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Abstract
Diabetogenic effect of streptozotocin was not adequately studied in chelonians. This topic was investigated in the current
article. Objective of the current study was to investigate the role of streptozotocin on B- and non B-cells of the endocrine
pancreas, adrenal and carbohydrate profiles in soft-shelled turtles. A single intramuscular injection of streptozotocin at a
dose of 200 mg/kg body wt once, after 7 days caused increase of necrotic B-cell population followed by ultrastructural
degeneration. Insulin immunoreactivity of B-cells (insulin-IR B cells) was reduced with a fall in serum insulin level. It also
caused necrosis of A-, D- and PP-cells with decrease of their cell size and nuclear size, and ultrastructural degenerations.
Glucagon-immunoreactivity of A-cells (glucagon-IR-A-cell) was not altered. Adrenal corticosterone and norepinephrine
levels were increased with decrease of epinephrine level. Serum glucose level was elevated with a fall in liver glycogen level.
But muscle glycogen level was elevated with a fall in blood lactate level. These changes were no longer observed after 14 days
of single dose of SZ treatment. Insulin level was elevated with a fall in corticosterone and epinephrine levels. Serum glucose,
liver and muscle glycogen, and blood lactate levels were reversely altered in 14 days of SZ treatment to those of 7 days
of treatment. The findings suggest that streptozotocin (SZ) initially causes diabetes with disturbance in adrenal hormone
production and carbohydrate metabolism after 7 days treatment and that, the diabetogenic effects are subsided subsequently
after 14 days of SZ treatment in turtles.
Keywords: Streptozotocin, endocrine pancreas, adrenal, turtle

Introduction
Streptozotocin (SZ), a 2-deoxy-D-glucose derivative
of N-methyl-N-nitroso-urea, is a strong diabetogenic
agent. It has antibacterial, antitumor and mutagenic
effects. Streptozotocin (SZ) (100 mg/kg body weight
followed by another dose of 25 mg/kg body weight
24 h later) produces pancreatic insulinitis in mice and
causes hyperglycemia with high serum glucose level
(381–553 mg/100 ml) in rats sacrificed after 10 days
of treatment (Gruber et al. 1980). Islets become
smaller with indistinguishable A- and B-cells. Cells
in the centers of some islets possess multivesicular bodies, prominent dilated Golgi cisternae and
secretory granules, which are often pleomorphic.
Nuclear envelopes of some peripheral islet cells are
swollen and distended; mitochondria are enlarged

with prominent rough endoplasmic reticulum. But
Lucke et al. (1985) have reported that most female
wistar rats remain normoglycemic; only about 15%
shows permanent hyperglycemia following 14 days of
SZ treatment by a single injection of 30 mg/kg body
wt. The pancreatic insulin content in normoglycemic
rats is reduced to 30%. Cossel et al. (1985) have
reported that low dose (40 mg/kg body wt for 5 days)
of intraperitoneal injections of streptozotocin causes
high-degree of reduction or an interruption of insulin
production in mice. Insulinitis with lysis of majority
of the B-cells occur after 3 days of the last SZ injection upto the 20th day. During insulinitis, persisting
insulin deficiency diabetes is developed in these mice.
Gradual hyperglycemia occurs in acute stage following 17 days of SZ treatment (40 mg/kg body
weight intraperitoneal injection (ip) for 8 weeks post
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infection) in mice (El-Wakil et al. 2002). Hartmann
et al. (1989) have recorded spontaneous recovery of
streptozotocin-induced diabetes in 5–6 days neonatal BALB/C mice after lower and higher doses of
streptozotocin (SZ) (50 or 100 mg/kg body wt. i.p.)
through beta cell loss, but preventing excessive damage to the endocrine pancreas without disturbing the
restoration processes.
Reptiles are the least studied groups regarding
SZ-induced diabetes. Till date, only one study has
been done in a turtle species, Chrysemys dorbigni
(Muniz & Marques 1989). Hypertrophy, intense
hyperplasia, cloudy swelling, partial or total degranulation and cytoplasmic vacuolations occur in the
endocrine pancreas of turtles, unlike B-cell necrosis of mammalian pancreatic islets. Hyperglycemia
has been observed only in 14% of the SZ-treated
turtles at a dose of 130 or 250 mg/kg body wt.
after 1 or 14 day fast. Information relating to the
diabetogenic effects of streptozotocin in turtles is
rather negligible. Earlier results are inadequate and
inconsistent in respect of dose and duration of
treatment, and recovery period of the diabetogenic
effect of SZ (Muniz & Marques 1989). Moreover,
diabetogenic effects of SZ on endocrine pancreatic
islets at ultrastructural, immunocytochemical and
hormonal levels, adrenal hormones and carbohydrate
metabolism have not been studied together in any
vertebrate animals including turtles. In the current
study, these aspects were investigated in detail after
streptozotocin treatment in a species of soft-shelled
turtles.
Materials and methods
Adult female specimens of turtles, Lissemys punctata punctata, were captured from neighbouring
wild areas of Calcutta, during the breeding phase.
Animals were maintained in controlled laboratory
conditions (temperature: 25◦ C, and photoperiod:
10L:14D) with food (shrimps) and water ad libitum
throughout the experimental period. Turtles were
acclimatized in the controlled laboratory condition
for 7 days prior to experimentation.
Streptozotocin administration
Twelve specimens were divided in four groups (I, II,
III and IV) with three each in controlled laboratory conditions. Groups I and III served as control, and II and IV received streptozotocin injection.
Streptozotocin (Sigma, U.S.A.), dissolved in 5% citrate phosphate buffer at pH 4.5, was administered at
a dose of 200 mg/kg body weight by a single intramuscular injection once in the hind legs of turtles.
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Experiments were terminated on day 7 for groups
I and II, and on day 14 for groups III and IV
respectively after single injection of SZ.
Tissue and blood collection
Animals were anaesthetized with sodium barbital
(1 mg/kg body wt intramuscularly) and blood was
collected from tail vein. Serum was separated and
stored at –20◦ C until assayed for insulin, blood glucose and blood lactate. A small piece (1 cm X 1 cm)
of the pancreas from splenic lobe was immersed in
the fixative for light microscopy and a small piece
(1 mm3 ) of the splenic lobe of the pancreas was dissected out and immersed in the fixative for electron
microscopy. 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, weighted on Mettler balance
and processed for quantitations of corticosterone,
epinephrine and norepinephrine.
Immunocytochemistry
Immunoreactivities of B- and A-cells were studied from the splenic lobes of the pancreas of three
specimens by the modified peroxidase-antiperoxidase
(PAP) method of Sternberger (1986). Pancreas tissue (1 cm X 1 cm) was immersed in Bouin’s fluid
for 18 hours and processed for routine microtomy.
Six µm thick paraffin sections were cut by a Biocut
microtome (Cambridge, England) and stained for
immunocytochemical demonstrations of insulin and
glucagon producing B- and A-cells respectively using
respective mammalian primary antisera. The protocols were modified as mentioned in the following.
Paraffin sections were deparaffinized with xylene
and hydrated through descending grades of ethanol,
incubated in 1 X Tris Buffered Saline-Tween-20
(I XTBST), containing 0.2% bovine-serum albumin (BSA) at pH 7.4 in humidified chamber for
1 hr at room temperature (25◦ C) to block the nonspecific reactive sites. For insulin-immunoreactive
(insulin-IR) B-cells, sections were washed in PBS
several times and incubated with primary specific
mammalian antisera (Guineapig Anti-Bovine insulin,
whole antiserum, Sigma Product No. I-6136, Lot
No. 938H4824) in 1 XTBST containing 0.1% BSA
(dilution 1:300) in a humidified chamber at room
temperature (25◦ C) for 2 hr. Sections were washed
in 1 XTBST for several times and again incubated with secondary antibody (protein A-horse
radish-peroxidase (HRP) complex (GENE 1, cat
not. HP08, lot no. 82065) (1 ml) in 1 XTBST
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containing 0.1% BSA (dilution 1:1000) for 1 hr
at 37◦ C. Sections were washed in buffered 1
XTBST containing 0.1% BSA for several times.
Insulin-immunoreactive (insulin-IR) “B-cells” were
demonstrated by peroxidase-antiperoxidase activity
using 0.05% 3,3-diaminobenzidine (DAB, Sigma,
Product no. P5637), the chromogenic substrate for
peroxidase, 0.01% H2 O2 in 1 XTBST containing 0.1% BSA at room temperature (25◦ C) for
5 min. The reaction was stopped by washing with
1 XTBST containing 0.1% BSA. Subsequently,
sections were mounted in DPX and examined under
light microscope. Insulin-IR “B cells”, found in
pancreas sections, were photographed by photomicroscope (Reichert, Austria). Immunostaining was
not observed in 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 XTBST containing 0.1% BSA (dilution 1:4000) in
a humidified chamber at 25◦ C for 1 hr and washed
in 1 XTBST containing 0.1% BSA. Sections were
again incubated with secondary antibody (Goat antimouse IgG-alkaline phosphatase complex) (Santa
Cruz Biotechnology, SC-2008, lot no. L0604) in
1 XTBST containing 0.1% BSA (dilution 1:40) in a
humidified chamber for 1 hr at 37◦ C. Sections were
washed in PBS containing 0.1% BSA several times.
Alkaline phosphatase activity was demonstrated in
glucagon-IR–A cells using 33 µl of nitroblue tetrazolium (NBT) and 16.5 µl of 5-Bromo-4-chloro-3indolyl phosphate (BCIP) 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. Sections were mounted in DPX
and examined under microscope. Glucagon-IR “A”
cells of the pancreas sections were photographed as
followed for insulin-IR B-cells. Immunostaining was
not observed in the control pancreas sections without primary antisera. Immunocytochemical studies
of other endocrine cells of the pancreas (D, PP,
Vth and VIth types) of Lissemys turtles were not
included.
Electron microscopy
Pancreas tissue (1 mm3 ) from the splenic lobe
was dissected out and immersed in a freshly prepared fixative, containing 2.5% glutaraldehyde and
2% paraformaldehyde in 0.1M phosphate buffer
(pH 7.4) for 8 hours at 4◦ C. After washing, pancreas

tissue was post-fixed in 1% buffered osmium
tetroxide (OS O4 ) for 1 hr at 4◦ C. Tissues were dehydrated in ascending grades of acetone, infiltrated and
embedded in araldite CY212. Thick sections (0.5–
1.0 µm) were cut by Ultratcut E (Reichert, Austria),
stained with toluidine blue and observed under a
light microscope. Ultrathin sections (60–70 nm), cut
by Ultratome E, were contrasted in uranyl acetate
and lead citrate, and viewed under Morgagni 268 D
TEM (Fei Company, Eindoven, The Netherlands) at
an operative voltage of 80 KV.
Different types of endocrine cells (B-, A-, D-, PP-)
of the pancreatic islets were identified from their
ultrastructural and cytometric characteristics under
transmission electron microscope.
Cytology (Cell population and cytometry)
Populations of B-, A-, D- and PP-cells from the
splenic lobe of the endocrine pancreas were counted
from semithin sections (1.0 µm) under TEM.
At least 200 endocrine cells, consisting of healthy and
necrotic, for each cell type (B-, A-, D- and PP-), were
counted from 10 random sections of the pancreas of
each specimen. Three specimens were considered for
each parameter. Healthy and necrotic endocrine cells
were counted and their respective cell populations
were calculated in percent. Cell and nuclear areas
(µm2 ) were measured from electron micrographs
for each endocrine cell type under same magnification by a planimeter (Albrit, England). Twenty
cells were considered for each cell type. C/N ratio
was determined, dividing the cell area by nuclear
area.
Serum insulin
Serum insulin was measured by RIA kit (INSULIN
RIA DSL-1600) purchased from Diagnostic Systems
Laboratories, Inc. Texas, USA following the method
of Reaven (1991) provided with the kit. In brief,
all reagents were brought to room temperature and
mixed thoroughly before use. In marked tubes,
100 µl each for insulin standard, control and treated
sera were taken. 100 µl of insulin antiserum was
added to all the tubes, except total count tube
(TCT) and non-specific binding (NSB) tube, where
200 µl insulin standard was taken. Then 100 µl of
insulin (125 I) reagent was added to each tube. All
the tubes were vortexed and incubated at 2–8◦ C
for 16 hours. 1 ml of precipitating reagent, containing goat anti-guineapig gamma globulin serum (IgG)
with polyethylene glycol (PEG), was added to all
the tubes, except total count tube. Following vortexing all the tubes were kept at room temperature for
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10–15 minutes. Except the total count tube, all the
tubes were centrifuged at 1500 X g for 20 minutes.
The supernatants from all the tubes, except TCT,
were decanted by simultaneous inversion into a
radioactive waste receptacle. Then the radioactivity
of all the tubes was counted in 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. The mean cpm of non specific
binding (NSB) tube was subtracted from all the tube
counts to obtain the corrected counts for one minute.
The values of insulin of control and treated sera
were calculated from the obtained standard values.
The mean cpm of NSB tube was subtracted from
all the tube counts to obtain the corrected counts.
Each sample was run in duplicate to minimize the
error. 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 from the adrenal
glands of control and treated animals by the
fluorometric method of Glick et al. (1964). 1.0 ml 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 minutes
in a Hitachi fluorescence spectrophotometer (Model
650-10M) with excitation and emission slit of 6 nm
and sensitivity at 0.1 µg.
Adrenal norepinephrine and epinephrine
Norepinephrine and epinephrine concentrations
were measured from the adrenal glands of control
and treated animals by the fluorometric method
of Laverty and Taylor (1968). 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 oxidized with NaI-I2 solution at pH 7.0 for
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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 oxidized 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 mins for norepinephrine and 1 min for
epinephrine. Oxidation of lutins was prevented by
adding glacial acetic acid, which stabilized 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, and 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.
Liver and muscle glycogen
Liver and muscle glycogen levels were measured
from control and treated animals by the method
of Hassid and Abraham (1957). Liver and muscle
tissues were taken in 30% KOH solution in a centrifuge tube, boiled in water bath for 20 to 30 min
and was precipitated by addition of 1.1 to 1.2 ml of
95% ethanol and vortexed. The tubes were heated
to boil, cooled and centrifuged at 3000 r.p.m. for
10 min. The mother liquor was decanted, 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 distilled water in a separate
volumetric flask to yield glycogen concentration of
approximately 3 to 30 r/ml. Five ml of the aliquot,
equivalent to 15 to 150 r 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 r of hexose) served as standard.
All the tubes were cooled and added with 10 ml
each of 0.2% anthrone reagent (1.2 gm 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 O.D. was
recorded by a spectrophotometer (PERKIN, Elmer)
at 620 nm. The amount of glucose was converted to
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glycogen by dividing the factor 1.11 [as referred in
the original method of D.L. Morris (1948), Science,
107, 254].

H2 O2 + 4-aminoantipyrine + TOOS [N-ethyl-N(2-hydroxy-3-sulphopropyl) m-toluidine] → Purple
product + 4H2 O2 by peroxidase. Calculation:
L-Lactate Concentration

Blood serum glucose
Blood serum glucose levels were measured by the
glucose oxidase-peroxidase (GOD-POD) enzymatic
method of Trinder (1969) using the AUTOSPAN
Kit (Span Diagonostic Ltd. Surat, India). Glucose
was oxidized by glucose oxidase to gluconic
acid and hydrogen peroxide. In the subsequent
peroxidase catalyzed reaction, oxygen liberated was
accepted by the chromogen system to give a red
coloured quinoneimine compound. The red colour
so developed, was measured by a Spectrophotometer
(Smart spec 3000, BIORAD, Australia) at 505 nm
(490–550 nm) against a reagent blank and was
directly proportional to the glucose concentration.
Coefficients of intra- and inter-assay variations were
9% and 13% respectively.

=

A sample
× Standard Concentration (mg/dl)
A standard

Statistical analysis
All the 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 experimental results. All
the cytometric data were averaged and represented
as mean+ SE.
Coefficients of intra-assay and inter-assay variations of hormones were recorded at 4.02% (maximum) and 7.1% (maximum) levels respectively.
Recoveries of standards (insulin, corticosterone,
epinephrine, norepinephrine, glucose, glycogen and
lactate) were recorded at 92% level.

Blood Serum lactate

Results

The serum L-lactate was measured by the colorimetric method (Nelson & Cox 2005) using the kit
L-LACTATE (PAP), RANDOX, U.K. (Cat. No.
LC2389). Blood was collected from tail vein, serum
was separated and kept at −20◦ C until assay ed. All reagents [Buffer: 100mmol/lit, pH 7.20;
TOOS(N- ethyl-N-(2-hydroxy-3-sulphopropyl) mtoluidine: 2.1 mmol/lit & Sodium Azide:1gm/lit];
Enzyme reagent (4-aminophenazone:0.4 mmol/lit,
Peroxidase: ≥ 1000U/lit, Lactate oxidase: ≥
600U/lit, Ascorbate oxidase: ≥ 10,000 U/lit) were
reconstituted by mixing 6 ml (1 vial) of reagent
with 6 ml of buffer and stored at 2–8◦ C &
Standard 4.44 mmol/lit (40 mg/dl)] were brought to
room temperature and mixed thoroughly before use.
Samples were mixed with reagents. 10 µl of sample
was taken in a marked tube.
10 µl of standard was taken in the other tube.
Another tube was taken as reagent blank. Then
1000 µl of reagent was added to each tube.
All the tubes were vortexed and incubated at
20–25◦ C for 10 min. At the end of incubation,
absorbance of sample and standard were measured within 30 min at 550 nm wave length, with
1 cm light path against reagent blank on a Smart
spec-3000 spectrophotometer (BIORAD, Australia).
The concentration of L-lactate in the serum was
determined by the following reactions. L-Lactate
+ O2 → Pyruvate + H2 O2 , by lactate oxidase

Control
a. Cytology
The population of B-cell was highest (42.17+2.56%)
(Figure 1a), followed by A-cell (33.73+0.96%)
(Figure 4a), D-cell (14.45+.056%) (Figure 7a) and
PP-cell (9.65+.025%) (Figure 10a) in control turtles. Population of necrotic B-, A-, D-, or PPcells were negligible in control turtles (Figures 1b,
4b, 7b and 10b). Cell size (area) was large in
B-cell (51.41+1.8 µm2 ) (Figure 1c), moderate in
A- (47.57+1.76 µm2 ) (Figure 4c) and D-cells
(47.16+10.19 µm2 ) (Figure 7c), and small in PPcell (32.27+2.43 µm2 ) (Figure 10c). Nuclear size
(area) was large in B- (20.94+3.17 µm2 ) (Figure 1d)
and D-cells (19.85+4.56 µm2 ) (Figure 7d) and
small in A- (12.73+1.23 µm2 ) (Figure 4d) and PPcells (13.3+1.79 µm2 ) (Figure 10d). C/N ratio was
higher in A-cell (3.82+0.54: 1) (Fig. 4e) than in
other cell types (B-cell : 2.56+0.86 : 1, Figure 1e;
D-cell : 2.4+0.91 : 1; Figure 7e and PP-cell :
2.63+0.81: 1, Figure 10e) in control turtles. The
ratio was nearly same in all the non-B-cells.
b. Ultrastructure
B-cells were large and oval with large, indented,
euchromatic nucleus. Characteristic crystalline-like
secretory granules were abundant and homogeneously distributed in the cytoplasm (Figure 2a).
Granules showed mostly crystalline-like electron
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Figure 1(a-e). Histograms (Mean ± SE values) showing changes in the cytology [(a): Healthy cell population (%), (b): Necrotic cell
population (%), (c): Cell area (µm2 ), (d): Nuclear area (µm2 ) and (e): C/N ratio] of B-cells in the splenic lobe of pancreas following
streptozotocin treatment in Lissemys turtles. [C: Control, T1 : Treated (200 mg/kg body wt in single injection once, terminated after 7 days),
T2 : Treated (same dose, terminated after 14 days)].

dense core with wide electron lucent peripheral
halo (Figure 2a). Cytoplasmic vacuoles were abundant (Figure 2a). Granule sizes (diameter) were <
200 nm for small type and >200 nm for large type
(Figure 3a). Granule populations of small and large
types were nearly same (Figure 3b). Total granule
population was < 100 per cell (Figure 3c).
A-cells were oval, moderate in size with indented,
euchromatic nucleus and abundance of round
electron dense secretory granules, mostly aggregated in one region of the cytoplasm (Figure 5a).
Mitochondria (mt) were abundant and localized in
one region of the cell cytoplasm (Figure 5a). Small
granule size was smaller in A-cell than in B-cell, but

large granule size was larger in A-cell than in B-cell
(>500) (Figure 6a). Small granule population was
higher than large granules as in B-cell (Figure 6b).
Total granule population per cell was nearly same as
in B-cell (Figure 6c).
D-cells were moderate in size and elongated, with
elongated, euchromatic nucleus and round electron
dense secretory granules of various sizes, mostly
aggregated in one region of the cytoplasm (Figure
8a). Small granule size was smaller (150 nm) and
large granule size (600 nm) was larger (Figure 9a)
than in B- and A-cells. Small and large granule populations were same as in B- or A-cell
(Figure 9b). Total granule population per cell

18

H. P. Sarkar et al.

Figure 2(a–e). Ultrastructural changes of B-cell in the splenic lobe of pancreas following streptozotocin treatment (200 mg/kg body wt in
single injection once, terminated after 7 days and 14 days) in Lissemys turtles. (a): Control B-cell showing oval shape with oval, indented,
euchromatic nucleus (n), and two nucleoli (nu) attached to the nuclear membrane. Abundance of crystalline-like electron dense secretory
granules (sg), distributed in one region of the cell. (b) Treated B-cell (after 7 days treatment) showing oval shape with extremely hyperchromatic and pycnotic nucleus (n), disorganized, electron dense secretory granules (sg), intermingled with vacuoles (v). (c) Treated B-cell
(after 14 days treatment) showing less necrotic effect on cell size and nuclear size with lobulated, euchromatic nucleus (n) and abundance
of secretory granules (sg) and less abundance of vacuoles. (d) One treated B-cell (14 days treatment) showing drastically disorganized,
extremely necrotic cell and pycnotic electron dense nucleus (n) and cytoplasm with clumped secretory granules (sg) and abundance of
vacuoles (v) in the scanty cell cytoplasm. (e) Another treated B-cell (after 14 days treatment) showing extremely necrotic (arrow) with
hypervacuolated cytoplasm without nucleus and extremely small, indistinct secretory granules (sg) located inside the epithelium (ep) of the
pancreatic ductule with lumen (l).

was smaller in D-cell (Figure 9c) than in B- or
A-cell.
PP-cell was elongated and relatively small in
size with small lobulated, euchromatic nucleus
(Figure 11a). Electron dense round secretory

granules were aggregated opposite to the nucleus
seen in the cytoplasm (Figure 11a). Small (<
100 nm) and large (< 300 nm) granule size
were smallest of all the cell types (A, B and Dcell) studied (Figure 12a). Small and large granule
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Figure 3(a–c). Histograms (Mean ± SE values) showing changes in (a) diameter (nm), (b) population (%), of small (< 200 nm) and large
(> 200 nm) secretory granules, and (c) their populations per B- cell in the splenic lobe of pancreas following streptozotocin treatment in
Lissemys turtles. For legends see Figure 1.

populations were nearly same unlike in other cell
types (Figure 12b). Total granule population per cell
was same as in D-cell (Figure 12c).
c. Immunocytochemistry
B-cell: Insulin-immunoreactive (Insulin-IR) B-cells
showed intense brown reaction (++). These cells
were found in the islets of the splenic lobe of
the pancreas of control turtles (Figures 13a,b,c).
Glucagon-immunoreactive (glucagon-IR) A-cells
showed intense blue reaction (++) and were scatteredly distributed in the splenic lobe of the pancreas
of control turtles (Figure 13j).

d. Hormones, glycogen, glucose and lactate
(a) Hormones:
Serum insulin level of control turtle is presented in
Figure 14a. Adrenal corticosterone level (Figure 14b)
was lower than adrenomedullary epinephrine
(Figures 14c); epinephrine level (Figure 14c) was
higher than norepinephrine (Figures 14d) in control
turtles.
(b) Glycogen:
Glycogen level was higher in liver (Figure 15a)
than in muscle (Figure 15b) in control
turtles.
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Figure 4(a–e). Histograms (Mean+SE values) showing changes in the cytology [(a) Healthy cell population (%), (b) Necrotic cell population (%), (c) cell area (µm2 ), (d) Nuclear area (µm2 ), and (e) C/N ratio] of the A-cell in the splenic lobe of the pancreas following
streptozotocin treatment in Lissemys turtles. For legend in Figure 1.

(c) Glucose and lactate:
Serum glucose level (Figure 15c) was higher than
serum lactate level (Figure 15d) in control turtles.
Treated
Streptozotocin [(200 mg/kg body weight by a single intramuscular injection once and its effect after
7 days of treatment (T1 )]
Cytology, ultrastructure, and immunocytochemistry
B-cell
B-cell population (Figure 1a), cell size (area)
(Figure 1c) and nuclear size (Figure 1d) were

significantly decreased, without any change in
C/N ratio (Figure 1e). Necrotic B-cell population
was significantly increased to 46.4% (p < 0.001)
(Figure 1b). Ultrastructurally, the nucleus looked
extremely hyperchromatic and located towards one
side of the cell. The cytoplasm showed electron
dense secretory granules, intermingled with abundance of vacuoles (Figure 2b) as compared to control
(Figure 2a). Small granule size remained unchanged
(Figure 3a). Population of small granules was significantly increased (p < 0.001) with significantly
decreased (p < 0.001) population of large granules
(Figure 3b), without perceptible change in granule size or granule population per cell (Figure 3c).
Immunocytochemically the intensity of reaction
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Figure 5(a–c). Ultrastructural changes of A-cell in the splenic lobe of pancreas following streptozotocin treatment (200 mg/kg body wt in
single injection, terminated after 7 days and 14 days) in Lissemys turtles. (a) Control: A-cell showing large oval shape with oval, indented
euchromatic nucleus (n) and abundance of electron dense large secretory granules (sg) of various size. (b) Treated A-cell (7 days treatment)
showing lobulated hyperchromatic nucleus (n) and electron dense nucleolus (nu) and abundance of secretory granules (sg). (c) Treated
A-cell (14 days treatment) showing partially reduced cell size with lobulated hyperchromatic nucleus (n), electron dense nucleolus (nu) and
abundance of electron dense secretory granules (sg) and vesicular structures (vs) in the scanty cytoplasm.

of insulin-IR (B) cells was drastically decreased
(+) (Figures 13d,e,f) compared to control (+++)
(Figures 13a,b,c).

cells was not perceptibly altered (++) in 7 days
treatment of SZ (Figure 13k) as compared to control
(Figure 13j).

A-cell
A-cell population (Figure 4a), cell size (Figure 4c)
and nuclear size (Figure 4d) were significantly
decreased without perceptible change in C/N ratio
(Figure 4e). The population of necrotic A-cell was
increased to 25% (Figure 4b). Ultrastructurally Acells looked small with small hyperchromatic and
lobulated nucleus (Figure 5b). Granule size was
not altered (Figure 6a), but small granule population was significantly increased (p < 0.01) with
decreased (p < 0.001) population of large granules (Figure 6b). Granule population per cell was
not significantly altered (Figure 6c). The intensity
of immunocytochemical reaction in glucagon-IR (A)

D-cell
D-cell population remained unaltered (Figure 7a),
but cell size (Figure 7c) and nuclear size (Figure 7d)
were significantly decreased (p < 0.05) without perceptible change in C/N ratio (Figure 7e). The population of necrotic D-cell was increased to 20% (p
< 0.001) (Figure 7b). Ultrastructurally cells looked
hypervacuolated with scattered distribution of electron dense secretory granules (Figure 8b). The
nucleus was hyperchromatic with very thick nuclear
membrane (Figure 8b) as compared to control
(Figure 8a). Granule size was not perceptibly altered
(Figure 9a). Small granule population (Figure 9b)
was significantly increased (p < 0.01) with decreased
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Figure 6(a–c). Histograms (Mean ± SE values) showing changes in (a) diameter (nm), (b) population (%), of small (< 200 nm) and large
(> 200 nm) secretory granules, and (c) their populations per A- cell in the splenic lobe of pancreas following streptozotocin treatment in
Lissemys turtles. For legends see Figure 1.

(p < 0.001) population of large granules, without
perceptible change in granule population per cell
(Figure 9c). Immunocytochemical studies were not
included.
PP-cell
PP-cell population was unaltered (Figure 10a).
Necrotic cell population was significantly increased
to 40% (Figure 10b) compared to control. Cell size
and nuclear size were significantly decreased (p <
0.01) (Figures 10c,d) without perceptible change in
C/N ratio (Figure 10e). Ultrastructurally PP-cells
looked compressed with hyperchromatic nucleus and
were attached to the cell membrane (Figure 11b).
The cytoplasm was scanty with clustered of electron dense secretory granules, intermingled with
abundance of vacuoles (Figure 11b). Small or large

granule size was unaltered (Figure 12a). Small
granule population was increased (p < 0.01) with
decreased (p < 0.01) population of large granules
(Figure 12b), with significant increase of granule
population per PP-cell after 7 days SZ treatment
(Figure 12c).

Hormones, glycogen, glucose and lactate
a) Hormones:
Serum insulin level was significantly declined (p
< 0.05) (Figure 14a). Adrenal corticosterone level
was significantly elevated (p < 0.01) (Figure 14b);
adrenal epinephrine level was significantly declined
(p < 0.01) (Figure 14c) with a rise of norepinephrine
(p < 0.05) level (Figure 14d).
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Figure 7(a–e). Histograms (Mean ± SE values) showing changes in the cytology [(a): Healthy cell population (%), (b): Necrotic cell
population (%), (c): Cell area (µm2 ), (d): Nuclear area (µm2 ), and (e): C/N ratio] of D- cells in the splenic lobe of pancreas following
streptozotocin treatment in Lissemys turtles. For legends see Figure 1.

b) Glycogen:
Liver glycogen level was significantly declined (p <
0.05) (Figure 15a) followed by a significant rise of
muscle glycogen level (Figure 15b).
c) Serum glucose and lactate:
Blood serum glucose level was significantly elevated
(p < 0.001) (Figure 15c) followed by a significant fall
of serum lactate level (p < 0.001) (Figure 15d).
Streptozotocin [200 mg/kg body weight by a single intramuscular injection once and its effect after
14 days of treatment (T2 )]

Cytology, Ultrastructure and immunocytochemistry
B-cell
B-cell population was significantly increased
(Figure 1a). But cell size (Figure 1c) and nuclear
size (Figure 1d) were decreased, without significant change in C/N ratio (Figure 1e). Population
of necrotic B-cell was decreased to 21.8% (p <
0.001) in 14 days treatment as compared to that of
46.4% recorded in 7 days treatment (Figure 1b).
Ultrastructurally, most of the cells looked like
normal with highly lobulated euchromatic nucleus
and abundance of cytoplasmic granules seen in the
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extremely necrotic B-cell was located in the ductular epithelium, represented only by vacuoles
with extremely reduced granular-like structures
(Figure 2e). Sizes of both small and large granules
were significantly reduced (Figure 3a). Small granule
population was significantly increased with decrease
of large granule population (Figure 3b). Granule
population per B-cell was significantly increased
compared to those of control (Figure 3c). Insulin-IR
(B) cells were abundant and the intensity of reaction
was drastically increased (+++) after 14 days of
SZ treatment compared to control (++) or 7 days
treatment (+) (Figure 13g: low magnification);
(Figures 13h, i: high magnification).
A-cell
Healthy A-cell population (Figure 4a) and cell size
(Figure 4c) were decreased compared to control,
but values of these parameters were increased with
significant increase of nuclear size as compared
to 7 days treatment. C/N ratio (Figure 4e) was
significantly decreased but population of necrotic
A-cell remained unaltered compared to that in
7 days treatment (Figure 4b). Ultrastructurally Acells looked small with small hyperchromatic and
lobulated nucleus. Large vesicular structures were
seen in the scanty cell cytoplasm. Secretory granules were aggregated in one region of the cytoplasm
(Figure 5c). Small and large granule Sizes were not
altered (Figure 6a). Granule population (small or
large) was not further altered from that of 7 days
treatment (Figure 6b). Granule population per Acell remained unaltered as in 7 days treatment
(Figure 6c). Immunocytochemical study of A-cells
was not included in 14 days treatments.

Figure 8(a–b). Ultrastructural changes of D-cell in the splenic
lobe of the pancreas following streptozotocin treatment
(200 mg/kg body wt in single injection once, terminated after
7 days) in Lissemys turtles. (a) Control D-cell showing large cell
size with large indented euchromatic nucleus (n) and abundance
of round electron dense secretory granules (sg) of various size,
located at one corner of the cell cytoplasm. (b) Treated D-cell
showing reduced cell size and nuclear size (n) with thick nuclear
membrane and scanty, electron dense, large secretory granules
(sg) and abundance of vacuoles (v) in the cell cytoplasm.

D-cell
Healthy D-cell population (Figure 7a) was significantly decreased with increased cell size (Figure 7c),
nuclear size (Figure 7d) without any change in
C/N ratio (Figure 7e) compared to 7 days treatment. Necrotic cell population was not observed after
14 days SZ treatment (Figure 7b). Ultrastructurally
necrotic D-cell was not encountered. Size (Figure 9a)
or populations (Figure 9b) of small and large granules, or granule population per D cell were not
significantly altered compared to 7 days treatment.

cytoplasm (Figure 2c). One B-cell was extremely
necrotic with extremely reduced cell size and nuclear
size; the nucleus looked crumpled, pycnotic and
electron dense (Figure 2d). Abundance of numerous
vacuoles and scanty indistinguishable granules were
also seen in the cytoplasm (Figure 2d). Another

PP-cell
Population of healthy PP-cells was significantly
decreased (p < 0.05 (Figure 10a) with decreased
cell size (Figure 10c) or nuclear size (Figure 10d)
compared to control. C/N ratio was significantly
increased (p < 0.001) compared to control or 7 days
treatment (Figure 10e). Necrotic PP-cell population
(Figure 10b) was observed as in 7 days treatment.
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Figure 9(a–c). Histograms (Mean+SE values) showing changes in (a) diameter (nm), (b) populations (%) of small (<200 nm) and large
(>200 nm) secretary granules, and (c) their population per D-cell in the splenic lobe of the pancreas following streptozotocin treatment in
Lissemys turtles. For legends see Figure 1.

Ultrastructurally, cell membrane was thick with
pycnotic nucleus located in one corner of the
cell. Cytoplasm looked compact and electron dense
with indistinguishable clustered secretory granules
and abundance of large vacuoles (Figure 11c).
Quantitative studies of secretory granules were not
included because of indistinct granules seen after
14 days of the treatment (Figure 11c).

Adrenal corticosterone (Figure 14b) and epinephrine
(Figure 14c) levels were significantly declined,
followed by significant increase of norepinephrine
concentration (Figure 14d) compared to control.
b) Glycogen:
Liver glycogen level (Figure 15a) was increased with
decreased level of muscle glycogen (Figure 15b)
compared to 7 days treatment.

Hormones, glycogen, glucose and lactate
a) Hormones:
Serum insulin level was significantly increased
compared to 7 days treatment (Figure 14a).

c) Serum glucose and lactate:
Serum glucose level (Figure 15c) was significantly declined with elevated level of serum lactate
(Figure 15d) compared to 7 days treatment.

26

H. P. Sarkar et al.
p < 0.001

p > 0.05

b

c

p < 0.05

10
0

p < 0.001

e

7

12.5

6

5.0
2.5
0.0

p < 0.001

7.5

PP-cell CN ratio

15.0

T1

20

10

0

T2

p < 0.05

20

30

p < 0.01

30

T2

10.0

PP-cell area (cm2)

40

C

T1

T2

p < 0.001
p < 0.001

T1

40

5
p > 0.005

C

p < 0.001

PP-cell nuclear area (cm2)

d

50
Necrotic PP-cell population (%)

12
11
10
9
8
7
6
5
4
3
2
1
0

p < 0.001

PP-cell Population (%)

p > 0.05

a

4
3
2
1

C

T1

T2

0

C

T1

T2

Figure 10(a–e). Histograms (Mean ± SE values) showing changes in the cytology [(a): Healthy cell population (%), (b): Necrotic cell
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Discussion
Streptozotocin(SZ), like alloxan, is a potent
diabetogenic agent in turtles like mammals.
Streptozotocin, administered at a dose of 200 mg/kg
body weight by a single injection once after 7 days
caused B-cell necrosis by increasing necrotic cell
population (46.4%) with decrease of healthy Bcell population, cell size and nuclear size, and
higher C/N ratio. Ultrastructurally, cell and
nuclear sizes were reduced with hyperchromatic
nucleus and abundance of vacuoles in the scanty
cytoplasm. Simultaneously, small granule population

was increased followed by a decrease of large
granule population. Furthermore, intensity of
immunocytochemical reaction of insulin-IR (B) cells
and serum insulin level were significantly decreased
after the treatment. But streptozotocin in the same
single dose, after 14 days of treatment, showed a
significant reduction of necrotic B-cell population
from 46.4% in 7 days treatment to 21% in 14 days
treatment, followed by an increase of healthy B-cell
population. Ultrastructurally, the nucleus became
euchromatic and lobulated unlike hyperchromatic
nucleus in 7 days treatment. Moreover, secretory
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Figure 11(a–c). Ultrastructural changes of PP- cell in the
splenic lobe of the pancreas following streptozotocin treatment
(200 mg/kg body wt in a single injection once, terminated after
7 days and 14 days) in Lissemys turtles. (a) Control PP-cell showing flat/elongated in shape, with elongated, lobulated/indented
hyperchromatic nucleus (n) with an electron dense nucleolus (nu) attached to the nuclear membrane and abundance of
small secretory granules (sg) aggregated in one corner of the
cell cytoplasm. (b) Treated PP-cell (7 days treatment) showing
reduced cell size and nuclear size with hyperchromatic nucleus
(n) and scanty clumped, secretory granules (sg) and huge size
of vacuoles (v) in the scanty cell cytoplasm. (c) Treated PP-cell
(14 days treatment) showing pycnotic cell and extremely reduced,
pycnotic nucleus (n) with clumped electron dense cytoplasm (cy)
and indistinct secretory granules embedded in the cell cytoplasm
and abundance of vacuoles (v).

granules were abundant. Small and large granule
sizes were reduced with increase of small granule
population and decrease of large granule population.
Granule population per cell was also increased after
14 days of streptozotocin treatment. Reduction in
the size of large granules with increase of granule
population per B-cell might be an indication of
stimulation of granule synthesis that occurred after
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14 days of streptozotocin treatment. Simultaneously,
the intensity of immunocytochemical reaction was
also greatly increased in insulin-IR (B) cells followed
by significant elevation of serum insulin level after
14 days of streptozotocin treatment. These manifestations indicate tendency of recovery of B-cell activity
towards normalcy after 14 days of SZ treatment
in turtles. Takatori et al. (2002) reported that islet
number is decreased after 24 hr of streptozotocin
treatment in mice. But in turtles, Chrysemys dorbigni,
SZ treatment caused intense hyperplasia and
hypertrophy of B-cells of the endocrine pancreas
(Muniz & Marques 1989). Tomioka et al. (1991)
also reported that in Syrian hamster, streptozotocin
treatment caused beta cell regeneration both from
preexisting beta cells and from undifferentiated
labeled cells in equal population. There are reports
that exocrine cells are frequently transformed into
endocrine cells, which are produced probably from
the newly formed islets in the small pancreatic ducts
after streptozotocin treatment in transgenic mice (Gu
et al. 1997). Morphologically, distinct intermediate
beta-acinar, alpha-acinar and duct-acinar cells, have
been reported to occur in streptozotocin-induced
diabetic mice, hamsters and humans (Aughsteen
2002). Guz et al. (2001) reported that new beta
cells are formed with restoration of normoglycemia
after one week of streptozotocin treatment in mice
(Guz et al. 2001). Streptozotocin had also been
reported to cause recovery of B-cells by generating
insulin-secreting B-cells from transdifferentiation of
pancreatic acinar cells in mice (Okuno et al. 2007).
Interpolation of our results with those of earlier
works clearly indicates that streptozotocin causes
diabetogenic effect initially in 7 days treatment by
B-cell necrosis. But this effect is recovered mainly
by transformation of acinar and ductular exocrine
cells into endocrine (B) cells in the pancreatic islets
of turtles. Additionally, our findings also indicate
that streptozotocin has a dual function on pancreatic
B-cell activity in turtles.
In our earlier works we have shown that
streptozotocin, like alloxan, also has a diabetogenic
effect in soft-shelled turtles. Furthermore,
streptozotocin, at least in the same dose and
duration, is more potent than alloxan in causing
diabetogenic effect in Lissemys turtles, because B-cell
necrosis followed by depletion of serum insulin level
and hyperglycemia were higher in streptozotocin
than alloxan recipients in turtles (Sarkar 2008;
Sarkar et al. 2012). Moreover, recovery of the
diabetogenic effect of SZ from necrosis of B-cells
was faster in streptozotocin than alloxan recipients,
because the regeneration of new B-cells with
consequent rise in insulin level and hypoglycemia
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Figure 12(a–c). Histograms (Mean+SE values) showing changes in (a) diameter (nm), (b) populations % of small (<200 nm) and large
(>200 nm) secretory granules, and (c) their population per PP-cells in the splenic lobe of the pancreas following streptozotocin treatment
in Lissemys turtles. For legend see Figure 1.

occurred in shorter time (14 days) in streptozotocin
recipients than alloxan in turtles.
Diabetogenic effect of streptozotocin was also
reflected on other types of endocrine cell in turtle
pancreatic islets. Streptozotocin treatment for 7 days
suppressed A-cell activity by increasing necrotic Acell population to 25%, with decrease of healthy
cell population, cell size and nuclear size, and lobulated hyperchromatic nucleus. Small granule population was increased with decrease of large granule
population. Fall in large granule population may be
related to its synthesis, which is probably suppressed

by streptozotocin. Granule population per cell was
increased, probably due to more accumulation than
utilization, indicating suppression of A-cell activity
induced by SZ. This finding can be substantiated by
the result of unalteration in the intensity of glucagonIR activity of A-cells after the treatment. But, SZ
is least effective on A-cell activity in rats (Gruber
et al. 1980), which is probably due to the difference
between poikilothermic and homeothermic animals,
and/or dose or duration of SZ treatment. These
suppressive manifestations were persistent even after
14 days of treatment, indicating that SZ continues
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Figure 13(a–k). Changes in immunocytochemical reactions in insulin-immunoreactive (Insulin-IR) B-cells and glucagon-immunoreactive
(Glucagon -IR) A-cells in the splenic lobe of the pancreas following streptozotocin treatment (200 mg/kg body wt in a single i.m. injection
once) in Lissemys turtles. (a) Control insulin-IR (B) cells showing brown intense reaction (arrows). (b and c) Magnified views of (a). (d)
Treated insulin-IR (B) cells (7 days treatment) showing weak intensity of reaction (feeble brown). (e and f) Magnified views of figure (d).
(g) Treated insulin-IR (B) cells (14 days treatment) are abundant with very intense reaction (deep brown) in numerous islets (arrows). (h
and i) Magnified views of the figure (g) (14 days treatment) also showing very intense deep brown reaction in insulin-IR (B) cells in an islet.
(j) Control glucagon-IR (A) cells showing blue intense reaction located scatteredly in the splenic lobe of the pancreas of turtles. (k) Treated
glucagon-IR (A) cells (7 days treatment) showing no discernible change in the intensity of reaction in the pancreas section of streptozotocintreated turtles.

to suppress A-cell activity even after 14 days treatment. Thus, SZ cannot recover A-cell activity in
turtles. SZ treatment for 7 days also inhibits D-cell
activity of the endocrine pancreatic islets in turtles, because it significantly increased population of
necrotic D-cells to 20% with the decreased cell size
and nuclear size. Ultrastructurally, hyperchromatic,
indented nucleus, with extremely thick nuclear
membrane, scatteredly distributed secretory granules and abundance of cytoplasmic vacuoles were
seen. Simultaneously small granule population was
increased with significant decrease of large granule
population. But further treatment of SZ for 14 days
did not show any degenerative manifestations of
D-cell activity, because necrotic cells were no longer
observed. Although healthy D-cell population was

decreased with decrease of small and large granule sizes followed by increase and decrease of small
and large granule populations respectively. But granule population per D-cell was increased after the
treatment. These manifestations lead to indicate that
SZ initially inhibits D-cell activity, but recovers it
subsequently in 14 days. Streptozotocin treatment
for 7 days also inhibited PP-cell activity as evident
from the increased population of necrotic cells with
decreased cell size and nuclear size. Ultrastructurally,
signs of degeneration were also evident from the
reduced cell size and nuclear size with extremely
hyperchromatic nucleus, disorganized cytoplasm and
secretory granules and abundance of large vacuoles
seen in the scanty cytoplasm. Furthermore, granule
size was not altered but small granule population was
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increased with decrease of large granule population.
But SZ treatment for 14 days continued to inhibit
PP-cell activity as evident from further increase in
necrotic cell population to 40%, as compared to
that of 7 days treatment, with decrease of healthy
cell population, cell size and nuclear size and higher
value of C/N ratio as compared to those observed in
7 days treatment. Further ultrastructural degeneration of PP-cells was also evidenced by the appearance
of extremely small pycnotic nucleus, disorganized
electron dense cytoplasm, indistinct secretory granules and abundance of vacuoles. Thus, SZ inhibits
PP-cell activity both in 7 as 14 days treatment,
and more drastically in 14 days than 7 days treatment in turtles. Thus, these findings indicate that

SZ cannot recover A- and PP-cell activities unlike
other types of endocrine cells (B-, and D-cells) in
turtles.
Streptozotocin certainly has a diabetogenic effect
in turtles, because it causes B-cell necrosis and elevation of blood insulin concentration. It also affects
other endocrine cell types (A-, D- and PP-cells) of
turtle pancreas. In all the cell types, populations of
both small and large granules were altered; populations of small granules were increased with decrease
of large granules observed consistently in all the
endocrine cell types of pancreatic islets after SZ treatment in turtles. It is quite obvious that these granules
are synthesized, accumulated and stored in large size,
which are subsequently converted into small size and
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serum lactate levels following streptozotocin treatment in soft-shelled turtle. For legends see Figure 1.

are released. Thus, there is probably an interconversion of granules from large size to smaller size for
accommodating easy release out of the cell. Our findings of higher population of small granules followed
by lower population of large granules may be an indication of slow secretory activity of endocrine cells of
the pancreatic islets induced by streptozotocin treatment in turtles, but it needs to be confirmed. The
other point regarding content of these cytoplasmic
granules needs to be discussed. Adrenomedullary
chromaffin cells contain cytoplasmic granules and
there are two types of granules, one for epinephrine
and the other for norepinephrine hormones (Ghosh
1977; Tang et. al. 2009). Whether cytoplasmic granules present in different types of endocrine cells of the

pancreatic islets are related to their respective products, such as insulin for B-cell, glucagon for A-cell,
somatostatin for D-cell and polypeptide hormone
for PP-cell in turtle pancreatic islets needs to be
confirmed.
Streptozotocin treatment for 7 days increased
adrenal corticosterone level and depletion of adrenal
epinephrine followed by elevation of norepinephrine
level in turtles. Adrenal hormones are known to
respond promptly to stress in vertebrates (Bentley
1998) including Lissemys turtles (Ray & Maiti
2001, 2003; Ray et al. 2004a, 2004b). Restrain
stress in rat decreases fasting plasma insulin level
and increases fasting plasma corticosterone level
(Zardooz et al. 2006). In the current experiment, SZ
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might have acted as stress, which could be responsible for the alteration of corticosterone, epinephrine
and norepinephrine levels in Lissemys turtles.
Accumulation of corticosterone may be due to its
enhanced synthesis after release of corticosterone
in stress induced by SZ treatment in turtles, but
it needs to be confirmed by estimation of blood
corticosterone in SZ treated turtles. Epinephrine is
known to be synthesized from norepinephrine by
PNMT (Larsen et al. 2003). Thus, depletion of
epinephrine may be due to its enhanced release
into circulation to counteract the stress induced by
SZ. Higher accumulation of norepinephrine may be
due to its slow conversion into epinephrine induced
by low PNMT activity in SZ treated turtles. SZ
treatment also caused depletion of insulin, which
may be responsible for induction of hyperglycemia
(Das 2006). Moreover, corticosterone is hyperglycemic hormone (Larsen et al. 2003). Thus,
insulin deficiency, and enhanced synthesis and/or
release of corticosterone and epinephrine might be
responsible for induction of hyperglycemia induced
by SZ treatment in turtles. Hyperglycemia was
accompanied by loss of liver glycogen level which
could be due to increased glycogenolysis induced
by adrenal hormones, because latter hormones are
known to cause breakdown of glycogen into glucose by glycogenolysis resulting in the loss of liver
glycogen (Das 2006). Whereas, muscle glycogen
level was increased with depletion of blood lactate
after SZ treatment in turtles. Lactate is produced
in the muscle by glycolysis via pyruvate (Larsen
et al. 2003). Insulin deficiency inhibits glycolysis
and stimulates gluconeogenesis from muscle protein and fat (Larsen et al. 2003), which might
have resulted in the elevation of muscle glycogen
level in turtles, because insulin production was
significantly reduced in 7 days SZ treatment in
turtles.
But SZ treatment for 14 days showed a tendency
of recovery of diabetogenic effect in turtles. Insulin
levels were elevated with no sign of B-cell necrosis.
Adrenal corticosterone and epinephrine levels were
depleted in 14 days treated turtles, indicating sign of
recovery from SZ induced stress. High insulin level
with low corticosterone and epinephrine levels might
have caused hypoglycemia by the same mechanism
as explained for 7 days treated turtles. Whereas loss
of muscle glycogen could be due to decreased rate of
glycolysis and/or gluconeogenesis induced by insulin
sufficiency in 14 days SZ treated turtles. Glucose is
known to stimulate insulin secretion (Joseph et al.
2006). Corticosterone suppresses both synthesis and
release (secretion) of insulin as demonstrated in perfused islet cells in rat (Billaudel & Sutter 1979, 1982;

Billaudel et al. 1984). Corticosterone-21-acetate regulates insulin secretion by suppressing its output in
rat (Jeanrenaud 1995). Corticosterone is known to
directly inhibit insulin release in vertebrates (Norris
1997). Epinephrine is hyperglycemic in all major reptilian groups and, promote glycogenolysis in liver and
muscle in alligator (Norris 1997). Thus, alterations
of insulin levels are probably responsible for alterations of corticosterone and epinephrine productions
induced by SZ treatment in turtles. Glucagon may
have some influence on insulin secretion, as it is
known to inhibit insulin secretion (Das 2006), but
it is not reflected in SZ-treated diabetic turtles,
because SZ treatment causes dysfunction of A-cells
in turtle pancreatic islets. But an inverse relationship
between insulin and glucagon was observed when
diabetogenic action of SZ was less pronounced in
14 days treated turtles, because insulin level and
B-cell activity were increased with decreased activity of A-cells in turtles. Thus, an inverse relationship between insulin and glucagon is indicated in
turtles like other vertebrate animals (Larsen et al.
2003).
In essence (1) streptozotocin (SZ) is a potent
diabetogenic agent and more potent than alloxan
in Lissemys turtles. (2) SZ has a dual action on
endocrine pancreas, because SZ initially (in 7 days)
causes diabetogenic effect, which is recovered subsequently in 14 days treatment. (3) Streptozotocin also
causes dysfunctions of other endocrine cell types (A,
D and PP) in turtle pancreatic islets - unreported.
(4) The diabetogenic effects of SZ is recovered in
B- and D-cells, but it persists in A- and PP-cells even
in 14 days treatment, indicating that B- and D-cells
are capable of resisting the diabetogenic effect of SZ
for a longer time, but A- and PP-cells are incapable
of resisting the diabetogenic effect of SZ in turtles.
(5) Dual actions of SZ are also reflected in insulin
and adrenal hormone productions and also serum
glucose, liver and muscle glycogen, and serum lactate levels, which are reversibly altered after 14 days
treatment. (6) Involvements of insulin and adrenal
hormones on glycemia, glycogen and serum lactate
level, induced by SZ, are indicated in Lissemys turtles.
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