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In-Vitro evaluation of antidiabetic, antioxidant, D
and anti-inflammatory activities in Mucuna
pruriens seed extract
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Abstract

Background Mucuna pruriens var. utilis (Wall. ex Wight) belonging to the family Fabaceae. Renowned for its diverse
array of phytochemicals, this plant has been historically employed in the treatment of various ailments. The objectives
of this study are to evaluate the anti-diabetic, anti-inflammatory, and antioxidant properties of the optimized M.
pruriens var. utilis seed extract.

Methods The in-vitro anti-inflammatory activity of M. pruriens var. utilis ethanolic extracts was scrutinized using
the Human Red Blood Cell (HRBC) method. To evaluate antioxidant activity, ABTS and DPPH assays were employed.
Furthermore, the antidiabetic activity was assessed through a-amylase and a-glucosidase inhibition assays.

Results In the ethanolic extract of M. pruriens var. utilis numerous phytoconstituents were found by doing a
phytochemical analysis (alkaloids, flavonoids, phenols, saponins, steroids, glycosides, tannins). The total phenolic and
flavonoid content were determined to be 112.07 +1.21 mg of gallic acid equivalents GAE/g and 101.41+£1.08 mg

of quercetin equivalents QE/g respectively. In this investigation ethanolic extract of M. pruriens var. utilis exhibited

a high anti-inflammatory, antioxidant and antidiabetic activities in a dose-dependent manner. The M. pruriens

var. utilis extract shows that anti-inflammatory activity 32.26 +3.23%, potent antioxidant effect by ABTS radical
scavenging assay 1Cs, 67.46+1.45 pg/mL and DPPH radical scavenging assay 1Cs, 63.34+2.27 ug/mL and in addition,
showed promising antidiabetic potential by inhibiting a-amylase ICs, 33.42+1.35 pg/mL and a-glucosidase 1Cy,
2834+1.41 pg/mL.

Conclusion These findings provide additional support for the traditional medicinal use of M. pruriens var. utilis in
treating inflammation, oxidative stress, and diabetes mellitus.
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Introduction

Nature offers an extensive array of plants renowned for
their healing properties in addressing various human
ailments. Due to their minimal toxicity and cost-effec-
tiveness, medicinal plants have been utilized by numer-
ous cultures throughout history to treat a diverse range
of maladies [1]. This longstanding tradition has piqued
considerable interest in the development of herbal
medications, often associated with the presence of phy-
toconstituents. According to data from the world health
organization (WHO), an estimated 80% of the global
population primarily depends on medicinal plants for
fundamental healthcare needs [2]. Over the past few
years, there has been a growing focus on studying the
therapeutic potential of natural plant-based antioxidants,
whether in the form of raw extracts or integrated into
functional foods. These investigations aim to understand
their effectiveness in health management, particularly in
addressing conditions such as diabetes and inflamma-
tory processes [3, 4]. The bioactive elements present in
extracts exhibit synergistic interactions, believed to be
advantageous in addressing chronic, multifaceted dis-
orders that involve various pathways [5, 6]. Recent stud-
ies have established connections between inflammation,
oxidative stress, and diabetes. However, understanding
the underlying mechanism is challenging due to the dual
role of oxidative stress as both a signaling agent and a
destructive force, influencing transcriptional control and
cell cycle regulation [7, 8].

Diabetes stands as a debilitating chronic condition,
marked by a series of events characterized by the reduc-
tion or obstruction of insulin release from the pancreas.
Inadequate insulin production or utilization results in
hyperglycemia, leading to elevated blood glucose levels,
and over time, contributing to damage in organs and tis-
sues [9, 10]. The growing prevalence of diabetes under-
scores the imperative for utilizing medicinal herbs in
both treatment and prevention [11, 12]. A rising num-
ber of individuals seek ways to integrate natural bioac-
tive substances into alternative medicine, drawn to their
advantages of low toxicity, affordability, minimal side
effects, and easy accessibility [13]. According to previ-
ous investigation it was found notable «-glucosidase
inhibitory activity was observed in the methanol and
water extracts of P malayana leaf. The IC;, values for
these extracts were found to be 2.71 and 6.75 pg/mL,
respectively. Active anti-diabetic metabolites identified
in the extracts included palmitic acid, 1,3,5-benzenetriol,
B-tocopherol, a-tocopherol, cholesta-7,9(11)-diene-3-ol,
24-epicampesterol, stigmast-5-ene, and monopalmitin
[14].

Inflammation, a natural defense mechanism of the
body, arises in response to damage or infection, present-
ing with edema, redness, and pain in the affected area
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[15]. This process triggers the release of diverse hydro-
lytic enzymes, the extravasation of fluids, the restoration
and healing of the injured site, vasodilation, heightened
blood vessel permeability, and an elevation in blood pres-
sure [16, 17]. These inflammatory reactions addition-
ally play a role in activating and generating free radicals,
including reactive oxygen and nitric oxide, from immune
system cells. This process leads to localized tissue dam-
age and lipid peroxidation [18].

Oxidative stress induces the liberation of reactive free
radicals, particularly OH (hydroxyl radicals), which dis-
rupt the normal metabolic pathways in the body, affect-
ing all biomolecules [19]. This disturbance contributes to
the onset of various chronic diseases, including cancer,
autoimmunity, diabetes, cardiovascular issues, neurode-
generative diseases, and premature aging in humans [20].
Antioxidants play a crucial role in mitigating oxidative
stress by preserving an equilibrium between the produc-
tion of free radicals and the occurrence of oxidative stress
[21, 22]. Phytochemicals, such as phenolic acids and fla-
vonoids, are believed to be strongly associated with the
antioxidant properties of natural products widely pro-
moted for their potential health benefits [23, 24]. These
compounds constitute a significant portion of the non-
sugar components in honey, influencing not only its color
and sensory characteristics but also playing a role in its
bioactivity, particularly in terms of antioxidant capabili-
ties [25].

Traditional Chinese Medicine Velvet bean, scientifi-
cally known as M. pruriens var. utilis, and belonging to
the Fabaceae family, is a widely distributed plant found
in southern China and eastern India. The isolation of
levodopa L-dihydroxyphenylalanine or (L-DOPA) from
M. pruriens var. utilis seeds in 1937 marked a significant
milestone, as levodopa is now effectively employed to
manage the motor symptoms of Parkinson’s disease [26,
27]. M. pruriens var. utilis, seeds encompass a diverse
array of phytochemical substances, including carbohy-
drates and amino acids, alongside anti-nutrient compo-
nents like polyphenols, phytates, tannins, and saponins
[28, 29]. Numerous pharmacological studies have under-
scored the multifaceted therapeutic potential of M. pru-
riens var. utilis, demonstrating its anti-Parkinson [30],
antidiabetic [31], antioxidant [32, 33], anti-inflamma-
tory [34], and antibacterial activities [35], as well as its
effects on male fertility and aphrodisiac properties [36,
37]. Despite the historical use of M. pruriens var. utilis in
traditional medicine, the specific phenolic and flavonoid
compounds responsible for its various therapeutic activi-
ties have remained elusive. This study, however, aims to
delve into the in-vitro evaluation of the antidiabetic, anti-
oxidant, and anti-inflammatory activities of M. pruriens
var. utilis plant extracts.
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Materials and methods

Chemicals and reagents

1,1-diphenyl-2-picrylhydrazyl (DPPH), ethanol (ENL),
ferric chloride (FC), lead acetate (LA), sodium hydroxide
(SOH), dilute HCI (dil HCL), gallic acid (GA), Allumin-
ium trichloride (AICl,), Iodine solution (I0S), trichloro
acetic acid (TCA) quercetin (QRN), ferric chloride
(FeCl;), were purchased from Sigma Chemical Co. (St.
Louis, MO, USA); potassium chloride, potassium acetate,
phosphate buffer, 2-deoxy-D-ribose, thiobarbituric acid
(TBA), HCI, H,SO,, H,0, were purchased from Sigma-
Aldrich, folin-ciocalteus’s phenol reagent and sodium
carbonate were obtained from Merck (Dam-stadt,
Germany).

Collection and identification of plant samples

The seeds of M. pruriens var. utilis, was collected (Jan-
uary 2023) from Kanpur, Uttar Pradesh India. It was
authenticated by Dr. Sunita Garg taxonomist, and for-
mer chief scientist at RHMD, CSIR National Institute
of Science Communication and Information Resources
(NISCAIR), identified the specimen using the available
literature. The plant specimen was photographed, and
a voucher specimen (TR No- NIScPR/RHMD/Con-
sult/2023/4347-48-2) on dated 07/02/2023 was placed
and preserved and deposited properly in the herbarium
of the Department of (NISCAIR) Raw Materials Herbar-
ium and Museum, Delhi, India.

Extraction preparation

A 1 kg dried seed sample of Mucuna pruriens var. uti-
lis was crushed into a very fine powder using an elec-
tric grinder, yielding 830 g of powder. This powder was
then stored in a refrigerator at 4 °C until further use. The
entire 830 g of powder was soaked in 8300 ml of com-
mercial-grade ethanol (maintaining a ratio of 1:10, pow-
der to ethanol) for 7 days. The mixture was first filtered
through muslin cloth and then re-filtered using What-
man filter paper (#01). The filtrate was collected for use
in the extraction process [9, 15]. The remaining residue
was immersed in 90% ethanol for 10 days and then fil-
tered again. All the filtrates were combined and concen-
trated using a rotary evaporator under reduced pressure.
The concentrated solution was dried in an oven at 40 °C,
resulting in a semi-solid mass of 14.39 g. This semi-solid
mass was further evaporated in a fume hood until fully
dry, then stored in airtight containers for future use [10,
15].

Physicochemical analysis

Various physicochemical parameters (foaming index,
loss on drying, total ash, acid insoluble ash, water-solu-
ble ash, swelling index, ethanol-soluble extractive and
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water-soluble extractive) were analyzed according to the
official Pharmacopoeias and other literatures [38—40].

Preliminary phytochemical screening

The seeds extract was examined for the presence of
various phytoconstituents (carbohydrates, alkaloids,
flavonoids, saponins, glycosides, tannins and phenolic
according to the well-established methods [41-43].

Total flavonoids content determination (TFC)

The TEC of the extracts was determined by dissolv-
ing 1 mg of extract with 1.5 ml methanol, 0.1 ml of 10%
AICl;, 0.1 ml of 1 M potassium acetate, and 2.8 ml of
distilled water. This mixture was incubated at room tem-
perature for 30 min. The absorbance was measured at
415 nm using a UV-Vis Double Beam Spectrophotom-
eter (Systronic). The similar treatment was performed for
variable concentrations of quercetin 10-50 pg/ml. The
TFC was calculated using quercetin as standard, and val-
ues were expressed in terms of mg of quercetin equiva-
lents QE/g [44].

Total phenolic content determination (TPC)

The extract 0.1 ml (1 mg/ml) was added to 2.5 ml of 10%
Folin-Ciocalteau’s reagent (v/v) was added, followed by
2.0 ml of 7.5% sodium carbonate solution. The reaction
mixture was incubated for 1.5 h at room temperature in
dark, and the absorbance was measured at 765 nm using
a UV-Vis Double Beam Spectrophotometer (Systronic).
The similar treatment was performed for variable con-
centrations of gallic acid (10-50 pg/ml). The total phe-
nol content was subsequently calculated using gallic acid
standard curve. The results were expressed as mg of gallic
acid equivalents GAE/g [44].

HPLC analysis

The M. pruriens var. utilis extract was analyzed using
chromatography on the Shimadzu LC2050 series,
which was equipped with a UV detection system. A
Phenomenex Luna C18 column with dimensions of
4.6x250 mm and a particle size of 5 pm was employed
at a temperature of 25 °C. The mobile phase comprised
a mixture of water and methanol at a volumetric ratio
of 60:40, with a flow rate of 1 mL/min. The samples
were observed and measured at a specific wavelength
of 282 nm. A sample, which had been filtered using a
0.45 pm PTEFE syringe filter, was injected into the rheo-
dyne injector using a volume of 20 uL. Data analysis and
recording of chromatogram was accomplished using Lab
Solutions software [45].

Calibration curve
A calibration curve was generated using seven different
levodopa concentrations ranging from 5 to 35 pg/ml. The
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levodopa concentrations were diluted with an appropri-
ate mobile phase. A calibration curve was constructed by
plotting the concentration of levodopa against the cor-
responding peak area. Regression equations were then
derived from the data [45].

In-vitro antioxidant potential of M. pruriens var.
Utilis

Antioxidant Activity The antioxidant activity of selected
extract was assessed by DPPH free radical scavenging
assay and ABTS radical cation decolorization assay. The
experiments were accomplished in triplicates and the
antioxidant activity was calculated using following writ-
ten formula:

, Ag— A

Percentage of scavenging = % x 100 (1)
0

Where, as A, _ absorbance of control, A, _ absorbance

of sample, However, IC;, values were determined on the

basis of Probit analysis.

DPPH Radical scavenging activity

DPPH assay was used to determine free radical scaveng-
ing capacity. 1.0 mL ethanolic solution of DPPH 0.1 mM
was mixed with 1.0 mL of different concentrations of M.
pruriens var. utilis extract and positive control ascorbic
acid. Further, the reaction mixture tubes were incubated
for 20 min and the absorbance was observed at 517 nm.
Reduction in absorbance was indicated as stronger DPPH
radical-scavenging activity [46—48]. Percentage scaveng-
ing was calculated according to the formula (1).

ABTS Radical cation decolorization activity

The ABTS* scavenging assay was screened according
to the previously described literatures [49-51]. Briefly,
1 mL of ABTS" solution 7.0 mM was added in 1 mL of
potassium persulfate 2.45 mM solution and placed in the
dark for 16 h for the generation of ABTS" radical cat-
ion. Further, ethanol was used to dilute ABTS" solution
| until the absorbance displayed as 0.70£0.05 at 734 nm.
Then, 50 pL of the samples (different concentrations) and
ascorbic acid (as reference standard) were mixed with
prepared diluted 1.9 mL of ABTS* solution. The final test
mixtures were allowing to stand for 6 min at room tem-
perature and absorbance was measured at 734 nm [51,
52]. Percentage scavenging was calculated by the formula

).

In-vitro antidiabetic potential of M. pruriens var.
Utilis

Assay of a-Amylase inhibition

a-Amylase inhibitory activity was assayed according to
the procedure described by Yadav et al. [52], with a slight
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modification. a-Amylase activity was determined using
soluble starch 1% as a substrate in 0.02 mol/l sodium
phosphate buffer pH 6.9. M. pruriens var. utilis extracts
with concentration 0.1 mg/mL, 0.25 mg/mL, 0.5 mg/mL,
and 1 mg/mL were mixed with substrate solution made
up to a total volume of 150 uL; 10 pL of a-amylase solu-
tion 1 unit/mL/min was added. After incubation at 25 °C
for 30 min, 30 pL of dinitrosalicylic acid reagent was
added and incubated at 90 °C for 5 min. The absorbance
was measured at 540 nm. Acarbose a-amylase inhibitor
was used as a positive control. The assay was performed
in triplicate. The percentage of inhibition was calculated
using the following formula:

Percentage of inhibition
= [(Acontrol (without extract) — Asamplo)
/Acontrol(Withoutextraat)] x 100

Where A is the absorbance reading measured at 540 nm.

The IC;, value was defined as the concentration of the
compound required to inhibit 50% of the a-Amylase
activity under the assay conditions.

Assay of a-Glucosidase inhibition

The inhibition of a-glucosidase assay is a modification of
the method previously described by Yadav et al. [52]. M.
pruriens var. utilis extracts with concentration 0.1 mg/
mL, 0.25 mg/mL, 0.5 mg/mL, and 1 mg/mL were mixed
with 0.1 mol/l potassium phosphate buffer pH 6.9 made
up to total volume of 150 pL; 10 pL of a-glucosidase solu-
tion 1 unit/mL/min was added. The mixer was incubated
at 37 °C for 15 min. Then, 10 mL of 3 mM pnitrophenyl-
a-D-glucopyranoside (PNP-G) was added, and the mix-
ture was re-incubated at 37 °C for 10 min. The reaction
was terminated by the addition of 30 mL of 0.1 M sodium
carbonate. The amount of released product p-nitrophe-
nol was measured at 405 nm using a UV-spectropho-
tometer to estimate the enzymatic activity. Acarbose
a-glucosidase inhibitor was used as a positive control.
The assay was performed in triplicate. The percentage of
inhibition was calculated using the following formula:

Percentage of inhibition
= [(Acontrol (without extract) — Asamplo)
/Acontrol(Withoutextraat)] x 100

Where A is the absorbance reading measured at 405 nm.

The IC;, value was defined as the concentration of the
compound required to inhibit 50% of the a-glucosidase
activity under the assay conditions.
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Anti-inflammatory potential of M. pruriens var.
Utilis

HRBC membrane stabilization method

Fresh whole blood was ethically obtained from a healthy
human donor, collected into EDTA tubes to prevent clot-
ting. The blood samples were centrifuged at 2000x g for
10 min at 4 °C after being diluted with normal saline
solution (0.9%, in a 1:4 ratio). This centrifugation process
was repeated thrice until the supernatant appeared clear.
The resulting packed cells were quantified and reconsti-
tuted to form a 10% v/v HRBC (Human Red Blood Cell)
suspension using normal saline solution for use in the
experiment [53].

Hypotonicity-induced hemolysis

Hypotonicity-induced hemolysis was assessed using
an isotonic solution composed of 154 mM NaCl in a 10
mM sodium phosphate solution with a pH buffer of 7.4.
To investigate the effects, a stock RBC suspension (50 pl)
was mixed with 5 ml of a hypotonic solution contain-
ing M. pruriens var. utilis, ethanolic extract at concen-
trations of 100, 200, 300, 400, and 500 pg/ml. A control
sample was prepared using a drug-free solution. After a
10-minute incubation at room temperature, the mixture
was centrifuged at 5000 rpm for 5 min. The absorbance
of the supernatant was measured at 560 nm using a UV-
spectrophotometer. Aspirin (ASP) at a concentration of
200 pg/ml served as the standard. The percentage inhibi-
tion of hemolysis was calculated using the formula:

D2 — OD1
% Membrane stability = 100 x 1 — (ﬁ)

Where, OD,=Test sample unheated; OD,=Test sample
heated and OD,;=Control sample heated.

Egg albumin protein denaturation

Inflammatory and arthritic diseases may arise from the
denaturation of proteins, leading to the generation of
autoantigens. Therefore, compounds capable of induc-
ing protein denaturation hold promise for the develop-
ment of anti-inflammatory drugs. The experimental

Table 1 The physicochemical analysis results M. pruriens var.

Utilis

Parameters Value %
Loss on drying 4.8
Water soluble extractive value 139
Ethanol soluble extractive value 164
Acid insoluble ash value 6.1
water-soluble ash 1.5
Total Ash value 58
Swelling index 1.6
Foaming index 43
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setup involved preparing a reaction mixture consisting of
0.2 ml of egg albumin, 2.8 ml of phosphate buffer saline
(PBS, pH 6.4), and varying concentrations 100 ug/ml,
200 pg/ml, 300 pg/ml, 400 pug/ml, and 500 pg/ml of M.
pruriens var. utilis extract, totaling 5 ml. A control solu-
tion containing the same volume of distilled water was
used for comparison. The mixture was then incubated for
15 min at 37.2 °C, followed by heating for 5 min at 70 °C.
Absorbance was measured at 560 nm. As a standard,
Aspirin (ASP) was used at final concentrations of 100 ug/
ml, 200 pg/ml, 300 pg/ml, 400 pug/ml, and 500 pg/ml, with
absorbance measurements taken similarly.

The inhibition of protein denaturation was calculated
using the following formula:

% inhibition egg albumin protein denaturation
0OD2 — OD1
=10 x1—=————
. <OD3 - OD1>
Where, OD;=Test sample unheated; OD,=Test sample
heated and OD;=Control sample heated.

Statistical analysis

GraphPad Prism 8.2 software GraphPad Prism Software
Inc., San Diego, CA, USA was employed for statistical
analysis. The data are presented as Mean+SEM. Statis-
tical comparisons were conducted through a one-way
analysis of variance test, followed by a Dunnet’s t-test.
Statistical significance was denoted by *p<0.001.

Results

Physicochemical analysis

Physicochemical analysis is a crucial aspect of the study
of medicinal plants and natural products, encompassing
the identification, authentication, and evaluation of the
physical, chemical, and biological characteristics of plant
materials. This multidisciplinary field combines elements
of botany, chemistry, and pharmacology to ensure the
quality, safety, and efficacy of herbal medicines. Moisture,
extractive value, ash value, swelling, and foaming index
are displayed in Table 1. The values were found within the
mentioned limits of standard pharmacopoeias [38, 39].

Screening for phytochemical constituents

Phytochemical examination of M. pruriens var. utilis
seeds extract confirmed the presence of alkaloids, fla-
vonoids, phenolic, saponins, steroids, carbohydrates,
cardiac glycosides and tannins (Table 2). The phytocon-
stituents such as: tannins, coumarins, and flavonoids
consist antioxidant, anti-inflammatory, antibacterial
properties [54, 55], and also enhance wound healing by
improving the survivability of collagen fibers, strengthen-
ing the strength of collagen fibers either by enhancing the
circulation [56]. Therefore, the major constituents such
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Table 2 The outcomes of qualitative phytochemical screening
of M. pruriens var. Utilis
Test performed
Alkaloids

Ethanolic extract

Mayer's reagent ++
Dragendorff's reagent ++
Wagner's reagent ++
lodine solution ++
Flavonoids

Shinoda test ++
Zinc turning +
H,50, solution ++
Phenolic compounds

Lead acetate test ++
Fecl; test ++
Tannins

Lead acetate solution ++
Ferric chloride solution +
Saponins

Foam test ++
Borntrager’s test ++
Steroids

Salkowasld test ++
Liebermann's reagent ++
Carbohydrates

Molisch’s test ++
Fehling’s test ++

Cardiac glycosides
Legal test +
Keller killiani Test -

+ present, ++ strong present, - absent

flavonoids, phenols and alkaloids present in M. pruriens
var. utilis might play a major role in the process of anti-
diabetic and anti-inflammatory activity.
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Evaluation of total phenolic and flavonoid contents

The total phenolic and flavonoid content of M. pruriens
var. utilis ethanolic extract was determined using a col-
orimetric technique. The total phenolic content of the
ethanolic extract was found to be 112.07+1.21 mg Gallic
acid equivalents GAE/g of dry extract. However, the fla-
vonoid content was found to be 101.41+1.08 mg of quer-
cetin equivalents QE/g of dry extract.

HPLC analysis

The retention time of levodopa was 4.4 min Fig. 1. The
peak eluted in the HPLC chromatogram of M. pruriens
var. utilis extract is depicted in Fig. 2. The peak eluted
at 4.4 min was identified as levodopa. By comparing
the standard HPLC chromatograms, the peaks eluted at
other retention times were found to be levodopa. The
regression equation was found y=125.7x —100.6 and cor-
relation coefficient (r?) values were found to be 0.995.
The levodopa concentration from M. pruriens var. utilis
extract was quantified using regression equation. The
levodopa concentration was found 105 mg per one gram
of M. pruriens var. utilis extract.

Effect of M. pruriens var. utilis on antioxidant activity

Reactive oxygen species (ROS) and nitrogen species have
been recognized for their therapeutic potential in various
lifestyle diseases, including diabetes and liver conditions.
Studies have indicated that during the initial phase of
an inflammatory response, free radicals directly engage
with DNA, promoting cell growth and division [57-59].
Consequently, medications or formulations with free
radical-scavenging abilities could be valuable adjuvants
in the treatment of diseases such as diabetes and malig-
nancies [57-61]. In this context, the antioxidant prop-
erties of M. pruriens var. utilis, were explored (Table 3).
The seed extract of M. pruriens var. utilis, along with
the standard drug L-ascorbic acid, demonstrated a 50%
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Fig. 1 HPLC chromatograms of levodopa. Concentration of levodopa is 23.71 pg/mL
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Fig. 2 HPLC chromatogram of Mucuna pruriens extract. The peak indicates the presence of levodopa. The concentration of levodopa is 20.37 ug/mL

Table 3 M. pruriens var. Utilis has antioxidant properties

Drugs DPPH ABTS

1C5, value pg/mL IC5, value pg/mL
M. pruriens var. utilis 63.34+£227% 67.46+1.45%
Ascorbic acid 9.07+1.23 431+£1.18

Each statistics represents the Mean+SEM (n=3) * Significant difference
(P<0.001) when compared to standards (Dunnet’s t-test)

DPPH inhibitory scavenging effect at 63.34+2.27 pg/mL
and 9.07+1.23 pug/mL, respectively. M. pruriens var. uti-
lis, exhibited an 8-fold lower DPPH scavenging potential
compared to ascorbic acid, suggesting its potential as an
adjuvant in antidiabetic action. A recent study [48], on
Oroxylum indicum reported a DPPH scavenging ICs, of
149.97+1.10 pg/mL, emphasizing M. pruriens var. utilis,
stronger DPPH scavenging potency among traditionally
recognized antioxidant plants.

Furthermore, M. pruriens var. utilis, and ascorbic acid
displayed ABTS™ scavenging activity with IC; values of
67.46+1.45 pg/mL and 4.31%+1.18 pg/mL, respectively. In
comparison, O. indicum bark extract showed 50% inhibi-
tory potential at 80.10+£0.90 pg/mL against ABTS™ scav-
enging assay [48]. The comparative analysis highlighted
M. pruriens var. utilis significant ABTS' scavenging
capacity compared to O. indicum seed extract, indicat-
ing its notable role in reducing oxidative stress. The
antioxidant results affirm that M. pruriens var. utilis can
protect deoxyribose in the presence of hydroxyl radicals
and exhibit a higher potential for scavenging DPPH and
ABTS? free radicals [9].

Effects of M. pruriens var. utilis, on a-glucosidase and
a-amylase antidiabetic activity

In this study, in-vitro investigations into the antidiabetic
activity of M. pruriens var. utilis, often focus on their
effects on a-glucosidase and a-amylase enzymes. These
enzymes play critical roles in carbohydrate digestion, and
their inhibition can be a promising strategy for managing

Table 4 In-vitro a-glucosidase and a-amylase inhibitory activity
of M. pruriens var. Utilis extracts

Compound a-glucosidase IC;o pg/mL  a-amylase
1G5 pg/mL

M. pruriens var. utilis extract  28.34+1.41 3342+135*

Acarbose 2881+1.23 29.66+251

A statistically significant difference in means in comparison to standard is
marked by a symbol: *p<0.001

diabetes [62]. Researchers explore the potential of natu-
ral and synthetic substances to modulate o-glucosidase
and a-amylase activity, aiming to retard the breakdown
of complex carbohydrates and reduce postprandial glu-
cose levels [4]. Substances exhibiting inhibitory effects on
these enzymes may hold therapeutic promise in control-
ling blood glucose levels, providing a foundation for the
development of antidiabetic agents. The identification of
compounds with significant in-vitro antidiabetic activity
contributes to ongoing efforts to discover effective treat-
ments for diabetes through a better understanding of the
molecular mechanisms involved in carbohydrate metab-
olism. The results are shown in Table 4.

In the a-glucosidase and a-amylase assays, M. pru-
riens var. utilis had ICy, of 28.34%*1.41 ug/mL and
33.42%1.35 pug/mL, while the acarbose standard, showed
ICy, of 28.81%1.23 pg/mL and 29.66+2.51 pg/mL,
respectively. M. pruriens var. utilis, is a more potent
a-glucosidase and a-amylase inhibitor. Therefore, based
on the presented results and a comparison with other
similar studies, M. pruriens var. utilis has an excel-
lent potential to inhibit a-glucosidase, and a-amylase
enzymes.

Effect of M. pruriens var. utilis and ASP on egg albumin
protein denaturation

The in-vitro anti-inflammatory activity was studied
using egg albumin protein denaturation method. Table 5
shows the percent inhibition of egg albumin protein
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Table 5 Effect of ASP and M. pruriens var. utilis on egg albumin protein denaturation
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Sample Conc. Absorbance at 560 nm % inhibition of egg albumin protein denaturation % Inhibition
(ng/ml) A b c a b c (Mean +SD)
ASP 100 0.53 0.51 0.53 14.52 17.74 14.52 15.59+1.86
200 049 0.46 045 20.97 25.81 2742 24.73£3.36
300 044 042 041 29.03 3226 33.87 31.72+246
400 0.37 0.36 037 40.32 41.94 40.32 40.86+0.93
500 0.16 0.15 0.13 7419 75.81 79.03 76.34+2.46
M. pruriens var. utilis 100 0.53 0.53 0.51 14.52 14.52 17.74 15.59+1.86
200 0.45 043 045 2742 30.65 2742 2849+1.86
300 044 042 044 29.03 3226 3548 3226+323
400 0.50 0.52 0.53 3512 3713 3861 3695+£1.43
500 0.52 0.54 0.53 4461 42.21 43.37 43.39+0.97
Table 6 Effect of ASP and M. pruriens var. Utilis on hypotonicity induced hemolysis of RBC membrane
Sample Conc. Absorbance at 560 nm % of inhibition of RBC hemolysis % Inhibition
(ng/ml) a b c a b c (Mean +SD)
ASP 100 0.81 0.84 0.83 1217 14.36 13.71 13.41£091
200 0.72 0.73 0.72 20.14 2224 20.67 21.01£0.89
300 0.58 0.60 061 34.81 35.61 33.37 34.59+0.92
400 0.55 0.52 0.54 42.72 4347 42.44 42.87+043
500 048 046 0.45 5842 5537 56.28 56.69+1.27
M. pruriens var. utilis 100 0.80 0.78 0.79 17.75 16.32 1837 1748+0.85
200 0.68 0.65 0.66 24.16 22.33 25.03 23.84£1.12
300 0.65 0.63 0.63 2942 30.22 28.11 2925+0.86
400 0.58 0.57 0.55 34.42 35.61 34.22 34.75+£0.61
500 0.50 048 0.53 41.81 4044 39.72 40.65+0.86

denaturation for different concentrations of M. pruriens
var. utilis and aspirin. The M. pruriens var. utilis exhibited
good anti-inflammatory properties that are comparable
with standard aspirin. Protein denaturation is a process
by which proteins lose their tertiary and secondary struc-
tures by application of external stress compounds such
as strong acid, base, concentrated inorganic-organic salt.
Protein denaturation is a well-documented causative
of inflammation. During this process, the proteins lose
their quaternary structure, thereby inducing aggregation,
which activates deleterious inflammatory signals [62, 63].

It is well established that protein denaturation inhibi-
tors’ agents function by sup pressing different types of
inflammatory mediators involved in the inflammation
process. Denaturation of proteins is a well-documented
cause of inflammation; drugs such as Phenylbutazone,
salicylic acid, sodium diclofenac, and flufenamic acid
show dose-dependent ability against protein denatur-
ation. It has also been reported that various plant extracts
and their isolated compounds showed good anti-inflam-
matory activity comparable to that of synthetic anti-
inflammatory drugs [64].

Effect of M. pruriens var. utilis and ASP on hypotonicity
induced hemolysis of HRBC

Hypotonic solutions can cause hemolysis, where red
blood cells accumulate excessive fluids, leading to the
rupture of their membranes. This damage makes the cells
more vulnerable to harm from free radicals, which can
induce lipid peroxidation [53]. This, in turn, increases
membrane permeability, facilitated by inflammatory
mediators. Stabilizing the membrane can prevent the
release of serum proteins and fluids into the surrounding
tissue [65]. Table 6 displays the percentage inhibition of
hypotonicity induced hemolysis in human red blood cells
treated with ASP and M. pruriens var. utilis.

The extracts displayed a concentration-dependent inhi-
bition of hemolysis. The ethanolic seed extract of M. pru-
riens var. utilis may stabilize the membrane of red blood
cells by preventing the release of lytic enzymes and other
active inflammatory mediators.

Discussion

This study expands on our previous research, which
highlighted the potential of the ethanol extract derived
from M. pruriens var. utilis seeds to demonstrate robust
in-vitro anti-diabetic, anti-inflammatory, and antioxi-
dant properties. The evaluation of M. pruriens var. utilis
involved assessing these attributes. Numerous studies
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have focused on the simultaneous utilization of probi-
otic bacterial families, including Lactobacillaceae and
Bifidobacteriaceae, along with phenolic compounds.
Several polyphenols and their metabolites have been
shown to enhance the growth of probiotics within the
human intestinal tract [66]. a-glucosidase inhibitors can
effectively impede the release of D-glucose from oligo-
saccharides and disaccharides present in complex car-
bohydrates within our diet. This retardation in glucose
absorption results in reduced blood glucose levels follow-
ing a meal, contributing to the mitigation of postprandial
hyperglycemia [67]. Lipoxygenase (LOX) facilitates the
reaction involving unsaturated fatty acids, leading to the
generation of active lipid metabolites. These metabolites
have been associated with the development of various
disease conditions, including diabetes, in the context of
pathogenesis [68].

M. pruriens var. utilis exhibited remarkable activity as
a-glucosidase inhibitors, efficiently inhibiting the absorp-
tion of disaccharides. This dual functionality could play
a role in augmenting the extract’s effectiveness in pre-
venting adipogenesis and combating obesity, ultimately
resulting in substantial weight loss. In future studies, it
is crucial to investigate the potential effects of the opti-
mized extract on glucose and lipid metabolism in rel-
evant tissues, such as skeletal muscle and the liver [69].

The results from the ABTS and DPPH assays indicate
that M. pruriens var. utilis possesses antioxidant prop-
erties. Specifically, the DPPH inhibitory activity of M.
pruriens var. utilis was observed to be consistent IC,
63.34%2.27 pg/mL with the findings reported in a previ-
ous study ICs, 10.85 pg/Ml [14]. M. pruriens var. utilis,
as assessed by the ABTS assay, displayed the character-
istics of an effective antioxidant inhibitor. Comprehen-
sive investigations were undertaken to encompass a
diverse range of compounds. Unlike the DPPH assay,
which exclusively quantifies hydrophobic antioxidants,
the ABTS assay is specifically designed to measure the
antioxidant activity of hydrophilic compounds [70]. A
hypothesis posits an increase in oxidative stress among
individuals with diabetes. The action of oxygen free radi-
cals may trigger lipid peroxidation, setting in motion the
glycation of proteins. Consequently, this process can
deactivate enzymes, modify collagen structure and func-
tion, and disrupt basement membrane homeostasis. This
sequence of events may lead to a range of complications,
both immediate and prolonged, ultimately culminating in
the onset of diabetes [71].

Inflammation represents an intricate bodily response
aimed at addressing damages in cells, tissues, and organs
resulting from stimuli like mechanical injuries, aller-
gens, burns, microbial infections, and other toxic sub-
stances. This process activates macrophages, leukocytes,
mast cells, and complement factors [72]. Inflammation
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is linked to diabetes, and the current approach to treat-
ing DM p/lkrimarily relies on parenteral insulin and oral
anti-diabetic drugs. Given the significant side effects
associated with oral hypoglycemic agents, there is a
necessity to explore novel anti-diabetic compounds with
minimal side effects and heightened therapeutic efficacy
[73, 74].

The impact of M. pruriens var. utilis on HRBC mem-
brane stabilization was assessed by quantifying hemo-
globin levels in samples following the inhibition of egg
albumin protein denaturation at elevated temperatures.
M. pruriens var. utilis demonstrated an anti-inflamma-
tory effect by dose-dependently decreasing inhibition of
egg albumin protein denaturation at high temperatures.
As a benchmark, ASP was employed as the standard drug
for comparison [75]. M. pruriens var. utilis achieved the
highest level of percentage inhibition at a concentration
of 500 pg/ml=43.39+0.97%.

Conclusion

The investigation yielded noteworthy findings, indicating
that the ethanolic extracts derived from M. pruriens var.
utilis seeds effectively inhibited HRBC membrane stabi-
lization, antidiabetic and displayed robust antioxidant
properties by scavenging both DPPH and ABTS radicals.
Additionally, the extracts exhibited a dose-dependent
inhibition of carbohydrate-metabolizing enzymes. These
collective results strongly suggest the substantial medici-
nal potential of M. pruriens var. utilis seed ethanolic
extract as a versatile agent with anti-inflammatory, anti-
oxidant, and antidiabetic properties. However, to gain a
comprehensive understanding of the precise mechanisms
underlying these activities, further efforts are warranted
for the isolation and characterization of bioactive com-
pounds from the M. pruriens var. utilis seed extracts.
Such endeavors are crucial for unraveling the intricate
therapeutic pathways and laying the foundation for the
development of novel and effective therapeutic agents.

Acknowledgements

Acknowledgements The authors acknowledge Sam Higginbottom University
of Agriculture, Technology and Sciences, Prayagraj, India, GITAM University for
providing us the research facility to conduct the research work.

Author contributions

Conceptualization and supervision: Amita Verma; Data collection: Jagat Pal
Yadav, Abhishek Singh, Seema Yadav; Study design: Amita Verma and Jagat
Pal Yadav Writing the manuscript: Jagat Pal Yadav; Statistical analysis: Jagat Pal
Yadav and Prateek Pathak; Review and final editing of the manuscript: Jagat
Pal Ydav, Narahari N. Palei, Amita Verma, and Prateek Pathak.

Funding
This research received no external funding.

Data availability
No datasets were generated or analysed during the current study.



Yadav et al. Clinical Phytoscience

(2024) 10:21

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 March 2024 / Accepted: 27 August 2024
Published online: 14 September 2024

References

1.

Uritu CM, Mihai CT, Stanciu GD, Dodi G, Alexa-Stratulat T, Luca A, et al. Medici-
nal plants of the family Lamiaceae in pain therapy: a review. Pain Res Manag.
2018;1:7801543.

Dey A, Nandy S, Mukherjee A, Modak BK. Sustainable utilization of medicinal
plants and conservation strategies practiced by the aboriginals of Purulia
district, India: a case study on therapeutics used against some tropical
otorhinolaryngologic and ophthalmic disorders. Environ Dev Sustain.
2021;23:5576-613.

Ismail lid I, Kumar S, Shukla S, KumarV, Sharma R. Putative antidiabetic herbal
food ingredients: Nutra/functional properties, bioavailability and effect on
metabolic pathways. Trends Food Sci Technol. 2020;97:317-40.

Paun G, Neagu E, Albu C, Savin S, Radu GL. In vitro evaluation of antidiabetic
and anti-inflammatory activities of polyphenolic-rich extracts from Anchusa
officinalis and Melilotus officinalis. ACS Omega. 2020;5:13014-22.

Wagner H, Ulrich-Merzenich G. Synergy research: approaching a new genera-
tion of phytopharmaceuticals. Phytomedicine. 2009;16:97-110.

Singh A, Yadav S, Pathak P, Verma A, Yadav JP. Harnessing Luteolin's thera-
peutic potential in human disorders: Medicinal significance, biological,
clinical properties and analytical aspects. Pharmacol Res-Mod Chin Med.
2024;10:100401.

Hurrle S, Hsu WH. The etiology of oxidative stress in insulin resistance. Biomed
J.2017;40:257-62.

Orgah JO, He S, Wang Y, Jiang M, Wang Y, Orgah EA, et al. Pharmacological
potential of the combination of Salvia miltiorrhiza (Danshen) and Carthamus
tinctorius (Honghua) for diabetes mellitus and its cardiovascular complica-
tions. Pharmacol Res. 2020;153:104654.

Yadav JP, Grishina M, Shahbaaz M, Mukerjee A, Singh SK, Pathak P. Cucumis
melo var. Momordica as a potent antidiabetic, antioxidant and possible
anticovid alternative: investigation through experimental and computational
methods. Chem Biodivers. 2022;19:2202200200.

Yadav JP, Singh AK, Grishina M, Pathak P, Patel DK. Cucumis melo Var. Agrestis
Naudin as a potent antidiabetic: investigation via experimental methods.
Phytomedicine Plus. 2022;2:100340.

Yadav JP, Singh AK, Grishina M, Pathak P, Verma A, Kumar V, Kumar P, Patel DK.
Insights into the mechanisms of diabetic wounds: pathophysiology, molecu-
lar targets, and treatment strategies through conventional and alternative
therapies. Inflammopharmacology. 2024;11:1-80.

Yadav JP, Patel DK, Verma A, Pathak P. Revolutionizing diabetic wound heal-
ing: targeted therapeutic strategies based on growth factors. Obes Med.
2024;47:100535.

Mohamed Mahzir KA, Abd Gani SS, Hasanah Zaidan U, Halmi MI. Develop-
ment of Phaleria macrocarpa (Scheff.) Boerl fruits using response surface
methodology focused on phenolics, flavonoids and antioxidant properties.
Molecules. 2018;23:1-22.

Khan S, Mehmood MH, Ali AN, Ahmed FS, Dar A, Gilani AH. Studies on anti-
inflammatory and analgesic activities of betel nut in rodents. J Ethnopharma-
col. 2011;135:654-61.

Yadav JP, Patel DK, Dubey NK, Mishra MK, Verma A, Grishina M, Khan MM,
Pathak P.Wound healing and antioxidant potential of Neolamarckia cadamba
in streptozotocin-nicotinamide induced diabetic rats. Phytomedicine Plus.
2022;2:100274.

Yesmin S, Paul A, Naz T, Rahman AA, Akhter SF, Wahed M|, Emran TB, Sid-
diqui SA. Membrane stabilization as a mechanism of the anti-inflammatory
activity of ethanolic root extract of Choi (Piper Chaba). Clin Phytoscience.
2020,6:1-10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

Page 10 of 11

Yadav JP. Based on clinical research matrix metalloprotease (MMP) inhibitors
to promote diabetic wound healing. Horm Metab Res. 2023;55:752-7.
Kumar V, Bhat ZA, Kumar D, Khan NA, Chashoo IA. Evaluation of anti-inflam-
matory potential of leaf extracts of Skimmia Anquetilia. Asian Pac J Trop
Biomed. 2012;2:627-30.

Gupta A, Kumar R, Ganguly R, Singh AK, Rana HK, Pandey AK. Antioxidant,
anti-inflammatory and hepatoprotective activities of Terminalia bellirica and
its bioactive component ellagic acid against diclofenac induced oxidative
stress and hepatotoxicity. Toxicol Rep. 2021;8:44-52.

Cheignon C, Tomas M, Bonnefont-Rousselot D, Faller P, Hureau C, Collin F.
Oxidative stress and the amyloid beta peptide in alzheimer’s disease. Redox
Biol. 2018;14:450-64.

Islam MK, Sostaric T, Lim LY, Hammer K, Locher C. Antioxidant hptlc-dpph fin-
gerprinting of honeys and tracking of antioxidant constituents upon thermal
exposure. Foods. 2021;10:1-16.

Rohini P, Aditya T, Anil M, Arun K. Anti-inflammatory and antioxidant potenti-
ality of Solanum Xanthocarpum. Afr J Biotechnol. 2018;17:1188-95.

Di Marco G, Gismondi A, Panzanella L, Canuti L, Impei S, Leonardi D, et al.
Botanical influence on phenolic profile and antioxidant level of Italian hon-
eys. J Food Sci Technol. 2018;55:4042-50.

Ronsisvalle S, Lissandrello E, Fuochi V, Petronio Petronio G, Straquadanio

C, Crasci L, et al. Antioxidant and antimicrobial properties of Casteanea
Sativa Miller chestnut honey produced on Mount Etna (Sicily). Nat Prod Res.
2019;33:843-50.

Cheung Y, Meenu M, Yu X, Xu B. Phenolic acids and flavonoids profiles of
commercial honey from different floral sources and geographic sources. Int J
Food Prop. 2019;22:290-308.

Aware C, Patil R, Gaikwad S, Yadav S, Bapat V, Jadhav J. Evaluation of L-dopa,
proximate composition with in vitro anti-inflammatory and antioxidant
activity of Mucuna macrocarpa beans: a future drug for Parkinson treatment.
Asian Pac J Trop Biomed. 2017;7:1097-106.

Rane M, Suryawanshi S, Patil R, Aware C, Jadhav R, Gaikwad S, et al. Exploring
the proximate composition, antioxidant, Anti-parkinson’s and anti-inflam-
matory potential of two neglected and underutilized Mucuna species from
India. South Afr J Bot. 2019;124:304-10.

Renata LT, Alexandre SS, Ana RNC, Alexandre RPS, Jailane de SA. Nutritional
composition, phytochemicals and microbiological quality of the legume,
Mucuna pruriens. Afr J Biotechnol. 2015;14:676-82.

Das D, Das S, Pandey M, Bhattacharyay D. In silico analysis of phytochemicals
from Mucuna pruriens (L) DC against Mycobacterium tuberculosis causing
tuberculosis. Eur J Med Plants. 2020;31:19-24.

Johnson SL, Park HY, Dasilva NA, Vattem DA, Ma H, Seeram NP. Levodopa-
reduced mucuna pruriens seed extract shows neuroprotective effects
against parkinson’s disease in murine microglia and human neuroblastoma
cells, Caenorhabditis elegans, and Drosophila melanogaster. Nutrients.
2018;10:1-14.

Laviada-Castillo RE, Segura-Campos MR, Chan-Zapata |, Torres-Romero

JC, Guillermo-Cordero JL, Arana-Argaez VE. Immunosuppressive effects of
protein derivatives from Mucuna pruriens on a streptozotocin-induced type
1 diabetes murine model. J Food Biochem. 2019;43:1-10.

Jimoh MA, Idris OA, Jimoh MO. Cytotoxicity, phytochemical, antiparasitic
screening, and antioxidant activities of mucuna pruriens (Fabaceae). Plants.
2020;9:1-13.

DhananiT, Singh R, Shah S, Kumari P, Kumar S. Comparison of green extrac-
tion methods with conventional extraction method for extract yield, L-DOPA
concentration and antioxidant activity of Mucuna pruriens seed. Green Chem
Lett Rev. 2015;8:43-8.

Uchegbu R, Ahuchaogu A, Mbadiugha C, Amanze K, Igara C, Iwu |, et al. Anti-
oxidant, anti-inflammatory and antibacterial activities of the seeds of Mucuna
pruriens (UTILIS). Am Chem Sci J. 2016;13:1-8.

Shanmugavel G, Krishnamoorthy G. In vitro evaluation of the antibacterial
activity of alcoholic extract from Mucuna pruriens seed. Int J Herb Med.
2015,07-9.

Mutwedu VB, Ayagirwe RBB, Bacigale SB, Mwema LM, Butseme S, Kashosi

T, et al. Effect of dietary inclusion of small quantities of Mucuna pruriens
seed meal on sexual behavior, semen characteristics, and biochemical
parameters in rabbit bucks (Oryctolagus cuniculus). Trop Anim Health Prod.
2019;51:1195-202.

Ashidi JS, Owagboriaye FO, Yaya FB, Payne DE, Lawal Ol, Owa SO. Assessment
of reproductive function in male albino rat fed dietary meal supplemented
with Mucuna pruriens seed powder. Heliyon. 2019;5:e02716.



Yadav et al. Clinical Phytoscience

38.
39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

(2024) 10:21

API. The ayurvedic pharmacopoeia of India. 3rd ed. Controller of Publications,
Ministry of Health and Family Welfare, Government of India; 2016.

IP.Indian Pharmacopoeia, 4th ed. The Controller of Publications, Ministry of
Health and Family Welfare, Government of India; 1996.

Mushtaq A, Akbar S, Zargar MA, Wali AF, Malik AH, Dar MY, Hamid RG. BA.
Phytochemical screening, physicochemical properties, acute toxicity testing
and screening of hypoglycaemic activity of extracts of Eremurus Himalaicus
baker in normoglycaemic Wistar strain albino rats. Biomed Res Int. 2014;1-6.
Evans WC. Trease and Evan’s Pharmacognosy. 14th ed. WB Suunders Com-
pany; 1997.

Khandelwal KR. Practical pharmacognosy techniques and experiments. 12th
ed. Nirali Prakashan; 2004.

Mohapatra SS, Roy RK, Mohan P, Upadhyaya TN, Sarma J. Phytochemical
analysis and hepatoprotective effect of hydroethanolic extract of stem bark
of Oroxylum Indicum. Int J Curr Microbiol Appl Sci. 2018;7:1000-6.

Hossain A, Khatun MA, Islam M, Hugue R. Enhancement of antioxidant quality
of green leafy vegetables upon different cooking method. Prev Nutr Food Sci.
2017;22:216-22.

Longhi JG, Perez E, de Lima JJ, Candido LMB. In vitro evaluation of Mucuna
pruriens (L) DC. Antioxidant activity. Brazilian J Pharm Sci. 2011,47:535-44.
Bansal P, Paul P, Nayak PG, Pannakal ST, Zou JH, Laatsch H, Priyadarsini KI,
Unnikrishnan MK. Phenolic compounds isolated from Pilea microphylla
prevent radiation-induced cellular DNA damage. Acta Pharm Sin B.
2011;1:226-35.

Chaudhary S, Chandrashekar KS, Pai KS, Setty MM, Devkar RA, Reddy ND,
Shoja MH. Evaluation of antioxidant and anticancer activity of extract and
fractions of Nardostachys jatamansi DC in breast carcinoma. BMC Comple-
ment Altern Med. 2015;15:1-3.

Pathak P, Novak J, Naumovich V, Grishina M, Balkrishna A, Sharma N, et al.
Polyphenolic rich extract of Oroxylum indicum alleviate 3-glucuronidase
activity via down-regulate oxidative stress: experimental and computational
studies. Biocatal Agric Biotechnol. 2020;29:101804.

Tachakittirungrod S, Okonogi S, Chowwanapoonpohn S. Study on antioxi-
dant activity of certain plants in Thailand: mechanism of antioxidant action of
guava leaf extract. Food Chem. 2007;103:381-8.

Liu J, Lu J, Wen X, Kan J, Jin C. Antioxidant and protective effect of inulin and
catechin grafted inulin against CCl4-induced liver injury. Int J Biol Macromol.
2015;72:1479-84.

Stankovi¢ N, Mihajilov-Krstev T, Zlatkovi¢ B, Stankov-Jovanovi¢ V, Miti¢ V, Jovi¢
J, et al. Antibacterial and antioxidant activity of traditional medicinal plants
from the Balkan Peninsula. NJAS - Wageningen J Life Sci. 2016,78:21-8.
Yadav JP, Verma A, Pathak P, Kumar V, Patel DK. Wound healing, antidiabetic
and antioxidant activity of Neolamarckia cadamba, quercetin rich, extract.
Pharmacol Res-Mod Chin Med. 2024;11:100417.

Mendez-Encinas MA, Valencia D, Ortega-Garcia J, Carvajal-Millan E, Diaz-
Rios JC, Mendez-Pfeiffer P, et al. Anti-inflammatory potential of seasonal
Sonoran propolis extracts and some of their main constituents. Molecules.
2023;28:4496.

Chandrasekar MJN, Bommu P, Nanjan MJ, Suresh B. Chemoprotective effect
of Phyllanthus maderaspatensis in modulating cisplatin-induced nephrotox-
icity and genotoxicity. Pharm Biol. 2006;44:100-6.

Ghlissi Z, Sayari N, Kallel R, Bougatef A, Sahnoun Z. Antioxidant, antibacterial,
anti-inflammatory and wound healing effects of Artemisia campestris aque-
ous extract in rat. Biomed Pharmacother. 2016:84:115-22.

Halliwell B, Gutteridge JMC. Role of free radicals and catalytic metal ions in
human disease: an overview. Methods Enzymol. 1990;186:1-85.

Seitz HK; Stickel F. Risk factors and mechanisms of hepatocarcinogen-

esis with special emphasis on alcohol and oxidative stress. Biol Chem.
2006,387:349-60.

Troll W. The role of oxygen radicals as a possible mechanism of tumor promo-
tion. Annu Rev Pharmacol Toxicol. 1985;25:509-28.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Page 11 of 11

Berghe WV. Epigenetic impact of dietary polyphenols in cancer che-
moprevention: lifelong remodeling of our epigenomes. Pharmacol Res.
2012,65:565-76.

Ahmed D, KumarV, Sharma M, Verma A. Target guided isolation, in-vitro
antidiabetic, antioxidant activity and molecular docking studies of some
flavonoids from Albizzia Lebbeck Benth. Bark. BMC Complement Altern Med.
2014;14:155.

Ahmed D, KumarV, Verma A, Shukla GS, Sharma M. Antidiabetic, antioxidant,
antihyperlipidemic effect of extract of Euryale ferox salisb. With enhanced
histopathology of pancreas, liver and kidney in streptozotocin induced
diabetic rats. Springerplus. 2015;4:1-7.

Yadav JP, Patel DK, Pathak P, Grishina M. Role of G-protein coupled receptor
(GPCRs)/(GPR-120) as an agonists in diabetic wound healing. Obes Med.
2022;36:100466.

Prabhu S, Poulose EK. Silver nanoparticles: mechanism of antimicrobial. Int
Nano Lett. 2012;2:32-41.

Kumari CS, Yasmin N, Hussain MR, Babuselvam M. In vitro anti-inflammatory
and anti-arthritic property of Rhizopora mucronata leaves. Int J Pharma Sci
Res. 2015,6:482-5.

Chirumamilla P, Taduri S. Assessment of in vitro anti-inflammatory, anti-
oxidant and antidiabetic activities of Solanum khasianum Clarke. Vegetos.
2023;36:575-82.

Piekarska-Radzik L, Klewicka E. Mutual influence of polyphenols and Lactoba-
cillus spp. bacteria in food: a review. Eur Food Res Technol. 2021;247:9-24.
Gao H, Huang YN, Gao B, Li P, Inagaki C, Kawabata J. Inhibitory effect on
a-glucosidase by Adhatoda vasica Nees. Food Chem. 2008;108:965-72.

Pham AT, Malterud KE, Paulsen BS, Diallo D, Wangensteen H. a-Glucosidase
inhibition, 15-lipoxygenase inhibition, and brine shrimp toxicity of extracts
and isolated compounds from Terminalia macroptera leaves. Pharm Biol.
2014;52:1166-9.

Lee SY, KimTY, Hong JY, Kim GJ, Oh JB, Kim MJ, Apostolidis E, Lee JY, Kwon

YI. Anti-obesity and anti-adipogenic effects of administration of arginyl-
fructose-enriched Jeju barley (Hordeum vulgare L.) extract in C57BL/6 mice
and in 3T3-L1 preadipocytes models. Molecules. 2022;27:3248.

Capanoglu E, Kamiloglu S, Ozkan G, Apak R. Evaluation of antioxidant activ-
ity/capacity measurement methods for food products. Meas Antioxid Activity
Capacity: Recent Trends Appl. 2018;11:273-86.

Matough FA, Budin SB, Hamid ZA, Alwahaibi N, Mohamed J. The role of oxida-
tive stress and antioxidants in diabetic complications. Sultan Qaboos Univ
Med J. 2012;12:556-69.

Shams WA, Rehman G, Onoja SO, Ali A, Khan K, Niaz S. In vitro antidiabetic,
anti-inflammatory and antioxidant potential of the ethanol extract of Uro-
mastyx hardwickii skin. Trop J Pharm Res. 2019;18:2109-15.

Sagbo 1J, Van De Venter M, Koekemoer T, Bradley G. In vitro antidiabetic activ-
ity and mechanism of action of brachylaena elliptica (Thunb.) DC. Evidence-
based Complement Altern Med. 2018;1:4170372.

Yadav JP, Verma A, Pathak P, Dwivedi AR, Singh AK, Kumar P, et al. Phytocon-
stituents as modulators of NF-kB signalling: investigating therapeutic poten-
tial for diabetic wound healing. Biomed Pharmacother. 2024;177:117058.
Rehman G, Hamayun M, Igbal A, Islam SU, Arshad S, Zaman K, Ahmad A, She-
hzad A, Hussain A, Lee |. In vitro antidiabetic effects and antioxidant potential
of Cassia nemophila pods. Biomed Res Int. 2018;1:1824790.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿In-Vitro evaluation of antidiabetic, antioxidant, and anti-inflammatory activities in ﻿Mucuna pruriens﻿ seed extract
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Chemicals and reagents
	﻿Collection and identification of plant samples
	﻿Extraction preparation
	﻿Physicochemical analysis
	﻿Preliminary phytochemical screening
	﻿Total flavonoids content determination (TFC)
	﻿Total phenolic content determination (TPC)
	﻿HPLC analysis
	﻿Calibration curve

	﻿In-vitro antioxidant potential of ﻿M. pruriens var. Utilis﻿
	﻿DPPH Radical scavenging activity
	﻿ABTS Radical cation decolorization activity

	﻿In-vitro antidiabetic potential of M. pruriens var. Utilis
	﻿Assay of α-Amylase inhibition
	﻿Assay of α-Glucosidase inhibition

	﻿Anti-inflammatory potential of ﻿M. pruriens var. Utilis﻿
	﻿HRBC membrane stabilization method
	﻿Hypotonicity-induced hemolysis
	﻿Egg albumin protein denaturation
	﻿Statistical analysis

	﻿Results


