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ABSTRACT: Diabetes mellitus (DM) is a global health issue characterized by disrupted glucose
and insulin homeostasis, leading to serious complications like neuropathy, cardiovascular diseases,
and retinopathy. WHO stated that Diabetes mellitus caused nearly 1.5 million deaths in 2019,
4,60,000 Medico Renal Disease deaths and 20% of Cardiovascular deaths that occur globally.
Cun. t.ai Va−r−

ral Cūran.am was recognized for its multifaceted health benefits, offering potential
solutions to modern-day metabolic disorders. This article explores the in-vitro analysis of the
Antidiabetic, Antihyperlipidemic and Antioxidant Activity of traditional Siddha formulation
CVC. The results of the study showed that CVC has maximum inhibition against α-amylase
inhibition (93.08%), α-glucosidase inhibition (94.65%), HMG-CoA reductase (63.54%),
DPPH scavenging (67.3%) and ABTS scavenging (74.7%) assays. This implies that the drug
has the efficacy to maintain and reduce postprandial hyperglycemia, hypercholesterolemia and
ROS production through its biological activities. Hence, the current study postulates that this
drug may effectively manage T2DM and its associated complications. Further, in vivo studies
and clinical trials must be done to validate this scientific claim.

1. BACKGROUND

Diabetes mellitus is a heterogeneous metabolic disorder
that implicates the body’s inability to manage glucose and
insulin homeostasis, disrupting carbohydrate, protein, and fat
metabolism (Cho et al., 2018). Uncontrolled Diabetes mellitus
may lead to microvascular or macrovascular complications like
neuropathy, nephropathy, retinopathy, cardiovascular diseases,
stroke and peripheral vascular diseases. Bruising, gangrene or
non-healing injuries that ultimately end with amputation as a
part of peripheral vascular diseases that may worsen the QOL
of the diabetic population (Deshpande et al., 2008). World
Health Organisation (WHO) stated that Diabetes mellitus
caused nearly 1.5 million deaths in 2019, and 48% of it
occurred before 70 years. Hyperglycaemia accounted for

4,60,000 Medico Renal Disease (MRD) deaths and 20% of
cardiovascular deaths that occur globally. The age-standardized
mortality rate due to Diabetes increased by 3% in high-income
countries and 13% in lower and middle-income countries
between 2000 and 2019 (WHO, 2024). WHO estimates
that around 422 million people suffer from Diabetes mellitus,
and India and China are the major contributors to the global
diabetic burden (Saeedi et al., 2019). The National Family
Health Survey 5 (NFHS 5) reported a higher prevalence (15.6
vs 13.5 %) of Hyperglycaemia among men than women, and
15% of the diabetic population in India remain undiagnosed or
unaware of their health status. The out-of-pocket expenses for
Diabetes and its related complications were around 114.4 USD
for individuals and 10.1 billion for Indian diabetes expenditure
in 2021 (Sahadevan et al., 2023).
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In 2019, the International Diabetes Federation reported that
the number of people with Diabetes was estimated to be 463
million and would increase to 700 million by 2045 (Saeedi et
al., 2019). Physical inactivity, concomitant sedentary behaviour
modification and unhealthy dietary habits exacerbate Type-
2 Diabetes and obesity (Kusirisin et al., 2009). T2DM is
triggered by Genetic and environmental factors, and a pro-
inflammatory state in peripheral insulin resistance contributes
to the functional failure of ß cells (Kahn et al., 2014; Murea et
al., 2012). Insulin resistance conditions further cause increased
reactive oxygen species (ROS) molecules due to excessive
accumulation of glucose and circulatory free fatty acids in
adipose tissue (Rains & Jain, 2011).

Dyslipidemia and Diabetes mellitus are closely interrelated
and frequently coexist among Asian populations. Factors
like a high saturated fat diet, overweight/obesity, and familial
history of high cholesterol eventually lead to insulin resistance
and increase the risk of T2DM (Care, 2019). Metabolic
syndrome is a cluster that includes metabolic dysregulations
like insulin resistance, Dyslipidemia, central obesity and
Hypertension (Swarup et al., 2024). Chronic Hyperglycemia
leads to oxidative stress-induced increased ROS production
that disrupts glucose regulation by impaired beta cell function
and insulin resistance. Therefore, a drug that effectively
targets these issues while also managing oxidative stress
and associated complications is a priority and a necessity.
Conventionally, many oral hypoglycemic and exogenous insulin
supplementations are used for managing type 2 diabetes along
with sedentary modification (Pepato et al., 2005). According
to World Health Organization reports, many people globally
still rely upon conventional medicines for their well-being
needs (Dias et al., 2012). The Siddha system of medicine
has been well-established and practised enormously in southern
India and in recent times worldwide (Muthiah et al., 2019).
Diabetes mellitus and its complications can be correlated
with signs and symptoms of In. ippu nīr or Matumēkam
and Avattaikal.. Siddha medicines illustrated various herbal,
mineral, herbo-mineral and metallic formulations for T2DM
(Matumēkam) and its complications (Avattaikal.) (Muthaliyar
& K, 2012). Among the various Siddha formulations, Cun. t.ai
Va

−
r
−
ral Cūran. am (CVC) (Muthaliyar & K, 2009) is recognized

for its multifaceted health benefits, offering potential solutions
tomodern-daymetabolic disorders. This article sets the stage for
a comprehensive exploration of the pharmacological potential
of CVC, integrating traditional Siddha wisdom with contem-
porary scientific analysis. Consequently, the main objective of
this research is to assess the antidiabetic, Antihyperlipidemic,
and antioxidant properties of the traditional Siddha formulation
Cun. t.ai Va−r−

ral Cūran. am through targeted inhibition assays.

2. METHODS

2.1. Study drug

The formulation was procured from IMPCOPS (The Indian
Medical Practitioners Co-Operative Pharmacy and Stores Ltd.)

and authenticated by the Research Officials. The ingredients
of the drug CVC are tabulated in Table 1 and Figure 1.
The powder was mixed with distilled water and used for the
following experiment. The spectrophotometric approach was
utilized to prepare and assess the dissolved sample.

Table 1
Composition of Cun. t.ai Va−r−

ral Cūran. am (CVC).

S.NoTamil name Botanical name Parts used Quantity
1 Cun. t.ai

Va
−
r
−
ral

Solanum torvum Burm. Fruit 10 gm

2 Karivēppilai Murraya koenigii Linn. Leaf 10 gm
3 Māmparuppu Mangiferra indica Linn. Kernel 10 gm
4 Ōmam Trachyspermum ammi Linn

Sprague ex Turril.
Fruit 10 gm

5 Nelliva
−
r
−
ral Emblica officinalis Gaertn Fruit 10 gm

6 Mātu|ai’ōt.u Punica granatum Linn. Skin peel
pericarp

10 gm

7 Ventayam Trigonella foenum gracecum
Linn.

Dry seed 10 gm

2.2. Determination of Antidiabetic Activity

2.2.1 α‐Amylase Inhibition Study

The α-amylase inhibitory activity of the test sample
(CVC) was evaluated using a slightly modified standard
procedure (Unuofin et al., 2018). Different concentrations of
the test sample (10, 20, 40, 80, 160, and 320 µg/mL), the
reference standard (Acarbose), and a control (without the test
sample or standard) were mixed with a solution of α-amylase
(100µL, 0.1mg/mL).Themixtures were pre-incubated at 37◦C
for 15 minutes. Subsequently, 100 µL of starch solution was
added to initiate the enzymatic reaction, and the incubation
was continued at 37◦C for 60 minutes. Each tube was filled
with 100 µL of iodine reagent and 10 µL of 1 M HCl to stop
the reaction. At 565 nm, the final solution’s absorbance was
measured.

The α-amylase inhibitory activity was calculated using the
formula:

% inhibition = OD of Control - OD of test
OD of Control × 100

In this method, the OD of control refers to the absorbance
measured for the control sample (lacking the test sample or
standard). At the same time, the OD of the Test denotes
the absorbance of the sample at different concentrations. The
α-amylase inhibitory potential of CVC is determined by
comparing the absorbance values of the test samples with those
of the control (Unuofin et al., 2018).

2.2.2 α‐Glucosidase Enzyme Inhibition Study

The effect of the test sample (CVC) on α-glucosidase activity
was evaluated following the method described by Apostolidis et
al. p-nitrophenyl glucopyranoside (pNPG), the substrate was
made at pH of 6.8 in a 100 mM phosphate buffer. Various
concentrations of the test extracts (10, 20, 40, 80, 160, and
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Figure 1. Ingredients of Cun. t.ai Va−r−ral Cūran. am (CVC).

320 µg/mL) were pre-incubated for 10 minutes in 200 µL
of α-glucosidase solution. The pre-incubated solutions were
mixed with 400 µL of a 5.0 mM pNPG solution to start the
reaction. After 20 minutes of incubation at 37◦C, 1 mL of
0.1 M Na2CO3 was added to the reaction mixtures to stop the
activity. A UV-VIS spectrophotometer was used to measure the
absorbance at 405 nm to quantify the release of 4-nitrophenol,
which results in a yellow tint. Voglibose was used as a positive
control. The α-glucosidase inhibitory activity was calculated
using the formula:

% inhibition = OD of Control - OD of test
OD of Control × 100

In this method, Abs sample denotes the absorbance of the
reaction mixture containing the test sample, while Abs Control
denotes the absorbance of the control reaction (without the test
sample). By determining the decrease in absorbance, which
is equivalent to the yellow 4-nitrophenol generated from the
pNPG substrate, the inhibition of α-glucosidase activity can be
determined (Apostolidis et al., 2007).

2.3. Determination of Anti‐Hyperlipidemic activity

2.3.1 β‐Hydroxy β‐methylglutaryl‐CoA (HMG‐CoA inhibitory
assay)

The spectrophotometric approach evaluated the test sample’s
(CVC) HMG-CoA reductase inhibitory assay activity. A
reactionmixture including 60µl of NADPH (400µM),HMG-
CoA Substrate (400 µM), and potassium phosphate buffer
(100 mM, pH7.4) containing KCl (120 mM), EDTA (1 mM),
and DTT (5 mM) was mixed with extract samples of various
concentrations. After 10 minutes of incubation at 37◦C, the
absorbance at 340 nm was measured for the reaction mixture.
Atorvastatin was used as a positive control.

% inhibition = OD of Control - OD of test
OD of Control × 100

This formula compares the optical density of the test sample
to that of the control to quantify the test sample’s inhibitory
effect on HMG-CoA reductase (Baskaran et al., 2015).
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2.4. Determination of Antioxidant Activity

2.5. 1: 2,2‐Diphenyl ‐1 ‐ picryl hydrazyl assay (DPPH)

In the DPPH assay, the DPPH free radical transforms into a
stable, non-radical form by reacting with electrons or hydrogen
atoms. The sample extract is prepared as a stock solution at 100
µg/mL (10 mg/100 mL). The final concentrations of 10, 20,
40, 60, 80, and 100 µg/mL are serially diluted to 1 mL, 2 mL,
4 mL, 6 mL, 8 mL, and 10 mL solvents.

The same method is used to make ascorbic acid a standard.
Each test tube combines one millilitre of a 0.3 mM DPPH
solution with 2.5 milliliters of the sample or standard. Using
methanol as the blank, absorbance is measured at 517 nm using
a UV spectrophotometer following a 15-minute incubation
period at 37◦C. This process calculates the antioxidant activity
of the sample using the following formula:

% of scavenging =
Absorbance of Ascorbic acid − Absorbance of CV C

Absorbance of Ascorbic acid
× 100

This calculation provides the percentage of DPPH radicals
scavenging activity by the sample or standard, indicating its
antioxidant potential (Sivakkumar et al., 2024).

2.6. 2: 2,2′‐Azino‐Bis 3‐ethylbenzothiazoline‐6‐sulfonic acid assay
(ABTS)

For the ABTS Assay, the ABTS radical solution was made by
mixing 05 mL of a 07 mM ABTS solution with 88 µL of a 140
mM potassium persulfate solution. The resulting mixture was
mixed with water at a ratio of 1:44. 100µL of the CVC solution
was combined with 100 µL of the ABTS reagent for each CVC
concentration (10–100 µg/mL), and the mixture was allowed
to react. For comparison, Ascorbic acid was used as a positive
control (Sivakkumar et al., 2024).

% of scavenging =
Absorbance of Ascorbic acid − Absorbance of CV C

Absorbance of Ascorbic acid
× 100

This formula measures the ability of the test sample to
scavenge ABTS free radicals, which is indicated by a reduction
in absorbance.

2.7. Statistical analysis

The study evaluated in-vitro antidiabetic, antioxidant, and
antihyperlipidemic activities. Data analysis was performed
using SPSS software for statistical accuracy. Results are
expressed as Mean ± SD (Standard Deviation).

3. RESULTS

3.1. Antidiabetic activity

It was observed from the results that CVC significantly inhib-
ited the alpha-amylase enzyme, with a maximum inhibition of
63.08% and an IC50 value of 24.01µg/mL. In contrast, the
standard drug achieved a 97.37% inhibition with an IC50 value
of 3.21µg/mL.

CVC has a maximum inhibition of 68.48% against alpha-
glucosidase enzyme with an IC50 value of 92.52µg/mL, and the
standard drug Voglibose has 94.65% inhibition with an IC50

value of 17.63µg/mL is depicted in Figure 2 and 3.

3.2. Antihyperlipidemic activity

CVC demonstrates a notable level of inhibition, reaching
63.54% at 120 µg/mL concentration, with an IC50 value
of 68.58µg/mL, and the standard drug Atorvastatin showed
maximum inhibition of 94.78 at 120µg/mLwith an IC50 value
of 17.46µg/mL is depicted in Figure 4.

3.3. Antioxidant activity

The extract of CVC showed the highest DPPH scavenging
activity (67.3%) at 100µg/ml with an IC50 value of 51.79
µg/ml, and the Ascorbic acid (Standard) showed the highest
percentage of inhibition (72%) at 100µg/ml with IC50 value
of 16.63 µg/ml.

Based on the ABTS assay results, CVC exhibits a maximum
inhibition of 74.7% at 500µg/mL, with an IC50 value of
118.4 µg/mL. In comparison, the standard shows a maximum
inhibition of 72% at 500µg/mL and has an IC50 value of 218.4
µg/mL. This indicates that CVC is more effective in inhibition
and has a lower IC50 value, signifying it is more potent than the
standard depicted in Figure 5 and 6.

Figure 2. Alpha amylase inhibition Assay.

4. DISCUSSION

Type II diabetes is the more prevalent form of Diabetes
that is often undiagnosed or untreated, and more than
90% have been associated with Dyslipidemia, which may
accelerate the development of atherosclerotic cardiovascular
disease, end-stage renal disease and hypertension (An et al.,
2023; Nowakowska et al., 2019). In T2DM, hyperglycemia-
induced glycation in extracellular proteins like elastin, laminin,
and collagen leads to the formation of Advanced glycolic end-
products (AGEs) that accumulate in tissues of the eye lens,
vascular walls, and basement membranes. These modifications
are associated with various diabetic complications, including
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Figure 3. Alpha-glucosidase inhibition Assay.

Figure 4. HMG-CoA inhibition Assay.

Figure 5. DPPH Scavenging Assay.

Figure 6. ABTS scavenging Assay.

Cataracts, Microangiopathy, Atherosclerosis, Nephropathy,
etc. Modern oral antidiabetic drugs include biguanides,
sulfonylureas, meglitinides, TZDs, DPP-4 inhibitors, SGLT2
inhibitors and α-glucosidase inhibitors (Chaudhury et al.,
2017). Long-term use of these medications may lead to
complications such as injection site reactions, gastrointestinal
issues, cobalamin deficiency, dizziness, liver enzyme elevation,
edema, respiratory infections, and headaches. Focusing
on the multifactorial range of complications necessitates a
cost-effective, comprehensive therapeutic management with
minimal side effects. This in-vitro study on the Siddha
polyherbal formulation, Cun. t.ai Va

−
r
−
ral Cūran. am (CVC),

reveals its promising potential in managing T2DM through
its notable antidiabetic, antihyperlipidemic, and antioxidant
properties.

Calcium-containing α-amylase in the oral cavity, Serum α-
amylase in the gut, and α-glucosidase in the small intestine
maintain postprandial Hyperglycemia by inhibiting carbohy-
drate digestion and glucose regulation (Sahu et al., 2014).
CVC exhibited potent inhibitory effects on both α-amylase
and α-glucosidase enzymes regarding antidiabetic activity.
Specifically, CVC achieved a maximum α-amylase inhibition
of 93.08% at a concentration of 320µg/ml, with an IC50

value of 23.01µg/ml. This substantial inhibition indicates
that CVC effectively impedes the enzymatic breakdown of
complex carbohydrates into polysaccharides, oligosaccharides,
disaccharides and monosaccharides. By slowing down this
process, CVC can reduce the digestion and absorption rate of
carbohydrates, thereby mitigating postprandial glucose spikes -
a key factor in managing blood sugar levels.

Additionally, CVC demonstrated a maximum α-glucosidase
inhibition of 94.65% at 320µg/ml, with an IC50 of
92.52µg/ml. α-Glucosidase breaks down disaccharides into
glucose, which is absorbed into the bloodstream (Rajalakshmi
et al., 2015; Truscheit et al., 1981). By inhibiting this enzyme,
CVC can decrease the conversion of disaccharides into glucose,
resulting in a slower and more controlled release of glucose into
the bloodstream. This mechanism further supports its role in
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blood glucose management, as it helps to maintain postprandial
Hyperglycemia (Baron, 1998; Van De Laar, 2008).

Diabetic Dyslipidemia is defined as high plasma triglyceride
concentration with low HDL cholesterol levels and increased
concentration of small dense LDL cholesterol particles. Dia-
betes mellitus associated with lipid changes is attributed to
insulin resistance-induced free fatty acid flux (Mooradian,
2009). Regarding Antihyperlipidemic activity, CVC demon-
strated significant inhibition of 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) reductase, achieving a maximum inhibition
of 63.54% at a concentration of 120µg/ml. HMG-CoA
reductase plays an essential role in cholesterol biosynthesis by
catalysing the rate-limiting step in the production of cholesterol
within the liver. Specifically, this enzyme converts HMG-
CoA to mevalonate, a precursor of cholesterol (Friesen &
Rodwell, 2004). This step is crucial because it is one of the
primary regulatory points in the cholesterol synthesis pathway,
determining the rate at which cholesterol is produced. When
CVC inhibits HMG-CoA reductase, it blocks this critical step,
disrupting the cholesterol synthesis process. This inhibition
leads to a decrease in the production of mevalonate and
subsequent cholesterol. As a result, the liver’s ability to produce
cholesterol is diminished. This reduction in hepatic cholesterol
synthesis subsequently lowers the blood’s circulating cholesterol
levels (Feingold, 2024; Trapani et al., 2012). By decreasing
cholesterol production within the liver, CVC can help to
manage high cholesterol levels, a key factor in hyperlipidemia
and related cardiovascular conditions. This mechanism mirrors
the action of statins, such as Atorvastatin, widely used to
control cholesterol levels. Although CVC’s inhibitory effect is
less pronounced compared to the well-established statin drug
Atorvastatin, which achieves a maximum inhibition of 94.78%,
the substantial activity observed in CVC suggests it has the
potential to contribute effectively to cholesterol management.

Recent research highlights the significant role of free
radicals in the pathogenesis of Diabetes and, notably, in its
complications (Caturano et al., 2023). Antioxidants, which
neutralize free radicals, effectively mitigate the severity of
diabetic complications. So, managing free radical damage
through antioxidants and other strategies is crucial for reducing
the impact of these complications and improving patient
outcomes (Matough et al., 2012). CVC demonstrated
considerable antioxidant activity in the DPPH and ABTS
assays, achieving maximum inhibitions of 67.3% and 74.7%,
respectively. The DPPH assay, which measures the ability to
scavenge the DPPH radical, revealed that CVC’s antioxidant
potency was slightly lower than that of the standard ascorbic
acid, which had a maximum inhibition of 73%. Despite
this, CVC’s antioxidant capacity is still significant, highlighting
its effectiveness in neutralizing free radicals and potentially
mitigating oxidative damage.

In contrast, CVC excelled in the ABTS assay, which achieved
a maximum inhibition of 74.7%, outperforming the standard,
which showed a maximum inhibition of 72%. CVC’s superior
performance in this assay underscores its robust ability to

neutralize a range of reactive oxygen species. This dual
efficacy in combating oxidative stress suggests that CVC could
be particularly valuable in managing conditions associated
with excessive oxidative damage, such as Diabetes and its
complications. By effectively reducing oxidative stress, CVC
may help to prevent or alleviate damage to cellular components,
thus supporting overall health and potentially enhancing the
management of chronic diseases.

As per the Siddha system of medicine, the treatment plan for
it Matumēkam relies on the basic principles like Mukku

−
r
−
ram

(three vital forces like Vali, Azhal and Iyam), Cuvai (Taste of the
drug), Vīriyam (Potency of the drug), Vipākam (Post-digestive
biotransformation of the drug) and Ceykai (Pharmacological
activity of the drug). In Matumēkam to normalize the
alleviated A

−
lal and Aiyam and diminished Va

−
li, CVC is an

appropriate choice of drug due to its Kaippu (bitter), Tuvarppu
(astringent), and Kārppu (pungent) taste (Shanmugavelu,
2014). As Siddha’s text mentions, taste’s characteristic features
and properties are bitter - purifies and dries out the body
secretion, astringent - blood purifier, pungent - appetizer and
cardiac tonic (Venugopal, 2014). Bitter taste triggers the TAS2R
receptor and releases glucagon-like peptides-1 (GLP), which can
help to reduce the blood glucose level. Moreover, Polyphenols
found in medicinal herbs activate bitter taste receptors in the
gut (Jang et al., 2007). Bitter taste receptors provide an essential
link between alimentary chemosensation and metabolic disease.
According to the Siddha pharmacology, phytopharmacological
studies of the ingredients (Shenbagaraj et al., 2024), In-vitro
analysis of the compound drug, CVC may synergistically act as
a potent Antidiabetic agent inNon-InsulinDependentDiabetes
Mellitus (NIDDM) and Insulin Dependent Diabetes Mellitus
(IDDM) by regularizing the insulin secretion and prevents the
Diabetic complication.

5. CONCLUSION

Cun. t.ai Va−r−
ral Cūran. am stands out as a promising drug

in complementary therapy for managing T2DM, by its
notable antioxidant, antidiabetic, and Antihyperlipidemic
properties. Due to its taste, natural composition, and wide-
range pharmacological efficacy, the therapeutic administration
of CVC could be a drug of choice to inhibit the conversion from
Pre-Diabetic to Diabetic. It also can be employed as an add-on
drug among established Diabetes both in NIDDM and IDDM.
Combining traditional Siddha medicine with contemporary
scientific validation highlights the significance and potential of
CVC in tackling modern health issues. Additionally, in-vitro
assessment findings have not reflected the efficacy of CVC in
T2DM for humans. Further in vivo studies and clinical trials
are essential to substantiate these findings and fully assess CVC’s
safety and therapeutic potential.

ABBREVIATIONS

ABTS - 2,2′-Azino-Bis 3-ethylbenzothiazoline-6-sulfonic
acid assay

AGE - Advanced Glycation End-products
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CVC - Cun. t.ai Va−r−
ral Cūran.am

DPPH - 2,2-Diphenyl-1-picryl hydrazyl assay
HMG-CoA - β-Hydroxy β-methylglutaryl-CoA
MRD - Medico Renal Disease
NFHS - National Family Health Survey
ROS - Reactive Oxygen Species
T2DM - Type 2 Diabetes mellitus
WHO - World Health Organisation

CONFLICTS OF INTEREST

The authors have no relevant financial or non-financial
interests to disclose.

ACKNOWLEDGMENTS

The authors express their sincere thanks to Prof. Dr. N. J.
Muthukumar, Director General, Central Council for Research
in Siddha, Ministry of Ayush, GoI, Chennai for extending his
support and encouragement.

ORCID

Shunmugaram Shenbagaraj 0000-0002-4844-3420

Vinodini Ramamoorthy 0009-0003-3798-631X

Vinu Bharathi Balasubramaniam 0000-0003-2203-6760

Sri Sathiya Priya Ramachandran 0000-0003-2760-7497

Siva Annamalai 0000-0003-0601-8490

Saraswathi Balasubramanian 0009-0009-4771-862X

Sakila Banu Abdul Rahim 0009-0000-8907-9824

Lavanya Alagusolaiyan 0000-0002-1221-0828

Shyamala Rajkumar 0000-0003-1275-8604

Sathiyarajeswaran Parameswaran 0000-0002-0386-8265

FUNDING

The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

AUTHOR CONTRIBUTIONS

Conceptualization: SSR, SSP.
Methodology: SSR, RV, SSP.
Validation: SSR, AL, SR, PS.
Formal analysis: SSR, RV, BV, AS, BS, ASB, SR.
Writing - Original Draft: SSR, RV, BV, AS, BS, ASB.
Writing - Review & Editing: SSR, RV, BV, AS, BS, ASB.
Visualization: SSR, RV, BV, AS, BS, ASB.
Supervision: SSR, AL, SR, PS.

REFERENCES

An, J., Zhang, Y., Zhou, H., Zhou, M., Safford, M.M., Muntner, P.,
Reynolds, K., 2023. Incidence of atherosclerotic cardiovascular disease
in young adults at low short-term but high long-term risk. Journal of

the American College of Cardiology. 81(7), 623–632. https://doi.org/
10.1016/j.jacc.2023.01.012

Apostolidis, E., Kwon, Y.I., Shetty, K., 2007. Inhibitory potential of herb,
fruit, and fungal-enriched cheese against key enzymes linked to type
2 diabetes and hypertension. Innovative food science & emerging
technologies. 8, 46–54. https://doi.org/10.1016/j.ifset.2006.09.003

Baron, A.D., 1998. Postprandial Hyperglycaemia and α-glucosidase
inhibitors. Diabetes Research and Clinical Practice. 40, 51–55.
https://doi.org/10.1016/S0168-8227(98)00053-7

Baskaran, G., Salvamani, S., Ahmad, S.A., Shaharuddin, N.A., Patti-
ram, P.D., Shukor, M.Y., 2015. HMG-CoA reductase inhibitory
activity and phytocomponent investigation of Basella alba leaf extract
as a treatment for hypercholesterolemia. Drug design, development
and therapy, 509–517. https://doi.org/10.2147/DDDT.S80746

Care, D., 2019. Standards of medical care in diabetes 2019. Diabetes Care.
42, 124–162. https://doi.org/10.2337/dc19-S002

Caturano, A., Angelo, M., Mormone, A., Russo, V., Mollica, M.P.,
Salvatore, T., Sasso, F.C., 2023. Oxidative stress in type 2 diabetes:
impacts from pathogenesis to lifestyle modifications. Current Issues
in Molecular Biology. 45(8), 6651–6666. https://doi.org/10.3390/
cimb45080420

Chaudhury, A., Duvoor, C., Dendi, V.S.R., Kraleti, S., Chada, A.,
Ravilla, R., Mirza, W., 2017. Clinical review of antidiabetic drugs:
implications for type 2 diabetes mellitus management. Frontiers in
Endocrinology. 8, 6–6. https://doi.org/10.3389/fendo.2017.00006

Cho, N.H., Shaw, J.E., Karuranga, S., Huang, Y., Fernandes, J.D.D.R.,
Ohlrogge, A.W., Malanda, B.I.D.F., 2018. IDF Diabetes Atlas:
Global estimates of Diabetes prevalence for 2017 and projections
for 2045. Diabetes Research and Clinical Practice. 138, 271–281.
https://doi.org/10.1016/j.diabres.2018.02.023

Deshpande, A.D., Harris-Hayes, M., Schootman, M., 2008. Epidemiol-
ogy of diabetes and diabetes-related complications. Physical therapy.
88(11), 1254–1264. https://doi.org/10.2522/ptj.20080020

Dias, D.A., Urban, S., Roessner, U., 2012. A historical overview of natural
products in drug discovery. Metabolites. 2(2), 303–336. https://doi
.org/10.3390/metabo2020303

Feingold, K.R., 2024. Cholesterol Lowering Drugs, K.R. Feingold, (Eds.).
Endotext. MDText.com, Inc. Accessed. https://doi.org/10.32388/
XYZ126

Friesen, J.A., Rodwell, V.W., 2004. The 3-hydroxy-3-methylglutaryl
coenzyme-A (HMG-CoA) reductases. Genome biology. 5, 1–7.
https://doi.org/10.1186/gb-2004-5-11-r75

Jang, H.J., Kokrashvili, Z., Theodorakis, M.J., Carlson, O.D., Kim, B.J.,
Zhou, J., Egan, J.M., 2007. Gut-expressed gustducin and taste
receptors regulate secretion of glucagon-like peptide-1. Proceedings of
the National Academy of Sciences. 104(38), 15069–15074. https://
doi.org/10.1073/pnas.0706890104

Kahn, S.E., Cooper, M.E., Prato, S., 2014. Pathophysiology and
treatment of type 2 diabetes: perspectives on the past, present, and
future.The Lancet. 383(9922), 1068–1083. https://doi.org/10.1016/
S0140-6736(13)62154-6

Kusirisin, W., Jaikang, C., Chaiyasut, C., Narongchai, P., 2009. Effect
of polyphenolic compounds from Solanum torvum on plasma lipid
peroxidation, superoxide anion and cytochrome P450 2E1 in human
liver microsomes. Medicinal Chemistry. 5(6), 583–588. https://doi
.org/10.2174/157340609789117869

Matough, F.A., Budin, S.B., Hamid, Z.A., Alwahaibi, N., Mohamed, J.,
2012. The role of oxidative stress and antioxidants in diabetic
complications. Sultan Qaboos university medical journal. 12(1), 5–
5. https://doi.org/10.18295/squmj.2012.12.01.002

Mooradian, A.D., 2009. Dyslipidemia in type 2 diabetes mellitus. Nature
Reviews Endocrinology. 5(3), 150–159. https://doi.org/10.1038/

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2025, 5, 209–216 | 215

https://doi.org/10.53365/nrfhh/199506
https://doi.org/10.1016/j.jacc.2023.01.012
https://doi.org/10.1016/j.jacc.2023.01.012
https://doi.org/10.1016/j.ifset.2006.09.003
https://doi.org/10.1016/S0168-8227(98)00053-7
https://doi.org/10.2147/DDDT.S80746
https://doi.org/10.2337/dc19-S002
https://doi.org/10.3390/cimb45080420
https://doi.org/10.3390/cimb45080420
https://doi.org/10.3389/fendo.2017.00006
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.2522/ptj.20080020
https://doi.org/10.3390/metabo2020303
https://doi.org/10.3390/metabo2020303
https://doi.org/10.32388/XYZ126
https://doi.org/10.32388/XYZ126
https://doi.org/10.1186/gb-2004-5-11-r75
https://doi.org/10.1073/pnas.0706890104
https://doi.org/10.1073/pnas.0706890104
https://doi.org/10.1016/S0140-6736(13)62154-6
https://doi.org/10.1016/S0140-6736(13)62154-6
https://doi.org/10.2174/157340609789117869
https://doi.org/10.2174/157340609789117869
https://doi.org/10.18295/squmj.2012.12.01.002
https://doi.org/10.1038/nrendo.2009.15
https://doi.org/10.1038/nrendo.2009.15


Shenbagaraj et al View Article Online

nrendo.2009.15
Murea, M., Ma, L., Freedman, B.I., 2012. Genetic and environmental

factors associated with type 2 diabetes and diabetic vascular compli-
cations. The review of diabetic studies: RDS. 9, 6–6. https://doi.org/
10.1900/RDS.2012.9.6

Muthaliyar, K., K., 2009. Chennai: Department of Indian medicine and
Homeopathy. https://doi.org/10.32388/XYZ125

Muthaliyar, K., K., 2012. Department of Indian medicine and
Homeopathy, Chennai - 600016, 493–522. https://doi.org/10
.32388/XYZ124

Muthiah, K., Ganesan, K., Ponnaiah, M., Parameswaran, S., 2019.
Concepts of body constitution in traditional Siddha texts: A literature
review. Journal of Ayurveda and Integrative Medicine. 10(2), 131–
134. https://doi.org/10.1016/j.jaim.2018.05.003

Nowakowska, M., Zghebi, S.S., Ashcroft, D.M., Buchan, I., Chew-
Graham, C., Holt, T., Kontopantelis, .., E., 2019. The comorbidity
burden of type 2 diabetes mellitus: patterns, clusters and predictions
from a large English primary care cohort. BMC medicine. 17, 1–10.
https://doi.org/10.1186/s12916-019-1373-y

Pepato, M.T., Mori, D.M., Baviera, A.M., Harami, J.B., Ven-
dramini, R.C., Brunetti, I.L., 2005. Fruit of the jambolan tree
(Eugenia jambolana Lam.) and experimental Diabetes. Journal of
Ethnopharmacology. 96(1-2), 43–48. https://doi.org/10.1016/j.jep
.2004.08.024

Rains, J.L., Jain, S.K., 2011. Oxidative stress, insulin signaling, and
Diabetes. Free Radical Biology and Medicine. 50, 567–575. https://
doi.org/10.1016/j.freeradbiomed.2010.12.006

Rajalakshmi, K., Christian, G.J., Priya, P.S., Gladys, R., 2015.
Validation of Antidiabetic Potential of Avirai kudineer a Siddha
herbal formulation-A Review. IOSR Journal of Dental and Medicinal
Sciences. 14, 7–15. https://doi.org/10.9790/0853-141170715

Saeedi, P., Petersohn, I., Salpea, P., Malanda, B., Karuranga, S.,
Unwin, N., 2019. Global and regional diabetes prevalence estimates
for 2019 and projections for 2030 and 2045: Results from the
International Diabetes Federation Diabetes Atlas, 107843–107843.
https://doi.org/10.1016/j.diabres.2019.107843

Sahadevan, P., Kamal, V.K., Sasidharan, A., Bagepally, B.S., Kumari, D.,
Pal, A., 2023. Prevalence and risk factors associated with undiagnosed
Diabetes in India: Insights from NFHS-5 national survey. Journal of
Global Health, 13–13. https://doi.org/10.7189/jogh.13.01001

Sahu, G.K., Upadhyay, S., Panna, S.M., 2014. Salivary alpha amylase

activity in human beings of different age groups subjected to
psychological stress. Indian Journal of Clinical Biochemistry. 29, 485–
490. https://doi.org/10.1007/s12291-013-0375-3

Shanmugavelu, M., 2014. Noi Nadal Noi Mudhal Nadal Thirattu Part - I.
1st ed. Department of Indian medicine and Homeopathy, Chennai -
600016, 6–18. https://doi.org/10.32388/XYZ127

Shenbagaraj, S., Ramamoorthy, V., Balasubramanian, S., Ramachan-
dran, S.S.P., Parameswaran, S., Rajkumar, S., 2024. A Comprehen-
sive Drug Review on Cuntai Varral Cūranam for its Antidiabetic
Potential on Matumēkam (Type II Diabetes Mellitus). Journal of
Natural Remedies. 24(11), 2341–2353. https://doi.org/10.18311/
jnr/2024/42137

Sivakkumar, S., Juliet, L., Meenakumari, R., 2024. In vitro validation
of antidiabetic and free radical scavenging property of Naaval Kottai
Mathirai, a promising Siddha drug for the management of Diabetes
mellitus: ANTI DIABETIC VALIDATION OF NAAVALKOTTAI
MATHIRAI. Indian Journal of Traditional Knowledge (IJTK). 23(3),
291–296. https://doi.org/10.56042/ijtk.v23i3.12345

Swarup, S., Ahmed, I., Grigorova, Y., Zeltser, R., 2024. Metabolic
syndrome. https://doi.org/10.32388/XYZ123

Trapani, L., Segatto, M., Pallottini, V., 2012. Regulation and deregulation
of cholesterol homeostasis: The liver as a metabolic power station.
World Journal of Hepatology. 4(6), 184–184. https://doi.org/10
.4254/wjh.v4.i6.184

Truscheit, E., Frommer, W., Junge, B., Müller, L., Schmidt, D.D.,
Wingender, W., 1981. Chemistry and biochemistry of microbial α-
glucosidase inhibitors. Angewandte Chemie International Edition in
English. 20(9), 744–761. https://doi.org/10.1002/anie.198107441

Unuofin, J.O., Otunola, G.A., Afolayan, A.J., 2018. In vitro α-amylase,
α-glucosidase, lipase inhibitory and cytotoxic activities of tuber
extracts of Kedrostis africana. Heliyon(9), 4–4. https://doi.org/10
.1016/j.heliyon.2018.e00934

Van De Laar, F.A., 2008. Alpha-glucosidase inhibitors in the early
treatment of type 2 diabetes. Vascular Health and Risk Management.
4, 1189–1195. https://doi.org/10.2147/VHRM.S1349

Venugopal, P.M., 2014. Udal Thathuvam. 1st ed. Department of Indian
medicine and Homeopathy, Chennai - 600016, 204–210. https://
doi.org/10.32388/XYZ128

WHO., 2024. Diabetes, 204–210. Available from:
https://www.who.int/news-room/fact-sheets/detail/diabetes Accessed
October 08, 2024..

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2025, 5, 209–216 | 216

https://doi.org/10.1038/nrendo.2009.15
https://doi.org/10.1900/RDS.2012.9.6
https://doi.org/10.1900/RDS.2012.9.6
https://doi.org/10.32388/XYZ125
https://doi.org/10.32388/XYZ124
https://doi.org/10.32388/XYZ124
https://doi.org/10.1016/j.jaim.2018.05.003
https://doi.org/10.1186/s12916-019-1373-y
https://doi.org/10.1016/j.jep.2004.08.024
https://doi.org/10.1016/j.jep.2004.08.024
https://doi.org/10.1016/j.freeradbiomed.2010.12.006
https://doi.org/10.1016/j.freeradbiomed.2010.12.006
https://doi.org/10.9790/0853-141170715
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.7189/jogh.13.01001
https://doi.org/10.1007/s12291-013-0375-3
https://doi.org/10.32388/XYZ127
https://doi.org/10.18311/jnr/2024/42137
https://doi.org/10.18311/jnr/2024/42137
https://doi.org/10.56042/ijtk.v23i3.12345
https://doi.org/10.32388/XYZ123
https://doi.org/10.4254/wjh.v4.i6.184
https://doi.org/10.4254/wjh.v4.i6.184
https://doi.org/10.1002/anie.198107441
https://doi.org/10.1016/j.heliyon.2018.e00934
https://doi.org/10.1016/j.heliyon.2018.e00934
https://doi.org/10.2147/VHRM.S1349
https://doi.org/10.32388/XYZ128
https://doi.org/10.32388/XYZ128
https://www.who.int/news-room/fact-sheets/detail/diabetes

	Background
	Methods
	Study drug
	Determination of Antidiabetic Activity
	-Amylase Inhibition Study
	-Glucosidase Enzyme Inhibition Study

	Determination of Anti-Hyperlipidemic activity
	-Hydroxy -methylglutaryl-CoA (HMG-CoA inhibitory assay)

	Determination of Antioxidant Activity
	1: 2,2-Diphenyl -1 - picryl hydrazyl assay (DPPH)
	2: 2,2'-Azino-Bis 3-ethylbenzothiazoline-6-sulfonic acid assay (ABTS)
	Statistical analysis

	Results
	Antidiabetic activity
	Antihyperlipidemic activity
	Antioxidant activity

	Discussion
	Conclusion

