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ABSTRACT

Traditional medicines derived from medicinal plants are widely used across the globe. Studying the therapeutic properties of these plants, particularly
for conditions such as diabetes, is essential for developing natural treatment options. This study investigates the antidiabetic potential of an Ayurvedic
herbal mixture, focusing on glucose uptake, alpha-amylase inhibition, antioxidant activity, and cytotoxicity. Various assays were employed to evaluate
the herbal blend’s efficacy at different concentrations. Glucose uptake was assessed using yeast cells and the HepG2 cell line, while the alpha-amylase
inhibition assay measured the mixture’s impact on this enzyme. The antioxidant activity was examined through a radical scavenging assay, and
cytotoxicity was evaluated on HepG2 cells. Additionally, phytochemical screening identified active compounds within the herbal concoction. Results
demonstrated that the Ayurvedic mixture significantly enhanced glucose uptake in yeast cells and the HepG2 cell line and inhibited alpha-amylase
activity. The herbal blend also showed strong antioxidant activity, as indicated by radical scavenging. The phytochemical analysis confirmed the
presence of bioactive compounds with potential therapeutic benefits, and the cytotoxicity assay revealed no significant cytotoxic effects on HepG2 cells
at the tested concentrations. In summary, the study suggests that this Ayurvedic herbal mixture has promising antidiabetic and antioxidant properties,
making it a potential natural therapy for diabetes. However, further research, including in vivo studies and clinical trials, is required to validate its

therapeutic efficacy and safety.
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INTRODUCTION

Diabetes mellitus, stemming from pancreatic $-cell dysfunction,
causes hyperglycemia due to insufficient insulin ' or a
combination of inadequate secretion and insulin resistance
(Type2). Prolonged high blood sugar levels disrupt carbohydrate,
lipid, and protein metabolism, leading to chronic complications
and organ failure.? 3

China, India, and the US lead in diabetes prevalence, with China
projected to have 140.5 million cases and India 134.2 million by
2045.4 Globally, Non-communicable diseases account for 74% of
deaths, with diabetes causing 1.6 million deaths in 2019 and are
projected to reach 592 million fatalities by 2035.! Currently, 463
million individuals have diabetes, expected to rise to 700 million
by 2045.°

Contemporary medications used to regulate blood glucose levels
globally include insulin, thiazolidinediones (glitazone),
biguanides (such as metformin), sulfonylureas, o-glucosidase
inhibitors, DPP-4 inhibitors, meglitinides (glinides), and incretin
mimetics. While these drugs have proven mechanisms of action,
they often lead to serious side effects and adverse reactions,
posing challenges in treatment. For example, metformin improves
insulin sensitivity but commonly causes gastrointestinal

discomfort and is contraindicated in certain conditions.
Thiazolidinediones decrease insulin resistance but are associated
with weight gain, fluid retention, and increased cardiovascular
risk, especially in patients with liver impairment or heart failure.
Rosiglitazone has been linked to heightened cardiovascular
disease risk.°

Intensive control of postprandial hyperglycemia can mitigate
diabetes-related complications, yet existing treatments often fall
short. There is a need for more effective strategies, particularly in
non-insulin-dependent type 2 diabetes. a-Amylase inhibition
targets postprandial glucose spikes by impeding carbohydrate
conversion in the small intestine.” Oxidative stresses, worsened
by high blood sugar levels, contribute to cellular damage.® Plant
extracts with both antioxidant and a-Amylase inhibitory
properties are sought after, aiming to mitigate oxidative stress and
regulate blood glucose levels effectively.

India boasts around 45,000 botanical species, thousands of which
have medicinal potential. Plant-based antidiabetic therapies have
been used for centuries due to their perceived safety, cost-
effectiveness, and prevalence in ancient medical traditions like
Indian, Korean, and Chinese practices. Some key species studied
to have antidiabetic effects include Ipomoea batatas
(Sakkarkand), Murraya koenigii (Curry patta), Phaseolus
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vulgaris (Hulga), Scoparia dulcis (Sweet broomweed), Vinca
rosea (Sadabahar), Withania somnifera (Ashwagandha).’

This study explores the antidiabetic activity of a formulation with
medicinal plants - Tinospora cordifolia, Hemidesmus indicus,
Terminalia chebula, and Coriandrum sativum using in vitro
approaches. In traditional Indian folk medicine, Tinospora
cordifolia regulates blood glucose by reducing oxidative stress
and inhibiting gluconeogenesis, containing various beneficial
compounds.'® Additionally, Terminalia chebula reduces blood
glucose and lipid peroxidation while enhancing glucose tolerance
through its phytochemicals, akin to Acarbose's effects.!! Indian
Sarsaparilla, or Hemidesmus indicus, is an Ayurvedic rasayana
plant with antibacterial and hypoglycaemic effects, inhibiting
gluconeogenesis and reducing blood sugar levels.'? Coriandrum
sativum seeds possess anti-inflammatory, antioxidant, and anti-
hyperglycaemic properties, offering the potential for managing
both type 1 and type 2 diabetes.'?

The integration of herbal medicine into modern medical practices
faces obstacles due to insufficient clinical and scientific evidence
on its efficacy and safety. Addressing this requires conducting
clinical research, setting up basic bioassays for biological
standardization, evaluating pharmacological and toxicological
effects, and utilizing various animal models for safety
assessments. Identifying active ingredients in plants is also
essential. This study scientifically validates the antidiabetic
activity of an aqueous herbal blend.

MATERIAL AND METHODS

Extract preparation (Antidiabetic Extract — AD Extract)

The extract was prepared using the method Tarek A. El-Desouky
gave, with slight modifications.'* Briefly, 100 mg of the herbal
mixture was stirred with distilled water for hours, then filtered
using a 0.22-micron filter to obtain a stock solution of 10 mg/ml.

Cell line

HepG2 cell lines were ordered from the National Center for Cell
Science, Pune and kept at 37 °C at 5% CO, in DMEM with 10%
FBS.

Phytochemical analysis for screening bioactive compounds in
the AD extract

Phytochemicals were screened by methods described by
Kancherla 2019."3

Phytochemical Fingerprinting

Samples and standards were diluted to 100 ppm concentration.
The analysis utilized a C18 column with a mobile phase of
methanol-water containing 1% glacial acetic acid. The mobile
phase flowed at 1 mL/min at room temperature. Detection was
performed at 280 nm wavelength.

Antioxidant Activity

The DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay followed the
Doan 2018 method.'® AD extract concentrations were mixed with
0.004% DPPH solution and incubated in the dark. Absorbance
was measured at 517 nm, with Gallic acid as the positive control.
Tests were conducted in duplicates. DPPH radical-scavenging
activity was calculated using a standard formula.

% DPPH Radical Scavenging Activity = [Absorbance control —
Absorbance ap Extract / Absorbance controt] * 100

Amylase Enzyme Inhibition Assay
The o-Amylase inhibition assay followed by the method
mentioned in Poovitha et al.'” The AD extract was pre-incubated

with o-amylase solution, then mixed with 1% starch solution,
both made in sodium phosphate buffer (pH 6.9). After incubation,
DNSA solution was added and boiled. Absorbance was measured
at 540 nm. Distilled water served as the control, while Acarbose
was the positive control. The % inhibition of a-Amylase activity
was calculated.

% Inhibition = [Absorbance control — Absorbance ap xtract /
Absorbance control] * 100

Assessment of Glucose Absorption
A glucose absorption assay was followed by Rehman and
Odeyemi’s method.'®!°

Yeast cells

Baker's yeast was soaked overnight, and a yeast suspension was
prepared. Various concentrations of AD extract were combined
with 15 mM glucose solution and incubated. After 10 minutes,
yeast suspension was added and further incubated for 1 hour.
Glucose levels were measured using a glucometer, with
metronidazole as a positive control.

HepG2 cells

HepG2 cells were treated with AD extract for 48 hours, followed
by incubation with media containing 15 mM Glucose. Glucose
levels were measured using a Glucometer, comparing against
untreated cells (negative control) and metformin (positive
control). The percentage increase in glucose absorption was
calculated using the given formula:

% Increase in uptake of glucose = (mg/dL control - Mg/dL Exiract) /
mg/ dL control *100

Cytotoxicity Assay

Cytotoxicity assay was carried out using 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium  bromide (MTT) assay
following Rastegar’s method.?° Cells were treated with different
AD extract concentrations for 24 hours after allowing the cells to
adhere. 0.2% MTT solution was added and incubated; absorbance
was measured at 540 nm. Cell survival percentage was calculated
relative to the positive control, paracetamol, to determine
cytotoxicity.

% Cell survival = Absorbance Ap gxtract / Absorbance control * 100

Statistical analysis
GraphPad Prism version 8.0 was used, and statistical analysis was
performed using the One Way ANOVA and Student T-test.

RESULTS

Phytochemical Analysis

The qualitative phytochemical screening of plant extracts was
performed to identify the bioactive compounds present in the
extract, and the analysis revealed the presence of flavonoids,
saponins, phenols and tannins, which implies their medicinal
properties. Results for the same are summarized in Table 1.

Phytochemical Fingerprinting

The HPLC analysis was performed to find the specific flavonoids
and tannins, such as rutin and catechol, which confirmed their
presence, as demonstrated in Figures 1 A and B. The rutin and
catechol concentrations were 2.554/100 ppm and 75.77/100 ppm,
respectively.

Antioxidant activity
The ability of the extract to scavenge harmful radicals is
calculated by its DPPH radical scavenging activity; the graph in
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Figure 2 exhibited a dose-dependent increase peaking at 90.85%
at a dosage of 5 mg/ml. However, at lower doses of 0.1 and 0.5
mg/ml, the extract showed no significant radical scavenging
activity compared to the standard gallic acid. The performance of
the extract was comparable to gallic acid, with an increase in
concentration and no statistically significant difference.
Pertaining to the antioxidant activity, the lowest dose of 0.1
mg/ml was not considered for further analysis.

a-Amylase Enzyme Inhibition Assay

The alpha-amylase enzyme inhibition assay was performed to
examine the inhibitory activity of the extract towards alpha-
amylase. The extract exhibited an 88.75% inhibition at 0.1 mg/ml,
as illustrated in Figure 3, showing significant antidiabetic
potential. Despite being slightly less effective than metformin, no
statistically significant differences were observed between the
extract and metformin control.

Assessment of Glucose Absorption

The glucose uptake assay was conducted to assess the ability of
the extract to enhance glucose uptake in HepG2 cells and yeast
cells. The results illustrated in Figure 4 a indicate that the AD
extract consistently increased glucose uptake as its concentration
increased. When compared to standard metformin, the increase in
glucose uptake had a steadily growing trend. However, the
difference was not found to be statistically significant. In contrast,
HepG2 treated with the Ayurvedic blend showed a dose-
dependent and statistically significant improvement in glucose
update compared to metformin (Figure 4 b).

Cytotoxicity Assay

This assay was performed to evaluate the toxic effects of the AD
extract on HepG2 cells. The results depicted in Figure 5 indicate
that the extract exhibited no toxicity to the cells even at 10 mg/ml
concentrations compared to paracetamol, which led to a
substantial decrease in cell viability even at lower concentrations.

Table 1: Bioactive Compounds in the AD Extract

Phytochemical tests Phytochemicals Absent/Present
Mayer’s test. Alkaloids Absent
Lead acetate test. Flavonoids Present
Salkowski’s test. Steroids Absent
Foam test Saponins Present
Keller—Killiani test. Glycosides Absent
Ferric chloride test. Phenols Present
Gelatin’s test. Tannins Present
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Figure 1: (a) Chromatogram of rutin and catechol, (b) chromatogram of AD extract.
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Figure 2: DPPH assay for AD Extract (p<0.05 was considered significant when compared to standard Gallic acid)
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Figure 3: Amylase inhibition of AD extract compared to metformin (p<0.05 was considered significant when compared to standard
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Figure 4: Percent increase in glucose uptake in (a) Yeast cells and (b) HepG2 cells (p<0.05 was considered significant when compared to
standard metformin)

Cytotoxicity Assay on HepG2 Cells

150

100 **

% Viability

12y
o
1

0~

1 AntiD Extract
[ Paracetamol

Kkkk

KKK

0.5 mg/ml 1 mg/ml

5mg/ml 10 mg/ml

Figure 5: Cytotoxicity assay on HepG2 cells compared to paracetamol (p<0.05 was considered significant when compared to standard
paracetamol)

DISCUSSION

The study explores the antidiabetic potential of phytochemical
compounds in Tinospora cordifolia, Hemidesmus indicus,
Terminalia chebula, and Coriandrum sativum. These
compounds, including flavonoids, saponins, phenols, and tannins,
exhibit various antidiabetic effects. Catechol, a phenolic
compound, enhances insulin secretion and sensitivity, inhibits
glucose absorption, and modulates intracellular signalling.”!

Flavonoids act as antioxidants, mitigate oxidative stress and
modulate insulin secretion and signalling. Rutin, a flavonoid,
decreases carbohydrate absorption, improves tissue glucose
uptake, and inhibits gluconeogenesis.?> Saponins in Hemidesmus
indicus increase insulin production and action, inhibit
gluconeogenesis, and upregulate GLUT4 expression, enhancing
glucose absorption. Furthermore, Hemidesmus indicus's tannin
content induces glucose transport via the insulin-mediated
signaling pathway.?® The study highlights the antioxidant
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potential of the AD extract by evaluating proton-donating ability
and potential as a free radical suppressor. The study also revealed
the efficiency of AD extract in inhibiting amylase enzymes,
showing higher inhibition at lower concentrations than
metformin. However, inhibition slightly decreased with increased
extract concentration, possibly due to substrate saturation leading
to a decline in reaction rate. This indicates the potential for
managing blood glucose levels in diabetes. In type 2 diabetes,
insulin resistance in peripheral tissues leads to high blood glucose
levels despite pancreatic B-cell insulin production. Managing
blood glucose levels, preserving tissue function, and boosting
insulin sensitivity are vital.!® The study shows that increasing
concentrations of the AD extract improve glucose uptake,
surpassing standard antidiabetic drugs metformin, possibly due to
the presence of phenols promoting glucose uptake. Additionally,
HepG2 cells were subjected to cytotoxicity evaluation using the
MTT assay, which measures the breakdown of MTT salt to purple
formazan crystals as an indicator of mitochondrial activity.?* The
results showed that the AD extract had high cell viability and non-
toxicity of the AD extract. Its per cent viability exceeds
paracetamol's, suggesting therapeutic potential and cellular health
benefits.

The study identifies promising antidiabetic properties in the AD
extract derived from Tinospora cordifolia, Hemidesmus indicus,
Terminalia chebula, and Coriandrum sativum. These bioactive
compounds demonstrate various mechanisms of action, including
enhancing insulin secretion and sensitivity, inhibiting
gluconeogenesis, and improving glucose uptake. Additionally,
the extract exhibits antioxidant activity and low cytotoxicity,
indicating its potential as a safe and effective treatment for
diabetes. Further research, including in vivo studies and clinical
trials, is warranted to validate these findings and elucidate the
extract's efficacy and safety profile.

CONCLUSION

The study highlights the potential antidiabetic properties of the
AD extract from Tinospora cordifolia, Terminalia chebula,
Hemidesmus indicus, and Coriandrum sativum. Rich in
flavonoids, saponins, phenols, and tannins, these compounds
exhibit significant antidiabetic effects. Phenolic compounds like
flavonoids and catechols enhance insulin secretion and cellular
metabolism, while flavonoids also offer antioxidant benefits,
reducing oxidative stress. The extract demonstrates potent
antioxidant activity, improves glucose uptake in HepG2 and yeast
cells, suppresses amylase enzyme function to regulate blood
sugar levels, and maintains high cell viability without
cytotoxicity. These findings underscore the AD extract's potential
as a diabetic medication with diverse therapeutic mechanisms,
warranting further research for clinical application.
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