
Dhanarasu & Almuqati 

Trop J Pharm Res, December 2024; 23(12): 2025 
 

Tropical Journal of Pharmaceutical Research December 2024; 23 (12): 2025-2033 
ISSN: 1596-5996 (print); 1596-9827 (electronic) 

 
Available online at http://www.tjpr.org 

http://dx.doi.org/10.4314/tjpr.v23i12.7 

Original Research Article 
 
 

Allicin-mediated renal protection in mitigating 
streptozotocin-induced diabetic nephropathy in rats 
through comprehensive restoration of kidney function and 
morphology 

 
Sasikumar Dhanarasu*, Afaf F Almuqati 
Department of Pharmaceutical Chemistry, College of Pharmacy, University of Hafr Al Batin, Saudi Arabia 
 
*For correspondence: Email: sdhanarasu@uhb.edu.sa; Tel: +966-5016-76038 
 
Sent for review: 2 August 2024             Revised accepted: 19 November 2024 
 

Abstract 

Purpose: To evaluate the benefits of allicin, a vital garlic component, against streptozotocin-induced 
diabetic kidney damage in rats. 
Methods: A total of thirty male albino Wistar rats were divided into five groups of six rats each, with 
groups II – IV induced with diabetes using a single intraperitoneal administration of streptozotocin (55 
mg/kg). Group I served as normal control while Group II was untreated diabetic control, receiving 
vehicle injections. Diabetic rats in Groups III and IV were treated with allicin (diallyl thiosulfinate, DATS, 
20 mg/kg/day orally for 15 days) and aminoguanidine (AG, 100 mg/kg/day orally for 15 days), 
respectively, while Group V rats served as normal control rats receiving DATS only. Various 
biochemical, and kidney marker assessments and histological examinations were conducted at the end 
of treatment. 
Results: Streptozotocin-induced diabetic rats exhibited significant (p < 0.05) alterations in body weight, 
kidney metrics, kidney markers and renal histopathology compared to normal control (Group I). 
Treatment with DATS showed significant improvements in body weight, kidney metrics and biochemical 
markers (p < 0.05) indicating potential nephroprotective effect against diabetic nephropathy by 
significantly restoring kidney weight, protein levels, albumin, potassium, sodium and other urinary 
markers (p < 0.05). Furthermore, DATS effectively reversed STZ-induced renal damage with outcomes 
comparable to standard drug (aminoguanidine). 
Conclusion: Administration of DATS in rats with nephropathy from diabetes may have kidney 
protective benefits. The study highlights allicin’s potential as a therapeutic agent in managing diabetic 
complications, particularly diabetic nephropathy, prompting further exploration prior to future use. 
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INTRODUCTION 
 
Diabetes mellitus is a major global health issue 
causing microvascular complications like 
retinopathy, neuropathy and nephropathy as well 
as macrovascular problems like heart attacks, 

strokes and peripheral vascular diseases [1]. The 
International Diabetes Federation (IDF) highlights 
the growing burden worldwide. According to the 
2021 IDF Diabetes Atlas, diabetes affects 10.5 % 
of adults aged 20 - 79 years with projections 
suggesting 783 million people will have diabetes 
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by 2045 [2]. Fourteen percent of diabetic deaths 
and forty percent of instances of advanced renal 
disease are related to diabetic nephropathy (DN), 
which is a primary cause of chronic kidney failure 
[3]. 
 
Despite progress in antidiabetic treatments, 
diabetes remains incurable. Insulin therapy is still 
the best way to manage diabetes, but it comes 
with some serious side effects such as insulin 
resistance, anorexia, brain atrophy and formation 
of fatty liver with continued use [4]. Protective 
effects of various medicinal plants are attributed 
to the presence of phytoconstituents, including 
carotenoids, vitamin C and phenolic acids [5]. 
Allicin (Diallyl thiosulfinate), the primary 
biologically active compound found in garlic 
(Allium sativum L. Family: Amaryllidaceae), has 
garnered considerable interest due to its 
potential to offer a wide range of health benefits, 
including antihypertensive effects, 
cardioprotective effects, anti-inflammatory 
properties and anticancer activities [6,7]. These 
health benefits provide a strong rationale for 
investigating if allicin is potentially effective in DN 
treatment. Thus, the purpose of this work was to 
assess the effect of allicin on DN in 
streptozotocin-induced diabetic rats. 
 
EXPERIMENTAL 
 
Animals 
 
This study employed thirty (30) male albino rats 
of the Wistar strain, with body weights ranging 
between 200 and 240 grams, procured from 
Central Animal Facility, King Saud University, 
Saudi Arabia. Rats were housed within 
polypropylene cages, set within a precisely 
controlled environment. Ambient conditions were 
maintained at a temperature of 22 ± 2 °C and a 
humidity level of 55 ± 5 %. To ensure a 
consistent light-dark cycle, rats were exposed to 
12 hours of illumination followed by 12 hours of 
darkness in a specialized experimental chamber. 
They were given a standard laboratory diet from 
local Mills in Saudi Arabia. Experimental 
protocols were approved by the Animal Care and 
Use Committee, University of Hail, Saudi Arabia 
(No. 27/5/8530) and were performed according 
to the guidelines on the care and use of 
laboratory animals [8]. 
 
Induction of diabetes   
 
Streptozotocin (STZ; Sigma Aldrich Chemical Pvt 
Limited in India) (was dissolved in citrate buffer 
(pH 4.5) and rats were administered a single 
intraperitoneal injection (55 mg/kg STZ) to induce 
diabetes [9]. To mitigate any initial hypoglycemic 

effects, rats were provided with a 5 % glucose 
solution in their drinking water for the first 24 
hours following injection and on the third day, 
animals underwent blood glucose level 
assessments and those with readings exceeding 
180 mg/dL were included, following the 
procedure outlined by Rathod et al [9]. 
 
Design 
 
The rats were divided into five groups, each 
consisting of six rats, as illustrated in Figure 1. 
Group I served as normal control rats and were 
given vehicle (citrate buffer, IP) injections while 
rats in Group II were induced with STZ and 
thereafter received vehicle (citrate buffer, IP) 
injections. Group III rats, after STZ induction, 
received an oral daily administration of diallyl 
thiosulfinate (DATS; Shanghai Harvest 
Pharmaceutical Co., Ltd., China) at a dose of 20 
mg/kg of body weight for 15 days via gastric 
intubation with a force-feed needle and rats in 
Group IV, post-STZ induction, were daily treated 
with the standard drug, aminoguanidine (AG), at 
a dose of 100 mg/kg of body weight via oral 
administration for 15 days. Lastly, rats in Group 
V were normal control rats administered DATS 
orally daily for 15 days. At the end of the 
protocol, the rats were fasted overnight and were 
humanely euthanized via cervical dislocation 
under light ether anesthesia. After decapitation, 
blood samples were collected and serum was 
separated through centrifugation (20 minutes at 
2,000 rpm) and stored at - 20 °C for subsequent 
biochemical assays. Kidney tissues were rapidly 
dissected and a portion was used to prepare a 
10 % (w/v) homogenate in 0.1 M Tris HCl buffer 
(pH 7.4). The homogenate was centrifuged at 
7,000 rpm for 10 minutes at 4 ºC and the 
resulting supernatant was used for further 
assays. 
 
Determination of kidney markers 
 
Serum and urine creatinine levels were 
determined using the alkaline picrate technique. 
Blood urea content was estimated with the NED 
Dye technique, while blood urea nitrogen (BUN) 
and urine urea nitrogen (UUN) were quantified 
using kits from Parsazmoon Company (Iran) and 
Span Diagnostics (India), respectively. Serum 
uric acid levels were determined following the 
procedure described by Buzanovskii [10]. Total 
protein in serum was assayed colorimetrically. 
Serum albumin levels were estimated using the 
Bromocresol Green (BCG) method while urinary 
albumin was quantified via competitive ELISA. 
Serum and urinary sodium and potassium levels 
were determined using flame photometry [11]. 
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Histological examination 
 
The kidneys were dissected and abnormalities 
were inspected using standard histological 
procedures. The kidney tissues underwent a 
series of steps including fixing in buffered 
formalin, ethanol dehydration, xylene clearing, 
paraffin embedding and microtome sectioning. 
Then the sections were stained with hematoxylin 
and eosin (H&E) and images were captured 
using a light microscope. 
 
Statistical evaluation 
 
Data are reported as mean values along with 
their accompanying standard deviations (mean ± 
SD). Data was analyzed using SPSS version 
12.0 for Windows (SPSS Inc.). One-way analysis 
of variance (ANOVA) was used to compare 
experimental groups while Duncan's multiple 
range test (DMRT) was used to confirm the level 
of significance between groups. P < 0.05 was 
considered significant. 

 
RESULTS 
 
The impact of allicin on body mass and renal 
metrics in STZ-induced DN is shown in Figure 2. 
Rats given STZ had significantly lower body 
weight than normal controls (p < 0.05). However, 
STZ-induced DN rats in Group III and Group IV 
showed increased body weight compared to 
normal rats (p < 0.05). Group V animals 
exhibited no significant body weight changes (p > 
0.05). Kidney weights in DN rats were 
significantly higher than normal controls (p < 
0.05). Diabetic rats administered DATS (Group 
III) and AG (Group IV) showed improved kidney 
weight similar to Group I. Animals in Group V 
treated with DATS alone did not exhibit a 
statistically significant change in kidney weight as 
compared to controls (p > 0.05). Additionally, in 
groups treated with DATS, the modified kidney-
to-body weight index in Group II animals returned 
to normal. 

 

 
 
Figure 1: Protocols for experimental nephroprotective investigations 
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Figure 2: Effect of DATS on physiological parameters (body mass and renal metrics) in STZ-induced diabetic 
nephropathy. Bars with different letters are significantly different (p < 0.05) 
 
Effect of DATS on kidney markers 
 
As shown in Figure 3, animals in Group II had 
significantly higher serum creatinine, urea, uric 
acid and blood urea nitrogen levels than animals 
in Group I. However, there was a significant 
decrease (p < 0.05) in these markers after oral 
DATS administration. When compared with 
control, a significant increase (p < 0.05) in serum 
total protein levels alongside a decrease in 
albumin was observed (Figure 4). However, 
administering DATS and AG to STZ-induced 
animals effectively restored total protein and 
albumin levels, bringing them closer to normal. 
 
Additionally, Figure 5 shows that animals with 
DN in Group II had higher serum potassium and 
sodium levels compared to normal group (p < 
0.05) but, DATS treatment reversed these levels 
to normal. It's interesting to note that kidney 
indicators did not significantly change between 

animals in Group V, which received DATS alone, 
and those in the control group. 
 
Figures 6 - 8 illustrate variations in kidney 
function markers between control and 
experimental animals. Group II animals displayed 
significantly heightened levels of urinary urea 
nitrogen (UUN), creatinine, albumin and glucose 
(p < 0.05). However, administration of DATS and 
AG effectively restored these altered kidney 
function markers to normal levels. In contrast, 
DN was associated with elevated potassium and 
sodium levels. Kidney function analysis of STZ-
induced diabetic rats with nephropathy indicated 
increased glucose, along with elevated levels of 
potassium, sodium, BUN, creatinine, uric acid 
and albumin (p < 0.05). Treatment with DATS 
and AG notably alleviated these elevated kidney 
markers. Normal animals treated solely with 
DATS did not exhibit significant differences in 
kidney markers compared to control. 

 

 
 
Figure 3: Effect of DATS on serum renal markers (Urea, BUN, Uric acid and Total protein) in STZ-induced 
diabetic nephropathy. Bars with different letters are significantly different (p < 0.05) 
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Figure 4: Effect of DATS on serum kidney markers (Creatinine and Albumin) in STZ-induced diabetic 
nephropathy. Bars with different letters are significantly different (p < 0.05) 
 

 
 
Figure 5: Effect of DATS on serum sodium and potassium concentrations in STZ-induced diabetic nephropathy. 
Bars with different letters are significantly different (p < 0.05) 
 

 
 
Figure 6: Effect of DATS on urinary kidney markers in STZ-induced diabetic nephropathy. Bars with different 
letters are significantly different (p < 0.05) 
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Figure 7: Effect of DATS on urinary urea nitrogen 
levels in STZ-induced diabetic nephropathy. Bars with 
different letters are significantly different (p < 0.05) 
 

 
 
Figure 8: Effect of DATS on urinary sodium and 
potassium excretion in STZ-induced diabetic 
nephropathy. Bar with different letters are significantly 
different (p < 0.05) 
 
Histomorphology  
 
Renal histopathological assessments unveiled 
distinct alterations in kidney architecture between 
control and study groups (Table 1 and Figure 9). 
Control (Group I) kidney specimens exhibited 
typical histological features consistent with a 
healthy morphology during examination. On the 
other hand, tubular epithelium of kidneys from 
animals that were administered STZ showed 

clear changes, including vacuolization, 
desquamation, atrophy, necrosis and noticeable 
interstitial edema and inflammation. These 
changes collectively disrupt normal renal 
structure and function indicative of DN. 
Interestingly, administration of DATS and AG 
show a reversal of these pathological changes in 
the renal tissue. This significant amelioration in 
histopathological features suggests a potential 
nephroprotective effect conferred by DATS 
against the progression of DN. Notably, in the 
group treated solely with DATS, the histological 
appearance of the tubular and glomerular 
structures exhibited a striking resemblance to 
features in normal control. 
 
DISCUSSION 
 
Diabetic nephropathy (DN) affects approximately 
one-third of individuals with diabetes, estimated 
to reach 592 million people (8 – 10 % of global 
population) [12]. It is the leading cause of chronic 
kidney disease and adult end-stage renal 
disease with fibrosis playing a key role in its 
progression in both types of diabetes [13]. 
Among Group II DN rats, there was a distinct 
decline in renal function, as evidenced by 
increased kidney weight/body weight ratios, 
higher BUN and serum creatinine levels. They 
also displayed substantial renal damage affecting 
glomeruli, tubules and tubulointerstitial fibrosis. 
However, serum urea and creatinine levels may 
not precisely be dependent on renal function due 
to factors like diet and body weight [14]. 
 
Allicin (DATS) was administered orally at 20 
mg/kg/day to assess its potential in reducing 
hyperglycemia and DN. The drug notably 
reversed the increase in blood glucose levels in 
Group III animals, potentially owing to its 
hypoglycemic properties. In contrast, untreated 
rats in Group II showed uncontrolled increase in 
glucose levels and an increased risk of DN [15], 
suggesting that DATS may offer kidney 
protection. 

 
Table 1: DATS impact on histopathological alterations in kidney tissues in STZ-induced diabetic nephropathy 
 
Tissue Histomorphology Group I Group II Group III Group IV Group V 
Tubular necrosis - + - - - 
Tubular dilatation - ++ - - - 
Tubular epithelial desquamation - +++ + + - 
Tubular atrophy - ++ + - - 
Interstitial inflammation - + - - - 
Interstitial edema - + - + - 
Tubular casts - + - - - 
Quantification scores: (-) no significant alteration in histopathology; (+) mild degree; (++) moderate degree; (+++) 
severe degree 
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Figure 9: Effect of DATS on kidney histopathology in diabetic nephropathy. STZ - Streptozotocin; DATS -Allicin; 
AG - Aminoguanidine 
 
Kidney weight index is critical for assessing 
enlargement. Treating Group III animals with 
DATS for 15 days reduced kidney enlargement. 
Group II DN animals showed decreased body 
weight with hyperglycemia, due to muscle loss 
from protein breakdown [16]. Treatment with 
DATS was instrumental in maintaining body 
weight by controlling blood glucose levels and 
preventing protein breakdown. 
 
This study showed an increase in urinary 
albumin linked to hyperglycemia after the onset 
of diabetes. Furthermore, markers of renal 
function such as urine creatinine, kidney 
weight/body weight ratio, serum creatinine, BUN, 
urea, uric acid and albumin were significantly 
higher in DN rats [17] compared to normal rats. 
Hyperglycemia triggers an increase in serum uric 
acid, BUN and serum creatinine levels, sensitive 
indicators of kidney malfunction in DN rats [18]. 

Increased uric acid and creatinine in STZ-
induced Group II animals indicate DN with renal 
hyperfiltration and creatinine elevated levels may 
indicate muscle loss [19]. In DN rats, DATS 
restored these markers, hinting at its potential to 
protect against DN by possibly improving kidney 
function or reducing protein breakdown. 
 
As diabetes progresses, increased serum BUN 
and creatinine result from extracellular matrix 
(ECM) accumulation in glomeruli and interstitium, 
leading to characteristic renal fibrosis in DN [20]. 
Despite the extracellular matrix (ECM) buildup 
and structural renal changes following STZ-
induced DN, treatment with DATS in DN rats 
demonstrated enhancements in glomerular 
fibrosis and renal structure. Reduction in sodium 
transport from renal proximal tubules to blood 
occurs when sodium is extruded into the cytosol 
by basolateral Na+K+ ATPase pump, with 
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alterations in renal sodium transporters in DN 
animal models leading to increased urinary 
sodium excretion [21]. Mesangial hypertrophy 
and glomerular thickening are early markers of 
DN. Podocyte damage leads to proteinuria, 
triggering initial renal dysfunction and tubular 
damage in diabetes. Diabetic Group II STZ-
induced kidneys exhibit hyperfiltration, 
enlargement, mesangial expansion, fibrosis and 
increased ECM [22]. 
 
Diabetic nephropathy presents distinct structural 
and functional alterations with tubulointerstitial 
injury playing a key role in DN progression. 
Interstitial fibrosis, tubular atrophy, T-lymphocyte 
and macrophage infiltration, podocyte loss and 
decreased endothelial cell spacing are among 
subsequent progressions in DN [23]. Renal 
fibrosis is a multifaceted process involving 
diverse cellular responses to injury. Renal 
analysis in DN (Group II) rats compared to 
normal rats (Group I) reveals tubular lesions and 
evidence of glomerulosclerosis [24]. 
Histopathological modifications in Group II DN 
rats include interstitial edema and inflammation 
in addition to tubular epithelial abnormalities such 
as vacuolization, desquamation, atrophy and 
necrosis. Glomerular changes include thickening 
of capillary basement membranes and diffused 
or nodular glomerulosclerosis [25]. 
Administration of DATS shows substantial 
enhancements in renal morphology, indicating 
nephroprotective effects against DN, comparable 
to those observed with AG. Tubular and 
glomerular structures tend toward normalcy with 
DATS treatment alone. Simultaneous DATS 
administration effectively prevents DN-
associated renal damage, as evidenced by 
various biochemical and histological 
examinations. Changes in mean body weight, 
BUN, creatinine and uric acid related to DN are 
lessened by DATS therapy. These findings 
propose Diallyl thiosulfinate (DATS) as a 
potential nephroprotective agent against DN with 
outcomes comparable to the standard drug 
aminoguanidine (AG). 
 
Limitations of the study 
 
This study utilized STZ-induced DN rats, which 
may not fully represent human diabetes. 
Treatment duration was short and longer studies 
are needed to evaluate long-term efficacy and 
safety. Additionally, the study focused on 
biochemical and histopathological parameters. 
Further mechanistic investigations are required. 
Finally, using a single DATS dose limits the 
understanding of its dose-response relationship, 
warranting exploration in future studies. 
 

CONCLUSION 
 
Allicin mitigates the effects of streptozotocin-
induced diabetic kidney damage in rats. Allicin 
administration in STZ-induced diabetic rats 
shows promising outcomes, maintaining body 
weight, normalizing kidney parameters and 
ameliorating renal markers. Histological 
examinations reveal improved kidney structure, 
buttressing allicin’s nephroprotective effects. 
These outcomes emphasize the therapeutic 
potential of allicin for diabetic renal problems and 
suggest additional studies into the use of allicin 
in the management of renal damage caused by 
diabetes. 
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