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Abstract
Silver nanoparticles (AgNPs) are recently used for their biomedicinal 

applications as an alternative in many industries. Particularly biologically 
synthesized silver nanoparticles have proven to be an effective source 
in the treatment of diabetes. Whereas diabetic hepatopathy is perhaps 
less common where oxidative stress plays a key role in its pathogenesis. 
Therefore, the present study focused on the role of biologically 
synthesized silver nanoparticles (AV-AgNPs) on hepatic toxicity in 
diabetic rats induced by streptozotocin (STZ). Wistar male albino rats 
(200 ± 20 g) were categorized into five groups (n=10) and designated 
as, Group I-Control (no treatment); Group II-Diabetic control (35 mg/kg 
single dose of streptozotocin, IP); Group III-Diabetic treated with AVLE 
(100 mg/kg); Group IV-Diabetic treated with AV-AgNPs (10 mg/kg); 
Group V-Diabetic treated with glibenclamide (600 μg/kg) orally. Rats 
were euthanized after 28 days of treatment, blood and liver specimens 
were collected to perform biochemical, antioxidant, and histological 
examinations. Results exhibited that STZ persuades diabetes and hepatic 
impairments indicated by significantly raised (p<0.05) levels of blood 
glucose, alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase, (ALP), and malondialdehyde (MDA) with 
decreased catalase (CAT), superoxide dismutase (SOD), and glutathione 
reductase (GSH) enzymes activities. AV-AgNPs treatment reversed and 
restored the liver enzymes, antioxidant status, and histological changes 
but also impede deleterious effects on hepatocellular damages induced 
by STZ. In general, these outcomes suggested that AV-AgNPs may have 
antioxidant potentials and proved to be hepatoprotective therefore; 
they could be used for the treatment of diabetic hepatopathy and other 
liver injuries. 

Keywords: Silver nanoparticles, Oxidative stress, Hepatic tissue 
injury, Antioxidant, Histology.

Introduction
Diabetes mellitus (DM) is the most common chronic metabolic 

disease nowadays, characterized via hyperglycemia due to insulin deficit, 
insulin insensitivity, or both [1,2]. Dysregulation of insulin may develop 
abnormalities and complications, including nephropathy, peripheral 
neuropathy, retinopathy, and hepatopathy [3,4]. Although among all, 
hepatopathy is possibly less common and least concern area in diabetes 
complications. Many studies provide evidence that the complication of 
diabetes may involve the generation of free radicals, thus producing 
oxidative stress through several paths [5]. To overcome the diabetic 
complications, new therapeutic drugs are demands of time. WHO 
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reported that about 80 percent of the people ponder folk 
medicines for the treatment of several diseases, including 
diabetes and its complications worldwide, predominantly 
by considering the use of medicinal plants [6-9]. The use of 
medicinal plants gaining more interest due to owing bioactive 
constituents; phytochemicals, which hostile oxidative stress 
[10-17]. Aloe vera is an attractive plant that belongs to the 
Liliaceae family that has many medicinal properties. The 
leaves of Aloe vera have greater antioxidant activity due to 
the presence of phytochemicals [18].

Silver nanoparticles gaining more interest among 
researchers for their potential therapeutic activities due 
to their minimal toxicity, and higher biodegradability, and 
bioavailability [19,20]. The pharmacokinetics of AgNPs 
shows that the small size nanoparticles deftly interact with the 
biological system [21]. Silver nanoparticles are synthesized 
in several ways, in which green synthesis considered most 
advantageous among other methods since it is cost-effective 
and provides environmentally-friendly approaches [22-24]. 
The use of a plat and plant extract to synthesize nanoparticles 
has become the most viable approach recently in the green 
synthesis that provides greater potency to nanoparticles for 
their various uses [25,26]. Silver nanoparticles synthesized 
by plant and plant extract have been known to possess 
antimicrobial, hepatoprotective, antidiabetic, and anti-
inflammatory properties [27]. However, there are no reports 
on the protective effects of biologically synthesized silver 
nanoparticles against diabetic complications specifically 
liver injury.

Taking this as an initiative, we intended to study the 
protective effects of biologically synthesized AgNPs against 
liver injuries in STZ induced diabetic rat model. Therefore, 
an aqueous leaf extract of aloe vera and aloe vera derived 
AgNPs were used as a test agent. The procedure for synthesis 
and characterization of aloe vera derived AgNPs has been 
published earlier [28]. The results of the present research 
help to determine the role of the biologically synthesized 
silver nanoparticles in liver injuries and could serve as a 
basis for further studies especially to treat diabetes-related 
complications.

Materials and Methods
Synthesis and characterization of AV-AgNPs

Silver nanoparticles were synthesized by the method of 
Chandran et al. (2006) using aqueous aloe vera leaves extract 
and synthesized silver nanoparticles (AV-AgNPs) were 
characterized using analytical techniques via Shimadzu UV-
visible spectrophotometer (UV-1900, Japan) and scanning 
electron microscopy (JEOL-Japan-JSM 6380A) described in 
detail in our previously published report [28].

Chemicals 
All chemicals used in this study were analytical grade 

and purchased from the local suppliers of Pakistan although 
silver nitrate was acquired from Sigma-Aldrich (USA) and 
streptozotocin was obtained from Calbiochem (Germany).

Animals
Healthy, male adult Wistar albino rats (n=50) of the 

identical age group with a bodyweight of 200 (±20 g) procured 
by the animal care facility of ICCBS, University of Karachi. 
Procured animals accustomed to laboratory environments 
one-week before the start of the experimentation and caged 
in a moderate temperature-controlled room at 23 ± 4ºC and 
12 hours light-dark cycles. Rats were fed on rodent pellet 
food and water ad libitum with free access. The experimental 
procedures were designed by following the world-wide 
accredited health research extension act (1985).

Induction of diabetes
To make the animal model of diabetes, rats were injected 

(once) IP, freshly prepared STZ (35 mg/ml/kg in citrate 
buffer, pH; 4.5) to overnight-fasted rats [29] then, 2% glucose 
solution (once) was given to the rats via orally to overcome 
the hypoglycemic shock and confirmed diabetes after 72 
hours of STZ injection (IP) by blood glucose levels>250 mg/
dl and proceed for the further experimental protocol. 

Study design
Experimental animals were segregated into five (05) 

groups, each comprised (n=10), and received the below-
mentioned treatment.

Group-I (C): Control group continue untreated, received 
a normal rat diet.

Group-II (DC): Diabetic Control group received 
Streptozotocin (STZ) freshly prepared in chilled citrate 
buffer at pH:4.5, given i. p (once) 35 mg/ml/kg body weight 
[29].

Group-III (D+AVLE): Diabetic group received freshly 
prepared AV-aliquot orally 100 mg/ml/kg bodyweight for 
28 days daily after induction of diabetes.

Group-IV (D+AV-AgNPs): Diabetic group received freshly 
prepared green synthesized silver nanoparticles (AV-AgNPs) 
orally 10 mg/ml/kg body weight dissolved in aqueous media 
for 28 days daily after induction of diabetes.

Group-V (D+GLB): Diabetic group received freshly 
prepared Glibenclamide orally 600 µg/kg body weight 
dissolved in aqueous media for 28 days daily after induction 
of diabetes [30].

During the experiment, animals from all experimental 
groups were weighed, monitored individually and regularly 
while the % Change in body weight of each rat was 
determined via formula [31].

% Change in body weight = {(Final body weight - Initial 
body weight) ÷ Final body weight} ×100

Sample collection
Samples of blood and liver were collected later 24 hours 

of the last dose of administration by decapitating the animals 
from the neck wound. Plasma and serum separated via 
centrifugation at 2000 rpm for 20 minutes while after excised 
liver, trimmed then rinsed with ice-chilled saline, dried, 
weighed, and a piece of tissue immersed in 10% formalin for 
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histological examination. Whereas, the remaining part was 
kept at -80ºC for biochemical analysis.  

Liver homogenate preparation
Liver (1:10 w/v) were minced and homogenized with 

sodium phosphate buffer (10% of 0.1 M at pH-7.4) and 
centrifuged (1000 rpm for 10 min at 4◦C) to get supernatant 
and subsequently added 10 µl BHT (0.5 M in acetonitrile) in 
a fraction to prevent further oxidation whereas other part 
recentrifuged (12000 rpm for 20 min at 4◦C) for further 
estimations [32]. 

Estimation of blood glucose
Blood glucose levels of rats were determined on 

alternate seven days for 28 days. Rats fasted for 12 hours, 
blood samples were obtained from the tail vein, and levels 
of glucose were measured using a Glucometer (On-Call EZ 
II ACON Laboratories, Inc., USA). In-addition, oral glucose 
tolerance tests (OGTT) were performed on Day 28. Briefly, 
rats fasted overnight and, after blood glucose concentrations 
had been determined in all groups, the OGTT was performed 
by administering 2g/kg of glucose to rats by gavage. Blood 
glucose concentrations were assessed after the 30-minute 
interval for 2 hours using a glucometer (On-Call EZ II ACON 
Laboratories, Inc., USA).

Biochemical analysis
Biochemical indices of liver function such as aspartate 

aminotransferase (AST), alanine aminotransferase 
(ALT), alkaline phosphatase (ALP) were analyzed using a 
commercially prepared assay kit (LABKIT, Chemelex, S.A., 
Canovelles-Barcelona, Spain) as described and resulting 
values expressed as U/L.

Lipid peroxidation 
The Malondialdehyde (MDA), is the measure of lipid 

peroxidation determined by the scheme of Okhawa et al. 
based on thiobarbituric acid (TBA) reacting substance 
interaction with MDA thus produced pink color which 
was determined by measuring the absorbance at 530 nm 
on Shimadzu Spectrophotometer (UV-1900, Japan) and 
resulting values were expressed as nmol/gm of tissue [33].

Superoxide dismutase
The activity of superoxide dismutase (SOD) in liver 

homogenate was measured by the method of Kono in the 
cell-free supernatant [34]. Percent inhibition in the rate of 
NBT reduction in the reaction mixture was recorded per 
minute on Shimadzu Spectrophotometer (UV-1900, Japan) 
at 560 nm and resulting values expressed as U/gm of tissue.

Catalase
The activity of Catalase (CAT) in liver homogenate was 

assayed by the method of Sinha et al. [35]. In brief, the 
sample was added to Hydrogen peroxide and phosphate 
buffer (pH;7) at 100℃ and subsequently added dichromate 
acetic acid reagent into a fraction of reaction mixture then 
allowed to boil for 10 minutes, cooled, note the absorbance 
on Shimadzu Spectrophotometer (UV-1900, Japan) at 570 
nm and resulting values expressed as nmol/gm of tissue.

Glutathione reductase
The activity of Glutathione reductase (GSH) in liver 

homogenate was assayed by the method of Carlberg and 
Mannervik [36]. Briefly, the sample was mixed with BSA, 
β-NADPH, potassium phosphate buffer, and oxidized-
Glutathione. Note the absorbance of each reaction mixture 
at 340 nm for 5 min at 25℃on Kinetic-Spectrophotometer 
(PRIM-500, Germany) and resulting values expressed as U/
gm of tissue.

Histopathology
Rat liver was removed quickly, washed with phosphate-

buffered saline to remove debris, and a piece of tissue 
immersed in 10% formalin. About 5 μm tissue slices 
embedded in molten paraffin wax, stained with hematoxylin 
and eosin (H&E), and tissue morphology were analyzed by 
light microscopy at 10x.

Statistical analysis
All the data were presented as mean ± SD (n=10) 

considered significant when p < 0.05 using ANOVA (One-
way) followed by post hoc test (Tukey’s) using IBM-SPSS 
version 22 (IBM, Anmork, NY, USA).

Result
Change in body weights (%), liver weight, and 
relative liver weight 

Results in table 1 displayed the change in body weight, 
liver weight, and relative liver weight in all groups. A 
considerable decrease in percent change in body weight 
was found in streptozotocin-induced diabetic rats than 
that in the control group (p<0.05). Likewise, a significantly 
improved percent change in body weight was also observed 
in all diabetic treated groups (D+AV-AgNPs, D+AVLE, and 
D+GLB) compared with diabetic control groups. Further, 
a significant gain in liver weight and relative liver weight 
(P<0.05) was observed in the streptozotocin-induced 
diabetic control group as compared with the control group. 
However, a significant decrease (P<0.05) in liver weight 
and relative liver weight was observed in all treated groups 
like D+AV-AgNPs, D+AVLE, and D+GLB in contrast with the 
diabetic control group.

Fasting and random blood glucose 
Results in table 2 showed the AV-AgNPs treatment 

on fasting and random blood glucose levels in all groups. 
Both fasting and random blood glucose level was markedly 
elevated (p<0.05) in streptozotocin-induced diabetic rats 
and all diabetic treated groups (D+AV-AgNPs, D+AVLE, 
and D+GLB) compared with control (p<0.05). However, 
all diabetic treated groups significantly declined (p<0.05) 
fasting and random blood glucose compared with the 
diabetic control group.

Glucose tolerance test
Results in table 3 exhibited the AV-AgNPs treatment on 

glucose tolerance tests in all groups. The result revealed 
oral glucose administration at 30 min intervals for 2 hours 
(0-120 min) for tolerance test, glibenclamide improved 
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glucose tolerance in the diabetic treated group. Likewise, 
diabetic treated groups (D+AV-AgNPs, D+AVLE, and D+GLB) 
significantly reduced blood glucose levels (p<0.05) at 120 
min compared with control and diabetic control. Moreover, 
the result showed better tolerance in D+AV-AgNPs compared 
with D+AVLE.

Hepatic function markers
Results in table 4 present the AV-AgNPs treatment 

on hepatic functions in all groups. In the diabetic control 
and diabetic treated groups (D+AV-AgNPs, D+AVLE, and 
D+GLB) hepatic function markers like ALP, AST, and ALT 
were remarkably elevated compared with control (p<0.05). 
However, the diabetic treated groups (D+AV-AgNPs, 
D+AVLE, and D+GLB) restored the ALP, AST, and ALT levels 
(p<0.05) in contrast with diabetic control.

Hepatic oxidative stress and antioxidant enzymes
Figures 1 to 4 illustrated the hepatic oxidative stress and 

antioxidant enzymes (MDA, SOD, CAT, and GSH) in control 
and all treated groups. Hepatic tissue MDA level markedly 
raised (p<0.05) in the diabetic control group as compared 
with the control. However, diabetic rats treated with AV-
AgNPs, AVLE, and GLB markedly reduced MDA (p<0.05) 
as compared with diabetic control. On the other hand, a 
significant decrease (p<0.05) was observed in the level 
of SOD in the hepatic tissues of diabetic rats. Further, the 
administration of AV-AgNPs, AVLE, and GLB to diabetic rats 
significantly improved (p<0.05) antioxidant enzyme SOD as 
compared with diabetic control. In a similar trend, the level 
of CAT remarkably reduced significantly (p<0.05) in the 
hepatic tissues of diabetic rats. While, all treated diabetic rats 
(D+AV-AgNPs, D+AVLE, and D+GLB) significantly improved 
(p<0.05) antioxidant enzyme CAT as compared with diabetic 
control. Likewise, a remarkably reduced (p<0.05) level of 
GSH was observed in the hepatic tissues of diabetic rats. 
But the diabetic treated rats with AV-AgNPs, AVLE, and GLB 
significantly improved (p<0.05) antioxidant enzyme GSH as 
compared with diabetic control.

Histology of hepatic tissues in control and treated 

groups
The histopathological screening of hepatic tissues of 

the normal control group displayed normal hepatic tissue 
architecture with arranged hepatocytes and central vein 
(CV) along with the sinusoidal spaces (Figure 5A). In STZ 
induced diabetic control group, hepatic tissues indicated 
congestion in a central vein (CV), loss of normal central to 
the portal relationship, and Infiltration of inflammatory 
cells (Figure 5B). Administration of AV-AgNPs and AVLE 
respectively after induction of diabetes induced by STZ, 
protected against STZ induced hepatotoxicity (Figure 5C-E) 
thereby suggesting a protective role of AV-AgNPs against 
diabetic induced hepatotoxicity.

Discussion
The present study was conducted to investigate the role 

of AV-AgNPs against hepatic tissue injury in streptozotocin-
induced diabetic rats. Present results exhibited that 
rats treated with streptozotocin (STZ) caused various 
pathophysiological consequences such as derangements 
of body weight, liver weight, liver functional markers, 
elevated blood glucose (both fasting and random), elevated 
MDA, depletion of antioxidant enzymes, and disturbed liver 
histology. These observations corroborate by earlier reports 
on streptozotocin-induced diabetes29. Streptozotocin (STZ) 
is extensively used to persuade diabetes in investigational 
rats by targeting β-cell of islets of Langerhans through GLUT-
2 (glucose transporter) leads to DNA alkylation, and necrosis 
consequently declined insulin, and progress hyperglycemia 
[37].

In the present study, streptozotocin persuaded diabetes 
significantly induced a marked reduction in percent change 
in body weight compared with control (Table 1). The 
effects of silver nanoparticles on rats reliant on AgNPs 
concentration, the route by which it is administered, and 
duration of treatment [25]. Earlier studies found that the 
AgNPs did not have any adverse effects on the body weights 
of the animals following its oral administration [26,27]. The 

Parameters Ca DCb D+AV-AgNPsc D+AVLEd D+GLBe

Change in body weight (%) 10.31 ± 3.81 -16.72 ± 7.64a 8.84 ± 1.50b
9.61

± 2.86b

4.55

± 4.14b

Liver weight (g) 5.94 ± 0.34 7.76 ± 0.51a 6.21 ± 0.42b
6.67

± 0.61ab

6.05

± 0.21b

Relative liver weight (%) 2.72 ± 0.32 3.90 ± 0.23a 2.62 ± 0.24b
2.63

± 0.27b

2.55

± 0.12b

Data presented as mean ± SD (n=10), groups compared with a control; b diabetic control; c D+AV-AgNPs; d D+AVLE, e D+GLB; result considered significant 
when p<0.05 using ANOVA (One-way) followed by post hoc test (Tukey’s).

Table 1: Effects of AV-AgNPs Treatment on Change in Body Weights, Organ Weight, and Relative Organ Weight.

Parameters Ca DCb D+AV-AgNPsc D+AVLEd D+GLBe

Fasting Blood Glucose (mg/dl) 84.45
± 8.25

328.63
± 25.09a

119.37
± 9.96ab

140.37
± 11.95abc

128.47
± 9.34ab

Random Blood Glucose (mg/dl) 118.49
± 8.83

340.3
± 15.40a

130.73
± 11.11b

149.35
± 11.13abc

145.52
± 20.39ab

Data presented as mean ± SD (n=10), groups compared with a control; b diabetic control; c D+AV-AgNPs; d D+AVLE, e D+GLB; result considered significant when 
p<0.05 using ANOVA (One-way) followed by post hoc test (Tukey’s).

Table 2: Effects of AV-AgNPs Treatment on Fasting Blood Glucose and Random Blood Glucose.
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possible mechanism associated with AV-AgNPs antioxidant 
ability which counteracting the generation of free radicals 
via STZ in the pancreas [28]. Also, it can diminish the STZ 
persuaded toxicity and potentiates β-cells to proliferate 
more insulin secretion. The augmented insulin secretion 
leads to promote glucose consumption through extrahepatic 
tissues thus decreases blood glucose.

The liver is the primary organ, accounting for the 
metabolism, detoxification, storage, and elimination of 
byproducts and their metabolites [38,39]. It also aids in 
sustaining blood glucose levels via metabolic pathways 
like glycogenolysis and gluconeogenesis also in the post-
absorptive state. Hyperglycemic condition distresses the 
liver and liable them to damage. ALT, ALP, and AST are the 
reliable indicators of liver function, which remain within 
the cells under normal physiological conditions whereas 
they are leaking into the serum upon cell damage [40,41]. 
In our study, STZ persuaded hepatic toxicity consequently 
alleviated the levels of ALT, ALP, and AST in serum [42,43]. 
These markers were found to significantly improve after AV-
AgNPs administration which is consistent in our study (Table 
3) [31,44]. The decrease in serum transaminases near to 
normal after the treatment of AV-AgNPs indicates a possible 
revival of hepatocytes and a possible healing effect on the 
hepatic parenchyma [45]. The overall restoration observed 
in AV-AgNPs treated group represents its therapeutic effect. 
Besides this, lipid peroxidation may also attribute to the 
extreme ROS production which is mechanistically involved 
in hepatic impairment [46]. 

It has been well documented that STZ induced diabetes 
is associated with ROS generation and lipid peroxidation 
[47]. While the extreme formation of free-radical controls 
by antioxidant enzymes that protect cell membranes in 
all tissues to divergent oxidative injury including hepatic 
tissues (reference). Noticeable increment in the level of MDA 
(Figure 1) followed with substantial diminution in activities 

of SOD, CAT, and GSH in hepatic tissues in STZ persuaded 
toxicity (Figures 2-4) revealed in the present study which 
was overcome by administration of AV-AgNPs. Though, 
these findings are consistent with the earlier findings which 
exhibited that STZ imposed liver dysfunction via oxidative 
stress followed by lipid peroxidation and silver nanoparticles 
can deal with it [48,49].

Evidence suggested that the cell follows an adaptive 
mechanism to normalize stress exposure by altering 
oxidative stress and antioxidant enzymes [50]. An earlier 
study reported that micro-sized silver nanoparticles were 
the most effective antioxidant at smaller doses and prevent 
toxicity via decrease accumulations [51,52]. In the present 
study, we use a smaller dose (10mg/kg) of 20-24 nm particle 
size, which supports our findings by exhibiting beneficial 
therapeutic effects. The mechanism of silver nanoparticles 
being antioxidant is due to the presence of active compounds 
present in AVLE which capped silver nanoparticles [53]. 
Evidence could account for the AV-AgNPs antioxidant 
potency in restoring the oxidative stress-induced hepatic 
injury.  

Histopathology of livers tissues of the normal control 
group indicated normal hepatic tissue architecture with 
arranged hepatocytes and central vein (CV) along with the 
sinusoidal spaces (5A). In the STZ intoxicated group, the 
hepatic architecture indicated congestion in a central vein 
(CV), loss of normal central to the portal relationship, and 
Infiltration of inflammatory cells (5B). Administration of 
AV-AgNPs and AVLE after induction of diabetes induced by 
STZ was brought back to near normal architecture of hepatic 
tissues indicating substantial protection of the liver (Figure 
5C to 5E) against diabetic induced hepatotoxicity (Figure 5C 
to 5E). The histological findings of this study are in harmony 
with biochemical results. Similar observations in liver 
tissues were predictable in earlier studies [31,44].   

The capability of a drug to diminish injuries/damages 

Parameters Ca DCb D+AV-AgNPsc D+AVLEd D+GLBe

0 min 78.43
± 5.30

263.44
± 10.34a

254.9
± 5.70a

258.25
± 3.61a

262.71
± 9.82a

30 min 91.27
± 5.11

281.55
± 13.72a

265.48
± 8.66ab

279.62
± 11.30a

286.59
± 6.56ac

60 min 97.78
± 5.32

331.57
± 27.24a

283.66
± 11.44ab

299.11
± 12.42ab

295.93
± 6.17ab

90 min 89.53
± 4.63

305.72
± 17.15a

217.14
± 33.83ab

251.53
± 6.83abc

231.27
± 12.31ab

120 min 83.25
± 6.48

284.54
± 17.75a

176.63
± 12.7ab

196.32
± 36.31ab

187.41
± 11.94ab

Data presented as mean ± SD (n=10), groups compared with a control; b diabetic control; c D+AV-AgNPs; d D+AVLE, e D+GLB; result considered significant when 
p<0.05 using ANOVA (One-way) followed by post hoc test (Tukey’s).

Table 3: Effects of AV-AgNPs Treatment on Glucose Tolerance Test.

Parameters Ca DCb D+AV-AgNPsc D+AVLEd D+GLBe

ALT (U/l) 29.81
± 1.51

62.26
± 2.39a

36.17
± 4.28ab

40.17
± 3.37ab

33.73
± 2.14bd

AST (U/l) 39.46
± 5.72

78.82
± 6.89a

50.74
± 3.88ab

59.04
± 6.91abc

42.74
± 5.35bed

ALP (U/l) 62.81
± 6.21

149.76
± 11.73a

81.92
± 8.57ab

94.22
± 9.13abc

66.81
± 10.49bcd

Data presented as mean ± SD (n=10), groups compared with a control; b diabetic control; c D+AV-AgNPs; d D+AVLE, e D+GLB; result considered significant 
when p<0.05 using ANOVA (One-way) followed by post hoc test (Tukey’s).

Table 4: Effects of AV-AgNPs Treatment on Liver Functions.
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Figure 1: Effects of AV-AgNPs Treatment on Hepatic MDA. Data presented as mean ± SD (n=10), groups compared with a control; b diabetic control; c D+AV-
AgNPs; d D+AVLE, e D+GLB; result considered significant when p<0.05 using ANOVA (One-way) followed by post hoc test (Tukey’s).

 
Figure 2: Effects of AV-AgNPs Treatment on Hepatic SOD. Data presented as mean ± SD (n=10), groups compared with a control; b diabetic control; c D+AV-
AgNPs; d D+AVLE, e D+GLB; result considered significant when p<0.05 using ANOVA (One-way) followed by post hoc test (Tukey’s).

or to reserve the normal physiological function of the 
liver after induction of toxicity is the index of its hepato-
curative effect [54]. Plant extracts used to produce AgNPs 
can lead to synergistic effects, including an antioxidant 
effect [55]. Outcomes attained, considering the biochemical 
and histological parameters, imply that AV-AgNPs were 
effective in protection against STZ intoxication. Failure 
in the antioxidant system can lead to an upsurge in lipid 
peroxidation and loss of normal cellular functioning in the 
liver [46]. Thus, the antioxidant and free radical scavenging 
effects of AV-AgNPs might play a crucial role in the revival of 
the biochemical and histological parameters near to normal 
in the treatment groups. This makes AV-AgNPs a valuable 
candidate for several therapeutic purposes, including 
protective effects on the liver.

Conclusion 
Treatment with AV-AgNPs was found to be a potent 

cellular antioxidant agent to restore the hepatic toxicity 
induced by STZ thus, mediated the body and relative weights, 
hepatic biomarkers, lipid peroxidation, and antioxidant 
enzyme activities. Because of current outcomes, it is 
concluded that AV-AgNPs can be used effectively to diminish 
oxidative stress which is the main progressive agent for 
developing diabetic comorbidities and other diseases via its 
antioxidant property. A further mechanistic approach in this 
regard is required to clarify the exact mechanism. 
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