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Streptozotocin (STZ) 60 mg/kg, i.p.-induced diabetes in rat’s results into hyperglycemia, impaired oxida-
tive stress, lipid profile, insulin levels and changes in body weight. Treatment with antihyperglycemics
and antioxidants are accounted to produce favorable effect in this paradigm. Fustin, a flavonoid derived
from Rhus verniciflua, extract of Rhus verniciflua reported to exhibit anti-hyperglycemic, antioxidant, anti-
microbial, anti-arthritic effects, anti-obesity effects, antiplatelet effects and anti-cancer effects. However,
no evidence is existing on effect of fustin on STZ-induction diabetes. Thus, we evaluated its effects against
diabetes in STZ-induced rodents. Blood glucose, Insulin, lipid peroxidation (MDA), superoxide dismutase
(SOD), catalase activity (CAT), glutathione (GSH) and lipid profile levels was assessed. After 30 days dia-
betes induction rodents showed a severe increased blood sugar level, MDA, high density lipid and
decreased cholestrol, triglyceride, GSH, SOD, CAT, respectively.
Oppositely, treatment with fustin (50–100 mg/kg/p.o., two times daily, 30 days) enhanced blood glu-

cose, lipid profile levels Insulin. Meanwhile, reduced MDA and enhanced GSH, SOD, and CAT in diabetic
rats. Glibenclamide 5 mg/kg/p.o. also enhanced diabetes-induced complications and decreased oxidative
stress. Further histopathology of pancreas confirms the protective effect fustin in STZ-induction diabetes
in animals. In conclusion, the study revealed treatments with fustin avoid the changes in body weight,
blood glucose, lipid profile and oxidative stress. As a results of these finding may lead to the growth of
a choice of medicine for hyperglycemic in the future.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes mellitus (DM) is now the world’s largest healthcare
issues despite the understanding of the pathogensis of DM, existing
medicine only have a temporary antidiabetic result and have
unsuccessful to fully avoid the progression of these abnormality
(Lotfy et al., 2017). Diabetes is linked to long-term disorders
including retinal vascular disease, neuropathy, diabetic kidney dis-
ease and blood vessels cell damage. Moreover, diabetes is regarded
as a significant risk of cardiac comorbidities, which leads to
increased mortality in diabetic patients (Gregg et al., 2014).
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Chronic hyperglycemia and defects in lipid panel, such as
triglycerides, cholesterol, lower- and higher-density lipid and char-
acterise certain diabetes conditions, leading to a number of sec-
ondary complications (Gabir et al., 2000). As a result, some
hypoglycemic agents have been used to cure DM; however they
have severe adverse outcomes such as hepatic problem, lactic aci-
dosis, and diarrhea (Pari and Saravanan, 2004). Several oral DM
medications present, each with a acting on different binding recep-
tor for stimulating insulin (Vasconcelos et al., 2011). Natural plant-
based medications, on the other hand, have a variety of biological
functions, including antioxidant (Vinayagam and Xu, 2015),
antibacterial (Parham et al., 2020), anti-diabetic (Gupta et al.,
2017), and anticancer effects (Zhang et al., 2017).

The study reports have established the role of some essential path-
ways responsible for causingoxidative stress indiabetes, suchaspolyol,
glycation end products (AGEs), and glucose autoxidation (Florez et al.,
2010; Turk, 2010; Bandeira et al., 2013; Nowotny et al., 2015; Bell
et al., 2013). The available standard medication for diabetes is com-
bined with the use of drug therapy for the rest of one’s life, which
increases the risk of developing life-threatening extreme adverse
events or health complications. The treatment regimen requires the
use of medications such as sulfonylureas, a-glucosidase inhibitors,
and biguanides, as well as non-pharmacological management such as
diet and exercise therapy (Florez et al., 2010; Bell et al., 2013).

Flavonoids, are compounds found in fruits, vegetables, and her-
bal medicinal plants, have been shown to have anti-diabetic prop-
erties in recent studies. (Vinayagam and Xu, 2015). Fustin seems to
be a compound derived from Rhus verniciflua Stokes, a traditional
herbal medicinal plant from the Anacardiaceae family (Li et al.,
2020), is used to treat a variety of illnesses including hyper-
glycemia (heartwood), helminthiasis, and menstrual problems
(Sun et al., 2014). Rhus verniciflua extracts have anti-oxidant
(Kim et al., 2002; Kim et al., 1997a), anti-microbial (Kim et al.,
1997a; Kim et al., 1997b), anti-mutagenic activity (Park et al.,
2004), anti-arthritic effects (Choi et al., 2003), anti-obesity effects
(Kim et al., 2003), antiplatelet effects (Jeon et al., 2006) and anti-
cancer effects (Jeong et al., 2008; Lee et al., 2009). Similarly,
another plant from the Rhus genus (Rhus verniciflua) is aboundent
in polyphenolic constituents and has antitumor and anti-
inflammatory potentials (Kim et al., 2013). The Verniciflua bark
contains an important active constituent known as flavonoid,
which has been found to have potent neuroprotective action and
may be a potential candidate for cognitive enhancing therapeutic
activity (Cho et al., 2013).

However, the extensive antioxidant and anti-diabetic capacity
of this bio-constituent in a diabetic animal model has yet to be
recorded. Thus, the new protocol addresses fustin anti-diabetic
function in an experimental animal paradigm of diabetes.

2. Research design

2.1. Animals

150–200 g adolescent adult Wistar rats were housed and accli-
matized for ten days in standard laboratory conditions, which
included (n = 6) a module of 12 h light and dark cycle, 22 ± 2 �C
temperature, and 50–60% controlled humidity with voluntary
approach to rodent chow and tap drinking water. The animal ethics
authority for at the institute (RKDFCP/IAEC/2020/33) approved the
use of rodents in the experiments and the research was carried out
at RKDFCP, India.

2.2. Drugs and chemicals

Fustin and STZ (Streptozotocin) were supplied by the Merk Pvt.
ltd. India.
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2.3. Design of experiments

2.3.1. Induction of diabetes to experimental animals
We used previously described method by Umathe, et al., 2009

to cause hyperglycemia in rats. (Umathe et al., 2009). In succinct
, rats were given STZ (60 mg/kg, i.p.) prepared in 0.1 M cold citrate
buffer (pH 4.5) and then given a 5 percent glucose solution instead
of water for the next 24 h to prevent death from hypoglycemia. To
measure blood glucose levels, blood samples were taken from the
tail vein 48 h after STZ or vehicle injection. Only diabetic animals
with fasting blood glucose levels greater than 250 mg/dl were used
in the study.
2.3.2. The demonstration of experimental protocol
The rats randomized in total five groups such as 1st Group (s-

tandard control); 2nd Group (Hyperglycemic control); 3rd Group
(fustin dosed 50 mg/kg/p.o.); 4th Group (fustin dosed 100 mg/kg/
p.o.) (Moon et al., 2015; Jin et al., 2009); 5th Group(glibenclamide
dosed 5 mg/kg/p.o. as standard treatment) for 30 days. Despites of
control group which receive saline or vehicle other treatment
groups received the dosing of standard or testing scheduling from
1st day to till 30th days. Glucose levels in the blood as well as
weight of animals were measured at the start and end of the study.
2.4. Biochemical analysis

2.4.1. Estimation of blood glucose levels
We used a strip-operated blood glucose monitor (Accu chek

strips, Roche Diabetes Care) to test glucose levels in blood samples
collected by tail prick to establish diabetes mellitus induction. In
brief, a droplet of blood is inserted into the glucometer to deter-
mine blood glucose levels, and tail veins of the 6 h starved rats
were ruptured and a droplet of blood was deposited on the glu-
cometer strip loaded in the glucometer for blood glucose testing.
Blood glucose levels were checked periodically during the trial
(7, 14, 21 and 30 days after the beginning of treatment).
2.4.2. Evaluation of blood fat levels and liver function test
The serum was isolated from blood samples stored in sterile

tubes without an anticoagulant by centrifuging for 10 min at room
temperature. The samples were held below �50 �C until total
amount of cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL) levels and aspartate transaminase, alanine
aminotransferase enzymes of hepatic function test- were calcu-
lated at the end of experiments as per standard kits.
2.4.3. Estimation of serum insulin levels
Insulin level in the serum was enumerated using immunologi-

cal assay (ELISA) kits and previously reported methods and proto-
cols recommended by manufactures with slight possible
modifications. In line of protocol serum were collected from the
all animals groups and subjected for centrifugation at 14000 rpm
for 10 min. as per protocols. All the desired number of coated
stripes was place into the holder. Pipetting standard (e.g. insulin),
control and serum samples into appropriate wells. After adding
working insulin enzyme conjugates, samples were subjected to
incubation for 60 min at 20-25�c. After completion of incubation
3 times washing with 300 ll wash buffer were performed. After
adding 100 ll samples of TMB substrate were subjected to incuba-
tion at room temperature for 15 min. Following the final incuba-
tion, required quantity of stopping solution were added to all
wells and subjected to absorbance reading on monochromatic
microplate reader at 450 nM (Wilkin et al., 1985).



Fig. 1. Mean body weight change.
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2.4.4. Biochemical indicators assessment
The biochemical indicator assessment was done based on previ-

ous reported investigations (Aydın et al., 2017). Serum estimation
of oxidative stress biomarkers were carried out by previous
reported study protocols with slight medication. In the assessment
specimens organ (liver) has been taken from each group with 10%
w/v homogenized in separate with homogenizer. For the estima-
tion of presence of different protein content specimen were
homogenized in 7.4 pH phosphate buffer saline (PBS) of conc. 10
and 50 mM for determination of malondialdehyde (MDA) by Thio-
barbituric acid reactive compounds and antioxidant thiol i.e. (GSH)
reduced glutathione level, catalase activity and superoxide dismu-
tase (SOD) (CAT). According to the method for estimation of pro-
tein presented by Rosebrough et al. The obtained tissue
homogenate was subjected to centrifuge at 10000 rpm for period
of 15 min. period (Lowry et al., 1951). The pink chromogen gener-
ated after reacting with TBARS, which indicates the creation of
MDA as a final result of the lipid peroxidation process, was quan-
tified at 532 nM using a spectrophotometric technique. A standard
curve was constructed using an MDA standard against which the
sample measurements were plotted. (Ohkawa et al., 1979). Simi-
larly, estimation of GSH were produced yellow colored compound
on spectrophotometric evaluation at 405 nM by employing com-
mercial available kits and their manufacturer recommendation
for estimation (Ohkawa et al., 1979). Determination of CAT enzyme
activity based on earlier reported methods by Sinha include colori-
metric estimation at 570 nM in presence of hydrogen peroxide and
glacial acetic acid (Tietez, 1969; Sinha, 1972). Determination of
superoxide dismutase enzyme activity was estimated by employ-
ing 96-well plate reader set to 490 nM and available commercial
kits and manufacturer’s advice for usage to show the quantity of
protein necessary to block 6-hydroxydopamine auto-oxidation
(Crosti et al., 1987).

2.5. Statistical analysis

Data analysis was carried out using windows based graph pad
prism software (5.02). Results of present study were represented
as mean standard error of the mean (SEM). To evaluate the signif-
icance levels and depict the difference between the variables
among each group, one-way analysis of variance (ANOVA) was
employed, followed by a post hoc multiple comparison test. Statis-
tical significance was defined as P values less than 0.05.
3. Results

3.1. Mean body weight

3.1.1. Fustin effect on body weight in rats with STZ-induced diabetes
In STZ-induced diabetic rats, the effect of fustin on body weight

Fig. 1 depicts a subsequent decrease in mean body weight in the
diabetes control group (P 0.01)., while the standard drug gliben-
clamide treated group greatly reversed the reduction in body
weight of the animals in rats, (P < 0.05). The weight loss in animals
is slightly restored in the fustin research community with a higher
dosage of 100 mg/kg (P < 0.05). The lesser dose of fustin, 50 mg/kg,
had minimal effect on body weight, according to a post hoc test.

3.2. Blood glucose

3.2.1. Fustin effect on blood glucose levels in rats with STZ-induced
diabetes

The impact of fustin on diabetic rats’ blood glucose levels is
seen in Fig. 2. From day 14 onwards, the STZ-induced hyper-
glycemic rats showed a highly important rise (P < 0.001) in blood
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glucose levels, indicating that diabetes had been successfully
inducted in all groups of rats in contrast to normal control rats,
which increased further during the experimental phase. By post

Hoc parametric test study, glibenclamide 5 mg/kg and fustin
100 mg/kg showed a favorable important (P < 0.001) drop in blood
glucose after thirty days of therapy, while fustin 50 mg/kg was
found to be marginally significant (P < 0.01) as opposed to a dia-
betic control group (P < 0.001).
3.3. Insulin analysis

3.3.1. Fustin effect on serum insulin in rats with STZ-induced diabetes
In contrast to normal control groups, the diabetic control group

demonstrates a substantial drop (P < 0.001) in serum levels of insu-
lin (Fig. 5). As opposed to diabetic control groups, treatment with
the reference medication glibenclamide 5 mg/kg and the research
drug fustin 100 mg/kg moderately lowers the elevated levels of
serum insulin (P < 0.01). By post hoc parametric test study, a low
dose of test drug fustin 50 mg/kg restored elevated insulin levels
less dramatically relative to disease control class (diabetes-
induced group) (P < 0.05).
3.4. Lipid analysis

3.4.1. Fustin effect on lipid profile in rats with STZ-induced diabetes
Figs. 3a, 3b, 3c, 3d indicates that diabetic control group serum

lipid profiles such as TC, TG and HDL levels exhibit extremely
important pathological variation at the conclusion of the experi-
mental procedure. As compared to conventional control groups,
the diabetic control group had a considerably higher level of TC
and TG in serum (P < 0.001), as well as a considerably lower level
of HDL in serum, both of which would be appropriate pathological
biomarkers. At the conclusion of the trial regimen, treatment with
medication glibenclamide 5 mg/kg and research drug fustin
100 mg/kg substantially attributed the elevated concentrations of
serum lipid contour, mostly TC, and TG (P < 0.001). By post hoc
parametric test review, the therapy schedule with the lower dose
of fustin 50 mg/kg marginally reduces the TC levels (P < 0.01)



Fig. 2. Effect of fustin on blood glucose level in STZ-induced diabetic rats.

Fig. 3a. Effect of fustin on lipid profile level i.e. TC-Total cholesterol in STZ-induced
diabetic rats.

Fig. 3b. Effect of fustin on lipid profile level i.e.TG- Triglycerides in STZ-induced
diabetic rats.
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Fig. 3c. Effect of fustin on lipid profile level i.e. HDL- High density lipoprotein in
STZ-induced diabetic rats

Fig. 3d. Effect of fustin on lipid profile level i.e. TP-total protein in STZ-induced
diabetic rats.

Fig. 4a. Effect of fustin on serum AST levels in STZ-induced diabetic rats.

Fig. 4b. Effect of fustin on serum ALT levels in STZ-induced diabetic rats.
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and less dramatically decreases the levels of TG, and significantly
restores the serum levels of HDL (P < 0.05).

3.5. Serum biochemical analysis

3.5.1. Effect of fustin on serum ALT and AST levels STZ-induced
diabetes in rats

In comparison to standard control groups, the hyperglycaemic
control group has a dramatically rise (P < 0.001) in serum amounts
of ALT and AST (Figs. 4a and 4b). Treatment with the standard
medication glibenclamide 5 mg/kg and the research drug fustin
100 mg/kg reduced ALT and AST significantly (P < 0.001) in the
standard drug management regimen. Via post hoc parametric test
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study, therapy with a low dose of the test drug fustin 50 mg/kg
lowers the increased levels of serum ALT and AST less considerably
(P < 0.05).
3.6. Oxidative stress biomarkers

3.6.1. Fustin effect on oxidative stress in STZ-induced diabetes rats
When the study procedure was completed, it was discovered

that the diabetic control group had a substantial lower levels of
serum GSH, SOD, and CAT (P < 0.001), but notably rise levels of
MDA in serum (P < 0.001), when compared to the standard control
groups. Treatment with the medication glibenclamide 5 mg/kg and
the research drug fustin 100 mg/kg greatly reduces the elevated
levels of MDA in the serum (P < 0.001). Furthermore, in comparison
to hyperglycaemic test classes, it recovers lower serum levels of



Fig. 5. Effect of fustin on serum insulin in STZ-induced diabetic rats.

Fig. 6. Effect of fustin on hepatic markers of oxidative stress i.e. GSH- reduce
glutathione in STZ -induced diabetic rats.

Fig. 7. Effect of fustin on hepatic markers of oxidative stress i.e. SOD-superoxide
dismutase in STZ -induced diabetic rats.

Fig. 8. Effect of fustin on hepatic markers of oxidative stress i.e. CAT-catalase
activity in STZ -induced diabetic rats.
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GSH, SOD, and CAT. By post hoc parametric test review, a low dose
of test drug fustin 50 mg/kg restored the raised levels of MDA in
the serum (P < 0.01) less considerably and (P < 0.05) than diabetic
control groups, and mildly increased serum levels of GSH, SOD, and
CAT (P < 0.01) (Figs. 6-9).
3.7. Histopathological studies in pancreas

The histological alterations in the pancreatic islets of the five
groups were shown in Fig. 10. There were no substantial alter-
ations in pancreatic architecture in normal rats. The islets of STZ-
induced diabetic rats displayed severe necrosis and mild atrophy.
The diabetic rats show the shrunken islets when compared with
the Rats of control group. Following the 30 days of treatment,
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STZ-induced diabetic rats treated with fustin demonstrated sub-
stantial islet expansion and greatly decreased pancreas injuries.
4. Discussion

Fustin a flavonoid, was examined to see how it influenced the
biochemical activity of diabetic rats. STZ-induced diabetes resulted
in specific clinical signs of diabetes, including a loss of body weight,
polydipsia, hyperglycemia, and elevated oxidative stress (Guo
et al., 2014; Silvares et al., 2016). Chronic fustin therapy dramati-
cally and dose dependently improved body weight loss, polydipsia,
hyperglycemia, and elevated oxidative stress. A well-studied
experimental diabetes model is streptozotocin-induced diabetes



Fig. 9. Effect of fustin on hepatic markers of oxidative stress i.e. MDA-malondi-
aldehyde in STZ -induced diabetic rats.

Fig. 10. Histopathological changes in pancreas A-(normal control); B- (diabetic
control); C- (fustin treated 50mg/kg); D-(fustin treated 100mg/kg); E-(gliben-
clamide 5mg/kg as standard treatment).
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in rats. At the conclusion of the paradigms, STZ generated signifi-
cant weight reduction, which is consistent with earlier research
(Bhutada et al., 2011; Rauter et al., 2010). The present research
has showed that after receiving STZ, experimental groups under-
went a gradual decrease in body weight. The fundamental clinical
correlation for weight loss was thought to be insulin deficiency,
which causes protein and fat catabolism (Guo et al., 2014). The
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treatment of STZ to rats at a dose of 60 mg/kg resulted in an
increase in blood glucose levels, which was linked to the loss of
pancreatic islets and the death of b-cells.

To establish if fustin has any antihyperglycemic properties, we
first looked at blood glucose levels in STZ-induced diabetic rats.
The result of our study shows that fustin 50 mg/kg and 100 mg/
kg decreases the blood sugar level dose dependently. The results
of these finding are in agreement with the previously reported
study (Niture et al., 2014). When compared to the control group,
glibenclamide 5 mg/kg considerably lowers blood sugar levels.

In the current research, STZ-induced rats had lower insulin
levels in their blood than the diabetic control rats, treatment with
fustin greatly improved insulin levels in STZ rats. The
glibenclamide-treated rats also had insulin levels that were com-
parable to the fustin treated rats. By regenerating insulin-
producing cells, the insulin-mimicking effect of fustin is boosted.
The substantial rise in blood insulin levels in STZ-treated rats
shows that the hypoglycemic impact of fustin is due to stimulation
and potentiation of insulin release from the residual cells of the
islets of Langerhans. Surprisingly, our findings agree with those
of a prior study (Nain et al., 2012). Several medicinal plant extracts
have been shown to activate insulin-producing b-cells in the body.
Potentially increasing the release of insulin from b-cells, or regen-
erating b-cells are the mechanisms through which they exert their
anti-hyperglycaemic effects Many other plants may also have anti-
hyperglycaemic activity with a stimulatory effect on insulin pro-
duction as a result of these circumstances (Seedevi et al., 2020).
The protective effect of fustin on cells of the islets of Langerhans
is also confirmed by histopathology of pancreatic cells The STZ-
induced diabetic rats had severe necrosis and mild shrinkage of
their islets. Whereas animals given fustin (100 mg/kg) with gliben-
clamide (5 mg/kg) showed significant islet growth and signifi-
cantly reduced pancreatic b cell damage. (Rathinam et al., 2014).

Previous studies (Avramoglu et al., 2006; Biddinger et al., 2008)
have identified a correlation between dyslipidemia and DM. The
widely agreed mechanism is inhibition of lipase activity from pan-
creas would be fruitful outcome for treatment of metabolic disor-
ders and obesity (Kim et al., 2016). High amounts of triglycerides
and total cholesterol, as well as low levels of HDL cholesterol, are
consistent with DM in many cases (Hammer and Busik, 2017). TC
and TG levels increase in the bloodstream, whereas HDL choles-
terol levels fall, leading to secondary complications. The levels of
TC, TG and HDL are significant in assessing lipid metabolism in dia-
betes (Yan et al., 2015). The lipid profile of diabetic rats improved
in this study, with higher levels of TC, TG, and lower levels of HDL.
In this study, fustin administration reduced TC and TG levels while
increasing HDL levels, implying that fustin can boost lipid metabo-
lism to some degree by alleviating dyslipidemia which is a compli-
cation of diabetes.

These findings may be linked to the fustin potential defensive
effect on pancreatic -cells. Furthermore, inadequate activity of
cholesterol synthesising enzymes or a low degree of lipolysis under
insulin control might explain these observations. (Belce et al.,
2000). As a result, glycol and lipid metabolism can help to boost
-cell renovation and insulin secretion.

Diabetes risks include kidney, retinal, cardiac, and liver dys-
functions caused by chronic hyperglycemia. Elevated AST and
ALT are a typical symptom of liver disease and are more common
in diabetics than in the general population (Rauter et al., 2010). The
findings revealed elevated blood glucose levels after diabetes
induction and a rise in the levels of liver enzymes (ALT and AST)
in diabetic rat’s serum. The substantial rise in ALT and AST levels
in diabetic control rats indicated that diabetes mellitus could cause
hepatic damage, possibly due to the increase in protein concentra-
tions associated with glucogenesis and urea production found in
the diabetic state (Makena et al., 2018). When compared to rats
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given 50 mg/kg fustin, rats given 100 mg/kg fustin reported a slight
rise in ALT and AST levels, suggesting that fustin at 100 mg/kg
could have therapeutic effects in the hepatocytes by lowering
ALT and AST levels.

Oxidative stress can actively damage various macromolecules
in diabetes, including lipids, proteins, and nucleic acids. According
to some studies, high blood glucose levels cause an increase in
reactive species production as a result of oxidative stress, which
leads to a decrease in enzymatic antioxidant levels like SOD and
CAT, which leads to the production of free radical scavenging activ-
ity, which is then measured for lipid peroxidation. (Strugała et al.,
2019). GSH, a non-enzymatic antioxidant, prevents cells against
oxidative destruction. This antioxidant is mainly found in the liver
and is active in the mechanism of liver detoxification. An experi-
mental model for diabetes showed that serum elevated levels of
lipid peroxides (MDA). Furthermore, the study hypothesised that
diabetic rats had slightly lower non-enzymatic activity of SOD,
GSH, and CAT in liver tissue than usual control rats.

In the current research, it was discovered that the diabetes-
controlled community had a higher level of MDA and lower activ-
ity of non-enzymatic antioxidants GSH, SOD, and CAT, resulting in
substantial oxidative stress in the rat, which would be clinically
verified via biochemical review. When the fustin-treated group
was exposed to biochemical examination, substantial decreases
in lipid peroxide levels were observed, while significant increases
in GSH, SOD, and CAT activity.

Furthermore, higher blood glucose levels and reactive oxygen
species degradation are connected to increased MDA activation
(ROS). Through non-enzymatic glycation of proteins and auto-
oxidation, glucose can enhance the production of reactive oxygen
species. (Abirami and Kowsalya, 2013). In hyperglycemia, oxida-
tive breakdown of fructosamines can cause oxidative stress.
(Greene et al., 1999). In STZ-induced diabetic rats, we found a sig-
nificant rise in MDA levels and a reduction in SOD, CAT, and GSH
levels. Treatment of rats with higher-lower doses of fustin and
glibenclamide, on the other hand, lowered MDA levels, returning
SOD, CAT, and GSH levels to near-normal levels.. Moreover, fustin
treated group showed significant reduction in MDA levels
(p < 0.001)

Induction of diabetes with the administration of STZ resulted in
weight loss, elevated blood glucose levels, altered liver profile, dys-
lipidemia, and irregular serum levels of hormones such as insulin
all were confirmed through biochemical finding. The ability of fus-
tin to exert strong antioxidant effects by controlling stress
biomarkers and producing a reverse effect on low serum insulin
levels found in diabetic rat models are possibly involved in the
underlying molecular mechanisms of action. If preclinical evidence
is validated for clinical trials, fustin will be a pivotal candidate for
treating metabolic syndrome in the future.
5. Conclusion

The findings suggest that fustin favourable effect on STZ-
induced diabetes may be attributable to its antidiabetic and
antioxidant capabilities, which might lead to the development of
cost-effective phytochemical options for diabetes management.
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