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Purpose: Present investigation was aimed at characterization of pathomorphological lesions in the Low Doses 
Alloxan-STZ Diabetic Rabbit Model. Method: New Zealand White rabbits, 1-1.5 kg body weight, were 
administered alloxan (@50mg/kg b.w) and STZ (@35mg/kg b.w) cocktail, as single intravenous dose followed 

by glucose therapy after 9 hours. Blood glucose was regularly monitored and with blood glucose >200mg/dl on 
day 7 following drug administration were used for study. Two rabbits each were sacrificed fortnightly from 
days 15 to 60 for pathoanatomical investigation. Results: Gross lesions included congestion, and haemorrhages 
in different organs. Histopathologically, pancreas revealed variable degeneration and loss of beta-cells in the 
islets; and acinar cell degeneration. Changes were milder at later stages. Liver revealed vascular congestion, 
progressive hepatosis, portal triaditis, and presence of binucleated hepatocytes. During later stage hepatocellular 
necrosis was seen. Kidneys revealed vascular congestion; focal haemorrhages; cortical tubular degeneration and 
necrosis; lower nephron nephrosis; glomerular congestion and hypersegmentation; mesangial cell hyperplasia 

and focal nephritis with mononuclear cell infiltration. Later, peritubular fibroplasias; glomerular hypertrophy 
with vacuolation of podocytes and fragmentation; and casts in collecting tubules were seen. Brain revealed 
neuronal degeneration and necrosis in cerebral cortex, caudoputamen, different areas of hippocampus including 
dentate gyrus and Cornu Ammonis especially pyramidal cells of CA4 region, subiculum and brain stem; 
demyelination and gliosis in medullary tracts; mild purkinje cell degeneration and karyorrhexis in cells of 
granule layer; choroid epithelial degeneration; and vascular congestion. Lungs revealed vascular congestion, 
haemorrhages, emphysema, atelectasis, peribronchial lymphoid hyperplasia, focal pneumonia, hypertrophy of 
vascular walls, vacuolation of pneumocytes and presence of numerous alveolar macrophages. Heart showed 

vascular congestion, focal haemorrhages and degeneration of cardiomyocytes. Spleen revealed congestion, 
haemorrhage, apoptosis of lymphoid cells, and vacuolation of reticular cells. histiocytic reaction was 
additionally noted in MLNs. Congestion, degeneration and necrosis were seen in zona glomerulosa and zona 
fasciculate of adrenal-cortex and also, in adrenal-medulla. Changes in testes were characteristic of arrested 
spermatogenesis, and degeneration and apoptosis of spermatocytes. Conclusion: It could be concluded that the 
progressive and marked pathomorphological alterations suggest Alloxan-STZ diabetic rabbits shall be a good 

short term model for diabetes associated investigation when weighed appropriately against internal control. 
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Introduction 
 

Diabetes mellitus is characterized by persistent 

hyperglycemia either due to relative or absolute lack 

of insulin (Type-1) or insulin resistance (Type-2). In 

both cases, hyperglycemia has wide spread 

pathological implication compromising immunity, 

reparative mechanisms as well as causing multiple 

organopathies due to reactive oxygen species. 

Higher global prevalence of the disease and the 

burden of its associated complication in the patients 

instigate the researchers for investigation into the 

disease for understanding its pathogenesis, 

implications under varying epidemiological 

conditions and screening of pharmaceuticals for 

preventive and therapeutic use (Ettaro et al., 2004; 

Srinivasan and Ramarao, 2007; Etuk, 2010; King, 

2012).  

 

Studies in animal models constitute an important 

source of information vis-à-vis diabetes, its 

complications as well as effect of hypoglycaemic 

drugs. Chemically induced models are routinely 

used for such studies. The most commonly used 

chemicals are alloxan and sttreptozotocin, both of 

which induce hyperglycemia by causing selective 

destruction of beta cells in pancreatic islets leading 

to insulin deficiency (Kottaisamy et al., 2021). Such 

models have been found appropriate for screening of 

non-beta-cell-dependent hypoglycaemia agents, and 

management of diabetic complications. However, 

the models need to be critically weighed for 

spontaneous recovery and direct toxic implications 

for the drugs. While spontaneous recovery following 

short period of hyperglycemia has been observed in 

low dose models, higher doses have been associated 

with damage to different organs. The choice of beta-

cytotoxic drug used also depends upon species, 

strains and sex of the animal due to their varying 

degrees of sensitivity (Mir et al., 2015). Further, 

batch differences in the activity warrant use of 

internal controls for characterization of models 

(Srinivasan and Ramarao, 2007; Kramer et al., 

2009; Grossman et al., 2010). In order to minimize 

the direct toxic effects of the beta-cytotoxins, and 

produce hyperglycemia over a desired period of 

time, low dose drug combinations models have been 

developed (Mir et al., 2016).  

 

The choice of a model for a given study is critical in 

order to provide logical interpretation and 

conclusion (Thatte, 2009). Besides successfully 

achieving hyperglycemia over the requisite study 

period, a model warrants characterization for 

development and progression of diabetic 

complication (Noshahr et al., 2020). Present 

investigation was aimed at characterization 

pathological alterations in low doses alloxan-STZ 

diabetic rabbit model. 

 

Materials and Methods 

 

Experimental Animals  

 

New Zealand white rabbits of three months age and 

weighing about 1 to 1.5 kg were utilized in the 

study. the rabbits were procured from Laboratory 

Animal Resource and maintained under standard 

conditions in cage system, offering feed and water 

ad libtum. Feed and greens were offered in morning 

and evening. The Institutional Animal Ethics 

Committee approved the experimental protocols 

involved in this study. Following a period of 7 days 

acclimatization, the rabbits were allocated to control 

and experimental groups.  

 

Development of Diabetic Model 
 

Alloxan monohydrate and streptozotocin were 

procured from Sigma-Aldrich. Freshly prepared 

solutions of calculated doses were given to 

experimental rabbits as a cocktail. The rabbits were 

fasted for 18 hours prior to drug administration. 

Their fasting blood glucose level was noted using 

Accu-Chek, glucometer (Roche diagnostics India 

Pvt. Ltd., Mumbai). Alloxan monohydrate and 

streptozotocin were given at the dose rate of 

50mg/kg body weight and 35mg/kg body weight, 

respectively. Calculated doses of alloxan were 

dissolved in 1ml sterile water and given as slow 

intravenous injection through ear followed by 

Streptozotocin in 1ml freshly prepared citrate buffer, 
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pH 4.6. Both the solutions were prepared just before 

use. At 9 hours after drug administration rabbits 

were administered 5ml of 25% 

dextroseintraperitoneally, and given 10% glucose in 

drinking water up to 24 hours. Fasting blood glucose 

levels were recorded regularly and rabbits with 

blood glucose levels above 200 mg/dl at day 7 were 

considered diabetic (Mir et al., 2016). A total of 12 

hyperglycemic rabbits and 12 placebo treated 

normoglycemic rabbits were used for the 

investigations up to 60 days. 

 

Pathoanatomical studies 

 

Rabbits, 2 each, from both alloxan-STZ treated and 

control groups were euthanized fortnightly up to day 

60. Complete systematic necropsy (Rokitansky’s 

method) was conducted. After recording of gross 

lesions, representative tissue samples from all the 

organs were collected in 10% formal saline.  

 

The tissue samples were processed following routine 

paraffin embedding technique. Different grades of 

ethanol were used for dehydration and clearance was 

carried out by several changes in benzene. 4-5µm 

thickness sections were stained by Harris’ 

haematoxylin and eosin method. Also, Alcian-Blue 

PAS (AB-PAS) staining was used for acid and 

neutral mucopolysaccharides demonstration (Luna, 

1968). 

 

Results and Discussion 

 

Gross pathology 

 

Rabbit dead or sacrificed revealed pale mucous 

membranes and congested viscera. Pancreas was 

soft, swollen and congested followed by thinning 

with reduced mass. Mesenteric vessels were 

consistently congested.  

 

Liver was congested and darker having petechiae, 

ecchymosis and suffusions on visceral and parietal 

surfaces. Kidneys were darker, haemorrhagic and 

mottled, and studded with grayish white foci. Cut 

surface revealed both cortical and medullary 

congestion. Lung were voluminous and 

emphysematous and at later stages additionally 

showed congestion, haemorrhages and red 

hepatization (Fig. 1). 

 

Histopathology 

 

Pancreas 

 

At day 15 pancreatic islets were variedly affected. 

While some islet cells appeared normal, others 

revealed degenerative and degranulative changes of 

beta-cells with increased eosinophilia. At other 

places islet cells had acquired cord like appearance 

(Fig 2a). Occasionally, islets revealed loss of beta 

cells resulting in mild to marked reduction in 

cellularity. The cells undergoing degeneration and 

necrosis revealed vacuolation and appeared fusiform 

in shape. Ghost islets, characterized by total cell 

loss, were, also, observed. Degenerative changes of 

acinar cells had resulted in severe distortion of 

acinar architecture. Vascular congestion was seen in 

the mesenteric attachment, interlobular septa and the 

parenchyma.  

 

At day 30, most of the islets were smaller in size 

with beta-cells showing degeneration and 

degranulation. Necrosis of the cells had resulted in 

prominent islet disorganization. Marked 

hypocellularity of the islets was occasionally seen 

(Fig. 2b). Vascular congestion was mild and the 

acinar cells appeared normal.  

 

At day 45, islet cells revealed degranulation and 

degeneration with increased eosinophilia. Necrosis 

of the beta-cell had caused mild to marked 

hypocellularity. Acinar cells continued to appear 

normal.  

 

At day 60, islets were variably affected. Most of the 

islets were hypocellular due to degeneration and 

necrosis of beta-cells. The cells showed vacuolation 

followed by complete lysis (Fig. 2c). Occasionally, 

complete hyalinization of the cells was observed 

(Fig. 2d). Some islets appeared normocellular. 

Acinar were normal.  
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Liver 

 

At day 15 marked congestion and haemorrhages 

were observed. Hepatosis included cellular swelling 

with hazy cytoplasm, and nuclear hypochromatism 

and rarefaction. Mononuclear cells infiltration was 

observed both in the portal areas and the 

parenchyma (Fig. 3a).  

 

At day 30 hepatocellular degeneration, characterized 

by cellular swelling rounding of cells, vacuolar 

change and compression of sinusoids, was seen. 

Binucleated hepatocytes were observed. Focal 

hepatitis, characterized by mononuclear cell 

infiltration and kupffer cell hyperplasia, was 

observed (Fig. 3b) and was especially prominent in 

the periportal areas. Occasionally, cholangitis was 

associated with portal fibrosis. 

 

At day 45, hepatosis continued but the sinusoids 

revealed marked dilatation (Fig. 3c). Portal triaditis 

was observed and was occassionally associated with 

vascular degeneration. Binucleated hepatocytes 

continued to exist. 

 

At day 60 severe hepatocellular degeneration and 

necrosis were seen (Fig. 3d). Portal triaditis and 

congestion were prominent. 

 

Kidney 

 

At day 15 kidneys revealed severe cortical 

congestion and haemorrhages. Cellular degeneration 

of convoluted tubules was characterized by swelling 

with indistinct cell boundaries, rarefied nucleus and 

narrowing of tubluar lumens. Necrotic changes were 

more prominent in perivascular areas and were 

occasionally associated with damaged basement 

membrane and infiltration of mononuclear cells. 

Glomeruli were hypersegmented and congested 

(Fig. 4a). Mesangial cell hyperplasia and mild 

mononuclear cell infiltration were evident. 

Medullary congestion, haemorrhages and lower 

nephron nephrosis were seen. The collecting tubules 

revealed degeneration and necrosis of lining 

epithelium. Interstitial congestion and haemorrhages 

were prominent. At day 30, cortical tubular 

epithelium revealed marked degeneration with 

increased eosinophilia and granulation in cytoplasm, 

and necrosis but the basement membrane appeared 

intact. Interstitial fibroplasia was occasionally noted 

Glomeruli revealed hypertrophy causing reduced 

Bowman’s space. Hypersegmentation, 

fragmentation of glomeruli associated with 

mesangial cell hyperplasia were frequently noted 

(Fig. 4b). Renal medulla revealed mild vascular 

congestion and degeneration of tubular epithelium. 

Severe peritubular fibrosis was noted.  

 

At day 45, cortical tubular degeneration was denoted 

by cellular swelling resulting in narrowing of 

lumens. Frequently, tubular lining epithelial cells 

showed loss of nuclei and indistinct cell boundary. 

Nephrotic changes were more severe in subcapsular 

regions. Similarly, marked nephrosis was observed 

in the cortico-medullary junction along with focal 

haemorrhages and mild peritubular fibroplasia (Fig. 

4c). Glomerular hypertrophy and 

hypersegmentation, and the vacuolation of 

podocytes was a prominent feature. Medulla 

revealed vascular congestion, focal haemorrhages 

and prominent lower nephron nephrosis. 

 

At day 60 cortical tubules continued to show cellular 

swelling with increased eosinophilia and 

cytoplasmic granularity. Glomeruli persisted to 

reveal hypertrophy and hypersegmentation and 

vacuolation in the podocytes (Fig. 4d). Cytolysis 

was frequently observed along the periphery of 

glomeruli. Renal medullary tubules revealed 

vacuolar change and protenacious casts. 

 

Brain 

 

At day 15, Cerebral cortex revealed degeneration 

and necrosis of both granule as well as large and 

small pyramidal cells. The necrotic cells were 

shrunken with increased cytoplasmic basophilia, and 

nuclear pyknosis, karyorhexis and karyolysis. Mild 

satellatosis and neuronophagia were observed. 

Neuronal degeneration and necrosis, denoted by 

nuclear condensation and neuropil dilatation 
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associated with satellitosis and neuronophagia, were 

observed in caudoputamen, different areas of 

hippocampus including dentate gyrus and Cornu 

Ammonis especially pyramidal cells of CA4 region.  

 

Extensive changes were observed in subiculum and 

brain stem. Medullary tracts revealed demyelination 

and gliosis (Fig. 5a). Vascular congestion was noted 

in meninges, brain cortex and choroid plexus. 

Cerebellum was congested and showed mild 

purkinje cell degeneration. Karyorrhexis was 

observed in cells of granule layer. 

 

At day 30 changes were comparatively more severe. 

Cerebral cortex revealed widespread degeneration 

and necrosis of granule and pyramidal neurons 

associated with satellitosis and neuronophagia (Fig. 

5b). Neuronal degeneration characterised by 

chromatolysis, nuclear pyknosis and dilation of 

perivascular space was observed in deeper cortex, 

caudoputamen, different areas of hippocampus 

including dentate gyrus, Cornu Ammonis, especially 

in the CA4 region and subiculum. Brain stem 

revealed neuronal degeneration and condensation 

along with dilated neuropil, demyelination, 

satellitosis, and neuronophagia. Demyelination was 

marked in medullary tracts. Meningeal congestion 

was marked. Cerebellum revealed focal 

degeneration and necrosis of purkinje cells. 

 

At day 45, Cerebral cortex revealed degeneration 

and necrosis of granule and pyramidal neurons along 

with gliosis, satellitosis and neuronophagia (Fig. 

5c). In basal regions of cerebrum and enorhinal 

cortex loss of neurons was marked and associated 

with severe demyelination giving it a vacuolar 

appearance. Similar changes were noted in 

caudoputamen, hippocampus proper, dentate gyrus, 

different areas of Cornu Ammonis especially CA4 

and subiculum. Demyelination was markedly 

evident in medullary tracts. Degeneration and 

vacuolation of choroid epithelial cell was noted. 

However, congestion was comparatively less 

marked than at day15 or day30. Purkinje cell 

degeneration and necrosis was more marked than 

observed at previous days. 

At day 60 cerebral cortex revealed neuronal 

degeneration and necrosis with chromatolysis, 

satellitosis and neuronophagia. At places marked 

necrosis with neuronophagic nodule formation was 

also observed (Fig. 5d). Degeneration and necrosis 

of neuronal and demyelination gave vacuolar 

appearance in caudoputamen. Similar changes were 

noted in different regions of hippocampus including 

dentate gyrus, Cornu AmmonisCA1, CA2, CA3 and 

CA4 regions and subiculum.  

 

Medullary tracts revealed neuronal degeneration and 

necrosis with severe demyelination giving it a 

vacuolar appearance. Marked degeneration and 

vacuolation of choroid epithelium was noted.  

 

Cerebellum revealed focal degeneration and necrosis 

of purkinje cells, and demyelination in the 

medullary region.  

 

Lung 

 

At days 15, lungs revealed marked vascular 

congestion, emphysema and mild alveolar 

haemorrhages (Fig. 6a). Changes were similar at day 

30 but atelectasis was marked in the areas adjacent 

to emphysema, and peribronchial lymphoid 

hyperplasia was noted (Fig. 6b).  

 

At day 45, besides emphysema and atelectasis, and 

haemorrhagic exudation into the bronchi and 

bronchioles were observed. Peribronchial lymphoid 

hyperplasia was marked (Fig. 6c). Occasionally 

pneumonic areas and hypertrophy of vascular walls 

were seen. At day 60 changes were similar but the 

pneumocytes revealed vacuolation (Fig. 6d). 

Macrophages were present within the alveoli. 

 

Heart 

 

At day 15, heart showed marked vascular 

congestion, degeneration of cardiomyocytes ands 

focal haemorrhages (Fig. 7a). Changes were 

progressive at days 30 and 45 and by day 60 

necrosis of cardiomyocytes was more prominent 

(Fig. 7b). 
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Spleen 

 

At day 15, spleen revealed congestion of sinusoids 

and depletion of lymphoid tissue which was marked 

at days 30, 45 and 60, (Fig. 8a). Reticular cells were 

either vacuolated or revealed increased cytoplasmic 

eosinophilia. Besides, at day 60 cytolysis of reticular 

cells and lymphoid cell apoptosis were prominent. 

 

Mesenteric lymph node 

 

At day 15 marked vascular congestion and 

haemorrhages were seen. Mild to moderate 

depletion of cortical lymphoid cells was noted. 

Medullary area, too, revealed marked lymphoid 

depletion and histiocytosis in the sinuses. Changes 

were similar at day 30 (Fig. 8b). At days 45 and 60 

vascular congestion was less marked but the 

lymphoid depletion and histiocytic reaction was 

more conspicuous. 

 

Adrenal gland 

 

Up to day 30, adrenal gland showed mild to 

moderate congestion which had subsided by day 45. 

In cortex, cellular degeneration and necrotic changes 

were confined to zona glomerulosa and zona 

fasciculata (Fig. 8c). Medulla too showed marked 

degeneration and focal necrosis. 

 

Testes 

 

At day 15, testes appeared normal and by day 30, 

seminiferous tubules showed arrested 

spermatogenesis at the level of spermatogonia and 

primary spermatocytes in pachytene stage. 

Spermatogonial cells frequently appeared in 

multiple layers. Most of the tubules showed 

decreased number of spermatogonial cells. At day 

45 changes were more marked and the lumen of 

seminiferous tubules contained homogenized cell 

remnants (Fig. 8d). At day 60, additionally 

vacuolation and apoptosis of spermatocytes was 

noted. Grossly palor of mucous membranes reflects 

anaemia. Generalized congestion and haemorrhages 

in different organs may be attributed to vascular 

changes associated with glucotoxicity or direct 

effects of the drug leading to oxidative stress 

(Doczi-Keresztesi et al., 2012). Soft appearance of 

pancreas, and reduced mass at later stages may be 

attributed to beta-cytolytic effects leading to 

dumping of high insulin levels in the pancreas 

before being carried out in to circulation. Necrotic 

foci in kidneys and changes in lungs at advanced 

stage reflect glucolipotoxicity. Similar changes were 

noted in Alloxan diabetic rabbits as well as STZ 

treated normoglycemic rabbits  

 

Histopathologically, Alloxan-STZ cocktail caused 

marked β-cell degeneration and necrosis in pancreas 

which may be attributed for observed 

hyperglycemia. The relatively normal appearing 

islets provide for residual insulin secretion favouring 

maintenance of animals without insulin therapy. 

Both Alloxan and STZ are β-cytotoxic drugs but 

result in partial cytolysis when administered at low 

doses (Aybar et al., 2001; Szkudelski, 2001; Mir et 

al., 2005; Elsner et al., 2006; Mir and Darzi, 2009). 

During present study rabbit islets appeared to be 

partially resistant to STZ. However, the cocktail 

appeared to exert synergistic effect. Vacuolated 

fusiform cells and formation of cords has been 

observed in Alloxan diabetes (Mir et al., 2005, 

2016; Mir and Darzi, 2009). Persistence of 

degenerative changes may be attributed to 

hyperglycemic stress causing hypersecretion and 

exhaustion of β-cells (Liu et al., 2000; Szkudelski, 

2001; Poitout and Robertson, 2002; Rabuazzo et al., 

2003; Liu et al., 2004; Slawson et al., 2005; Pathak 

et al., 2008; Arora et al., 2009; Del-Prato, 2009).  

 

More number of normal appearing islets were 

observed at later stage indicating regeneration 

(Finegood et al., 1995; Pick et al., 1998; Montanya 

2000; Dor et al., 2004; Bonner-Weir et al., 2004; 

Grossman et al., 2010), which correlated well with 

the glycemic status of rabbits. Exocrine changes 

observed have been attributed to direct effect of the 

drugs or heavy release of insulin from degranulating 

β-cells (Okabayashi et al., 1988; Aughsteen and 

Kataoka, 1993; Meral et al., 2001; Meral et al., 

2001; Burski et al., 2004; Patel et al., 2004 & 2006). 
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Fig.1 Alloxan-streptozotocin diabetic rabbits, a)Pancreas at day 15 appearing soft, oedematous and 

congested; b) Liver at day 60 revealing congestion and areas of suffusions; c) Kidney at day 60 revealing 

congestion and petechiae; d) Lungs at day 30 showing areas of congestion, suffusions and red hepatisation. 
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Fig.2 Section of pancreas a) day 15, Degenerated beta cells. H.E. x 400 (OZ x 4.0); b) day 30, Hypocellular 

islet with degeneratedand necrosed beta-cells. H.E. x 400 (OZ x 4.0); c) day 60, Moderately hypocellular 

islet. H.E. x 400 (OZ x 4.0); d) day 60, Hyalinization of islet cells. H.E. x 400 (OZ x 4.0);  
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Fig.3 Section of livera) day 15, Vascular congestion, hepatocellular degeneration and mild infiltration of 

mononuclear cells in portal area. H.E. x 400 (OZ x 4.0); b) day 30, Mononuclear cell infiltration and mild 

fibroplasia around the central vein. H.E. x 400 (OZ x 4.0); c)Hepatocellular degeneration and dilatation of 

sinusoids. H.E. x 100 (OZ x 6.2); d) Hepatitis and presence of binucleated hepatocytes. H.E. x 100 (OZ x 

6.2).  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Int.J.Curr.Microbiol.App.Sci (2022) 11(02): 67-87 

76 

 

Fig.4 Section of Kidney a) day 15, Congestion and hypersegmentation of glomeruliand degeneration of 

tubular epithelium. H.E. x 400 (OZ x 4.0); b) day 30, Hypertrophy and segmentation of glomeruli, and 

mesangial cell hyperplasia. H.E. x 400 (OZ x 4.0);c) day 45, Mild peritubular fobroplasia and degenerative 

tubular epithelium. H.E. x 400 (OZ x 4.0); d) day 60, Glomerular hypersegmentationand cortical nephrosis. 

H.E. x 100 (OZ x 4.0); Insert : Higher magnification of Glomerulus showing vacuolation of podocytes. H.E. 

x 400 (OZ x 4.0).  
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Fig.5 Section of brain a) day 15, Demyelination and gliosis in cerebrum. H.E. x 400 (OZ x 4.0); b) day 30, 

Widespread neuronal degeneration in outer cerebral cortex. H.E. x 100 (OZ x 4.0); c) day 45, Neuronal 

degeneration and necrosis in cerebral cortex. H.E. x 100 (OZ x 4.5);d) day 60, Neuronal degeneration, gliosis 

and dilatation of neuropil in cerebral cortex. H.E. x 100 (OZ x 4.0); Insert: Higher magnification of 

neuronophagic nodule. H.E. x 400 (OZ x 4.0);  
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Fig.6 Section of lungs a) day 15, Vascular congestion and emphysema. H.E. x 100 (OZ x 3.0); b) day 30, 

Peribronchial lymphoid hyperplasia. H.E. x 100 (OZ x 4.0). c)Peribronchial lymphoid hyperplasia and 

haemorrhagic exudates in the bronchi. H.E. x 100 (OZ x 4.0) d) day 60, Vacuolation in the pneumocytes. 

H.E. x 100 (OZ x 4.0). 
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Fig.7 Section of heart a) day 15, Degeneration of cardiomyocytes and haemorrhage. H.E. x 400 (OZ x 4.0); 

b) day 60, Severe degeneration and necrosis of cardiomyocytes. H.E. x 400 (OZ x 4.5);  

 

 

 
 

Fig.8 Section of a) spleen, day 30, revealing marked sinusoidal congestion and depletion of lymphoid tissue. 

H.E. x 100 (OZ x 4.0); b) mesenteric lymph node, day 30, Moderate lymphoid depletion. H.E. x 100 (OZ x 

4.0); c) adrenal, day 45,Degeneration and necrotic changes in the cells of zona glomerulosa. H.E. x 400 (OZ 

x 4.0); d) testes, day 45, arrest of spermatogenesis. H.E. x 100 (OZ x 4.0); 
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Liver revealed vascular congestion, progressive 

hepatosis, portal triaditis, and presence of 

binucleated hepatocytes. During later stage 

hepatocellular necrosis was seen. Similar changes 

have been reported by other workers in induced 

diabetic models (Sandhu et al., 2000; Mir et al., 

2008b,d; Mir and Darzi, 2009; Zafar et al., 2009b; 

Nahla and Refat, 2012). The changes have been 

attributed to glucolipotoxicity (Ohno et al., 2000; 

Merzouk et al., 2000; Poitout and Robertson, 2002; 

Schmeichel, et al., 2003; El-Said et al., 2010). The 

presence of binuclealed hepatocytes indicated 

regenerative process. Portaltriaditis has been 

reported in Alloxan and STZ induced diabetes and 

associated with either proinflammatory action of 

hyperglycemia and oxidative stress induced by the 

drugs (Zafar et al., 2009b; Dasu and Jialal, 2011). 

 

Kidneys revealed vascular congestion, focal 

haemorrhages, cortical tubular degeneration and 

necrosis, and lower nephron nephrosis. Glomeruli 

revealed congestion, hypersegmentation and 

mesangial cell hyperplasia. Later, peritubular 

fibroplasias, glomerular hypertrophy with 

vacuolation of podocytes and fragmentation and 

casts in collecting tubules were observed. Focal 

nephritis with mononuclear cell infiltration was 

seen. Varying degree of nephropathy has been 

reported in Alloxan (Mir et al., 2005; Mir and Darzi, 

2009) and STZ (Honjo et al., 1986; Bansal et al., 

1994; Sandhu et al., 2000; Zafar et al., 2009a) 

diabetic animals.  

 

The changes were milder than observed in Alloxan-

diabetic rabbits. The nephrotic and nephritic changes 

have been attributed glucolipotoxicity (Rasch, 1984; 

Siu, et al., 2006; Kramer et al., 2009; Satriano et al., 

2010). Glomerular congestion and swelling, and 

mesangial cell hyperplasia has been recognized as 

characteristic feature of short-term diabetes, 

signifying proliferation of glomerular capillaries and 

increase in the volume of renal corpuscle (Bulut et 

al., 2001). 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; Magri and Fava, 

2009; Hirschberg and Wang, 2005; Ruster and Wolf, 

2008; Vallon, 2011). 

 

Brain revealed neuronal degeneration and necrosis 

with mild satellatosis and neuronophagia in cerebral 

cortex, caudoputamen, different areas of 

hippocampus including dentate gyrus and Cornu 

Ammonis especially pyramidal cells of CA4 region, 

subiculum and brain stem. Demyelination and 

gliosis was noted in medullary tracts. Vascular 

congestion was noted in meninges, brain cortex and 

choroid plexus. Cerebellum showed congested, mild 

purkinje cell degeneration and karyorrhexis in cells 

of granule layer. During later stage degeneration of 

choroid epithelium was noted. Although the changes 

were progressive, they were milder than both 

Alloxan diabetics and STZ treated rabbits. This may 

be attributed to lower dose of drugs reducing direct 

toxicity and development of milder hyperglycemia. 

Neuronophagic nodules and periependymal 

inflammation was not observed. Diabetes associated 

metabolic disturbances in brain has been reported to 

cause anatomical and functional disturbances, 

referred as diabetic encephalopathy, in humans as 

well as animal models (Mans et al., 1988; Brands et 

al., 2004; Allen et al., 2004; Grünblatt et al., 2007; 

Mir et al., 2008c; Mir and Darzi, 2009; Hernández-

Fonseca et al., 2009; Plaschke et al., 2010). The 

pathoanatomical alterations may be attributed to 

glucolipotoxicity (Edwards et al., 2008; Ahamed, 

2009; Arnal et al., 2010; Shanmugam et al., 2011; 

Alp et al., 2012; Uzar et al., 2012; Ceretta et al., 

2012). 

 

Lungs revealed vascular congestion, haemorrhages, 

emphysema and atelectasis, and peribronchial 

lymphoid hyperplasia. At later stages focal 

pneumonic areas, hypertrophy of vascular walls, 

vacuolation of pneumocytes and presence of 

numerous alveolar macrophages were seen. Lungs 

have been recognized as target organs for diabetes 

(Schuyler et al., 1976; Sahebjami and Denholm, 

1988; Hsia and Raskin, 2007). Changes akin to 

present observations have been reported induced 

diabetic models (Sandhu et al., 2000; Mir et al., 
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2008a). Hyperglycemia induced ACh-mediated NO 

release and generation of ROS in endothelium have 

been demonstrates to play central role in diabetes 

associated pulmonary pathology (Nishikawa et al., 

2000b; Fouty, 2008) These ROS led to the 

activation of three potentially detrimental pathways 

in bovine aortic endothelial cells: activation of 

diacyl glycerol/protein kinase C, generation of AGE, 

and the generation of sorbitol due to activation of 

aldolase reductase, and pathological activation of 

these pathways has been implicated in the 

endothelial dysfunction associated with diabetes 

(Brownlee, 2005). Increased muscularization of 

pulmonary arteries of infants of diabetic mothers 

(Colpaert et al., 1995) and specific type of nodular 

fibrosis of lung in diabetics (Farina et al., 1995) 

have been described. Triglyceride deposition has 

been identified in the walls of pulmonary arteries of 

diabetic rats (Reinila et al., 1977). Diabetes being a 

proinflammatory state might favour activation of 

resident macrophages. Popov and Simionescu 

(1997) observed that capillaries in lungs of diabetic 

hamsters contained adherent intravascular 

macrophages suggestive of an inflammatory 

process. The occurrence of pneumonic areas may be 

attributed to increased susceptibility to pulmonary 

infections (Moutschen et al., 1992; Westphal et al., 

1994; Philips et al., 2005). 

 

Heart showed vascular congestion, focal 

haemorrhages and degeneration of cardiomyocytes. 

Also, necrosis of cardiomyocytes was more 

prominent at later stage. The changes may be 

attributed to persistent hyperglycemia and 

hyperlipidemia causing oxidative stress and hence 

vascular alterations. Similar changes have been 

reported in Alloxan and STZ induced diabetic 

models (Muruganandan et al., 2002; Okoshi et al., 

2007; Mir et al., 2008b,d; Mir and Darzi, 2009). 

 

Spleen revealed congestion, haemorrhage, apoptosis 

of lymphoid cells, and vacuolation of reticular cells. 

Lymphoid depletion paralled leukocytopenia and 

may be attributed partly to observed apoptosis as 

well as proinflammatory effects of hyperglycemia 

favouring increased mobilization (Nichols et al., 

1981; Alexiewicz, 1997; Lenin et al., 2012).Similar 

changes were observed in mesenteric lymph node. 

Besides, marked histiocytic reaction was noted. 

Glucolipotoxicity induced ROS have been found to 

cause activation of monocyte-macrophage cells in 

different tissues via NF-κB followed by cytokine 

release (Dasu and Jialal, 2011). 

 

Adrenal gland revealed congestion, degeneration 

and necrosis in zona glomerulosa and zona 

fasciculate of cortex and in medulla. This may be 

attributed to hyperglycemia induced metabolic stress 

besides microvascular changes (Chan et al., 2001; 

Sricharoenevj et al., 2009). 

 

Changes in testes were characteristic of arrested 

spermatogenesis, and degeneration and apoptosis of 

spermatocytes. Reproductive dysfunction have been 

associated with diabetes (Agbaje et al., 2007; 

Amaral et al., 2008), but the underlying mechanisms 

are poorly understood. Structural and functional 

alterations have been reported in STZ induced 

diabetic models (Hassan and Moneium, 2001; Ricci 

et al., 2009). Oxidative stress induced activation of 

apoptotic pathway has been suggested as a 

mechanism for testicular alteration in diabetes (Koh, 

2007; Zhao et al., 2011). 

 

The progressive and marked pathomorphological 

alterations suggest Alloxan-STZ diabetic rabbits 

shall be a good short term model for diabetes 

associated investigation when weighed appropriately 

against internal control. Further, the model needs to 

be evaluated at molecular level for deciphering the 

exact nature and mechanism of pathology.  
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