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Abstract
Pancreatic endocrine activity and carbohydrate function during summer and winter is not clearly known in soft-shelled
turtles, Lissemys punctata punctata. Pancreatic B-cell population was lower in summer than winter, but A-, D- and PP- cell
populations were higher in summer than winter. Cell size and nuclear size of all the cell types were lower in summer than
winter. Cell/nucleus (C/N) ratio of only B-cell was significantly higher in summer than winter, without any change in the
ratio of other cell types. In the B-cells, mitochondria and rough endoplasmic reticulum were small in summer compared to
winter. But in A-cells, these organelles were large in summer compared to winter. D- and PP-cells showed same changes
as B-cells. Insulin immunoreactive (Insulin-IR) B-cells were less abundant with moderate intensity of reaction (brown)
in summer (+) compared to winter (+++). The intensity of glucagon immunoreactive (glucagon-IR) A-cells remained
unaltered in summer and winter. Serum insulin and adrenal corticosterone levels were low with high epinephrine and
norepinephrine levels in summer compared to winter. Liver glycogen level was low with high muscle glycogen level in
summer. Serum glucose level was high with low serum lactate level in summer. The findings suggest that B- and PP-cells are
active in winter, but A-cells are active in summer. D- and PP-cells are less active in summer than winter. Insulin and adrenal
hormones are involved in carbohydrate metabolic activity, which remains high in summer compared to winter in Lissemys
turtles.
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Introduction
Some information is available on pancreatic
endocrine activity during the seasonal reproductive cycle or summer and winter in reptiles.
Moscona (1954) reported that pancreatic islet
size is increased during the reproductive season in
female snakes, unlike the viper whose pancreatic
islets do not alter seasonally (Agid et al. 1961).
Insulin-containing cells form compact groups both
in summer and winter specimens, and are larger in
the splenic lobe in lizards, Mabuya quinquetaeniata
and U. aegyptia (El-Salhy & Grimelius 1981) and
Chalcides ocellatus (El-Salhy et al. 1983). In the lizard
Varanus exanthematicus, pancreatic B-cells are stimulated during long starvation period (November to
June), but become necrotic in alloxan/streptozotocin
induced diabetic subjects (Godet et al. 1984).

Kano (1962) reported a strong hydropic degeneration of the islet cells in hibernating turtles Clemmys
japonica. In Testudo graeca and Mauremys caspica
turtles, insulin-immunoreactive B-cells are abundant
and cell groups are larger in the splenic lobe than the
duodenal lobe in winter. B-cell groups are smaller in
summer (Garcia Ayala et al. 1987, 1989). Glucagon,
somatostatin and pancreatic peptide (PP)-secreting
cells remain isolated in winter and are grouped in
summer. The rough endoplasmic reticulum (RER)
is abundant and long with cisternae, and secretory
granules are larger in winter B-cells, but numerous
lysosomes with dilated cisternae are found in
summer B-cells. In summer A-cells, the RER is well
developed with dilated cisternae, and vacuoles and
secretory granules are abundant. However, in winter
D-cells RER with cisternae are less frequent, whereas
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in PP-cells, the secretory granules are small and less
numerous and clustered/dispersed in the cytoplasm
in winter than in summer. There is only a single report
that in soft-shelled turtle, Lissemys punctata punctata,
beta cell activity, studied by light microscopy, is higher
in winter without showing any significant difference in
the plasma glucose level between summer and winter
(Chandavar & Naik 2004).
Information relating to the endocrine activity of
the pancreas during summer and winter is inadequate
and inconsistent in chelonians. Quantitative cytological, ultrastructural and immunocytochemical studies
of the pancreatic endocrine cell types have not been
considered together. Besides, hormonal profiles of the
pancreas and adrenal gland, and their role in carbohydrate metabolism (liver and muscle glycogen, serum
glucose and lactate levels), have not been studied
during summer and winter. In the current investigation, these topics were investigated considering all
the above-cited parameters, in a species of fresh water
soft-shelled turtles, Lissemys punctata punctata.
Materials and methods
Animals and their maintenance
Adult soft-shelled turtles, Lissemys punctata punctata
(Bonnoterre), weighing between 800 and 900 g of
either sex, were collected from their natural populations near Calcutta, in summer (May) and winter
(December). This study was carried out for two consecutive years using 12 specimens altogether. The
average environmental temperature varied between
37 and 39◦ C in May and 18 and 20◦ C in December,
respectively. All the specimens were maintained in
polythene cage (90 cm × 60 cm × 60 cm) with
three specimens per cage in the controlled laboratory conditions at 38◦ C with 12L:12D photoperiod
in May. Other specimens were kept at 20◦ C with
10L:14D photoperiod in December. Food (Pila globosa and shrimps) and water were accessible ad libitum.
Specimens were kept in the laboratory for 15 days prior
to experiment to avoid stress during capture.
Tissue and blood collections
Animals were anaesthetised with sodium barbital
(1 mg/100 g body wt) and blood was drawn
from heart, and serum was collected and stored at
–20◦ C. A small piece (1 mm3 ) of the pancreas from
the splenic lobe was dissected out and immersed
in the fixative for electron microscopy. Tissues
were immersed in freshly prepared fixative in 2.5%
glutaraldehyde and 2% paraformaldehyde in 0.14
M phosphate buffer (pH 7.4) for 8 h at 4◦ C and
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post-fixed in 1% buffered osmium tetroxide for 1 h
at 4◦ C. A small piece each of liver and muscle
was dissected out, weighed on a single pan Mettler
balance (Switzerland) and stored in 20% KCl at
–20◦ C for quantitation of glycogen. Adrenal glands
were dissected out, weighed on a Mettler balance
and processed for quantitations of corticosterone,
epinephrine and norepinephrine.
Immunohistochemistry
Immunoreactivities of B- and A-cells were studied
from the splenic lobe of the pancreas. A small piece of
the pancreas (1 cm × 1 cm) was immersed in Bouin’s
fluid for 18 h and processed for routine microtomy. Five micrometre thick paraffin sections were
stained for immunocytochemical demonstrations of
insulin (B) and glucagon (A) cells using respective mammalian primary antisera by the peroxidase–
antiperoxidase (PAP) method of Sternberger (1986)
with some modifications as follows. Paraffin sections
were incubated in 1× Tris buffered saline–Tween-20
(1×TBST), containing 0.2% bovine serum albumin (BSA) at pH 7.4 in humidified chamber for
1 h at room temperature (25◦ C), instead of incubating with normal goat serum in PBS for 90 min
to block the non-specific reactive sites. For insulinimmunoreactive (insulin-IR) B-cells, sections were
washed in PBS several times and incubated with primary specific mammalian antisera (Guineapig AntiBovine insulin, whole antiserum, Sigma Product No.
I-6136, Lot No. 038H4824) in 1×TBST containing
0.1% BSA (dilution 1:300) in a humidified chamber
at room temperature (25◦ C) for 2 h, instead of 4◦ C
for 24 h. Sections were washed in 1×TBST several
times and again incubated with secondary antibody
(protein A-horse radish-peroxidase (HRP) complex
(GENE 1, cat no. HP08, lot no. 82065) (1 ml) in
1×TBST containing 0.1% BSA (dilution 1:1000)
at 37◦ C for 1 h, instead of protein A-HRP complex in PBS (dilution 1:100) at room temperature.
Pancreas sections with insulin-IR (B) cells were photographed by photomicroscope (Reichert, Austria).
Immunostaining was not observed in the control
pancreas sections without primary antibody.
For glucagon-IR (A) cells, pancreas sections
after hydration were treated with specific primary
mammalian glucagon antibody (Monoclonal AntiGlucagon, clone K796B10, Mouse Ascites Fluid,
Sigma Product No. G2654, Lot No. 016K4785) in
1×TBST containing 0.1% BSA (dilution 1:4000)
in a humidified chamber at 25◦ C for 1 h
and washed in 1×TBST containing 0.1% BSA.
Sections were again incubated with secondary antibody (Goat anti-mouse IgG-alkaline phosphatase
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complex, Santa Cruz Biotechnology, SC-2008, lot
no. L0604) in 1×TBST containing 0.1% BSA (dilution 1:40) in a humidified chamber for 1 h at
37◦ C. Sections were washed in PBS containing
0.1% BSA several times. Alkaline phosphatase activity was demonstrated in glucagon-IR cells using
33 µl of nitroblue tetrazolium (NBT) and 16.5 µl
of 5-Bromo-4-chloro-3-indolyl phosphate (BCIP) in
alkaline phosphatase (AP) buffer (100 mM Tris–
HCl, 100 mM NaCl, 5 mM MgCl2 , 0.05% Tween
20, pH 9.5) at room temperature (25◦ C) for 5 min.
The reaction was stopped by washing in PBS containing 0.1% BSA. Immunostaining without primary antisera was not observed in control sections.
Immunocytochemical studies of other endocrine
cells of the pancreas (D, PP, Vth and VIth types) of
Lissemys turtles were not included.
Transmission electron microscopy (TEM)
Ultrastructural study was performed from the splenic
lobe of the pancreatic endocrine cell types. Populations
of B-, A-, D- and PP-cells of the splenic lobe of
the pancreas were counted from semithin sections
(1 µm) under TEM. At least 200 endocrine cells,
consisting of B-, A-, D- and PP were counted from
10 random sections of the pancreas of each specimen.
Five specimens were considered each for summer and
winter. Differential endocrine cell populations were
calculated in percent each for summer and winter.
Cell and nuclear areas were measured from electron
micrographs of each endocrine cell type in the same
magnification by a planimeter (Albrit, England). Ten
cells were considered for each cell type. C/N ratio
was determined, dividing the cell area by nuclear area.
Diameter of the secretory granules was measured in
nm under TEM using the software (‘Soft Imaging
System’ GmBH, Münster, Germany). Fifty granules
each for small (<200 nm) and large (>200 nm) types
were measured from each cell type. Five sections were
considered for each cell type of each specimen and
five specimens were studied. Fifty secretory granules,
each for small and large types, were counted from each
section for each endocrine cell type. Twenty such random sections were considered for each cell type per
specimen. Five specimens were studied each for winter and summer. Small and large granule populations
were calculated in percentage.
Hormone quantitations
Insulin. Serum insulin level was measured by RIA
method (Rasmussen et al. 1990) using the RIA
kit (INSULIN RIA, DSL-1600, Webster, Texas,
USA). The 125 I radioactivity was measured by a

gamma counter (ECL, Serial No. 331-680). Insulin
concentrations were quantitated by measuring the
radioactivity of the bound fraction of the sample and
standard provided with the kit. Results were calculated
using linear regression with a linear-log curve.
Adrenal corticosterone. Corticosterone level was studied by the method of Glick et al. (1964). One
millilitre of tissue homogenate was added with 3 ml
of isooctane, vortexed, centrifuged and top aqueous layer was discarded. Chloroform was added to
the remaining solution, mixed and the upper layer
was discarded. Then 0.1N NaOH was added to the
remaining solution, vortexed and the upper layer was
discarded. In freshly prepared 2 ml of acid–alcohol
mixture (1.75 ml ethyl alcohol was added to 3.25 ml
conc. H2 SO4 to form 5 ml of acid–alcohol mixture),
5 ml of purified sample was added and vortexed
to form a fluorescence compound. The fluorescence
compound was read at 462/518 nm after 45 min
in a Hitachi fluorescence spectrophotometer (Model
650-10M) with excitation and emission slit of 6 nm
and sensitivity at 0.01 µg level.
Adrenal norepinephrine and epinephrine. Norepinephrine and epinephrine hormones were
extracted with acidified n-butanol and purified with
activated alumina that separated catecholamines
from other amines (Cox & Perhach 1973). Purified
samples were oxidised with NaI–I2 solution at pH 7.0
for norepinephrine and at pH 4.0 for epinephrine.
For complete oxidation, Sorenson’s M/15 phosphate
buffer (pH 7.0) was used for norepinephrine and
McIlvaine’s citrate–phosphate buffer (pH 4.0) for
epinephrine (Laverty & Taylor, 1968). It resulted
in the formation of adrenochrome. Oxidation was
stopped by using sodium sulfite as an antioxidant to
form the fluorescent product. The oxidised product
was then exposed to strong alkali (NaOH and Na2 –
EDTA) for tautomerization of the adrenochrome
to the corresponding lutins. To achieve peak fluorescence, sulfite and alkali were added together
and left for 5 min for norepinephrine and 1 min for
epinephrine. Oxidation of lutins was prevented by
adding glacial acetic acid, which stabilised the lutins
and increased the fluorescence. Noradrenolutin
fluorescence was read at 380/480 nm 30 min after
adding acetic acid and adrenolutin fluorescence
was recorded at 410/500 nm immediately after
adding acetic acid; both were measured by Hitachi
Fluorescence Spectrophotometer (Model 650-10M)
with excitation slit at 10 nm, emission slit at 2 nm,
and sensitivity at 0.1 µg level.
Liver and muscle glycogen. Liver and muscle glycogen
levels were measured by the method of Hassid and
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Abraham (1957). Liver or muscle tissue was taken in
30% KOH solution in a centrifuge tube and boiled in
water bath for 20–30 min. Then 0.5 ml of saturated
sodium sulfate was added and glycogen was precipitated by the addition of 1.1 to 1.2 ml of 95% ethanol
and vortexed. The tubes were heated to boil, cooled
and centrifuged at 3000 rpm for 10 min. The mother
liquor was decanted and precipitated, and glycogen
was redissolved in 2 ml of distilled water, precipitated again with 2.5 ml of 95% ethanol, centrifuged
and supernatant was discarded. The precipitate was
cooled, diluted in water in a volumetric flask and
vortexed. Glycogen solution was further diluted with
water in a separate volumetric flask to yield glycogen concentration of approximately 3–30 µg/ml. Five
millilitres of the aliquot, equivalent to 15–150 µg of
glucose, was taken in a separate tube. The other tube
contained 5 ml of water and served as blank. The
tube containing 5 ml of glucose (100 µg of hexose)
served as standard. All the tubes were cooled and
added with 10 ml each of 0.2% anthrone reagent
(1.2 g anthrone in 100 ml of 95% sulfuric acid). All
the tubes were then vortexed and heated in the boiling
water bath for 10 min. All the samples were cooled and
OD was recorded at 620 nm by a spectrophotometer
(PERKIN, Elmer). The amount of glucose was converted to glycogen by dividing with the factor 1.11,
as referred in the original method of Morris (1948).
Serum glucose. Serum glucose levels were measured by
the glucose oxidase–peroxidase (GOD–POD) enzymatic method (Trinder 1969) using the AUTOSPAN
Kit (Span Diagnostic Ltd., Surat, India), and measured by a Spectrophotometer (Smart spec 3000,
BIORAD, Australia) at 505 nm (490–550 nm).
Serum lactate. The serum L-lactate was measured
by the colorimetric method (Nelson & Cox 2005)
using the kit L-LACTATE (PAP), RANDOX, UK
at 550 nm with 1 cm light path against reagent blank
on a Smart spec-3000 spectrophotometer (BIORAD,
Australia).
Statistical analysis
All data were statistically analysed by one-way analysis of variance (ANOVA) followed by Student’s t test
(Snedecor & Cochran 1989) to ascertain the level of
significance of the biochemical parameters between
summer and winter turtles. All cytometric data were
averaged and represented as mean ± SEM.
Results
Electron microscopy
Endocrine cell types. B-cell. In summer specimens, B-cells were characterised by crystalline-like
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secretory granules (Figure 1a). The B-cell population (30.34 ± 0.92 %) was lower in summer than
in winter (54.18 ± 0.67%) (Figure 2a). Cell size
(28.36 ± 1.09 µm2 ) (Figure 2b) and nuclear size
(8.51 ± 2.36 µm2 ) (Figure 2c) were smaller in summer than in winter (cell size: 43.09 ± 3.45 µm2 ,
nuclear size: 22.07 ± 2.64 µm2 ). Nucleus looked
euchromatic, extremely indented or partly lobulated with a centrally located electron-dense nucleolus. The C/N ratio of the B-cells, being highest
(3.9:1) of all the cell types, was higher in summer
than winter (2.1:1) (Figure 2d). Rough endoplasmic
reticulum and mitochondria were small in summer
compared to winter (Figure 1b). Secretory granules
were clustered in one corner of the cell cytoplasm
(Figure 1a) in summer unlike in winter (Figure 1d).
Small and large secretory granules, identified by
measuring their size (diameter), were larger (small
granules: 186.4 ± 14.32 nm and large granules:
421 ± 49.27 nm, respectively) in summer than in
winter (small: 148.5 ± 2.22 nm, and large granules:
348.66 ± 2.95 nm) (Figure 3a). Small and large
granule populations were not significantly different
between summer and winter (Figure 4a).
A-cell. A-cells were identified by electron-dense
round secretory granules aggregated in one corner of
the cell cytoplasm with lobulated nucleus (Figure 5a).
The A-cell population was higher (30.37 ± 1.46%)
with smaller cell size (26.87 ± 0.56 µm2 ) and nuclear
size (8.56 ± 0.86 µm2 ) in summer than in winter (population: 20.01 ± 1.25%, cell size: 56.83 ± 9.95 µm2 ,
nuclear size: 14.38 ± 2.34 µm2 ) (Figures 2a–c).
C/N ratio was not significantly changed (summer: 3.77:1, winter: 3.59:1) (Figure 2d). Small and
large granule sizes were not significantly different
between summer and winter (Figure 3b). In winter, the nucleus looked hyperchromatic and lobulated.
Smooth surfaced secretory granules were clustered.
An autophagosome-like multivesicular body (mtv),
with numerous vacuoles of various size, was noticed
within the nucleus in winter (Figure 5c). RER was long
with distorted cisternae and disorganised mitochondrial cristae in winter turtles (Figure 5b). Population
of small granules was significantly lower (Figure 3b)
with a higher population of large secretory granules
in summer than in winter (Figure 4b).
D-cell. In summer, D-cells were identified by
extremely a euchromatic, indented, large nucleus with
very thin nuclear membrane and numerous electrondense secretory granules, located in one corner of
the cell cytoplasm (Figure 6a). The D-cell population
was higher in summer (21.44 ± 1.63%) than winter
(16.13 ± 0.39%) specimens (Figure 2a). However,
cell size (37.5 ± 1.44 µm2 ) (Figure 2b) and nuclear
size (16.63 ± 2.64 µm2 ) (Figure 2c) were smaller in
summer than winter (cell size: 59.67 ± 5.88 µm2 ,
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Figure 1. Electron micrographs showing ultrastructural changes of endocrine cell types in the splenic lobe of turtle pancreas. (a) In
summer, B-cell showing small cell size, indented nucleus (n) and nucleolus (nu), with clustered secretory granules (sg) and vacuoles in the
cytoplasm; (b) round mitochondria (mt), and (c) Sg with crystalline-like electron-dense core surrounded by wide electron lucent peripheral
halo (w) and electron-dense core with narrow peripheral halo (n) and abundance of vacuoles (v) are seen; (d) in winter, B-cell showing
large cell size with large, lobulated nucleus (n) and abundance of sg, and (e) abundance of long RER with conspicuous ribosomes; (f) a
large mitochondrium (mt) with dilated cristae is seen.

nuclear size: 29.6 ± 4.99 µm2 ) (Figures 2a–c). The
C/N ratio, however, remained unchanged between
summer and winter. Rough endoplasmic reticulum,
mitochondria and Golgi complex were small in
summer, and enlarge with wide cisternae in RER
and dilated cristae in mitochondria in winter specimens (Figures 6b, d). Secretory granules (sg) were
abundant, round, highly variable in size and clustered

in one corner of the cell cytoplasm (Figure 6a). Small
and large granule (Figure 3c) populations were not
changed between summer and winter (Figure 4c).
PP-cell. PP-cells were characterised by fusiform
shape with tapering ends, containing very irregularshaped hyperchromatic nucleus and very small
electron-dense secretory granules (Figure 7a).
The PP-cell population was higher in summer
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Figure 2. Histograms (mean ± SE values) showing changes in (a) cell population (%); (b) cell size (µm2 ); (c) nuclear size (µm2 ), and
(d) C/N ratio of different endocrine cell types (B-, A-, D- and PP-cells) in the splenic lobe of the pancreas during summer (S) and
winter (W).

(17.85 ± 0.65%) than in winter (10.12 ± 0.15%)
(Figure 2a). Cell size (34.66 ± 2.81 µm2 ) (Figure 2b)
and nuclear size (12.24 ± 0.58 µm2 ) (Figure 2c)
were smaller in summer than in winter (cell size:
42.78 ± 1.22 µm2 , nuclear size: 18.14 ± 0.94 µm2 )
(Figures 2b, c). The nuclear membrane was very thick
in summer (Figure 7a). The C/N ratio remained
unchanged between summer and winter (Figure 2d).
The RER and mitochondria (mt) were small and
scanty in summer (Figure 7b) compared to large
conspicuous RER with wide cisternae and mitochondria with wide cristae in winter (Figures 7c, d). The
secretory granules (sg) were small and less abundant in summer than in winter (Figures 7e, f). Small
and large granule sizes were small (Figure 3d), compared to that of winter without showing difference
in their populations between summer and winter
(Figure 4d).
Immunohistochemistry of B- and A-cells. Insulinimmunoreactivity (insulin-IR) was observed in the
B-cells of the splenic lobes of the pancreas. The

immunoreactive sites were characterised by a brown
colour. In summer, insulin-IR B-cells were less abundant with weak intensity of reaction (+) (Figure 8a)
unlike in winter turtles which showed abundance
of insulin-IR B-cells with intense brown black
immunoreactive sites (+++) (Figure 8b).
Glucagon-immunoreactivity (Glucagon-IR) was
observed in the A-cells of the splenic lobe of the
pancreas. It was characterised by a deep blue colour
and the glucagon-IR A-cells were less abundant
and showed a scattered distribution in isolation
(Figure 8c). No significant change was observed
in the intensity of reaction in winter (Figure 8d)
compared to summer.
Hormones. Serum insulin level was significantly lower
(p < 0.01) in summer and higher in winter (Figure 9a).
Adrenal corticosterone level was lower in summer than
winter (p < 0.001) (Figure 9b), whereas epinephrine
(p < 0.05) (Figure 9c) and norepinephrine (p < 0.001)
(Figure 9d) levels were significantly higher in summer
than winter (Figures 9c, d).
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Figure 3. Histograms (mean ± SE values) showing changes in the average diameter (nm) of small and large secretory granules in different
endocrine cell types of the splenic lobe of the pancreas during summer (S) and winter (W).

Liver glycogen. The liver glycogen level was lower
(p < 0.05) in summer than winter (Figure 10a), but
the muscle glycogen level was higher (p < 0.05) in
summer than winter (Figure 10b).
Serum glucose and lactate. The serum glucose level
was higher (p < 0.05) in summer and lower in winter
(Figure 10c), but the serum lactate level was lower
(p < 0.05) in summer than winter (Figure 10d).

Discussion
The current investigation reveals that the activity
of the endocrine pancreas varies between summer
and winter in Lissemys turtles. In summer, the B-cell
population remains low, which may be due to a
low rate of cell transformation from acinar and/or

ductular cells, or may be due to low rate of proliferation of B-cells (Lozano et al. 2000), since
pancreatic endocrine cells are known to be transformed from acinar and ductular epithelial cells.
Additionally cell size and nuclear size remain small
with scanty RER and mitochondria. All these manifestations indicate low activity of the B-cells in
summer, whereas, in winter, the B-cell population
is high with large cell size and nuclear size which
are reflected in the C/N ratio, because C/N ratio
is lower in winter than summer. Nuclear hypertrophy is known to be related to hyperactivity of the
cell as reported in rat pinealocytes (Bandyopadhyay
& Chakraborty 2010) and adrenocortical cells of
turtles (Ray & Maiti 2001). Epithelial cell height
(cell size) of thyroid follicles is also considered as
an index of cell activity in turtles (Sarkar et al.
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Figure 4. Histograms (mean ± SE values) showing changes in the populations (%) of small and large secretory granules in different
endocrine cell types in summer (S) and winter (W) turtles.

2007). Additionally, frequent occurrence of rough
endoplasmic reticulum (RER) loaded with ribosomes
and large mitochondria with conspicuous cristae
were seen in the B-cells. Immunocytochemically
B-cell activity is higher in winter than summer,
because insulin-immunoreactive (insulin-IR) B-cells
were abundant with intense immnoreactive sites in
winter compared to summer. Serum insulin level was
also higher in winter than summer. All these cytological, ultrastructural and immunocytochemicl changes
including higher serum insulin level lead to suggest
that B-cell activity is higher in winter than summer
in Lissemys turtles. However, in other species of turtles, Pseudemys scripta elegans and C. picta, B-cells are
larger both in summer and winter (Agulleiro et al.
1985; Gapp et al. 1985), whereas in T. graeca and

M. caspica B-cell islet is present in summer, but
absent in winter (Garcia Ayala et al. 1987, 1989).
Secretory granules of B-cells are larger in winter
than summer in T. graeca (Garcia Ayala et al. 1987).
Semino et al. (1986) have reported that glucose
increases volumes of only some subcellular organelles
(RER, microtubules, mitochondria, lysosomes and
cytoplasmic granules) of the B-cells, but not in the
total B-cell volume or size of the nucleus, cytoplasm or Golgi complex in rat pancreas. Glucose
also decreases the number of secretory granules with
increased diameter of secretory granules in the B-cell
of rat pancreas (Semino et al. 1986). However, in the
current study, ultrastructural stimulation of B-cell
was noticed when blood glucose level was low in winter, indicating an inverse relationship of glucose with
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Figure 5. Electron micrographs of the pancreatic endocrine cells. (a) In summer specimen, A-cell showing small cell size and small,
lobulated, euchromatic nucleus (n). Round secretory granules (sg), clustered in one region of the cell cytoplasm with abundance of cytoplasmic vacuoles (v). (b) Sg with less electron-dense core surrounded by a narrow peripheral halo, RER and mitochondria (mt) are seen;
(c) A-cell in winter specimen showing large cell size with large, lobulated and extremely hyperchromatic nucleus (n), nucleolus (nu) within
the nuclear membrane and abundance of Sg. An autophagosome-like multivesiclular (mtv) body with numerous vacuoles seen within the
nucleus. (d) RER with distorted cisternae and mitochondria (mt) with disorganised cristae and Sg are also seen.

the ultrastructural changes of the B-cells of the turtle pancreas compared to that of the rat pancreas.
Nevertheless, the discrepancy in the findings of the
pancreatic islets or B-cells between the Lissemys and
other species of turtles may be explained by further
investigation.
In contrast to the higher populations of B-cells
in winter, the populations of A-, D- and PP-cells
are lower in winter than summer turtles, which may

be due to low rate of regeneration (proliferation) of
A-/D- and PP-cells by transformation of acinar and
ductular cells (Lozano et al. 2000). Low temperature may be responsible for induction of cell proliferation and/or transformation for B-cell and high
temperature for non-B-cells in turtles. Differential
responses of these cells to different temperature may
be related to their sensitivity in turtle endocrine pancreas. Although populations of all non-B-cells were
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Figure 6. Electron micrographs of the D-cell showing (a) in summer, small cell size, small euchromatic nucleus (n), and abundance of
clustered Sg; (b) scanty RER and mitochondria (mt); (c) in winter turtles, D-cell showing large cell size with highly indented nucleus (n),
and abundance of clustered Sg, and (d) RER with dilated cisternae and mitochondria (mt) with dilated cristae and less electron-dense Sg
surrounded by a narrow peripheral halo.

higher in summer than winter, their cell size and
nuclear size were smaller in summer than winter
without showing significant difference in their C/N
ratio. Unaltered C/N ratio could be due to insignificant change in cell and nuclear size between winter
and summer.
Ultrastructurally, A-cells showed long RER and
dilated mitochondrial cristae in summer. In winter,
the nucleus was lobulated and hyperchromatic with
abundance of nuclear vacuoles, mitochondria with
distorted cristae and rough endoplasmic reticulum
without dilated cisternae. All these manifestations
suggest low A-cell activity in winter compared to
summer. The occurrence of autophagosome-like

multivesicular bodies observed in winter further supports sign of low activity of A-cells in winter, as has
been reported in rat pinealocytes (Saha et al. 2007).
In A-cells, granule size (small/large type) remained
unaltered, but their populations were altered, small
type being higher with lower population of large granules, indicating low secretory activity of A-cells in
winter compared to that of summer. However, it
was not reflected in immunocytochemical study of
A-cells, because it did not show significant change in
the intensity of glucagon-IR-A-cells between summer
and winter. D-cell activity is probably also high in winter, because RER and mitochondria were enlarged
compared to those of summer, without showing
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Figure 7. Electron micrographs of the PP-cell (a) in summer showing small cell size (arrow) with thick nuclear membrane and scanty Sg;
(b) small RER and mitochondria (mt) with small clustered Sg; (c) in winter specimen, PP-cell (arrow) showing fusiform shape, large cell
and nuclear (n) size with abundance of clustered Sg; (d) RER with concentric orientation of dilated cisternae; (e) large mitochondria (mt)
with dilated cristae, and (f) large Sg with a narrow peripheral halo.

much change in secretory granule size/population
between summer and winter. PP-cell size, nuclear
size and granule size were higher in winter than
summer. Ultrastructural stimulation of PP-cells was
also evident from enlarged mitochondrial cristae and
conspicuous cisternae of RER in winter turtles. Small
and large granule sizes were increased in winter without any change in their population. Thus, PP-cell

activity including its secretory function is increased
in winter like that of B-cell in turtles. Nevertheless,
functions of B- and PP-cell types remain low in summer and high in winter, whereas A-cells are active in
summer compared to winter. D-cells probably also
respond to summer/winter temperature, especially
in respect of cell proliferation or transformation and
ultrastructural level in Lissemys turtles.
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Figure 8. Immunoreactive insulin and glucagons cells in the splenic lobe of the turtle pancreas during summer and winter. (a) Insulin
immunorective (Insulin-IR) B-cells showing less intense reaction (+) (light brown) (arrows) in summer, and (b) strong (++) (black)
immunoreactive sites (arrows) in winter; (c) glucagon immunoreactive (Glucagon-IR) A-cells showing intense (++) reaction (blue) in
summer; (d) same intensity of reaction (blue, ++) in winter specimen.

Hyperactivity of B-cells in winter is also evident
from the higher insulin level observed in winter
compared to summer turtles. Simultaneously, the
glucose level became low in winter compared to
summer. Insulin is a strong hypoglycaemic hormone
(Bentley 1998; Larsen et al. 2003; Das 2007) that
decreases blood glucose level by increasing glucose
utilisation via increased glucose uptake by the liver
and extra-hepatic tissue (muscle). Thus, in winter turtles, high insulin level might have caused
hypoglycaemia by increasing glucose uptake by the
hepatic and extra-hepatic tissues, whereas in summer, a low insulin level might be responsible for
causing hyperglycaemia by the reversed mechanism
in turtles. Pancreatic glucagon is a strong hyperglycaemic hormone (Bentley 1998). There is an
inverse relationship between insulin and glucagon
known in vertebrate animals (Duttaroy et al. 2004)
and humans (Larsen et al. 2003). Our findings
also showed inverse relationship between B- and
A-cells in summer and winter, because while B-cells
were active in winter, A-cells became less active
and the reverse changes were observed in summer.
In addition to pancreatic glucagon, adrenal corticosterone, epinephrine and norepinephrine are also
potent hyperglycaemic hormones (Bentley 1998; Das

2007). In our study, adrenal epinephrine and norepinephrine levels were higher in summer than winter
turtles. Adrenal corticosterone level was lower in
summer than winter turtles, which could be due to
enhanced release in summer. Higher levels of plasma
corticosterone or corticosterone, epinephrine and
norepinephrine in summer have also been reported
in logger-head turtles (Caretta caretta) (Whittier et al.
1997), in lizards Podarcis sicula (De Falco et al.
2004) and western diamond-backed rattle snake
Crotalus atrox (Taylor et al. 2004). Adrenal hormones are known to be involved in counteracting
stress in vertebrates (Chester Jones & Henderson
1978; Bentley 1998), including Lissemys turtles (Ray
et al. 2004). Thermal and restrain stress, respectively, stimulate adrenocortical activity in Lissemys
turtles (Ray & Maiti 2001, 2003) and increase fasting plasma corticosterone level in rats (Zardooz et al.
2006). Thus, in the current study, higher levels of
corticosterone, epinephrine and norepinephrine levels could be due to temperature stress induced in
summer as compared to that of winter in Lissemys
turtles.
Corticosterone inhibits insulin synthesis and secretion, and potentiates the output of glucagon in a
glucose-free medium by perfused pancreas in rats
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Figure 9. Histograms (mean ± SE values) showing changes in (a) serum insulin; (b) adrenal corticosterone; (c) epinephrine, and
(d) norepinephrine levels during summer (S) and winter (W) in Lissemys turtles.

(Billaudel & Sutter 1979, 1982; Barseghian & Levine
1980; Jeanrenaud 1995) and also impairs Ca+ inflow
into the islet cells and causes a progressive inhibition of insulin release (Billaudel et al. 1984). Glucose
is known to stimulate and regulate insulin secretion via mitochondrial citrate/isocitrate cerrin (CIC)
in rat pancreatic islet cells (Joseph et al. 2006). In
logger-head sea turtles Caretta caretta, plasma IGF-1
is higher in summer than in winter (Crain et al.
1995). Somatostatin secreted from the D-cell regulates insulin (Daunt et al. 2006) and glucagons secretion by the A-cell of the pancreas (Ludvigsen et al.
2007). In the present investigation, corticosterone,
glucose and insulin concentrations were altered during summer and winter indicating their (including
IGF-1) involvement in insulin and/or glucagon (?)
secretion in Lissemys turtles.
The role of hormones on carbohydrate metabolism
in respect of liver glycogen, muscle glycogen, serum
glucose and lactate needs to be elucidated. Low
insulin and probably high corticosterone levels
directly and indirectly could enhance the rate of gluconeogenesis and reduced glucose utilisation, which

might have caused high glucose level during summer. Lactic acid might be precursor of gluconeogenesis for which serum lactate levels decreased
during summer. Simultaneous increase in the levels
of epinephrine and norepinephrine had a profound
effect on glycogenolysis, as a result liver glycogen store was decreased with simultaneous increase
of serum glucose level in summer turtles. During
winter, on the other hand, high insulin and low
epinephrine and norepinephrine reduced the rate
of glycogenolysis and reduced the level of glucose
with simultaneous increase of liver glycogen store.
Transport of glucose in muscles due to high insulin
enhanced the rate of anaerobic glycolysis producing high level of lactic acid during winter in turtles
(Das 2007).
In essence, in Lissemys turtles, (a) B-cell activity is lower in summer than winter, unlike A-cell
activity, which is reversely altered to that of B-cells.
D- and PP-cell activities are the same as B-cell activity; (b) insulin immunoreactivity is low in summer
compared to winter; (c) insulin level remains low,
but adrenal hormonal and glycaemic profiles are high
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Figure 10. Histograms (mean ± SE values) showing changes in (a) liver glycogen; (b) muscle glycogen; (c) serum glucose, and (d) serum
lactate levels during summer (S) and winter (W) in Lissemys turtles.

in summer; (d) liver glycogen and blood lactate levels remain low with high level of muscle glycogen in
summer compared to winter. The findings suggest
that pancreatic and adrenal hormones are involved
in the regulation of carbohydrate metabolism during
summer and winter in Lissemys turtles.
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