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ABSTRACT:
Purpose: Present investigation was aimed at characterization of pathomorphological lesions in the low doses streptozotocin
intoxicated normoglycemic rabbits. Method: Streptozotocin was administered (@65mg/kg b.w, as single intravenous dose
followed by glucose therapy after 9 hours in New Zealand White rabbits having 1-1.5 kg body weight. . Blood glucose was
regularly monitored and animals reverting to normoglycemic state on day 7 following STZ administration were used for
study. Two rabbits each were sacrificed fortnightly from days 15 to 60 for pathoanatomical investigation. Results: Gross
pathological alterations included congestion and varying degree of haemorrhages in different organs; and oedema and
softness of pancreas. Histopathologically, pancreatic islets of Langerhans were variably affected ranging from normal
through degranulation, degeneration, loss of beta cells to complete cell loss. Regenerative changes were evident at later
stages. Liver revealed vascular congestion, progressive hepatosis, portal hepatitis, Kupffer cell hyperplasia, binucleated
hepatocytes, and at later stage cholangitis, portal fibrosis and necrosis. Kidneys showed vascular congestion, focal
haemorrhages; tubular nephrosis; lower nephron nephrosis; glomerular congestion, hypersegmentation and atrophy;
mesangial cell hyperplasia; and occasionally, peritubular fibroplasia and casts in collecting tubules. At later stages
vacuolation of podocytes with glomerular degeneration and mononuclear cell infiltration were seen with focal nephritis.
Neuronal degeneration was observed in brain along with necrosis in cerebral cortex, hippocampus including dentate gyrus,
cornu Ammonis especially CA4 region, subiculum, caudoputamen, and cerebellum; oedema, demyelination, and
neuronophagic nodule in cerebrum; congestion of choroid plexus and periependymal inflammation; and Purkinje cell
degeneration in cerebellum. Lungs revealed vascular congestion, haemorrhage, emphysema, atelectasis, oedema, denudation
of bronchial and bronchiolar epithelium, peribronchial lymphoid hyperplasia, focal to diffuse mononuclear cell infiltration,
bronchitis, bronchial epithelial hyperplasia and focal interstitial pneumonia. Heart revealed haemorrhages; degeneration and
necrosis of cardiomyocytes; Purkinje cell degeneration and mononuclear cell infiltration. Spleen and MLNs revealed
congestion, haemorrhage, apoptosis of lymphoid cells, and histiocyte vacuolation. Adrenal gland revealed congestion,
haemorrhage, oedema, degenerative changes in zona fasciculata and mononuclear cell infiltration. Changes in testes were
characteristic of arrested spermatogenesis, and degeneration and apoptosis of spermatocytes. Conclusion: The pathological
changes observed in streptozotocin treated rabbits reflect its potential toxic effects in other organs at least in rabbits.
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INTRODUCTION

Streptozotocin (STZ), an N-methyl-N-nitrosoureido
D-glucosamine derivative, is frequently used in
development of rodent diabetic models for screening
the compounds including natural products for their
insulinomimetic, insulinotropic and other

hypoglycaemic/ antihyperglycaemic activities (Lei et
al.,, 2005; Sharma et al., 2006; Patel et al., 2006;
Lenzen, 2008).Insulin producing p cells are
selectively destroyed by it, whereas, other pancreatic
alpha and delta cells are left intact (Szkudelski, 2001).
This is attributed to its selective uptake and
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accumulation in pancreatic B-cells via the low-affinity
GLUT?2 glucose transporter selectively expressed in
pancreatic islets (Elsner et al., 2000). Both TIDM and
T2DM has been induced by STZ which is preferred
over other diabetogenic drugs because of its more
specific action, wider safe dose, relatively longer half-
life (15 min), production of sustained hyperglycemia
for longer duration and development of well
characterized diabetic complications with fewer
incidences of ketosis and less mortality (Srinivasan
and Ramarao, 2007). Species, strain, sex and
nutritional state plays important role in the variation
of sensitivity and there are batch differences in
activity (Okamato, 1981; Honjo et al., 1986; Kramer
et al., 2009). While cat and human pancreatic beta-
cells have been reported to be resistant to the
diabetogenic action of STZ (Hatchell et al., 1986;
Yang and Wright, 2002), guinea pigs and marmoset
are less sensitive (Losert et al., 1971; Kramer et al.,
2009). Rabbits given low dose of STZ, although
showed typical betacytolysis associated early
hypoglycemia followed by hyperglycemia, failed to
develop sustained hyperglycemia and reverted to
normoglycemia within 7 days (Mir et al., 2015; 2016).
Diabetogenic action of STZ has been prevented by
reduced expression of GLUT2 the (Schnedl et al.,
1994; Thulesen et al., 1997) and GLUT2 expression
in vivo and in vitro is itself restricted when STZ is
administered in  multiple  doses.(Wang and
Gleichmann, 1995; 1998).

The pathological alterations observed in STZ models
have been essentially attributed to hyperglycemia as
the cells not expressing the GLUT2 receptors are
resistant (Elsner et al., 2000; Arkkila et al., 2001;
Zafar et al., 2009b). Also, STZ is less lipophilic and
rather highly hydrophilic preventing its free entry into
the cells as well as access to the brain via the blood-
brain barrier (Schnedl et al., 1994; Ran et al., 2007).
However, toxic effects have been reported in organs
with certain level of GLUT2 glucose transporter,
particularly kidney and liver (Rerup, 1970; Weiss,
1982; Thorens et al., 1988; Piyachaturawat et al.,
1988 & 1990). In the present study investigation of
STZ induced pathomorphological effects in
normoglycemic STZ treated rabbits was done.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

New Zealand white rabbits were procured from
Laboratory Animal Resource and maintained under
standard conditions in cage system. Study was
conducted on rabbits with three months age and
weighing about 1-1.5 kg. The Institutional Animal
Ethics Committee approved the experimental
protocols involved in this study. Before the start of the
experiments, all the animals were acclimatized for a
period of 7 days. Equal random allocation was
followed for constitution of experimental groups.

Feed and water was given ad libtum to the rabbits
whereas, rabbit feed and greens were given twice a
day (morning and evening).

DEVELOPMENT OF
MODEL

Rabbits were fed in the morning and then fasted for
18 hours providing only water during the period. The
blood glucose level of fasting period was determined
using glucometer (Accu-Chek, Roche diagnostics
India Pvt. Ltd., Mumbai). The beta-cytotoxic drug
streptozotocin (Sigma-Aldrich) was given as slow
intravenous injection @65mg/kg body weight in 1ml
freshly prepared citrate buffer, pH 4.6 through ear
vein using insulin syringe. Freshly prepared solutions
of the calculated dose of drugs were used. After
administration of beta-cytotoxic drugs rabbits were
examined for immediate effects vis-a-vis changes in
blood glucose levels, and clinical signs. Rabbits were
given 5ml of 25% dextrose intraperitoneally at 9
hours post alloxan administration, and 10% glucose in
drinking water up to 24 hours post-treatment,
followed by normal management. Fasting blood
glucose levels were recorded at days 3, 5 and 7
following administration of streptozotocin. Animals
reverting to normoglycemic state on day 7 following
STZ administration were used for study.

EXPERIMENTAL

PATHOANATOMICAL STUDIES

For pathoanatomical investigations two rabbits each
from STZ treated and control group were euthanized
on day 15, 30, 45, and 60. Gross lesions were noted
following complete systematic necropsy examination
by Rokitansky’s method. For histopathology,
representative tissue samples from all the organs were
collected and 10% formol saline was used for their
preservation.. Processing for paraffin embedding was
done by using alcohol as dehydrating agent and
benzene as clearing agent. The sections were cut at 4-
Spm thickness and stained by Harris’ haematoxylin
and eosin method. Alcian-Blue PAS (AB-PAS) was
used as a special stain for acid and neutral
mucopolysaccharides (Luna, 1968)

RESULTS

GROSS PATHOLOGY

The rabbit sacrificed during the period of study
revealed pale/ anemic mucous membranes. Pancreas
initially appeared soft, oedematous and congested.
Congestion was not evident during later period. Liver
revealed congestion, petechiae and ecchymotic
haemorrhages. Kidneys showed congestion, petechiae
and mottling. Both cortical and medullary congestion
was present. Lungs revealed emphysema, congestion
and haemorrhage with the predominance of the former
in the right lung while left revealed suffusions and
areas of red hepatization (Fig. 1).
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Fig. 1: Streptozotocin treated rabbits: a) Pancreas at day15 appearing soft, oedematous and congested; b)
Liver at day 60 revealing petechiae and areas of suffusions, c) Kidney at day 60 revealing congestion and
petechiae. d) Lungs at day 30 showing areas of red hepatisation in left lung and emphysematous right

lung.

HISTOPATHOLOGY

PANCREAS

At day 15 pancreatic islets were variedly affected.
While some islets appeared normal, most of them
revealed varying degrees of hypocellularity with beta
cell loss. The surviving beta-cells revealed
degeneration and degranulation (Fig. 2a). Complete
loss of the cells was indicated by observing only
cellular debris giving it a ghost islet appearance.
Acinar cells by large appeared normal, otherwise
degenerative and lytic changes were occasionally
noted .Congestion occurred both in the interlobular
septa and parenchyma.

At day 30, most of the islets revealed moderate to
severe hypocellularity with partial to complete beta-
cell loss (Fig. 2b). A number of ghost islets were
observed. Only a few islets were either normal or
revealed degenerating or degranulating beta-cells.
Distorted acini revealed marked cellular degeneration

d

characterized by cellular swelling, vacuolation and
condensation of nuclei. Pancreatic acini were more
severely affected around the severely affected islets.
Marked vascular congestion was noted in interlobular
septa.

At day 45, the islets were largely hypocellular and the
cells were spindle shaped revealing hyperchromatic
nuclei. Occasionally, islet cells were in form of chords
(Fig. 2c) or revealed beta cell lysis. Vascular
congestion was marked. Acinar cells mostly appeared
normal.

At day 60, islets were mostly normal. Occasionally,
islets revealed cellular degranulation, lysis and
hypocellularity of mild to moderate nature (Fig. 2d).
Hypocellular islets showed presence of spindle cells
with nuclear hyperchromatism. Moderate vascular
congestion, and normal acinar cells were present.
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Fig. 2: Section of pancreas a) day 15, revealing, Islet with beta cells undergoing degenerative and lytic
changes. H.E. x400 (OZ x4.0); b) day 30, Markedly hypocellular islet. Note the presence of only few cells.
H.E. x400 (OZ x4.0); c) day 45, Hypocellular islet with presence of cells in chords H.E. x400 (OZ x4.0); d)

day 60, Islet with normal cellularity and beta cells revealing mild granulation. H.E. x400 (OZ x4.0);

LIVER

At day 15 the most prominent change was
hepatocellular degeneration characterized by cellular
swelling with rounding of borders and rarefaction of
cytoplasm giving it a vacuolar appearance. The
changes were more severe in periportal regions.
Binucleated hepatocytes were frequently observed
(Fig. 3a). Occurrence of scattered or focal collections
of mononuclear cell infiltration accompanied with
Kupffer cell hyperplasia was a consistent finding.
Comparatively more prominent infiltrations were in
periportal regions. Cholangitis with mononuclear cell
infiltration was observed. Biliary hyperplasia
associated with mild to severe necrosis and
denudation was seen. Additionally, liver showed mild
to moderate vascular congestion.

At day 30 hepatocellular degeneration characterized
by cellular swelling with rounding of cells and
vacuolar changes continued along with mild to
moderate congestion. Focal hepatitis was denoted by
infiltration of admixture of mononuclear cells and

with

epithelioid  cells  associated localized
hepatocellular necrosis (Fig. 3b). Portal triaditis and
cholangitis was a prominent feature paralleled with
mild to severe necrosis and denudation of lining
epithelium of bile ductules and duct.

At day 45 varying degrees of hepatocellular
degeneration frequently lead to distortion of hepatic
chords. Focal hepatitis, portal triaditis and cholangitis
were observed. Binucleated hepatocytes with granular
eosinophilic cytoplasm were numerously seen in the
adjacent area (Fig. 3c). Vascular congestion and
haemorrhage continued.

At the day 60 hepatocellular degeneration was
denoted by granular cytoplasm with increased
eosinophilia, and cellular  swelling causing
compression of sinusoids. Vacuolar changes were
shown by hepatocytes in subcapsular region. Focal
hepatitis, portal triaditis and cholangitis with
mononuclear cell infiltration were prominently
observed (Fig. 3d).
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Fig. 3: Section of liver a) day 15, Hepatocellular degeneration, binucleated hepatocytes, and mononuclear
cell infiltration in biliary ductule. H.E. x400 (OZ x2.8); b) day 30, Focal hepatitis with hepatocellular
necrosis and mononuclear cell infiltration. Note the presence of epithelioid cells. H.E. x400 (OZ x4.0); c)
day 45, Focal hepatitis. H.E. x400 (OZ x4.0); d) day 60, Portal triaditis . H.E. x400 (OZ x3.5).

KIDNEYS

At dayl5 kidneys revealed diffuse wvascular
congestion and varying degrees of cortical nephrotic
changes. Focal haemorrhages were evident which
were prominent in cortico-medullary junction.
Disintegration of the basement membrane caused
tubular distortions. Glomeruli revealed congestion,
hypersegmentation and mesangial cell hyperplasia
(Fig. 4a). Atrophy of glomeruli was occasionally
observed. Peritubular fibroplasia was observed
Medulla revealed lower nephron nephrosis, vascular
congestion and focal haemorrhages. Tubular cell
degeneration was characterized by increased
cytoplasmic eosinophilia and granularity, and nuclear
rarefaction. Cytolysis, karyorrhexis and karyolysis
were evident in more severely affected tubules.
Detached lining epithelium was observed in some
tubular lumens.

At day 30 marked tubular degeneration and necrosis,
along with breaks in the basement membranes, were
observed in PCTs and DCTs. Peritubular fibroplasia
was present at a few places. Glomeruli revealed
congestion and hypersegmentation. Mesangial cell
hyperplasia and vacuolar changes in the podocytes
were evident (Fig. 4b). The changes were prominent

d

at the cortico-medullary junction denoted by tubular
nephrosis, vascular congestion and haemorrhages.
Similar changes were revealed in renal medulla.
Frequently, rupture of the tubular basement membrane
was noted. Collecting tubules, also, revealed vacuolar
changes in the lining epithelium and epithelial casts
were present in the lumens.

At day 45 renal cortex revealed degeneration of PCTs

and DCTs characterized by cellular swelling..
Peritubular fibroplasia was occasionally seen.
Glomeruli revealed hypersegmentation, vacuolar

changes in the podocytes and increased number of
mesangial cells (Fig. 4c). Renal medulla revealed
lower nephron nephrosis. Detachment of tubular
epithelium from the basement membrane was a
frequent observation. Degenerating epithelium was
characterized by large rarefied nuclei. However, some
cells had pyknotic and hyperchromatic nuclei.

At day 60 severe degeneration, lysis and denudation
of cortical tubular epithelium were frequently seen
along with breaks in basement membrane (Fig. 4d).
Glomeruli revealed congestion, hypersegmentation
and fragmentation. At places loss of tubular
architecture with areas of necrosis, infiltration of
mononuclear cells and haemorrhages were observed.
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Focal nephritis characterized by mononuclear cell
infiltration associated with severe vascular congestion
and haemorrhages were prominent in cortico-
medullary region. Renal medulla revealed lower

nephron nephrosis, haemorrhages and mononuclear
cell infiltration. Collecting tubules revealed vacuolar
changes, haemorrhages, and granular casts in the
lumens. Chronic nephritis was also observed.

Fig. 4: Section of kidney a) day 15, Focal haemorrhage, glomerular congestion and hypersegmentation,
and tubular nephrosis. H.E. x100 (OZ x4.0) ; Insert: Higher magnification showing glomerular
congestion and hypersegmentation. H.E. x400 (OZ x4.0); b) degeneration of tubular lining epithelium and
glomerular congestion. H.E. x400 (OZ x4.0); c) day 45, glomerular hypersegmentation with vacuolar
changes in podocytes and mesangial cell hyperplasia. H.E. X100 (OZ x4.0); d) day 60, Degeneration of
tubular epithelium and glomerular hypersegmentation. H.E. x100 (OZ x4.0);

BRAIN

At day 15, cerebral cortex revealed degeneration and
necrosis of pyramidal and granule cells with increased
cytoplasmic basophilia (Fig. 5a). Satellitosis and
neuronophagia were observed. The latter had
occasionally resulted in formation of clear spaces.
Oedema, mild to moderate gliosis and demyelination
were noted. Hippocampus showed neuronal
degeneration and necrosis. Dentate gyrus showed
neuronal degeneration characterized by dissolution of
nissl granules and nuclear rarefaction. Neurons
occasionally ~ showed  increased  cytoplasmic
eosinophilia and nuclear basophilia (Fig. 5b). All the
regions of Cornu Ammonis revealed similar changes.
Degeneration and necrosis was more extensive in
pyramidal cells of CA4 region. Extensive

degeneration of neurons and necrosis with satellitosis
and neuronophagia were observed in subiculum.
Meningeal and cerebral vessels revealed congestion.
Cerebellum revealed focal degeneration and necrosis
of purkinje cells.

At day 30 changes were similar but comparatively
more severe than at dayl5. Widespread degeneration
and necrosis of granule and pyramidal neurons with
satellitosis and neuronophagia were observed in
cerebral cortex (Fig. 5¢) including caudoputamen.
Mild neuronal degeneration and necrosis in dentate
gyrus was observed in hippocampus, Cornu Ammonis
especially CA4 region and subiculum. Meningeal
congestion was marked. Choroid plexus revealed

congestion and inflammation was noted in
periependymal  region  (Fig. 5d).  Neuronal
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degeneration, necrosis, satellitosis, neuronophagia and
demyelination were prominent in brain stem.
Cerebellum appeared normal except for presence of
focal degeneration of purkinje cells.

At day 45, degenerative changes and granular necrosis
and pyramidal neurons with satellitosis and
neuronophagia were observed in different areas of the
cerebral cortex including caudoputamen (Fig. 5e).
Also, demyelination was noted.  Neuronal
degeneration, with loss of nissl substance and
rarefaction of nuclear chromatin material associated
with satellitosis and neuronophagia, were also
observed in dentate gyrus and different areas of Cornu
Ammonis. CA4 was more severely affected Subiculum
revealed compressed microvasculature with clear
perivascular space, neuronal degeneration and
necrosis. Congestion of meningeal vessels and
choroid plexus was noted. Only focal degeneration

and necrosis were observed in purkinje cells in
cerebellum.

At day 60, Microvascular congestion and focal
haemorrhages were noted in the cerebrum. Neuronal
degeneration was observed in cerebral cortex and
necrosis  with  chromatolysis, satellitosis and
neuronophagia. Gliosis and demyelination were
observed in different areas of cortex . Focal necrotic
areas, formation of neuronophagic nodule and marked
perivascular cuffing were occassionally noted (Fig.
5f). Degeneration of the neurons, necrosis and
demyelination were observed in caudatoputamen,
different regions of hippocampus including dentate
gyrus Cornu Ammonis and subiculum; and brain stem.
Widespread congestion of meningeal vessels was
seen. Cerebellum revealed microvascular congestion,
and focal degeneration and necrosis of purkinje cells.

Fig. 5: Section of brain a) day 15, Degeneration of pyramidal cells. H.E. x100 (OZ 4.0) ; Insert: Higher
magnification. H.E. x400 (OZ x4.0); b) day 15, Necrosis of neurons in dentate gyrus. H.E. x100 (OZ x4.0)
; ¢) day 30, Neuronal degeneration and necrosis in cortex. Note condensed neurons. H.E. x100 (OZ x4.0);
d) day 30, Congestion of choroid plexus and peri-ependymal inflammation. H.E. x100 (OZ x4.0); e) day
45, Congestion of meningeal vessels and degeneration of neurons in the cerebral cortex. H.E. x400 (OZ
x4.0); f) day 60, Perivascular cuffing, gliosis and necrosis of neurons with formation of neuronophagic

nodule in cerebral cortex. H.E. x100 (OZ x4.0);

-
-
-
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LUNG
At day 15 lungs revealed vascular congestion and
haemorrhages Haemorrhages were severe in

subpleural area. Alveolar oedema, emphysema, and
atelectasis in the adjacent areas were the prominent
lesions. Focal to diffuse mononuclear cell infiltrations
were evident. Bronchi and bronchioles showed
denudation of lining epithelium. Peribronchial
lymphoid hyperplasia was occassionally observed
(Fig. 6a).

At day 30, severe congestion and variable degrees of
haemorrhages were observed in alveoli and
bronchioles. Marked emphysema and atelectasis were

seen. Haemorrhagic debris was seen in the bronchial
lumens. Bronchitis associated with peribronchial
lymphoid hyperplasia was a frequent observation.
Lymphocyte and macrophage infiltration was noted in
the alveoli (Fig. 6b).

At day 45, changes were similar characterized by
congestion, haemorrhage, emphysema and focal
interstitial lymphocytic infiltration (Fig. 6c).

At day 60, marked haemorrhages were seen
Emphysema and oedema were consistently observed
Focal interstitial pneumonia and bronchitis were noted
Bronchi revealed epithelial hyperplasia (Fig. 6d).

Fig. 6: Section of lung a) day 15, Vascular congestion, alveolar emphysema and peri-bronchial lymphoid
hyperplasia. H.E. x100 (OZ x4.0); b) day 30, Presence of alveolar macrophages. H.E. x400 (OZ x4.0). c)
day 45, Haemorrhage and atelectasis. H.E. x100 (OZ x3.0) ; d) day 60, Infiltration of mononuclear cells in

bronchial wall. H.E. x100 (OZ x4.0);

HEART

The changes in the heart appeared at day 30 and
comprised of focal areas of haemorrhages in
myocardium (Fig. 7a) cusps of atrio-ventricular
valves, and degeneration and necrosis of
cardiomyocytes. Changes were similar at day 45 and
by day 60 cardiomyocytes showed degeneration with

d

increased cytoplasmic eosinophilia, nuclear pyknosis
and nuclear rarefaction. Vacuolar changes were noted
in epicardial myocytes. Degenerative change was,
also, observed in pericardium. Purkinje cell
degeneration was intermittently observed (Fig. 7b).
Mononuclear cell infiltration was observed throughout
the myocardium.
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Fig. 7: Section of heart a) day 15, Haemorrhages. H.E. x100 (OZ x4.0) ; b) day 60, Purkinje cell

degeneration. H.E. x400 (OZ x4.0);

.-

SPLEEN

At day 15, spleen revealed congestion of sinusoids,
mild haemorrhage and rarefaction in white pulp.
Changes akin to apoptosis were seen in lymphoid
cells. Vacuolation was observed in histocytes (Fig.
8a). At day 30 post-treatment lymphoid cell depletion
and apoptosis were more severe along with marked
vacuolation of histocytes. The changes at day 45 and
day 60 did not reveal any marked variation.

MESENTERIC LYMPH NODE

MLN, at day 15, revealed vascular congestion and
focal haemorrhage. Varying degrees of lymphoid cell
depletion were noted in follicles. Severely affected
follicles revealed apoptosis of lymphoid cells
associated with histiocytic reaction in paracortex and
medullary area. Changes were similar but more
prominent at day 30 (Fig. 8b). Lymphoid depletion, at
days 45 and 60, was comparatively more severe
causing rarefaction of the cortex. Thinning of the
mantel zone and medullary cords was prominent.

Fig. 8: Section a) spleen, day 15 Loss of lymphoid cells in white pulp. H.E. x100 (OZ x4.0). ; b)
Mesenteric Lymphnode, day 15, Depletion of lymphoid cells and reactive histiocytosis. H.E. x400 (OZ

x4.0);
‘ a -

ADRENAL GLAND

At days 15 and 30, adrenal revealed slight congestion
especially in cortico-medullary junction area. Cells in
zona fasciculate showed degenerative changes. At day
45 and 60, all layers of cortex and medulla showed
vascular congestion. Haemorrhages and oedema were
observed in deeper cortex and medulla. Cells in zona
fasciculate showed vacuolation. Mononuclear cell
infiltration was sparsely evident.

TESTES

At day 15, testes revealed vascular congestion.
Seminiferous tubules showed spermatogonia and
primary spermatocytes in the pachytene stage.

Spermatogonial cells frequently appeared in multiple
layers. Multinucleated spermatids were occasionally
seen. At day 30 and 45, number of spermatogonial
cells had decreased and degenerative changes were
observed. At day 60, the spermatocytes revealed
vacuolation and apoptotic changes.

DISCUSSION

Grossly congestion and varying degree of
haemorrhages were evidenced in different organs
reflecting the toxic effects of STZ. The oedema and
softness of pancreas may be attributed to predominant
beta-cytotoxic nature of the drug. Histopathologically,
pancreatic islets of Langerhans were variably affected.

136

Journal of Advanced Medical and Dental Sciences Research [Vol. 10|Issue 1| January 2022



Mir MS et al.

During early periods, while most of the islets revealed
marked loss of B-cells and some even complete cell
loss, appreciable number of islets were either normal
or showed only degranulation or partial p-cell loss.
These changes were in concordance with earlier
workers (Mir et al., 2008b). The STZ induced beta-
cytolysis has been described in earlier section. The
persistence of islets with partial or complete cell loss
indicates irreversible damage leading to necrosis and
apoptosis (Liu etal., 2000; Szkudelski, 2001; Liu
et al., 2004; Slawson et al., 2005; Pathak et al., 2008).
Variable susceptibility of individual cells within a
single islet as well as of different islets has been
reported (Mir et al., 2008b). Aybar et al. (2001) have
reported that use of lower dose of STZ produced an
incomplete destruction of pancreatic f-cells even
though rats became permanently diabetic. In present
study, quick recovery from hyperglycemic state and
maintenance of normoglycemia for prolonged period
may be attributed to presence of normal islets.
Appearance of degranulating and degenerating B-cells
till late during the experiment probably indicates the
metabolic stress warranting hyper-secretion from the
functional islets (Arora et al., 2009). This may,
however, also, be a normal physiological process. It is
generally accepted that B-cells have a finite life span
and that dying pB-cells are continuously replaced
(Finegood et al., 1995; Pick et al., 1998; Montanya,
2000; Dor et al., 2004; Bonner-Weir et al., 2004;).
Appearance  of spindle cells with nuclear
hyperchromatism, during later stage, indicated of
regenerative process. The regenerative process may be
favoured by the maintenance of normoglycemia. It
has been observed that the glycemic control by insulin
therapy favours B-cell regeneration in STZ induced
diabetic models (Grossman 2010). Degeneration of
acinar cells observed at early stage reflects direct
action of heavy release of insulin (Meral et al., 2001).
Derangements in cellular Ca®* and Mg?* homeostasis
has be associated with STZ induced exocrine
inefficiency (Patel et al., 2004 & 2006).

Liver revealed vascular congestion, progressive
hepatosis, portal hepatitis, Kupffer cell hyperplasia
and presence of binucleated hepatocytes. During later
stage cholangitis associated with portal fibrosis and
necrosis were seen. The changes correlated well with
progressive alteration of ALT and AST. Similar
changes have been reported by other workers
following STZ treatment (Das et al, 1996;
Degirmenchi et al., 2002; Mir et al., 2008b; Zafar et
al., 2009b; Nahla and Refat, 2012). However, in all
these studies STZ treatment had produced
hyperglycemia and glucotoxicity was considered
predominant factor. The normoglycemic conditions
suggest  direct hepatotoxic effects of STZ.
Alternatively, the hyperlipidaemia might have played
some role in hepatotoxicity (Ohno et al., 2000;
Merzouk et al., 2000). The vacuolar change observed
in the hepatocytes may be attributed to glycogen
depletion (Das et al. 1996; Thulesen et al., 1997;

Zafar et al., 2009b). While progressive change depicts
an irreversible damage, the presence of binuclealed
hepatocytes indicated concurrent regenerative process.
The inflammatory reaction predominated in portal
area. Zafar et al. (2009b) reported varying degree of
inflammatory infiltrate in the portal tract which
caused destruction of the smaller (interlobular and
septal) intrahepatic bile ducts and also, biliary
hyperplasia in some cases.

Kidneys revealed vascular congestion, focal
haemorrhages, cortical tubular degeneration with
disintegration of basement membrane, and lower
nephron nephrosis. Changes in glomeruli ranged from
congestion, hypersegmentation and mesangial cell
hyperplasia to atrophy. Occasionally, peritubular
fibroplasia and casts in collecting tubules were
observed. At later stages glomerular degeneration
with vacuolation of podocytes, focal tubular necrosis,
and focal nephritis with mononuclear cell infiltration
were seen. At places chronic nephritis was evident.
The progressive pathoanatomical alterations are in
agreement with the observed alterations in KFT.
Varying degree of nephropathy has been reported by
different workers (Honjo et al., 1986; Bansal et al.,
1994; Sandhu et al., 2000). Zafar et al. (2009a)
reported progressive damage which increased with the
duration of time. While most of the workers have
attributed the nephropathic effects to STZ induced
hyperglycemia (Rasch, 1984; Kramer et al., 2009),
STZ induced-delayed type of renal toxicity has also
been suggested (Rakieten et al., 1968; Okawa and
Doi, 1983). Also, single large dose of STZ has been
observed to cause direct acute renal damage in the
proximal tubular epithelium in mice (Levine et al.,
1980). Contrary to this, Scott et al. (1989) reported
that diabetogenic dose of STZ (55 mg/kg, ip) was not
toxic to kidneys. They observed that BUN and renal
cortical slice uptake of p-aminohippurate (PAH) and
tetraethylammonium (TEA) were not altered, relative
to normoglycemic rats, 3, 16, and 28 days following
STZ treatment. Mir et al. (2008b) reported only renal
congestion in STZ-diabetic rabbits. Kidneys
receiving high blood supply and being the main
excretory organs for STZ (Sicor Pharmaceuticals,
2003) are an important target organ for a prolonged
period. Expression of high level of GLUT-2 receptors
favour rapid uptake of STZ by kidneys. In present
study, although hyperglycemia was not observed, the
progressive  hyperlipidaemia indicates metabolic
disturbance. Excessive production and accumulation
of lipids has been associated with alteration in renal
structure and function (Yotsumoto et al., 1997). The
nephritic lesions and peritubular fibrosis may be
attributed to STZ induced oxidative stress leading to
hypoxia as is evidenced by the disintegration of
basement membrane. The oxidative stress associated
with hypoxia and tubular epithelial damage may be
incriminated for setting up of the proinflammatory
response resulting in nephritis and peritubular
fibroplasias (Tang et al., 2003; Hirschberg and Wang,
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2005; Ruster and Wolf, 2008; Magri and Fava,
2009; Vallon, 2011)

Wide spread pathoanatomical alterations were noted
in brain involving cerebral cortex, hippocampus
including dentate gyrus, cornu Ammonis especially
CA4  region, subiculum, caudoputamen, and
cerebellum. Cerebrum revealed neuronal degeneration
and  necrosis, associated  with  satellitosis,
neuronophagia, gliosis, oedema and demyelination.
Cerebellum showed focal Purkinje cell degeneration.
Changes were progressively severe. At lalter stages
congestion of choroid plexus and periependymal
inflammation was noted. At day 60 focal necrotic
areas with formation of neuronophagic nodule and
marked perivascular cuffing were noted. Diabetic
doses of STZ have been reported to cause marked
changes in energy metabolism of brain involving
almost all regions (Mans et al, 1988).
Intracerebroventricular application of low doses of
STZ in rats have been found to cause severe
disturbances in insulin system involving down
regulation of the expression of insulin-1 and -2

mRNA, and Insulin receptor (IR) mMRNA in
hippocampus and frontoparietal cerebral cortex;
increased protein tyrosine Kkinase activity in
hippocampus; decreased total IR B-subunit in

hypothalamus; and increase in phosphorylated IR
tyrosine  residues leading to generation of
hyperphosphorylated tau protein  which plays
important role as a morphological marker of sporadic
Alzheimer's disease. Also STZ has been found to
induce disturbance in learning and memory capacities
(Griinblatt et al., 2007; Plaschke et al., 2010).
Contrary to our histopathological observations,
Plaschke et al. (2010) did not observe any necrotic or
apoptotic change. However, Lester-Coll et al. (2006)
reported marked pathomorphological alterations
including reduced brain size and degeneration of
neurons with cell loss, gliosis, and increased
immunoreactivity for p53, active glycogen synthase
kinase 3B, phospho-tau, ubiquitin, and amyloid-f,
following intracerebral administration of STZ in
rats. Various authors have ascribed STZ induced
encephalopathy and neuropathy to hyperglycemia
induced oxidative stress resulting in lipid peroxidation
(Arnal et al., 2010; Shanmugam et al., 2011; Alp et
al.,, 2012; Uzar et al., 2012). In present study, STZ
induced brain damage was not associated with
hyperglycemia. However, STZ is known to cause
redox disturbances directly (Nukatsuka et al., 1990a;
Turk et al., 1993). Also role of some subtle metabolic
disturbances, as evidenced by hyperlipidaemia, cannot
be ruled out.

Lungs revealed vascular congestion, haemorrhage,
emphysema and atelectasis, oedema, denudation of
bronchial and bronchiolar epithelium, peribronchial
lymphoid hyperplasia, and focal to diffuse
mononuclear cell infiltration. At later stages
bronchitis, bronchial epithelial hyperplasia and focal
interstitial pneumonia was noted. STZ induced

diabetes has been found to cause pulmonary
functional abnormalities, such as a reduction in elastic
recoil, lung volumes, and pulmonary diffusing
capacity, reduced forced vital capacity and forced
expiratory volume in one second (Sahebjami and
Denholm, 1988). Thickening of the alveolar basement
membranes with increase in the relative amounts of
collagen, elastin, and basal laminae in the alveolar
wall and more alveoli per unit volume has been
observed in STZ-induced diabetic rats (Kida et. al.,
1983). Pulmonary venous resistance has been found to
be selectively increased 2 weeks after the induction of
STZ diabetes (Russ and Tobin, 1996). Congestion,
haemorrhage and oedema may be attributed to
changes in the capillary and venular epithelium
(Popov and Simionescu, 1997).

Heart revealed haemorrhages, and degeneration and
necrosis of cardiomyocytes. At advanced stages
Purkinje cell degeneration and mononuclear cell
infiltration was observed which could not be
attributed to glucotoxicity as reported by previous
workers (Mir et al., 2008b). Muruganandan et al.
(2002) observed that myocardial haemorrhage and
hypertrophy were associated with significantly
increased cardiac superoxide dismutase (SOD),
catalase (CAT) and lipid peroxidation.

Spleen and mesenteric lymph nodes revealed
congestion, haemorrhage, apoptosis of lymphoid cells,
and histiocyte vacuolation. This is in agreement with
the  observed leukocytopaenia.  The  direct
immunosuppressant effects of STZ has been reported
by previous workers (Nichols et al., 1981;
Handwerger 1984).

Adrenal gland revealed congestion, haemorrhage,
oedema, degenerative changes in zona fasciculata and
mononuclear cell infiltration. The alterations reflect
stress associated changes. Increased hypothalamo-
pituitary-adrenal activity has been associated with
STZ induced diabetes (Chan et al, 2001).
Morphological and microvascular changes in the
adrenal gland of diabetic rats were reported by
Sricharoenevij et al. (2009)

Changes in testes were characteristic of arrested
spermatogenesis, and degeneration and apoptosis of
spermatocytes. Although, direct toxicity of STZ to
testes has not been reported, structural and functional
alterations have been observed in STZ-induced
diabetic models. Disruption of spermatogenesis
(maturation arrest) along with altered structure has
been observed by Hassan and Moneium (2001).
Present study revealed that single intravenous dose of
STZ caused progressive functional and morphological
alterations without development of hyperglycemia.
The changes are suggestive of direct toxicity and/or
oxidative damage besides subtle  metabolic
disturbances. The pathomorphological alterations in
pancreas suggest that rabbits are not totally refractive
to beta-cytolysis. It seems that higher doses may be
required for development of diabetes, which however
may not serve as a good model in view of the
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observed toxic effects of sub-diabetogenic dose and
regeneration of B-cells. In present study, only fasting
glucose levels were considered and rabbits were not
evaluated for postprandial glucose tolerance. Low
dose of Alloxan has been reported to induce glucose
intolerance among rabbits (Puri, 2006). The author
reported initial fasting hyperglycemia followed by
returning of the fasting blood glucose to normal or
near normal levels. However, the blood glucose levels
were higher following oral glucose load in the 1, 2,
and 3h samples, reflecting glucose intolerance. The
nature and severity of STZ-induced diabetes has been
found to vary with respect to dose, rout of drug, and
species of animal. It has been used to develop both
T1DM and T2DM with hypoinsulinaemia. Mild to
severe diabetes has been reported following i.v. or i.p.
administration of the drug (Arora et al., 2009; Etuk,
2010).

CONCLUSION

The pathological changes observed in streptozotocin
treated rabbits reflect its potential toxic effects in
other organs at least in rabbits.
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