IR cells using a blood cell counter throughout
the pancreas in the immunolocalized slides. Quantitative
analysis in terms of percentage of insulin-IR and glucagonIR cells was done considering the total number of insulinIR and glucagon-IR cells of all four animals in each
reproductive period. The size of the cells and islets was
calculated by random selection of 100 observations in each
animal for each season, after Weesner (1960).
2.5

Liver histochemistry

Liver samples from the animals during all the periods were
ﬁxed in Rossman ﬁxative for histochemical localization of
glycogen. The tissues were processed, sectioned at 9–10
µm apart and stained with the periodic acid Schiff (PAS)
technique of Hotchkiss (1968). The density of the glycogen
granules as seen under the light microscope was taken into
consideration for qualitative analysis.
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2.6

Statistical analysis

testis of the male regresses. During the period, the females
had mature eggs in the oviduct till December. Thereafter, the
length and diameter of the oviduct decreased. By the end
of the monsoon, the females started laying rubbery eggs in
clutches of 5–6 in loose soil away from the water source and
continued doing so until the middle of winter. Baby turtles
were observed around March in outdoor enclosures.
The morphology of the pancreas remained the same in
both the sexes. It was found attached to the mesenteric border
of the duodenum. The upper border was a short distance
below the pyloric stomach and extended to the right on the
duodenum, partially splaying over the spleen. Association of
the pancreas with the spleen increased with increase in size
or age of the animal. On an average, the pancreas measured
12.5 ± 1.63 cm in length and weighed 1.973 ± 0.56 g.

The results of the insulin-IR and glucagon-IR cell count in
terms of percentage and plasma glucose level in mg/dl for
different periods, irrespective of the sex, of M. trijuga, were
analysed statistically using analysis of variance (ANOVA)
and represented as mean ± standard deviation (mean ± SD).
Wherever the variance value was found to be signiﬁcant
at 5%, Duncan Multiple Range Test (DMRT) was applied.
Statistical presentation was organized using the statistical
presentation system software (SPSS), Windows version
10.0, 1999, SPSS Inc., New York.
3.
3.1
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Results

Morphophysiology

3.2

Sexual dimorphism was apparent in M. trijuga. Females were
considerably larger than their male counterparts; the plastron
was much ﬂatter than that of the males, which had a concave
shape. Both the sexes remained active and aggressive
throughout the year. They spent most of the winter under
water, feeding voraciously. They basked sometimes, though
rarely they were observed ﬂoating on the surface with only
their carapace and head exposed for an occasional breath.
M. trijuga exhibited a deﬁnite pattern of reproductive cycle
related to season (table 1). Males and females exhibited welldeveloped gonads during the monsoon, i.e. reproductive
period. Winter is considered as the regressive period, as the

Plasma glucose

During the regenerative period, fasting plasma glucose level
was the lowest (69.97 ± 2.56 mg%). It increased to 97.96 ±
2.51 mg% during the reproductive period, reaching a peak
value of 113.52 ± 2.71 mg% during the regressive period
(table 2). There was a signiﬁcant variation in the plasma
glucose level between these periods.
3.3

Liver glycogen and fat

Liver samples taken during the regenerative period showed
maximum glycogen localization as assessed by the PAS

Table 1. Seasonal cycle and reproductive periods in M. trijuga with respect to ambient temperature
Reproductive periods
Parameter

Regenerative

Reproductive

Regressive

Months

March–June

July–August

September–February

Seasons

Summer

Monsoon

Winter

Temperature range

37–9oC

28–19oC

28–11oC

Reproductive stage

Initiation of gonadal activity

Well developed testis and ovary, mating occurred

Regression of gonads

Activity of animals

Active

Active

Active, do not hibernate

Table 2. Morphometric analysis of M. trijuga in different periods of its reproductive cycle
Reproductive periods
Parameter
Animal weight (g)

Regenerative
(mean± SD)
a

1550 ±474.3
a

Reproductive
(mean± SD)
b

2150 ±263.5
b

Statistical analysis
Regressive
(mean± SD)
a

1750 ±263.5
ab

F-value

P-value

7.695

0.002

Carapace length (cm)

24.5 ±3.68

28.15 ±3.00

26 ±1.05

3.742

0.037

Pancreas weight (g)

1.978±0.88

2.098±0.3

1.840±0.34

0.457

0.638

a

b

b

Pancreas length (cm)
Plasma glucose (mg%)

11 ±2.1

13.5 ±0.52

13 ±0.01

11.118

0.000

69.97a±2.56

97.96b±2.51

113.52c±2.71

55.298

0.01

Note: Mean values with different letters are signiﬁcantly different from each other.
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Table 3. Morphometric analysis of parameters in M. trijuga in different periods of its reproductive cycle
Reproductive periods
Parameter

Regenerative
(mean ± SD)

Regenerative
(mean ± SD)

Regressive
(mean ± SD)

Glucagon-IR cells (Av)

93453±25959

77290±16225

126739±15525

Insulin -IR cells (Av)

91799±17043

67270±26042

103695±19296

Liver glycogen

+++

++

+

Abdominal fat

+++

++

+

Av, Average; SD, Standard deviation; +++, maximum; ++, moderate; +, minimum.

method. During the reproductive period, it was moderate
while during the regressive period it was the minimum (table
3). Both white and brown fat was abundant at the end of the
regenerative period, while these were moderate during the
reproductive period. Some females showed more fat in and
around the viscera even during reproductive period. At the
end of the regressive period, the animals had no fat in the
abdominal cavity.
3.4

Histology and immunocytochemistry

By the CHP method, the islets stained dark blue compared
with the surrounding exocrine pancreas, where pink-stained
blood cells were conspicuous, including macrophages.
By immunocytochemistry, all immunopositive cells
were dark brown. Distribution of the two cell types varied
within the pancreas. Glucagon-IR cells were distributed
individually between the acini or formed islets. They
were more abundant in the pyloric pancreas, moderate in
the middle and splenic regions, and least in the duodenal
pancreas. In the pyloric region, insulin-IR cells were also
less abundant, while they were moderate in the middle and
duodenal pancreas. Invariably, larger islets were located in
the splenic region and had a larger number of insulin-IR
cells. In M. trijuga, there was a negligible difference in
the distribution of glucagon-IR and insulin-IR cells with
respect to the season, but their number varied (table 3). The
islets were uneven in outline without a connective tissue
capsule. No ducts were visible in the splenic pancreas. No
immunostaining was observed in the controls.
During the regenerative period, the total percentage of
insulin-IR cells was 49.42 ± 0.70 and of glucagon-IR cells
it was 50.31 ± 10.56. The mean size of the islet was 1.306
± 1.8 mm. The percentage of insulin-IR and glucagon-IR
cells in the reproductive animals was 46.08 ± 14.83 and
53.92 ± 14.48, respectively. Mean size of the islets during
the reproductive period was 0.184 ± 0.7 mm. The pancreas
of animals in the regressive showed a larger number of
endocrine cells, making larger islets throughout. However,
the percentage of insulin-IR cells remained 44.49 ± 9.17
and that of glucagon-IR cells 54.69 ± 7.99. The average
J. Biosci. 33(2), June 2008

size of the islet was 2.558 ± 2.4 mm. The islet size showed
signiﬁcant variation during the reproductive period (P
≤0.05). Morphometric analysis showed that glucagon-IR
cells were more abundant compared with insulin-IR cells,
amounting to approximately 52% of the endocrine pancreatic
mass in the present study. On an average, glucagon-IR cells
were larger (5.22 ± 1.98 µm) than the insulin-IR cells (5.18
± 0.44 µm) at their longest axis. Insulin-IR cells were always
in groups of 3–20 and were closely associated. Glucagon-IR
cells were either arranged individually or in groups of many.
They were not compactly arranged; instead, they formed
anastomosing cords of loosely arranged cells. Both cell
types often formed separate groups. Whenever both cells
together formed an islet, insulin-IR cells invariably occupied
the centre of the islet and glucagon-IR cells the periphery
(ﬁgures 1 and 2). Insulin-IR cells were almost rectangular
or elongated in shape (ﬁgure 3) with or without pouring of
their secretory granules and, therefore, were referred to as
the closed type. Glucagon-IR cells were oval or triangular
in shape, and poured their contents continuously into the
capillaries (ﬁgure 4). Macrophages made their appearance
in the pancreas during the regressive period.
The average weight of the animal during the reproductive
period was higher, with a concomitant increase in pancreatic
weight (table 2). However, the islet size as well as endocrine
cell count remained the lowest during this period.
4.

Discussion

The Indian black turtle, M. trijuga, belonging to the family
Bataguridae of the order Chelonia, is widespread in the
Indian subcontinent excluding the arid north-west and northcentral regions. It inhabits still water bodies with aquatic
vegetation, although it may also be found in rivers and
other lotic habitats (Das 1995). The pancreas appeared to
be a solid compact gland as in T. graeca L. (Garcia Ayala et
al 1987). Morphology of the pancreas is similar in both the
sexes. The pancreas is associated more often with the spleen
in larger animals. Turtles cannot store fat beneath the skin.
The only source of reserve energy is abdominal fat and liver
glycogen. Fat accumulated during the regenerative period
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Figure 1. Pancreas of Melanochelys trijuga with insulin-immunoreactive cells appearing dark (arrow) between non-localized acini (ac),
pancreatic duct (dt) and blood vessel (bv). All insulin-immunoreactive cells are compactly arranged and few in number (X100).

underwent steady clearance at the end of the regressive
period. The observations in the present study revealed that
under conditions of increased ambient temperature, M.
trijuga initiates gonadal activity (table 1) which, when this
reaches the peak, is considered as the reproductive period.
The colour of the pancreas varies from yellowish to pink,
depending on the blood supply to the organ.
In the subsequent discussion, wherever the results of M.
trijuga are compared with those of L. punctata, it pertains to
the reports of Chandavar and Naik (2004).
When stained by the CHP method, the islets stained dark
blue compared with the surrounding exocrine pancreas, a
property which is contrary to that of laboratory mammals
(rat). The islets were irregular and devoid of a connective
tissue capsule as in L. punctata. Garcia Ayala et al (1987,
1989) also made similar observations in other turtle species,
T. graeca L. and Mauremys caspica. Islets or individual
cells were present throughout the pancreas. Epple and
Brinn (1987) in their review concluded that islets were
scattered throughout the pancreas in turtles, crocodiles

and certain squamata. The cells in the islets of M. trijuga
were either oriented towards the blood capillaries or the
capillaries were found within the islets, indicating their
endocrine property.
Though the islet sizes in the splenic pancreas were
comparatively larger than in the pyloric and duodenal
pancreas, these were mainly composed of insulin-IR cells.
Garcia Ayala et al (1989) reported that in M. caspica;
endocrine cells appeared either isolated or grouped
throughout the pancreas. However, some differences were
detected in the distribution and morphological features of
each cell type according to the season and pancreatic region,
but not according to the sex.
During the regressive period, M. trijuga showed the
highest plasma glucose (table 2), lesser glycogen localization
in the liver (table 3) and a larger number of both IR cell types.
Probably due to an increase in glucagon-IR cells during the
regressive period, the liver glycogen was cleared, resulting in
a rise in the plasma glucose level. The colour of the pancreas
was pinkish due to a greater blood supply to the gland. This
J. Biosci. 33(2), June 2008
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Figure 2. Succeeding section of M. trijuga pancreas showing glucagon-immunoreactive cells appearing dark (arrow) between nonlocalized acini (ac), pancreatic duct (dt) and blood vessel (bv). All glucagon-immunoreactive cells are loosely arranged and many in number
(X100).

appeared as a pool of blood cells with macrophages (Girons
1970) in the pancreas by the CHP method. M. trijuga were
voracious eaters during the winter and, unlike L. punctata,
did not undergo hibernation, though both the species were
in the same habitat and exhibited a similar pattern of
reproduction. Size of the islet in both species appeared to be
comparable in all the three periods of reproduction. Increased
feeding activity of M. trijuga during the regressive period
might also have contributed to the higher plasma glucose
level during this season compared with the other seasons.
Their energy requirement underwater may be less than that
on land, thereby allowing other anaerobic pathways to meet
their needs (Dessauer 1970). On the other hand, during the
regressive period, both glucagon-IR and insulin-IR cells were
found to be abundant. In spite of more insulin-IR cells than
in the earlier two periods, plasma glucose was the highest.
This may be because the animals fed voraciously. Therefore,
the liver samples showed minimal glycogen localization and
clearance of abdominal fat during this period.
J. Biosci. 33(2), June 2008

Rhoten (1971) reported that, in Lygosoma laterale, A
(alpha) cells were often elongated and were more numerous
than B (beta) cells. Alpha cell secretory granules were
intensely acidophilic and ﬁlled the cytoplasm. This is
in agreement with the immunocytochemical localization
of glucagon-IR cells in M. trijuga, which appeared to
be secretory in function throughout the year, whereas
insulin-IR cells were found to be intermittent in their
secretion. In the present study, insulin-IR cell secretion
was found to be dependent on plasma glucose. Solitary
endocrine (A, B and D) cells were seen in association
with the exocrine pancreas in L. laterale. In M. Trijuga,
glucagon-IR cells were solitary or not in close contact
with each another, unlike insulin-IR cells which were found
in groups of a minimum of 3 cells that were in intimate
contact. A rise in insulin-IR cell numbers with an increase in
plasma glucose in M. trijuga indicated that glucose acts as
a stimulus for an increase in the beta cell number (BonnerWeir 2000).
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Figure 3. A portion of the pancreas enlarged (arrow, ﬁgure 1) showing insulin-immunoreactive cells arranged compactly and secretory
granules that appear dark (arrow) surrounded by capillary space (ca) and acini (ac) (X1000).

Plasma glucose in M. trijuga gradually increased from
the regenerative to the reproductive period and reached a
maximum during the regressive period (P ≤ 0.05). In L.
punctata, it was 96.87 ± 3.63 mg% in the regenerative
period, reached a maximum in the reproductive (119.27
± 1.68 mg%) and was the minimum during the regressive
period (91.39 ± 2.76 mg%) (P ≤ 0.05). Correa et al (1960)
fed two groups of Chrysemys dorbigini oral glucose – during
winter and summer. The winter group showed higher
blood glucose values than the summer group. Histological
examination of the pancreas of the winter group showed
an increase in the number and size of the islets with
degranulation and hydropic degeneration (glycogenic
inﬁltration) of the beta cells. Though M. trijuga was not
treated with glucose, in their natural condition they showed
a rise in plasma glucose and had larger islets during the
regressive period, which corresponded with winter. The
highest blood sugar values were obtained during winter
in C. dorbigini (Correa et al 1960), possibly due to low

temperature and subsequent lowering of metabolism in
these poikilothermic animals, resulting in a reduction in
the consumption of glucose. Dessauer (1970) reported that
during extended dives, P. scripta and C. picta switched over
to anaerobic glycolysis as a source of energy, resulting in a
marked increase in their blood glucose levels. In M. trijuga,
intensely PAS-positive glycogen granules were evident on
liver histochemistry during the regenerative period, which
declined in the reproductive period and reached a minimum
in the regressive period. In contrast, in L. punctata, liver
glycogen was moderate in the regenerative, lowest in the
reproductive and highest in the regressive period. Rhoten
(1971) reported an increase in liver glycogen at various
time intervals following oral glucose administration in L.
laterale, which showed prominent PAS-positive glycogen
at 36 h. Stores of glycogen in the tissues of turtles exceeded
those of other reptiles (Dessauer 1970). Even with respect
to fat deposition in and around the viscera, M. trijuga and
L. punctata exhibited contrasting levels, with the former
J. Biosci. 33(2), June 2008
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Figure 4. A portion of the pancreas enlarged (arrow, ﬁgure 2) showing glucagon-immunoreactive cells appearing as loosely arranged
anastomosing cords, dark-stained secretory granules (arrow) releasing into the capillary space (ca) surrounded by the acini (ac) ( X1000).

showing maximum deposition during the regenerative,
minimum during the reproductive and total disappearance
during the regressive period. However, in L. punctata, it was
moderate in the regenerative, minimum in the reproductive
and maximum during the regressive period.
DMRT revealed that the mean plasma glucose level in
M. trijuga and L. punctata was signiﬁcantly different also
between periods. The interaction effect between the species
and periods was also found to be highly signiﬁcant. Though
in both the species the reproductive cycles appeared to be
similar (Singh 1974, 1977; Chandavar and Naik 2004),
the plasma glucose varied in different seasons. This may
be due to the fact that L. punctata is a hibernating animal
(during winter) whereas M. trijuga is a non-hibernating one.
Obviously, these species adopt different strategies for the
regulation of plasma glucose. Between L. punctata and M.
trijuga, the latter showed a lower plasma glucose in spite
of its larger size, while the lizards being smaller, exhibited
relatively higher plasma glucose levels than the turtles
(Chandavar 2002).
J. Biosci. 33(2), June 2008

Change in plasma glucose was dependent on glucagonIR and insulin-IR cells, and physiological events of
the reproductive cycle. In this study, plasma glucose
regulation appeared to be dependent on physical activity
and feeding habit as well as on the pancreatic endocrine
cells.
Islet (endocrine) cells showed a deﬁnite pattern of
life span which may vary from one species to another,
being abundant in the regressive, moderate in the
regenerative and less in the reproductive period. After the
contents are released, they seem to undergo degeneration
(ﬁgure 4).
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