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ABSTRACT

Objective: Inflammation is a biological response of vascularized tissue to harmful stimuli, including infection, damaged cells, or irritants, and is
characterized by a complex, protective, non-specific response. Genistein, derived from soybeans by isoflavonoids of estrogenic and anti-
inflammatory activities, recently attracted attention as an attractive drug candidate for the treatment or prevention of rheumatoid arthritis. The
present investigation was carried out to explore the pharmacological role of genistein treatment in an experimentally induced inflammatory model
with its antioxidant activity.

Methods: The antioxidant capacity was evaluated utilizing the 2-diphenyl-1-picrylhydrazyl (DPPH) assay method. The anti-inflammatory activity
was also evaluated with the carrageenan-induced paw oedema model in Wistar rats. The research includes a normal group (vehicle control), a
control group (carrageenan control), a standard group (celecoxib 50 mg/kg, p. 0.), and test groups (T1: genistein 10 mg/kg, p. 0., and T2: genistein
20 mg/kg, p. 0.). Inflammation in experimental groups (except the normal group) was induced by a single dose injection of 0.1 ml of carrageenan
(1% w/v in saline) at the subplantar region of the left hind paw after pretreatment with vehicle or drugs as per protocol. Paw edema was observed
at different times after induction.

Results: The genistein showed dose-dependent antioxidant activity in the DPPH assay (inhibition of 83.63% at 100 pg/ml). In vivo, paw edema was
inhibited by genistein to an extent comparable with the control group (P<0.05).

Conclusion: Genistein exerted potent anti-inflammatory and antioxidative activities in experimental models, which underlined its use as a

nutraceutical for the adjuvant therapy of inflammatory diseases.
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INTRODUCTION

Inflammation is well-known as a nonspecific protective biological
response of vascularized tissues to harmful stimuli such as
pathogens, damaged cells, or irritants [1]. Inflammation may be
associated with oxidative stress, and oxidative stress is implicated as
one of the important mechanisms that has induced deleterious
effects in different organs due to increased production of oxygen-
free radicals [2]. As a process of wound healing, it is the earliest
stage of tissue repair and is generally characterized by changes in
blood vessels, mobilization of inflammatory cells (in particular
neutrophils and macrophages), and secretion of chemical mediators
that eliminate the damaging agent, remove necrotic tissue, and
prepare the ground for tissue regeneration and repair. The condition
affects approximately 1 percent of the global population and is more
prevalent in women, who usually experience its onset between 30
and 60 years old, but has also been identified in men at a lower rate.
Genetic risk factors, environmental triggers, and immune imbalance
cumulatively trigger the development of the inflammatory cascades
followed by the synthesis of pro-inflammatory cytokines such as
TNF-q, IL1B, and IL-6 [3, 4].

Traditional anti-inflammatory agents, such as non-steroidal anti-
inflammatory  drugs (NSAIDs) and corticosteroids, have
demonstrated efficacy but are hampered by clinically important
adverse effects and therapeutic limitations. Adverse effects of
NSAIDs include gastrointestinal bleeding, kidney injury, and
cardiovascular risk; and during corticosteroid therapy, there is
suppression of immunity, delayed wound healing, and systemic
complications, including osteoporosis and adrenal suppression. In
addition to this, long use of these medications can make them less
effective while also more addictive, making it imperative for
alternative treatments to be safer and more target-specific in the

clinical setting [5]. This lack of effective therapy has resulted in an
aggressive search for alternative agents that match or exceed the
efficacy and safety profile of current treatments. Among natural
product-derived agents, genistein, a phytoestrogenic isoflavone
abundant in soybeans, has received much medicinal attention owing
to its broad pharmacological effects as an anti-inflammatory,
antioxidant, immunomodulatory, and bone-protective agent.

Genistein (4', 5, 7-trihydroxyisoflavone) is a 17f-estradiol-mimetic
compound that exhibits estrogenic activity by binding to the estrogen
receptor (ER), particularly ERP [6]. This interaction is the foundation of
its immunomodulatory and bone-maintenance role, including in
inflammatory disease. Besides its hormonal mimicry activity, genistein is
also a tyrosine kinase inhibitor, suggesting that it might be exerting
influence on the network of signaling pathways leading to the
inflammatory and proliferative events associated with inflammation
through molecules such as NF-kB, MAPKs, and JAK/STAT systems [7, 8].

In this regard, the development of treatment strategies based on
functional foods and plant-derived substances has displayed an
increasing trend in recent years. Soybean-based diets, which are
isoflavone-like and genistein-rich, are associated with a lower
incidence of degenerative and inflammatory diseases, including
osteoporosis or rheumatoid arthritis. With the two-sided face of
food and pharmacology, genistein is an excellent candidate to
combine nutritional and treatments for inflammation [9].

MATERIALS AND METHODS
Chemicals and reagents

Ascorbic acid (Loba Chemie, Mumbai, Maharashtra, India), genistein
(Tokyo Chemical Industries, Chennai, India), carrageenan (Loba
Chemie, Mumbai, Maharashtra, India), and 2,2-diphenyl-1-
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picrylhydrazyl (HiMedia Laboratories Pvt. Ltd., Maharashtra, India)
were procured from a departmental store. All chemicals and
reagents employed in the study were of analytical grade.

DPPH assay

To determine DPPH radical scavenging activity, an in vitro standard
antioxidant assay is used, with DPPH as a stable free radical. A stock
solution of genistein is prepared in methanol at concentrations of
10-100 pg/ml. A 0.1 mmol methanolic solution of DPPH is made
freshly and kept in the dark. A quantity of genistein solution is
combined with an equal volume of DPPH solution in every test tube,
followed by 30-minute incubation at room temperature (37 °C) in
the dark for reaction. The absorbance is recorded at 515 nm using a
UV-Vis spectrophotometer (UV-1780, Shimadzu, USA), against a
blank. The maximum absorbance is established by a control that
contains DPPH but with no genistein [10]. The percentage of
inhibition against DPPH radicals was calculated as follows:
Acontrol — Asample
% inhibition = ————— x 100
Acontrol

The value of Acontrol is the absorption of the DPPH solution without
genistein, while Asample is the absorbance with genistein. This
method allows us to find out the way genistein may combat free
radicals by measuring how effectively it is doing so.

Experimental animals

Albino Wistar rats (150-200 g) of both sexes were procured from the
Animal House facility, an institutional source, Shri Shankaracharya
Professional University, Bhilai (C. G.), India. The protocol was reviewed
by the Institution Animal Ethics Committee (IAEC) and approved in the
meeting with approval no. SSPU/KIPS/IAEC/2024/007. Animals were
acclimatized for 2 w before the experiments. They were housed on husk
bedding in polypropylene cages. Aqua Guard water and a pellet diet
were Kkept available to the animals. Animals were kept in standard
environmental conditions, such as a 12:12 light/dark cycle with 60%
relative humidity, as per CCSEA guidelines [11].

Experimental protocol

For the study design, an equal number of 30 animals is assigned to
five experimental groups (n = 6 in each). The normal group was
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injected with saline (0.1 ml) at the sub-plantar region of the left hind
paw, followed by a one-hour treatment of saline (10 ml/kg, p. o.).
The control group was injected with 0.1 ml carrageenan (1% w/v in
saline) in the subplantar region of the left hind paw and treated for
one hour with saline (10 ml/kg, p. 0.). The treatment groups received
celecoxib 50 mg/kg, p. o. (standard group); genistein 10 mg/kg, p. o.
(T1 group); and genistein 20 mg/kg, p. o. (T2 group). One hour after
these treatments, animals received 0.1 ml carrageenan (1% w/v in
saline) in the sub-plantar region of the left hind paw to induce
inflammation [12-13]. The volume of the paw was measured at regular
intervals post-injection, e. g, 0, 1, 2, 3, 4, and 24 h, using a vernier
caliper. Paw volume elevation was computed as an indication of
edema, and treatment groups were compared with the control group
to assess the anti-inflammatory activity. The approach is reliable to
assess the anti-inflammatory properties of pharmacological and
biological compounds, as evidenced by significant inhibition of
carrageenan-induced edema formation.

Statistical analysis

Two-way analysis of variance (ANOVA) followed by a post-hoc
comparison with Bonferroni’s test was employed to analyze the
data. Results were shown as mean=SEM, with p<0.05 being regarded
as a significant difference. All calculations were performed using
GraphPad Prism statistical software to ensure the reliability and
reproducibility of experimental data.

RESULTS AND DISCUSSION
DPPH assay for genistein

Table 1 shows the DPPH radical scavenging activities of genistein in
comparison with those of the standard antioxidant, ascorbic acid, at
a concentration range from 10 to 100 pg/ml. In both compounds,
there is a dose-dependent increase in values in % inhibition, with an
increasingly stronger neutralization of free radical activity observed
as the concentration increases. The point of 50% inhibition in the
presence of genistein is found at a concentration of 41.59 ug/ml, and
at a value of 26.97 pg/ml for ascorbic acid, but it does not exceed its
maximum level. The mean*SEM (n = 3) data confirm the
reproducibility of the measurements and evidence the importance of
genistein as a modulator of oxidative stress, especially in products
that demand milder antioxidant findings.

Table 1: DPPH radical scavenging activity (% Inhibition)

Concentration (ug/ml)

Genistein (% inhibition)

Ascorbic acid (% inhibition)

10 19.83+0.72
20 36.40+0.66
40 56.53+0.48
60 66.96+0.60
80 78.10+0.26
100 83.63+0.46

26.93+0.29
46.86+0.85
67.43+0.56
80.76+0.64
92.86x0.31
96.17+0.88

Value are expressed as meanz*standard error of the mean (n = 3 replicates).
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Fig. 1: Effect of genistein on the left hind paw volume of carrageenan-induced inflammatory rats. Data represented as mean+SEM; *p<0.05
vs. normal group; #p<0.05 vs. control group (two-way ANOVA followed by Bonferroni’s post hoc test). Normal group (saline only), control
group (carrageenan+vehicle), standard group (carrageenan+celecoxib 50 mg/kg), test group 1 (carrageenan+genistein 10 mg/kg), and
test group 2 (carrageenan+genistein 20 mg/kg)
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Fig. 2: Diagrammatic representation of rat paws 4 h after carrageenan injection. (A) Normal group (saline only); (B) Control group
(carrageenan+vehicle); (C) Standard group (carrageenan+Celecoxib 50 mg/kg); (D) Test group-1 (carrageenan+Genistein 10 mg/kg); (E)
Test group-2 (carrageenan+Genistein 20 mg/kg). Visual reduction in edema is evident in groups C, D, and E compared to group B

Anti-inflammatory activity of genistein in experimental animals

Clock time of recordings was at 0, 1, 2, 3, 4, and the following day
(24 h) thereafter in five groups: Normal, Control, Standard T1, and
T2. All tested groups presented similar paw volume (~0.533 to
0.550 cm) as inflammatory effusion at the baseline time (0 h). After
carrageenan injection, the control group revealed a rise in edema
over time until 4 h (1.533+0.033 cm) to confirm the inflammatory
reaction process (fig. 1). On the other hand, the standard group
(probably treated with a known anti-inflammatory drug) showed an
evident decrease in edema and values that were also below those of
the control, especially at 3 h and 4 h (1.266+0.021 and 1.116+0.016
cm, respectively). In T2, the attenuation of inflammation was slightly
more pronounced compared to T1 at 4 h (1.050+0.042 cm versus
T1: 1.283+0.040 cm). After 24 h, the standard (0.93+0.021 cm) and
treatment groups (T1: 1.11+0.031 cm and T2: 0.93+0.033 cm)
significantly (p<0.05) reduced paw edema compared to the control
group (1.35%0.022 cm), indicating a continued anti-inflammatory
effect. Fig. 2 shows the paw edema of the experimental
pharmacological assay for anti-inflammatory activity using
carrageenan-induced paw edema in rats. A stable sample size (n=6)
and SEM between groups support the consistency of the data.
Consequently, it is evident that both the tested treatments have
significant anti-inflammatory activity and that T2 shows equivalent
potency when compared with the standard drug.

DISCUSSION

Genistein has antioxidant activity observed in the DPPH radical
scavenging assay. Improved free radicals’ neutralization (83.63%
inhibition at 100 pg/ml). Since ascorbic acid exhibits stronger
activity with an inhibition of 96.17%, the performance is more
attractive, while bi-functional use in a diet and pharmacological
function has potential for genistein. These findings are in
congruence with earlier studies by Jomova and Alomar (2024) that
showed the scavenging activity of genistein against ROS and its
ability to up-regulate endogenous antioxidant enzymes, including
SOD and CAT, which protected bone and cartilage tissues from
oxidative injury [14]. Oxidative stress is an accepted contributor to
the pathogenesis of inflammation, contributing to synovial
hyperplasia, chondrocyte apoptosis, and matrix degradation. By
lowering oxidative stress, genistein would potentially prevent joint
structures and inflammation from damage.

In vivo, genistein showed a marked anti-inflammatory effect in the
carrageenan-induced paw oedema test, a classic assay to evaluate
acute inflammation [7]. The 20 mg/kg (T2) showed a significantly
reduced paw volume as compared with the control group and a
similar active reference anti-inflammatory drug, celecoxib. This is
particularly worthy of note as concerns continue to be expressed
over the gastrointestinal, renal, and cardiovascular effects of long-
term NSAID use [15]. The anti-inflammatory activity of genistein is
also evidenced in Zhang et al. (2012), who demonstrated that
genistein was a potentiating factor for the treatment of
inflammatory conditions like RA by suppressing the secretion of
fibroblast-like synoviocyte (FLS) exosomes through regulation of the
Rab27/nSMase2/Mfge8 axis [16]. This pathway is essential for the
transmission of inflammatory signals and synovial hyperplasia,
which are key in RA pathogenesis. Additional clarification about the
mechanism underlying genistein’s anti-inflammatory effect has been
demonstrated by Cheng et al. (2019), who reported that genistein
inhibits angiogenesis in RA by blocking the IL-6/JAK2/STAT3/VEGF
signal cascade [17]. The present study adds to this emerging picture

by presenting strong evidence of genistein’s anti-inflammatory and
antioxidant actions in a widely used animal model of acute
inflammation. The observed paw volume reduction, especially at 20

mg/kg.
CONCLUSION

In conclusion, this study confirmed the pharmaceutical potential of
genistein as both a dual-action antioxidant and anti-inflammatory in
the rat model. It has prominent attenuation of carrageenan-induced
paw edema and dose-dependent free radical scavenging activity. The
study confirmed its anti-inflammatory activity at a dose of 20 mg/kg
was robust compared to celecoxib, thus proposing it further as a
nutraceutical co-adjuvant with low toxicity. These results provide a
basis for the inclusion of genistein in autoimmune therapy,
especially as an alternative plant-derived medicine to current
medication for patients who demand safer remedies. In the future,
more investigations need to be performed focusing on the
improvement of bioavailability of genistein using novel delivery
technologies such as nanoparticles, liposomes, and phytosomes, or
others, to resolve its pharmacokinetic limitations. Elucidation of its
mechanisms for modulating inflammatory signaling pathways,
particularly NF-xB, JAK/STAT, and MAPK, could have further
implications in understanding the immune regulatory functions.
Clinical studies are needed to confirm the efficacy and safety in
human patients, ideally stratified by estrogen receptor profiles for
improved therapeutic outcomes.
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