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ABSTRACT: Fustin is a prominent ingredient of Rhus verniciflua Stokes (Anacardiaceae) and has a wide range of pharmacological
and clinical effects. The present study attempted to evaluate the antidiabetic potential of fustin in streptozotocin- and high-fat diet-
induced diabetes in rats. The efficacy of fustin 50 mg/kg and 100 mg/kg/day p.o. was studied in 60% of total calories from fat as a
high-fat diet along with single-dose administration streptozotocin (50 mg/kg, i.p.) experimentally induced diabetes in rats for 42
days. The mean body weight; blood glucose; and biochemical parameters such as lipid profile, total protein (TP), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), malondialdehyde (MDA), tumor necrosis factor-α (TNF-α), insulin,
leptin levels, adiponectin levels, glutathione (GSH), superoxide dismutase (SOD), and catalase (CAT) activity in serum were
measured. The rats’ weight was maintained in the fustin groups compared to the diabetic control group. Diabetes caused a significant
increase in serum levels in blood glucose, lipid profile, MDA, TNF-α, ALT, and AST parameters and a decrease in serum insulin,
adiponectin, leptin, GSH, SOD, and CAT compared to healthy rats. The treatment regimen with fustin (50 and 100 mg/kg)
significantly restored all serum parameters in test groups. The present study found clinical evidence for the first time regarding the
significant antidiabetic property of fustin, which could be a worthwhile candidate for the treatment of diabetes.

1. INTRODUCTION

Among all chronic metabolic clinical conditions that occur
worldwide, diabetes mellitus (DM) is considered to be one of
the most common and prevalent disease conditions. As
compared to type 1 DM, the rate of occurrence of type 2 is
about 95% of all cases. Type 2 DM is characterized by the
complex type of metabolic syndrome where insulin resistance
leads to the uncontrolled type of hyperglycemic conditions.
The comorbidities associated with type 2 mainly include
clinical conditions such as obesity, stroke, and heart diseases.1

Uncontrolled, high-calorie, and high-trans-fat diets are
clinically associated with type 2 cases in the present scenario.
The complications of type 2 diabetes mainly include genetic
predisposition, dietary habits, and sudden lifestyle changes.
Obesity is recognized as the most prevalent factor for type 2

diabetes in humans and experimental animal models.2

Streptozotocin (STZ) and nicotinamide are two recognized
agents used for induction of clinical diabetes in experimental
animal models.3,4 However, the knockout or inherited strains
(e.g., db/db and ob/ob mice) of animals are also specifically a
choice for an experimental animal model for hyperglycemia.5

Development of type 2 DM with proper insulin resistance
and dysregulated insulin function in mice can be achieved by
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implementing high-fat diet (HFD)-induced models.6 The
implications of metabolic properties can exert additive effects
with the use of the HFD model.7 Previous reports identified
the role of some important pathways responsible for induction
of reactive oxygen species in DM such as polyol, advanced
glycation end (AGE) products, and autoxidation of glu-
cose.8−10 The commercially available treatment for DM is
associated with lifelong utilization of drug therapy, which is
prone to the development of life-threatening severe adverse
events or clinical complications such as lactic acidosis and
frequent hypoglycemic events.11 The treatment regimen
includes the usage of drugs such as sulfonylureas, a-glucosidase
inhibitors, and biguanides, along with certain nonmedicinal
management, which includes diet and exercise therapy.12,13

The traditional herbal medicinal plant Rhus verniciflua Stokes
from the family Anacardiaceae is implemented for the
treatment of various diseases such as DM (heartwood),
helminthiasis, and menstrual problems. Previously reported
studies postulated that the heartwood of R. verniciflua is rich in
a flavonoid active biocomponent fustin, which is known to
have vital clinical effects on diseases, such as rheumatoid
arthritis and Alzheimer’s disease.14 The projected protocol
study also confirmed the presence of an abundant amount of
flavonoid fustin in the orange inner heartwood of the plant R.
verniciflua.14 Another study also demonstrated the promising
protective activity of a flavonoid fustin extracted from R.
verniciflua Stokes in 6-hydroxydopamine-treated SK-N−SH
human neuroblastoma cells.15

Previous reports in the literature demonstrated the
significance of the antioxidant property of certain supple-
mentary compounds known to promisingly improve overall
diabetic outcomes, especially in chronic conditions where
oxidative stress is a crucial contributing factor.16 The widely
consumed beverages, such as lemonade, prepared from fruits of
this plant have promising antioxidant and antimicrobial
activities.17 Furthermore, different sections of the plant, an
assortment of therapeutic properties, are used in dealing with
different ailments, mainly generalized bacterial infections,
asthma, and inflammatory conditions.18 Similarly, other plants
of the species Rhus (i.e., R. verniciflua) rich in polyphenolic
constituents demonstrate promising antitumor and anti-
inflammatory potentials,19 and the bark of verniciflua
containing important active constituents such as flavonoid
also demonstrates the potent neuroprotective activity and may
be a good candidate for enhancing the cognitive type of
therapeutic activity.20 In this way, it is critical to investigate the
significance of the phytogenic therapeutic activity and the
chemical constituents of Rhus typhina L.
However, the detailed antioxidant and the antidiabetic

potential of this bioconstituent in a diabetic animal model has
not yet been reported. Thus, the current study investigates the
antidiabetic activity of fustin in an experimental animal model
of diabetes.

2. RESULTS
2.1. Mean Body Weight. 2.1.1. Effect of Fustin on the

Body Weight of Diabetic Rats. Figure 1 demonstrates that at
the end of the study, the mean body weight of rats of the
diabetic control group was recorded, whereas the standard
drug glibenclamide-treated group significantly restored the
body weight of the animals (p < 0.05). The fustin testing group
with 50 and 100 mg/kg significantly restored the weight of the
animals (p < 0.05), followed by a post hoc test.

2.2. Blood Glucose. 2.2.1. Effect of Fustin on Blood
Glucose Levels in Diabetic Rats. Figure 2 shows the effect of

fustin on the blood glucose of diabetic rats. The HFD and low-
dose STZ-induced diabetic rats exhibited a highly significant
elevation (p < 0.001) in blood glucose levels from day 21
onward, indicating the successful induction of diabetes in all
groups in comparison to normal control rats, which further
increased during the experimental period. After treatment for 6
weeks, glibenclamide 5 mg/kg and fustin 100 mg/kg showed a
highly significant decrease (p < 0.001) in blood glucose,
whereas fustin 50 mg/kg was found to be moderately

Figure 1. Mean body weight change.

Figure 2. Effect of fustin on blood glucose level in HFD and STZ-
induced diabetic rats.
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significant (p < 0.01) as compared to the diabetic control
group (p < 0.001).
2.3. Lipid Analysis. 2.3.1. Effect of Fustin on Lipid Profile

in Diabetic Rats. Figure 3A−D demonstrates that on the
termination day of the research protocol, the diabetic control
group shows a highly significant pathological variance in serum
lipid profiles, such as total cholesterol (TC), total protein
(TP), triglyceride (TG), and high-density lipoprotein (HDL)
levels. In the experimental protocol, the disease (diabetic)
control animals exhibit highly significant elevations (p < 0.001)
in serum TC, TP, and TG, whereas a significant decrease (p <
0.001) in serum HDL levels is observed compared to the
normal control group. Treatment schedule with standard drug
glibenclamide 5mg/kg and test drug fustin 100mg/kg more
significantly attributed the elevated concentrations of serum

lipid contour mainly TC, TP, and TG (p<0.001) in
experimental protocol whereas, significantly restoring the levels
of HDL in both groups. Treatment schedule with the lower
dose of fustin 50 mg/kg moderately decreases (p<0.01) the
levels of TC and TP, and less significantly decreases the levels
of TG and significantly restored the serum levels of HDL
(p<0.05) by one-way ANOVA followed by post hoc parametric
test analysis. The treatment schedule with the lower dose of
fustin 50 mg/kg moderately decreases (p < 0.01) the levels of
total cholesterol and total protein, less significantly decreases
the levels of triglyceride, and significantly restores the serum
levels of HDL (p < 0.05) by one-way analysis of variance
(ANOVA), followed by a post hoc parametric test analysis.

2.4. Serum Biochemical Analysis. 2.4.1. Effect of Fustin
on Serum Alanine Aminotransferase (ALT) and Aspartate

Figure 3. Effect of fustin on the lipid profile level in HFD and STZ-induced diabetic rats. (A) TC, total cholesterol; (B) TG, triglycerides; (C)
HDL, high-density lipoprotein; and (D) TP, total protein.
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Aminotransferase (AST) Levels in HFD and Low-Dose STZ-
Induced Diabetic Rats. Figure 4A,B clearly shows that after
termination of treatments in the experimental protocol, the
diabetic control group exhibited a remarkable increase (p <
0.001) in the serum levels of ALT and AST compared to the
normal control groups. The treatment schedule with the
standard drug glibenclamide 5 mg/kg and the test drug fustin
100 mg/kg significantly decreases (p < 0.001) ALT in the
standard drug treatment protocol and moderately decreases (p
< 0.01) the serum levels of AST in both the test and the
standard control groups. Treatment with a low dose of the test
drug fustin 50 mg/kg less significantly (p < 0.05) diminishes
the elevated levels of serum ALT and AST.
2.5. Insulin, Leptin, and Adiponectin Analysis.

2.5.1. Effect of Fustin on Serum Insulin, Leptin, and
Adiponectin in HFD and Low-Dose STZ-Induced Diabetic
Rats. Results of the experimental study revealed a remarkable
decrease (p < 0.001) in the serum levels of insulin, leptin, and
adiponectin in the diabetic controls as compared to the normal
control animals. The treatment schedule with the standard
drug glibenclamide 5 mg/kg and the test drug fustin 100 mg/
kg moderately decreases (p < 0.01) the fluctuated serum FFA
levels such as leptin, adiponectin, and insulin as compared to
the diabetic control groups and less significantly restores the
elevated levels of insulin, leptin, and adiponectin as compared
to the disease control groups (diabetes-induced group) with a
low dose of the test drug fustin 50 mg/kg (p < 0.05) (Figure
5A−C).
2.6. Oxidative Stress Biomarkers. 2.6.1. Effect of Fustin

on Hepatocyte Biomarkers of Oxidative Stress and TNF-α in
HFD and STZ-Induced Diabetes in Rats. At the end of the
experimental protocol, it was observed that the diabetic control
animals had a remarkable decrease (p < 0.001) in intracellular
levels of glutathione (GSH), superoxide dismutase (SOD), and
catalase (CAT) activity, whereas a significant increase (p <
0.001) in malondialdehyde (MDA) and TNF-α as compared
to the normal control groups was observed. The treatment
regimen with the standard drug glibenclamide 5 mg/kg and the

test drug fustin 100 mg/kg more significantly decreases (p <
0.001) the elevated intracellular indices of MDA and TNF-α.
Furthermore, it restores the suppressed antioxidant enzymes
GSH, SOD, and CAT as compared to the diabetic control
groups. However, a low dose of the test drug fustin 50 mg/kg
less significantly [(p < 0.01) and (p < 0.05)] restores the
elevated intracellular levels of MDA and TNF-α as compared
to the diabetic control groups and moderately increases (p <
0.01) the levels of GSH, SOD, and CAT (Figure 6A−E).

3. DISCUSSION

In comparison, in the analysis between the normal control and
the HFD and STZ-induced diabetes rats, diabetic rats show
specific clinical symptoms of diabetes, which mainly include a
reduction in body weight, polydipsia, and hyperglycemia.21,22

Similar to a previously reported study,22 in the present study,
there is a remarkable reduction in body weight that occurs in
HFD and STZ treatment at the end of the study. Moreover,
treatment with HFD and STZ during 12 weeks significantly
decreases the body weight in all treated groups, whereas HFD-
fed rats show increased body weight and after administration of
STZ, a progressive reduction in body weight was observed in
the experimental groups. The underlying clinical correlation
behind the reduction of weight was assumed to be insulin
deficiency that leads to protein and fat catabolism.21 Similarly,
another set of protocols on diabetes postulated that rats of the
HF-STZ group showed elevated levels of serum glucose when
subjected to analysis for serum blood on days 16th and 18th,
indicating that HF-STZ is an efficient tool for induction of
diabetes in an animal model. This clinical elucidation helps us
to select a proper model for evaluating the antidiabetic
potential of fustin in the present study.23

Earlier investigations have identified the significance of
abnormal serum lipid levels in microvascular complications
associated with diabetes.24 Previously reported data postulated
the efficacy of extraction of Embelia ribes on diabetes-induced
dyslipidemia in experimental animal models. In view of
histopathological abnormalities in the experimental animal

Figure 4. Effect of fustin on serum (A) AST, aspartate aminotransferase and (B) ALT, alanine aminotransferase levels in HFD and STZ-induced
diabetic rats.
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group treated with HFD and STZ, type 2 diabetes revealed
abnormality in hepatic tissue associated with lipid and fat
accumulation. However, animal groups treated with E. ribes
extract demonstrated a remarkable reduction in lipid
accumulation in hepatocytes. The mechanism through which
fat reduction was achieved includes the inhibition of lipase
activity from the pancreas, which is a fruitful outcome for the
treatment of metabolic disorders and obesity.25

The previously reported data on type 2 diabetes revealed
that liver stenosis and lipid dysfunction type of metabolic
disorders had a high rate of prevalence among patients. This
study also focuses on type 2 DM and the contribution of
infrared in the development of liver-associated problems such
as hepatocyte steatosis, decreased lipolysis, increased free fatty
acids (FFAs), and liver lipid accumulations.26 Several other
investigators also demonstrated that the HFD and STZ animal
models displayed increased hepatic triglyceride and abnormal

lipid counts along with a remarkable elevation of liver
pathogenic biomarkers in the serum.21,22,27

Similarly, some of the important investigations stated that
classes of adipokines, specifically free fatty acid, adiponectin,
and leptin, are important biomarkers and have key roles in the
pathology of type 2 diabetes. In this study, free fatty acids and
their abnormal serum concentrations are crucial biomarkers for
the pathogenesis of type 2 diabetes and its connections to β-
cell dysfunctions where serum levels, mainly leptin, adipo-
nectin, and free fatty acids (FFAs), are significantly decreased
in diabetic conditions.28 An antidiabetic study of E. ribes
extract postulated that there is a significant reduction of serum
FFA levels of leptin and adiponectin in the diabetic control
group, whereas the animal group treated with E. ribes
significantly improves the circulating levels of these FFAs in
the serum.29 This investigation clearly demonstrated that
serum leptin and adiponectin levels are remarkably decreased
in the diabetes-treated group as compared to the normal

Figure 5. Effect of fustin on serum (A) insulin, (B) leptin, and (C) adiponectin in HFD and STZ-induced diabetic rats.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c03068
ACS Omega 2021, 6, 26098−26107

26102

https://pubs.acs.org/doi/10.1021/acsomega.1c03068?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c03068?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c03068?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c03068?fig=fig5&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c03068?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


control groups, and this postulation was clinically correlated in
the present study where the treatment group that received
fustin efficiently increased the adipokine profiling, such as
leptin and adiponectin. Previously reported studies also show
that the HFD model or obesity is an important contributing
factor for the development of oxidative stress, which gradually
increases with the development of diabetes.30,31 In some
studies, it was found that an increased level of blood glucose
diminishes enzymatic antioxidant levels such SOD and CAT
that result in the free radical scavenging activity, which is finally
counted for lipid peroxidation.32 The nonenzymatic antiox-
idant GSH plays a protecting role in oxidative damage to cells,
and this antioxidant is majorly found in the liver and involved
in the process of liver detoxification. The experimental model
for diabetes revealed elevated serum levels of lipid peroxides
(MDA). Furthermore, the study also postulated a remarkable
reduction in the nonenzymatic activity of SOD, GSH, and
CAT from the liver tissue of diabetic rats as compared to the
normal control rats. Likewise, in the present study, it was
observed that the diabetes control group showed an increased
level of MDA and decreased activity of nonenzymatic
antioxidant GSH, SOD, and CAT that resulted in significant
reflections of oxidative stress to a rodent, which is clinically

confirmed via a biochemical analysis. The treatment with fustin
as protecting properties against diabetes and HFD-induced
oxidative stress. The fustin-treated group when subjected to
biochemical analysis demonstrated a significant decrease in the
lipid peroxide levels; on other hand, there was a significant
increase in the activity of GSH, SOD, and CAT in the group
treated with fustin. TNF-α is one of the significant
contributing factors in the pathogenesis, and all steps of
nonalcoholic steatohepatitis are associated with oxidative
stress. The most rationalized therapy regimen for NASH is
targeting TNF-α.33 In view of the abovementioned pathway,
previously reported studies observed that HFD-treated rats
showed a significant increase in hepatic TNF-α and plasma
MDA levels. After treatment with the testing drug α-lipoic acid,
we observed a significant reduction of the inflammatory
biomarker TNF-α, which concurrently reduces oxidative stress
in rodents.34 Hence, the reported study strongly put forward
TNF-α as an important biomarker in oxidative stress. Similarly,
based upon the hypothesis, we postulated the role of fustin
against TNF-α-associated oxidative stress in an experimental
diabetes model. In our study, we observed that the diabetes-
treated group showed a remarkable increase in serum TNF-α

Figure 6. Effect of fustin on hepatic markers of oxidative stress and TNF-α in STZ and HFD-induced diabetic rats. (A) GSH, reduced glutathione;
(B) SOD, superoxide dismutase; (C) CAT, catalase activity; (D) MDA, malondialdehyde; and (E) TNF-α, tumor necrosis factor-α.
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(p < 0.001) levels. Furthermore, the fustin-treated group
showed a significant reduction in TNF-α levels (p < 0.001).

4. CONCLUSIONS

In this study, induction of diabetes with the administration of
HFD and STZ resulted in weight reduction; increased blood
glucose levels; abnormal liver profile; dyslipidemia; and
abnormal serum levels of certain hormones such as insulin,
leptin, and adiponectin through biochemical findings. The
underlying molecular mechanisms of action are probably
involved, and the ability of fustin to exert strong antioxidant
effects by regulating stress biomarkers, mainly TNF- α, and
producing a reverse effect on low serum levels of adiponectin
and leptin is observed in HFD and STZ in the diabetes-
induced rat model. The present study found clinical evidence
for the first time regarding the significant antidiabetic
antihyperlipidemic activities. Further, fustin also suppressed
elevated liver function enzymes and oxidative stress. Findings
and analysis of different biochemical and intracellular enzyme
levels clearly show that fustin may be a potential candidate in
the development of economical phytochemical alternatives for
the prognosis of diabetes and its complications. In the future,
fustin will be a pivotal candidate for the treatment of metabolic
syndrome if preclinical data are validated for clinical trials.

5. METHODOLOGY

5.1. Animals. Wistar rats (150−200 g) were housed in
standard laboratory conditions comprising (n = 6) a 12:12 h
light/dark cycle module with 24 ± 3 °C temperature and 50−
60% controlled humidity. The rats received a 60% total calories
fat diet and water ad libitum. The rats were acclimatized for 7
days under standard laboratory conditions. The research
protocol was approved for conducting experiments on rodents
by the Local Committee of Bioethics (LCBE) (RKDFCP/

IAEC/2020/33), and the study was conducted in RKDFCP,
India.

5.2. Drugs and Chemicals. STZ was purchased from
(Sigma-Aldrich). Fustin (Figure 7), dimethyl sulfoxide
(DMSO), and all other consumables utilized for the experi-
ments were of analytical standards.

5.3. Experimental Design. The present experimental
study design was based on previously reported studies with
slight modification.23,35,36 Rats with more than 250 mg/dL
levels of fasting blood glucose levels were considered for the
study and randomized into five groups (n = 6). All of the rats
that were tested were subjected to a 60% total calories high-fat
diet until the end of the study, i.e., 6 weeks. After 2 weeks, i.e.,
on the 14th day of the study, the rats were subjected to
overnight fasting for 12 h and administered a 50 mg/kg, i.p.,
single dose of STZ prepared in a 0.1 M cold citrate buffer (pH
4.5). The design of the experimental protocol is shown in
Figure 8. The treatment was initiated on the 14th day post-
STZ administration, which was considered as the first day of
the regimen, and continued thereafter for 4 weeks with
glibenclamide (5 mg/kg p.o.) and fustin (50 and 100 mg/kg/
day p.o.) as standard and test groups soluble with DMSO,
respectively. The normal and diabetic control groups received
vehicles via an oral route during the said period. Blood glucose
was measured every week, and the body weight at the onset
and at the end of the study. At the end of the investigation (6
weeks), the animals were placed individually for 24 h in
metabolic cages. For obtaining blood samples, the animals
were given mild anesthesia and blood was taken from the retro-
orbital sinus using heparinized capillary tubes, and the serum
was separated by centrifugation of blood at 4000 rpm for 10
min and subjected to biochemical estimation.

5.4. Biochemical Evaluation in Serum. 5.4.1. Serum
Lipid, Liver Test, and TNF-α Estimation. Serum lipids, ALT,
AST, and TNF-α were determined following the manufac-

Figure 7. Fustin structure.
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turer’s instructions. Briefly, the samples were diluted at 1:101
or 1:20, respectively, with buffer, incubated for 60 min at 37°
in a 96-well plate according to protocols of washing and
incubation cycles, together with controls and the required
reagents. Parameters were quantified using a microplate reader
adhering to the manufacturer’s instructions and using assay kits
by enzymatic methods.
5.4.2. Determination of Serum Leptin, Adiponectin, and

Insulin. Serum leptin, adiponectin, and insulin levels were
measured using ELISA kits and previously mentioned methods
and protocols suggested by manufacturers with slight

modifications. Following protocol, serum was separated from
animals and centrifuged at 14 000 rpm for 10 min. The desired
number of coated strips were placed in a holder, and standard
(e.g., insulin, leptin, and adiponectin), control, and serum
samples were pipetted into appropriate wells. After adding
working insulin enzyme conjugates, the samples were
incubated for 60 min at 20−25 °C. After incubating three
times, the samples were washed with 300 μL of wash buffer.
After adding 100 μL of TMB substrate, the samples were
subjected to incubation at room temperature for 15 min. After
the final incubation, the required quantity of stopping solution

Figure 8. Experimental design.
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was added to all wells and subjected to absorbance reading on
a monochromatic microplate reader at 450 nM.37

5.4.3. Biochemical Indicator Assessment. The biochemical
indicator assessment was performed based on a previously
reported study.22 Serum estimation of oxidative stress
biomarkers was carried out according to a previously reported
study with slight modification. In the assessment, a specimen
organ (liver) was removed from each group with 10% w/v and
homogenized separately with a homogenizer. For the
estimation of the presence of different protein contents, the
specimens were homogenized in 7.4 pH phosphate buffer
saline (PBS) of conc. 10 and 50 mM for determination of
malondialdehyde (MDA) by thiobarbituric acid reactive
substances and the reduction in glutathione (GSH) level,
superoxide dismutase (SOD), and the catalase (CAT) activity.
According to the method for estimation of protein presented
by Rosebrough et al., the obtained tissue homogenate was
subjected to centrifugation at 10 000 rpm for 15 min.38 The
pink chromogen produced indicates formation of MDA as the
final product. MDA, an indicator of lipid peroxidation, reacts
with TBA and produces TBARS, a pink chromogen, measured
spectrophotometrically at 532 nm. A MDA standard was used
to obtain a standard curve against which absorption of the
samples was recorded.39 Similarly, GSH produced a yellow
compound on spectrophotometric evaluation at 405 nM on
employing commercially available kits and their manufacturers’
instructions for estimation.40 Determination of the CAT
enzyme activity based on earlier reported methods by Sinha
including colorimetric estimation at 570 nM in the presence of
hydrogen peroxide and glacial acetic acid was carried out.41

Determination of the superoxide dismutase enzyme activity
was performed by employing a 96-well microplate reader at
490 nM, available commercial kits, and the manufacturers’
instructions for use to indicate the required amount of protein
to inhibit auto-oxidation of 6-hydroxydopamine.42

5.5. Statistical Analysis. The data were analyzed using a
Windows-based software (GraphPad Prism) version 5.02.
Results of the present study are expressed as mean ± standard
error of the mean (SEM). One-way analysis of variance
(ANOVA), followed by Tukey’s multiple comparison test, was
performed to test the significance levels and plot the difference
between the variables among each group. p values of less than
0.05 were considered statistically significant.
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