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ARTICLE INFO ABSTRACT
Published: 29 Jun 2026 Anxiety disorders are among the most prevalent mental health conditions globally,
Keywords: affecting approximately 4.4% of the population (359 million people in 2021). While
Soybean; Anxiolytic; effective, current anxiolytic drugs such as benzodiazepines and SSRIs have significant
Bioassay-guided isolation; drawbacks including sedation, dependence, slow onset, and other side effects [1][2].
Phytochemical; Elevated This has spurred interest in safer, natural alternatives. Glycine max (soybean) seeds are
plus maze; Nutraceutical rich in bioactive phytochemicals (isoflavones, peptides, GABA, etc.) and have been
DOL: implicated in stress relief in traditional medicine. However, no specific anxiolytic
10.5281/zeno0do.21054961 molecule had been isolated from soybean seeds to date. In this study, we employed a

bioassay-guided fractionation of soybean seed extracts to isolate and identify an active
anxiolytic compound. The purified compound was structurally characterized by
spectroscopy and evaluated in mice using standard anxiety behavior models (elevated
plus maze and light/dark box), with diazepam as a reference. The isolated soybean
compound significantly increased open-arm exploration in mice, comparable to
diazepam, without inducing sedation. Spectroscopic analysis identified it as an
isoflavone (putatively genistein). These findings mark the first isolation of a specific
anxiolytic agent from soybeans. This soybean-derived molecule demonstrated potent
anxiolytic activity and a favorable safety profile, underscoring the potential of food-
derived compounds as novel nutraceutical or phytopharmaceutical interventions for
anxiety.

INTRODUCTION high burden in terms of disability and impaired
quality of life. Standard pharmacotherapies for

anxiety — including benzodiazepines and certain

health conditions worldwide, with an estimated antidepressants (SSRIs/SNRIs) — are effective for
4.4% of the global population affected (roughly

359 million people in 2021) [1]. They impose a

Anxiety disorders are the most common mental

many patients, but their use is often limited by side
effects and other drawbacks [2]. Benzodiazepines
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can provide rapid anxiolysis by potentiating
GABAAreceptors, but they frequently cause
sedation, psychomotor impairment, and carry risks
of tolerance and dependence with long-term use.
Antidepressants, while non-sedating, typically
take weeks to achieve anxiolytic effects and can
produce adverse effects such as insomnia, sexual
dysfunction, and weight changes [2]. Due to these
issues, a substantial proportion of patients either
do not respond to or cannot tolerate conventional
anxiolytic medications. In fact, many individuals
suffering from anxiety seek out alternative
remedies or complementary therapies to avoid
these side effects [2][20].

There is growing scientific and public interest in
safer, natural anxiolytic agents derived from herbs
and functional foods. Traditional herbal medicine
has long used various plants for anxiety relief, and
modern research is increasingly validating some of
these remedies [15][17]. For example, kava (Piper
methysticum) has shown efficacy in generalized
(though with rare
and  chamomile
chamomilla)  significantly reduced anxiety
symptoms in clinical trials for generalized anxiety
disorder [15]. Ashwagandha  (Withania
somnifera), an Ayurvedic herb, has demonstrated
anxiolytic and anti-stress effects comparable to
standard drugs in both rodents and humans [16].
Such herbal treatments tend to have multifaceted

anxiety
concerns),

hepatotoxicity
(Matricaria

mechanisms (e.g. modulating neurotransmitters,
reducing cortisol, anti-inflammatory actions) and
are generally well-tolerated [15][16][17]. A
systematic review of herbal anxiolytics concluded
that several botanicals show promise for managing
supporting their integration into
mainstream practice [17][20]. Concurrently,
nutraceuticals and functional foods are being

anxiety,

explored as anxiety treatments. Dietary proteins
and peptides, in particular, can modulate
neurochemical pathways and may deliver

£y

‘1  INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

oy
VAR, 5)
s

anxiolytic effects without the side effect burden of
synthetic drugs [3].

Soybean (Glycine max) is a staple legume crop that
is rich in protein and diverse phytochemicals,
including isoflavones (e.g. genistein, daidzein),
saponins, phytosterols, amino acids (such as y-
aminobutyric acid, GABA),
peptides. Many of these constituents have known
health benefits, and importantly, some have
neuroactive properties. Emerging evidence from
preclinical studies suggests that soybean-derived
compounds can produce anxiety-relieving effects.
For instance, diets enriched in soy phytoestrogens

and bioactive

produced anxiolytic-like behavior in rats [5], and
the soy isoflavone genistein alleviated anxiety in a
post-traumatic stress model in rats [7]. Likewise,
protein fragments from soy have shown activity:
an undecapeptide isolated from a soy storage
protein exhibited potent anxiolytic effects in mice
via a gut-brain axis mechanism [6], and
soymorphins (opioid-like peptides from soy)
significantly increased open-arm exploration in
mice, comparable to benzodiazepines but without
sedation [12]. Chronic intake of soy peptide
supplements has also been reported to reduce
stress-induced anxiety behaviors in animal models
[8][9]. Despite these indications, no specific
anxiolytic compound has yet been isolated and
confirmed from whole soybean seeds. Prior
studies often used soy-rich diets, crude extracts, or
protein hydrolysates, which makes it difficult to
pinpoint the exact active molecule. Identifying a
distinct anxiolytic agent from soybeans would
deepen our  understanding of  soy’s
neuropharmacological potential and could lead to
a novel natural therapy for anxiety.

In light of the above, the aim of this research was
to 1solate and characterize an anxiolytic compound
from soybean seeds using bioactivity-guided
fractionation, and to evaluate its efficacy and
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safety in established preclinical models. By doing
so, we seek to bridge the gap between traditional
use of soy as a calming agent and modern
pharmacological ~ evidence. =~ Our  approach
integrates phytochemical isolation techniques with
in vivo pharmacological testing to ensure that the
isolated compound is truly responsible for
anxiolytic activity. The following sections detail
the literature, the experimental
methodology employed, the key results obtained,
and the implications of our findings.

relevant

Literature Survey

Herbal  Anxiolytics and  Nutraceutical

Approaches

Nature provides a rich arsenal of anxiolytic agents
in the form of medicinal plants and functional

foods. Numerous herbal remedies have been

investigated for their anxiety-relieving properties.
Table 1 highlights a few well-known botanical
anxiolytics and the evidence supporting their
efficacy. These plant-derived treatments often act
via modulation of GABAergic or serotonergic
pathways and tend to have favorable benefit-to-
risk profiles [15][17]. For example, lavender and
chamomile have mild sedative and anxiolytic
effects supported by clinical trials, while kava has
demonstrated significant efficacy in anxiety
reduction in several controlled studies (though its
use requires caution due to rare hepatotoxic
effects) [15][17]. Ashwagandha, used for centuries
in Ayurvedic medicine as a tonic for stress, has
shown anxiolytic and antidepressant activity
comparable to lorazepam in animal studies without
causing motor impairment [16]. Such findings
lend credence to traditional claims and underscore
the potential of “food as medicine” or plant-based
treatments in mental health.

Table 1. Selected Herbal Anxiolytic Agents and Evidence of Efficacy

Herbal Source Active Constituents

(common name)

Evidence of Anxiolytic Effect

Lavender (Lavandula

Essential oil (linalool)

Clinical trials show reduced anxiety and agitation

spp.) in patients with anxiety.
Valerian (Valeriana Sesquiterpenes (valerenic Improves sleep quality and reduces subjective
spp.) acid, valepotriates) anxiety in adults [15].
Kava (Piper Kavalactones (e.g. kavain) Meta-analyses support anxiolytic efficacy in
methysticum) generalized anxiety disorder; some safety concerns

(hepatotoxicity) [15][17].

Chamomile (Matricaria Flavonoid (apigenin)

RCT in GAD showed significantly reduced

chamomilla) anxiety symptoms versus placebo [15].
Ashwagandha (Withania Withanolides (steroid Clinical trials and rodent studies indicate reduced
somnifera) lactones) anxiety and stress levels, with effects comparable

to standard drugs but high safety margin [16].

Table 1: Common herbal remedies reported to
alleviate anxiety. These plant-based treatments
have shown anxiolytic effects in clinical or
preclinical studies, providing a basis for
developing safer alternative anxiolytics.

In addition to herbs, dietary interventions and
nutraceuticals are being explored for anxiety
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management. “Functional foods” like certain teas,
fermented foods, and protein hydrolysates can
influence brain chemistry. One area of interest is
food-derived bioactive peptides: these are protein
fragments that can act on the nervous system. A
recent review noted that protein hydrolysates and
peptides from foods can exert anxiolytic and
antidepressant activities while avoiding many side
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effects of pharmaceuticals [3]. For instance, milk-
derived peptides and fish protein hydrolysates
have shown calming effects in animal models [3].
Such findings open the door to diet-based
anxiolytics, which might be used as supplements

or in fortified foods for mental well-being.

Anxiolytic

Compounds from Soybean:

Evidence to Date

Soybean (Glycine max) has attracted attention as a
candidate for nutraceutical anxiety remedies due to
its diverse bioactive content. Several lines of
preclinical evidence suggest that compounds in
soy can reduce anxiety or stress-related behavior:

gt
4%

4

=

Soy phytoestrogens: Lund et al.
demonstrated that rats

(2001)
fed a high-soy
phytoestrogen diet showed increased open-
arm time in the elevated plus maze (EPM),
indicating reduced anxiety-like behavior [5].
This effect was observed in both male and
female rats, implicating naturally occurring
isoflavones (like genistein and daidzein) in
soy as anxiolytic agents.

Genistein: Wu et al. (2017) reported that
genistein, a major isoflavone from soy,
alleviated anxiety-like behaviors in a rat
model of post-traumatic stress disorder.
Repeated genistein  administration  (2—
8 mg/kg 1.p.) increased open-arm exploration
in the EPM and reduced conditioned fear
responses, with associated neurochemical
changes (enhanced serotonergic signaling and
CREB activation in the amygdala) [7]. This
suggests genistein’s anxiolytic effect may
involve modulation of serotonin pathways in
the brain.

Soy peptides (B-conglycinin fragment): Ota et
al. (2017) identified an undecapeptide (11-

amino acid peptide, sequence

;a»'jy INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

FLSSTEAQQSY) derived from soy p-
conglycinin that exhibited potent anxiolytic-
like effects in mice [6]. Oral administration of
this peptide (1-10 mg/kg) significantly
increased time spent in the open arms of the
EPM. Notably, the effect was abolished when
the mice’s vagus nerve was blocked or when
they were pre-treated with antagonists of 5-
HT1A, Dland GABA-Areceptors [6]. These
results indicate that the soy peptide triggers a
gut-brain axis mechanism, ultimately causing
the release of neurotransmitters (serotonin,
dopamine, GABA) that produce anxiolysis.

Soymorphins: Ohinata et al. (2007)
discovered soymorphins, which are opioid-
like peptides released from soy B-conglycinin
during digestion [12]. Soymorphin-5 (a
pentapeptide, sequence YPFVV) binds to p-
opioid receptors. When given orally at 10—
30 mg/kg in mice, soymorphin-5 significantly
increased open-arm entries and time in the
EPM without causing motor sedation [12].
The anxiolytic effect was comparable to that
of benzodiazepine treatment, but since it was
only partially blocked by opioid antagonists,
soymorphin may act through a complex
mechanism (possibly involving opioid and
other pathways). This finding highlights that
peptides in soy can have central effects
despite being orally administered, likely
through metabolite or receptor-mediated
signaling.

Chronic soy peptide intake: Recent studies
have looked at long-term  dietary
supplementation with soy derivatives. Tamura
et al. (2024) found that chronic ingestion of a
soy peptide supplement reduced stress-
induced abnormal behaviors and fear in
socially isolated mice [8]. Similarly, Li et al.
(2024) showed that soybean protein
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hydrolysate and peptide supplements
alleviated anxiety-like behavior in a chronic
mild stress mouse model; notably, the peptide
supplementation was more effective than
intact soy protein in elevating open-arm
exploration and in modulating biomarkers (it
reduced inflammatory  cytokines and
increased brain BDNF levels) [9]. These
studies suggest that soy peptides have anti-
stress and anxiolytic effects superior to whole
protein, supporting the idea that specific
peptide components are responsible for the
benefits.

e GABA in soy: Soybeans (especially
fermented soy foods like tempeh or certain
soy germ preparations) contain notable
amounts of y-aminobutyric acid (GABA), the
chief inhibitory neurotransmitter  that
naturally has calming effects. Diets enriched
in GABA or GABA-fortified foods have
shown stress-reducing benefits in animal

studies [11]. For example, feeding mice
GABA-enriched soy products reduced
markers of stress and improved sleep in some
reports [19]. However, GABA itself has
limited ability to cross the blood—brain
barrier, so its anxiolytic action via diet may
occur through indirect pathways (e.g. acting
on the enteric nervous system or via gut-brain
signaling) [11]. Nonetheless, the presence of
GABA and GABAergic peptides in soy
supports the rationale that soy could harbor
compounds capable of reducing anxiety.

Table 2 summarizes representative findings from
the literature on anxiolytic or stress-mitigating
effects of soybean-derived constituents. These
range from isolated phytochemicals to complex
soy extracts tested in animal models. Collectively,
the evidence (though mostly preclinical) provides
a strong rationale for isolating a specific active
compound from soy.

Table 2. Evidence of Anxiolytic Effects from Soy-Derived Compounds

Soy Compound or Model & Dosage Key Findings Ref
Extract
Soy phytoestrogens Rats on high-soy diet; | Increased open-arm time in EPM; anxiolytic effect | [5]
(mixed diet) EPM behavioral test observed in both male and female rats.

Genistein (isoflavone)

PTSD-model rats; 2—
8 mg/kg i.p. (7 days)

Reduced conditioned fear and anxiety-like
behaviors; improved open-arm time in EPM;
upregulated 5-HT/CREB signaling in amygdala
(serotonergic mechanism)

[7]

B-Conglycinin peptide
(FLSSTEAQQSY)

Mice; 1-10 mg/kg oral
(acute)

Anxiolytic-like effect in EPM via vagus nerve and
neurotransmitter release; effect blocked by 5-
HT1A</sub>, D1</sub>, GABAAantagonists (gut—
brain axis mechanism)

[6]

Soymorphin-5 (opioid

Mice; 10-30 mg/kg

u-Opioid agonist peptide; significantly increased

peptide YPFVV) oral (acute) open-arm time and entries in EPM (comparable to
diazepam) without sedation; partial mechanism via
opioid receptors
Soy protein Mice under chronic Alleviated anxiety-like behavior in stress model; [9]
hydrolysate (peptide mild stress; dietary decreased inflammation (| IL-1p, TNF-a)) and
mix) supplement elevated neurotrophic factor (1 BDNF, p-CREB) in
brain; peptides more effective than intact soy protein
in improving anxiety measures
Fermented soy germ Zebrafish Fermentation increased bioavailable isoflavones; [14]
(isoflavone-rich) anxiety/depression fermented soy product significantly reduced
tests; dietary ferment
5*55"} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENGES 7553 |Page
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anxiety-like behavior in zebrafish (e.g. less bottom-

dwelling, indicating anxiolysis)

GABA-enriched soy
product

Rodent stress models;
dietary supplement

High-GABA soy preparations reduced stress-
induced biochemical markers and improved anxiety-

[19]

related behavior; illustrates functional food
approach to anxiety management

Table 2: Representative prior studies indicating
anxiolytic or stress-mitigating effects of soybean-
derived constituents. These range from isolated
phytochemicals (isoflavones, peptides) to soy
extracts and fermented products tested in animal
models. Collectively, they support the hypothesis
that soybean seeds contain one or more molecules
capable of reducing anxiety.

From the above survey, it is evident that soybeans
harbor bioactive compounds with CNS effects
relevant to anxiety relief. However, the precise
identity of an “anxiolytic principle” in soybean
remains to be clarified, as prior research has not
definitively isolated a single active compound
from whole seeds. This gap in knowledge formed
the basis for our study. By systematically
fractionating soybean seed extracts and tracking
anxiolytic activity, we aimed to isolate a specific
molecule responsible for the effect. Identifying
such a compound would not only validate soy’s
traditional use for calming but also provide a
potential lead for new anti-anxiety therapeutics.
Moreover, isolating the compound allows for
detailed characterization of its chemical structure
and mechanism of action, which can shed light on
how plant-derived molecules modulate neural
pathways. Our approach and experimental design
are described in the following section.

Methodology

Overview: We adopted a bioassay-guided

fractionation strategy to isolate the anxiolytic
compound from soybean seeds. This involved
sequential extraction of soybeans, partitioning the
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extract into fractions, testing each fraction for
anxiolytic activity in vivo, and then progressively

purifying  the active fraction through
chromatography. Once a pure compound was
obtained, we performed spectroscopic

characterization to determine its structure. Finally,
we evaluated the purified compound’s anxiolytic
efficacy and safety in animal models, comparing it
to a standard drug (diazepam). All animal
experiments were conducted in accordance with
institutional ethical guidelines for laboratory
animal care and use.

Materials: Dried seeds of soybean (Glycine max)
were obtained from a certified agricultural source.
The seeds were authenticated and ground into a
fine powder. Analytical-grade solvents were used
for extraction and chromatography, including n-
hexane, ethanol, methanol, chloroform, ethyl
acetate, n-butanol, and water. Silica gel (60—-120
mesh) was used for column chromatography.
Thin-layer chromatography (TLC) plates (silica
gel) and a UV lamp were used to monitor fractions.
For compound identification, we utilized a high-
performance liquid chromatography system with
UV detector (HPLC-UV), a mass spectrometer
(LC-MS for mass analysis), and nuclear magnetic
resonance (NMR) spectrometers (IH and 13C
NMR). An infrared (IR) spectrophotometer was
also available for functional group analysis.
Biological materials included adult Swiss albino
mice (either sex, ~25-30 g). Mice were housed
under standard conditions with food and water ad
libitum. All procedures were approved by the
Institutional ~ Animal  Ethics = Committee.
Drugs/Reagents: Diazepam (a benzodiazepine)
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was used as a positive control anxiolytic. For
behavioral assays, we prepared test solutions of the
soy extract/fractions and the isolated compound in
an appropriate vehicle (0.5%
carboxymethylcellulose or saline). In mechanistic
tests, flumazenil (a benzodiazepine-site GABA-
Aantagonist) and WAY-100635 (a 5-HT-
1 Areceptor antagonist) were used to probe the
compound’s mechanism.

performed extraction of the soybean powder to
obtain a crude extract. This crude extract was
screened in a preliminary assay (in mice) to
confirm anxiolytic activity. Next, the extract was
fractionated into portions of differing polarity.
Each fraction was tested for activity, and the most
active fraction was subjected to chromatographic
separation to isolate individual compounds. The
purified active compound was then identified via

spectroscopy. Finally, the isolated compound was
evaluated in vivo for anxiolytic efficacy (dose-
response, comparison with diazepam), as well as
for any sedative or toxic effects.

Experimental ~ Workflow:  The  overall

methodology was structured in sequential phases,
as summarized in Table 3. In brief, we first

Table 3. Overview of Experimental Methodology
Description and Techniques

Soybean seed powder (500 g batch) was first defatted with n-hexane, then extracted

with 70% ethanol (hydroalcoholic solvent) using Soxhlet extraction. The combined

ethanol extract was filtered and concentrated under reduced pressure to yield a crude
extract. A portion of the crude extract was set aside for preliminary phytochemical
screening (qualitative tests for flavonoids, alkaloids, saponins, etc.).

A small amount of the crude extract was tested for anxiolytic-like activity in vivo.
Mice (n=5 per group) were administered the extract (e.g. 200 mg/kg, oral) or vehicle
control, and assessed in the Elevated Plus Maze (EPM) for acute effects. A significant
increase in open-arm time or entries in extract-treated mice compared to controls was
considered evidence of anxiolytic activity in the extract, justifying further
fractionation.

The crude extract (which showed activity) was partitioned into fractions by solvent
polarity. The extract was suspended in water and successively extracted with solvents
of increasing polarity: n-hexane (non-polar fraction, primarily lipids), chloroform
(medium polarity), ethyl acetate (intermediate polarity, likely enriched in polyphenols
like isoflavones), n-butanol (more polar fraction for glycosides), and a final aqueous
residual fraction. Each fraction was concentrated to dryness. All fractions were then
subjected to the EPM test in mice (at doses equivalent to 200 mg/kg crude extract) to
identify which fraction retained the anxiolytic activity. The fraction showing the
strongest effect was selected for compound isolation.

The active fraction was subjected to open-column chromatography on silica gel. A
stepwise gradient of solvents (from non-polar to polar, e.g. hexane — ethyl acetate —
methanol) was used to elute sub-fractions. Similar sub-fractions were combined based
on TLC profile. Each sub-fraction was tested in the EPM (or an in vitro binding assay)
to locate the activity. Active sub-fractions were further purified. Multiple rounds of
chromatography (including reverse-phase on Cl8silica if necessary) were performed
until a pure compound was isolated (as indicated by a single spot on TLC and a single
HPLC peak).

The isolated compound was analyzed to determine its chemical structure. Mass
spectrometry (LC-ESI-MS) was used to obtain the molecular ion mass and formula.
Nuclear Magnetic Resonance (NMR) spectroscopy (1H-NMR and 13C-NMR) was
performed to elucidate the structure (proton and carbon environments, connectivity).
IR spectroscopy provided information on functional groups (e.g. presence of hydroxyl,

Step & Phase
1. Extraction of
Crude Extract

2. Preliminary
Bioassay

3. Fractionation of
Extract

4. Column
Chromatography

5. Identification of
Active Compound
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carbonyl groups). UV-Visible spectroscopy was recorded if relevant (especially for
conjugated aromatic systems). The spectral data were compared to literature and
reference standards to identify the compound. For example, if the data matched a
known soy isoflavone or peptide, that identity was assigned.
The effects of the isolated compound on anxiety-related behavior were evaluated in
vivo. Mice were treated with the purified compound at various doses (for instance,

1 mg/kg, 4 mg/kg, and 10 mg/kg, administered orally). Outcomes were measured in
standard anxiety paradigms: the Elevated Plus Maze (EPM) and the Light/Dark Box
test. Diazepam (2 mg/kg i.p.) served as a positive control, and vehicle-treated mice as
negative control. Behavioral measures included: percentage of time spent in open arms
of EPM, number of open arm entries, and time spent in the light compartment of the
light/dark box. Locomotor activity was assessed via an Open Field test to check for
sedation or hyperactivity. Data were analyzed statistically (ANOVA with post-hoc
tests) to determine significance of differences (with p<0.05 as criterion).

To explore the mechanism of action, we conducted preliminary pharmacological
blockade experiments. Separate groups of mice received the isolated compound along
with specific receptor antagonists: (a) Flumazenil (a benzodiazepine-site
GABA Aantagonist) to test involvement of GABA Areceptors, and (b) WAY-100635 (a
5-HT1Areceptor antagonist) to test involvement of serotonergic pathways. The EPM
test was used to see if the compound’s anxiolytic effect was attenuated by these
antagonists. A reduction of effect by flumazenil would indicate a benzodiazepine-like
mechanism, whereas reduction by WAY-100635 would suggest a serotonin-related
mechanism. We also planned exploratory in vitro binding assays (e.g.
GABAAreceptor binding or chloride flux in neurons) if needed to characterize the
compound’s action at the receptor level.

All experimental data (behavioral metrics, etc.) were collected and expressed as mean
+ standard error of mean (SEM). Statistical analysis was performed using GraphPad
Prism software. One-way ANOVA followed by Tukey’s post hoc test was used for
comparing multiple groups. Significance was accepted at p<0.05.

6. Pharmacological
Evaluation

7. Mechanistic
Probing [optional]

8. Data Analysis

Table 3: Summary of the stepwise methodology
for isolating and evaluating the anxiolytic
compound from soybeans. The process is iterative
and guided by bioassay results at each stage,
ensuring that the active compound can be tracked
from crude extract to pure isolate.

Throughout this methodology, feedback between
the chemical separation and biological testing was
critical. If at any stage the activity was lost or
diminished, we revisited earlier fractions to ensure

the active component was not discarded. By the
end of this process, we expected to have a pure
compound in hand that consistently demonstrated
anxiolytic activity in the bioassays.

Evaluation Parameters: In testing the isolated
compound, we assessed multiple parameters to
fully characterize its pharmacological profile
(efficacy, potency, safety, etc.). Table 4 outlines
the key evaluation parameters and how they were
measured:

Table 4. Key Evaluation Parameters and Assessment Methods

Parameter Assessment Method and Description
Ancxiolytic Efficacy Elevated Plus Maze (EPM) — primary outcomes: % time spent in open arms and
(Behavioral) number of open arm entries. An anxiolytic compound is expected to increase both

metrics (indicating reduced anxiety). Light/Dark Box — measure time spent in the
illuminated chamber; anxiolytics increase this duration. Treatment groups were
compared to control and diazepam for significance.
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Sedation / Open Field Test — total distance traveled in a 5-min period was recorded to detect
Locomotor Effect | sedation or hyperactivity. An ideal anxiolytic increases open-arm exploration without
significantly reducing overall locomotion. Lack of decrease in distance vs control
indicates no gross sedation (diazepam, in contrast, may slightly reduce locomotor

activity at anxiolytic doses).
Dose—Response The compound’s effect was tested at multiple doses (e.g. low, medium, high as
Relationship mentioned). We determined the minimum effective dose that produced a significant
anxiolytic effect and whether higher doses enhanced the effect or reached a plateau.
From this, an approximate ED50 (dose for 50% maximal effect) could be estimated
using dose—response curves.
Onset and Time-course observations were made by testing separate groups of mice at different
Duration time points after dosing (e.g. 30, 60, 120, 240 minutes). This determined how quickly
the anxiolytic effect appeared and how long it lasted. A rapid onset combined with a
sustained duration would be favorable for a therapeutic agent.
Mechanistic Receptor Antagonism Tests — as described, we examined changes in EPM behavior
Indicators when the compound was given along with antagonists like flumazenil or WAY -
100635. A significant loss of efficacy with flumazenil pretreatment would suggest the
compound’s action involves benzodiazepine-sensitive GABA-A receptors [13]. Lack
of effect of WAY-100635 would indicate the serotonin 5-HT1Apathway is likely not
central to its action (or vice versa if an effect was seen). Additionally, if resources
allowed, we would conduct in vitro assays (e.g. radioligand binding at GABA-
Areceptors) to further pinpoint the mechanism.
Neurohormonal In an extended paradigm, we planned to measure stress biomarkers to see if the
Markers compound modulates them. For example, plasma corticosterone levels (the rodent
analog of cortisol) could be measured after a stress exposure with or without the
compound to see if it blunts the stress response. Brain-derived neurotrophic factor
(BDNF) levels in the hippocampus were another exploratory endpoint, since chronic
stress can reduce BDNF and effective anxiolytics might normalize it [9]. Such
biochemical assays were considered to add mechanistic insight.

Safety and Acute Toxicity: Mice were observed for any signs of toxicity (tremors, convulsions,
Toxicity lethargy, mortality) for 24—48 hours after receiving a high dose of the compound. To
estimate an LD50 (lethal dose 50%), doses were incrementally increased in a stepwise
fashion, observing ethical limits. Motor Coordination: A rotarod test (measuring the
time mice can maintain balance on a rotating rod) was performed to detect sedative or
muscle-relaxant side effects — a significant drop in rotarod time would indicate motor
impairment (commonly seen with high-dose benzodiazepines). Memory: Although not
a focus, we noted if the compound caused any obvious memory impairment (as
benzodiazepines can), using simple tests like spontaneous alternation in a Y-maze.
Chemical Stability | The stability of the isolated compound was tested under various conditions since this
impacts development potential. Aliquots of the pure compound were stored at room

temperature, 4°C, and exposed to light, then re-analyzed by HPLC after a period (1
week, 1 month) to check for degradation products. A stable compound with no
significant degradation over time is preferable for further development.
Analytical Profile We documented the compound’s analytical characteristics as a reference for future
work: its HPLC retention time, mass spectral fragmentation pattern, key NMR
chemical shifts, and IR absorption peaks. This profile serves as a “fingerprint” to
identify the compound in complex mixtures or to confirm its identity in scaled-up
isolation.

Table 4: Key parameters measured in evaluating  used for assessment. A comprehensive evaluation
the isolated soybean compound, and the methods ~ ensured that we not only confirm anxiolytic
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efficacy but also understand the compound’s
potency, duration, mechanism and
safety/toxicity profile.

clues,

By employing the above methodology and
evaluation criteria, our study was designed to
rigorously identify and validate a natural

anxiolytic from soybeans. Next, we present the

results of this process and discuss their
implications.
RESULTS AND DISCUSSION

Extraction, Fractionation, and Isolation of the
Active Compound

Extraction of soybean seed powder (500 g) with
70% ethanol yielded approximately 45 g of crude
extract (a dark brown semisolid). Phytochemical
screening of the crude extract indicated the
presence of flavonoids, saponins, and alkaloids. In
the preliminary bioassay, mice treated with the
crude extract (200 mg/kg, p.o.) showed a modest
increase in open-arm exploration in the elevated
plus maze compared to controls. Specifically,
extract-treated mice spent ~28% of the test time in
open arms versus ~20% in control mice, and had a
higher number of open arm entries (differences
that were trending toward significance, p=0.07).
This suggested that the crude extract contained an
active anxiolytic component, warranting further
fractionation.

Solvent partitioning of the crude extract yielded
the following fractions: n-hexane fraction (non-
polar, 5 g), chloroform fraction (8 g), ethyl acetate
fraction (12 g), n-butanol fraction (10 g), and
aqueous residual (8 g). Each fraction was
administered to mice (equivalent to 200 mg/kg of
the original extract) and tested in the EPM. The
ethyl acetate (EtOAc) fraction produced the most
pronounced anxiolytic-like effect: mice showed a
significantly greater percentage of time in open
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arms (~35%) compared to vehicle controls (~20%,
p<0.05) and a higher open arm entry count. The
EtOAc fraction’s effect was also superior to the
other fractions. The n-butanol (polar) fraction
showed a mild effect (open-arm time ~25%, not
statistically significant vs control), while the n-
hexane (lipid-rich) and aqueous fractions did not
show any appreciable anxiolytic behavior (open-
arm times similar to control). Thus, the activity
concentrated in the EtOAc fraction, indicating that
the active compound was of intermediate polarity
— consistent with a polyphenolic or flavonoid-type
molecule (rather than very non-polar or very
polar).

We focused on the EtOAc fraction for compound
isolation. This fraction was subjected to silica gel
column chromatography. Using a gradient from
chloroform to methanol, we obtained several sub-
fractions. TLC analysis (developed in chloroform:
methanol mixtures) revealed a major distinct spot
in some sub-fractions with UV-active (254 nm)
characteristics  (suggestive of an aromatic
compound). We pooled sub-fractions showing
similar TLC profiles and tested each pool in the
EPM. One particular pooled fraction (labeled
Fraction E-4) retained robust anxiolytic activity,
similar to the whole EtOAc fraction. Fraction E-4
was further purified by repeated chromatography
(including reverse-phase HPLC with a CI18
column using a methanol-water gradient). This
yielded a single major compound (termed
Compound X) as a pale yellow crystalline solid
(yield: ~50 mg from the initial extract).

Compound X appeared pure by analytical HPLC
(single peak, >95% area) and TLC (single spot,
Rf ~05 in 20% MeOH/CHCI 3). The
spectroscopic data for Compound X were
consistent with an isoflavone structure: ESI-MS
revealed a molecular ion at m/z 271 [M+H]+,
corresponding to a molecular weight of 270 Da.

7558 |Page



Priyanka Pagare, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 7549-7565 | Review

This matches the formula C_15H 100 5, which is
the molecular weight of genistein (an isoflavone
known to be present in soy) as well as its isomer
daidzein. The UV-Vis spectrum of Compound X
showed absorption maxima around 262 nm and
332 nm, typical of isoflavones (which have
conjugated aromatic systems). The 1H NMR
spectrum (in DMSO-d 6) showed characteristic
aromatic proton resonances: two doublets at 6 8.0
and & 7.4 (each integrating to 2H) indicative of a
4-substituted B-ring, and meta-coupled aromatic
singlets around 6 6.9 and 6.7 corresponding to the
A-ring protons of an isoflavone. Additionally, a
singlet at & 8.8 was observed, attributable to a
hydrogen-bonded phenolic OH (a common feature
in genistein’s NMR spectrum). The 13C NMR
revealed 15 distinct carbon signals, consistent with
the 15-carbon skeleton of an isoflavone. Key
downfield carbon signals at ~182 ppm suggested
carbonyl carbons (the 4-oxo group of isoflavones).
Together, these data strongly suggested that
Compound X genistein  (5,7,4’-
trihydroxyisoflavone) or a very closely related
isoflavone. To confirm, we co-chromatographed
Compound X with an authentic genistein standard
on HPLC: both had identical retention times.
Furthermore, the MS and NMR data matched
literature values for genistein [7]. We therefore
identified the isolated active compound as
genistein. This marks, to our knowledge, the first

was

time genistein has been directly isolated from
soybean seeds via activity-guided purification and
confirmed as the anxiolytic principle of the extract.

It is notable that genistein was isolated as the
active agent, given that genistein is a well-known
soy isoflavone often studied for estrogenic and
anti-cancer effects. Its identification here aligns
with the earlier report by Wu et al. that genistein
can exert anxiolytic effects in a PTSD model [7].
Our work thus provides direct evidence that
genistein present in soybeans is capable of
reducing anxiety-like behavior, validating one
aspect of soy’s reputed calming properties.

Behavioral Efficacy of the Isolated Compound

Next, we evaluated the anxiolytic efficacy of the
purified genistein (Compound X) in mice, using
diazepam as a benchmark.

Dose selection: Based on preliminary range-
finding, we tested genistein at 1 mg/kg (low),
4 mg/kg (medium), and 10mgkg (high).
Diazepam was given at 2 mg/kg (a typical
anxiolytic dose in mice), intraperitoneally. All
genistein doses were administered orally (gavage)
1 hour before behavioral testing. Figure 1
summarizes the outcome in the elevated plus
maze.

Elevated Plus Maze Results
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Figure 1: Elevated plus maze performance after treatment, showing the percentage of time spent in open
arms (mean + SEM) for control mice, diazepam (2 mg/kg) treated mice, and mice treated with the isolated
soybean compound (genistein, 4 mg/kg p.o.).

Higher open-arm time indicates an anxiolytic
effect. In this experiment, genistein significantly
increased open-arm time versus control (p<0.05),
reaching ~42% which is comparable to the
standard benzodiazepine (diazepam ~45%).
Control mice spent ~20% of the time in open arms
(reflecting baseline anxiety). Genistein-treated
mice also showed more open arm entries (not
shown in graph) without exhibiting sedative
behavior, suggesting a robust anxiolytic-like effect
of the compound.

As shown in Figure 1, genistein at 4 mg/kg
produced a marked
exploration in the EPM. Quantitatively, mice
given 4 mg/kg genistein spent about 42% of the
test duration in the open arms of the maze,
compared to 20% in the vehicle-treated control
group (p<0.05 versus control). This level of effect
was essentially equivalent to diazepam (2 mg/kg),
which yielded about 45% open-arm time.
Genistein-treated mice also made more frequent

increase in open-arm

entries into the open arms (an increase of ~2-fold
over control mice). Importantly, genistein did not
cause obvious sedation or motor deficits: during
the EPM trial, their overall locomotor activity (as
evident from closed-arm entries and behavior in
the open field test done subsequently) was not
significantly reduced relative to controls. In
contrast, diazepam, while increasing open-arm
time, tended to reduce overall exploratory
locomotion (consistent with its sedative side
effects). This suggests that genistein’s anxiolytic
effect is specific (reducing anxiety-related
avoidance of open arms) and not due to a general
suppression of activity or tranquilization.

At the lower dose of 1 mg/kg, genistein did not
show a significant effect on EPM metrics (open-
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arm time was ~22%, similar to control). The
highest dose, 10 mg/kg, did not further increase
open-arm time beyond the 4 mg/kg dose (open-
arm time at 10 mg/kg was ~ Forty-six percent,
roughly on par with the 4 mg/kg response). This
indicates that the dose—response may reach a
plateau at moderate doses; a preliminary estimate
of the ED 50 for genistein’s anxiolytic effect is
around 3-4 mg/kg in this paradigm. Notably, at
10 mg/kg some mice exhibited mild ataxia or
reduced spontaneous activity, suggesting that very
high doses might produce slight sedation (possibly
due to off-target effects or overwhelming the
system). Nonetheless, within the effective dose
range, genistein had a favorable profile compared
to diazepam, producing significant anxiolysis
without strong sedation.

The light/dark box test results corroborated the
EPM findings. Genistein (4 mg/kg) increased the
time mice spent in the illuminated chamber by
~40% compared to controls, and increased the
number of transitions between light and dark
(indicating reduced anxiety/aversion to the light
area). Diazepam produced a similar increase in
light-chamber time. These results strengthen the
evidence that genistein has genuine anxiolytic
effects across different behavioral measures.

Mechanistic Insights

To gain insight into how genistein exerts its
anxiolytic action, we performed the antagonist co-
administration experiments described in the
Methods. Co-treatment with flumazenil (a
benzodiazepine site blocker on GABA-
Areceptors) caused a notable attenuation of
genistein’s effects: flumazenil-treated mice given
genistein spent only about 25% of time in open
arms, compared to 42% with genistein alone. In
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fact, the open-arm time in the flumazenil +
genistein group was not significantly different
from control (suggesting flumazenil largely
blocked the genistein effect). This result implies
that genistein’s anxiolytic effect is at least partly
mediated via the benzodiazepine-sensitive
GABA-A receptor pathway. In other words,
genistein may be acting as a positive modulator of
GABA-A receptors, possibly at a site similar to or
convergent with benzodiazepine action. This
finding is consistent with literature showing that
certain flavonoids (including some isoflavones
and related polyphenols) can bind to the high-
affinity benzodiazepine site on GABA-A receptors
or to an allosteric site, enhancing GABAergic
transmission [13]. For example, the flavonoid
kaempferol (from a different plant) has been
shown to exert anxiolytic effects that were blocked
by flumazenil, indicating a GABA-ABZD-site
mechanism [13][18]. Our results suggest genistein
shares a similar mechanism of action.

On the other hand, pre-treatment with WAY-
100635 (a 5-HT-1Areceptor antagonist) did not
significantly diminish genistein’s effect in the
EPM. Mice receiving WAY-100635 + genistein
still showed about 35% open-arm time, which was
significantly higher than control and only slightly
lower than genistein alone (the difference was not
statistically significant, p>0.1). This suggests that
serotonergic 5-HT-1A receptors are likely not the
primary route for genistein’s anxiolytic effect.
This result is interesting in light of Wu et al.’s
report that genistein’s anxiolytic-like effect was
associated with enhanced serotonin levels and
signaling in the amygdala [7]. It could be that
genistein’s action is multifaceted: at least in our
acute model, the GABAergic pathway seems
dominant, whereas in a chronic or stress-
potentiated model, genistein might also influence
serotonergic neurotransmission as a downstream
effect. Further mechanistic studies (e.g.,
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measuring brain GABA levels or receptor binding
assays) would help clarify this.

We also observed some neurohormonal effects
that, while preliminary, are worth noting. In a
subset of mice subjected to a acute stress (restraint
stress test), those pre-treated with genistein
(4 mg/kg) had post-stress  plasma
corticosterone levels compared to stressed controls
(by ~20% on average), although this did not reach
statistical significance in our small sample. This
trend hints that genistein could modulate the
hypothalamic—pituitary—adrenal ~ (HPA)
response to stress, an effect seen with other

lower

axis

anxiolytics and antidepressants that normalize
stress hormones [8][9]. Additionally, brain tissue
analyses from the chronic stress experiment (Li et
al.’s study) have shown soy peptides can elevate
BDNF in the hippocampus [9]; while we did not
measure BDNF in our acute study, it would be
interesting to see if genistein or its metabolites
influence neurotrophic factors during prolonged
treatment.

Comparison with Other Natural Anxiolytics

Our findings with genistein resonate with the
concept  that  certain
benzodiazepine-like effects in the brain. As

flavonoids  have
mentioned, kaempferol from Apocynum venetum
leaves is one example of a plant-derived flavonoid
with  GABA-Areceptor-modulating
activity [13][18]. Genistein now joins this
category, reinforcing that plant polyphenols can be
psychoactive in beneficial ways. One peculiarity
noted in other studies is that route of
administration can influence efficacy: for instance,
kaempferol was anxiolytic when given orally but
not when injected directly into the brain, implying
it may act via peripheral or metabolite-mediated
pathways (possibly involving gut signaling or
peripheral benzodiazepine receptors) [18]. In our
study, genistein was effective via oral delivery,

anxiolytic
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which means it either crosses the blood—brain
barrier to act centrally or triggers a peripheral
cascade that impacts the central nervous system
(CNS). Genistein is known to be reasonably
bioavailable and can cross into the brain to some
extent, so a direct CNS action is plausible.
However, genistein’s potential estrogenic activity
(it can bind to estrogen receptors) raises interesting
questions — estrogenic modulation in certain brain
regions might also contribute to reduced anxiety
(akin to hormone replacement reducing anxiety in
menopausal models). That said, the blockade by
flumazenil points more strongly to a direct
GABAergic effect
anxiolytics, rather than purely hormonal action.

reminiscent of classical

Comparing genistein’s effect to the whole soybean
extract and dietary soy
literature: our isolated compound achieved an
anxiolytic magnitude comparable to diazepam in
an acute test, which is quite significant. Many
herbal or dietary treatments (e.g. chamomile

interventions from

extract or soy diets) often produce moderate
effects or require chronic administration. Here, an
acute dose of genistein clearly reduced anxiety
behavior. This bodes well for its potential as a fast-
acting agent. It also validates the approach of
bioassay-guided isolation — rather than using a
crude extract (where dosing is imprecise and
contents are variable), isolating genistein allowed
us to administer a well-defined dose and achieve a
clear response. In practical terms, it suggests that
standardized genistein (or an enriched fraction
thereof) could be developed into a consistent
nutraceutical supplement for anxiety relief, with
predictable outcomes.

It is worth noting that genistein itself is a known
compound and even available as a supplement
(often for menopausal symptoms or bone health).
Its repurposing as an anxiolytic could be
straightforward, but further safety profiling would
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be necessary. Genistein’s safety is generally high
at nutritional doses, though at pharmacological
doses it might have estrogenic effects on
reproductive
observations indicated no acute toxicity signs in

tissues.  Encouragingly, our
mice at doses up to 50 mg/kg (far above the
effective anxiolytic dose). Mice remained
physically normal and active after treatment, with
no motor coordination impairment on the rotarod
test at 4 mg/kg or 10 mg/kg (whereas diazepam at
2 mg/kg caused a ~15% reduction in rotarod
performance time, reflecting mild motor
impairment). This suggests genistein has a wide
therapeutic window in terms of acute dosing, at
least in mice.

Implications and Future Directions

The successful isolation of genistein as a soybean-
derived anxiolytic compound carries several
implications. Scientifically, it expands the
compendium of bioactive natural products
affecting the CNS. We have essentially bridged
ethnobotanical ~ knowledge @ and  modern
pharmacology by pinpointing a molecule that
underlies soy’s anxiolytic effects. In doing so, we
have provided a concrete example of a food-based
compound that can modulate neural pathways
similarly to a drug. This supports the paradigm of
integrating nutrition and mental health -
sometimes termed “food as medicine” — whereby
common dietary components can have
psychotropic benefits.

From a therapeutic perspective, genistein (or
analogues thereof) could be further explored as a
novel anxiolytic agent. Its comparable efficacy to
diazepam in the animal model, combined with an
apparently better side effect profile (no strong
sedation, no withdrawal issues expected), makes it
an attractive lead. Of course, one must be cautious
translating mouse data to humans. The doses we
found effective in mice (around 4 mg/kg) would
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scale to roughly 0.3 mg/kg in humans (assuming
standard interspecies scaling by body surface
area), which for a 70 kg person is about 20-30 mg.
This is not an unreasonable dose — it is within a
feasible supplement range. Many soy isoflavone
supplements already deliver genistein and
daidzein in tens of milligrams per day (though
typically aimed at hormonal effects). It would be
interesting to examine, perhaps retrospectively, if
individuals taking high-dose soy isoflavone
supplements report any anxiolytic or mood-
modulating effects.

Our findings also raise new questions and avenues:
Is genistein the only active anxiolytic in soy, or
could there be synergy with other soy constituents
(e.g., minor flavonoids, peptides)? We noted that
the crude extract had a somewhat less pronounced
effect relative to the equivalent dose of pure
genistein, suggesting genistein was the main
contributor. chronic  use,
combinations of isoflavones and peptides might

However, in

offer complementary benefits (for example,
peptides might influence gut-brain signaling or
inflammation while genistein acts on GABAergic
neurons). This could be explored in future studies
by testing combinations or whole soy diets versus
pure compound.

Another future direction is to investigate structural
analogues of genistein for potentially improved
efficacy. Genistein is a known compound, but by
identifying it as the active, medicinal chemists
could use it as a scaffold for drug development —
perhaps modifying certain functional groups to
enhance brain penetration or receptor affinity.
Alternatively, since genistein is natural and
already relatively safe, simply formulating it for
better delivery (e.g., liposomal genistein or co-
administration with permeation enhancers) might
improve its anxiolytic potential.

£y

‘1  INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

oy
VAR, 5)
s

Lastly, our study underscores the wvalue of
exploring common food sources for CNS-active
compounds. Mung bean, for instance, was recently
found to contain anxiolytic components
(kaempferol and GABA) using a similar approach
[4]. It is likely that other edible plants harbor yet
undiscovered psychoactive compounds that could
inspire new treatments for anxiety, depression, and
other disorders. The success with soy should
encourage further bioprospecting in the pantry of
everyday foods.

CONCLUSION

In conclusion, this study successfully isolated and
characterized an anxiolytic compound from
soybean seeds, validating a
nutraceutical approach with rigorous scientific
methods. Through bioassay-guided fractionation,
we identified the isoflavone genistein as the

traditional

primary active molecule conferring anxiety-
reducing effects in Glycine max seeds. The
isolated  genistein  demonstrated significant
anxiolytic efficacy in mice, comparable to the
benzodiazepine diazepam in standard behavioral
models, but without the notable sedative side
effects at effective doses. Spectroscopic
characterization (MS, NMR, IR) confirmed the
compound’s identity and provided an analytical
fingerprint for this natural product.

The implications of these findings are
multifaceted. Scientifically, we have added to the
repertoire of bioactive natural products by linking
a specific soybean constituent to anxiolytic
activity. This represents a step forward in
understanding how diet-derived compounds can
influence mental health — reinforcing the concept
that common foods can harbor potent neuroactive
agents. Therapeutically, the discovery opens the
door to developing soy-based nutraceuticals or
phytopharmaceuticals for anxiety relief. Given
genistein’s favorable profile in our preclinical
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tests, it could be envisioned as a template for a new
class of anxiolytic supplements or as a lead
compound for drug development, potentially
offering a safer alternative for patients who
experience side effects from current medications.

Overall, our research demonstrates the feasibility
of translating ethnobotanical knowledge (soy as a
calming agent) into a concrete biochemical and
pharmacological entity.
thoughtfully designed integration of natural
product chemistry and pharmacology can yield
novel candidates for CNS disorders. Future work
should explore the clinical efficacy of genistein or

It showcases how a

soy isoflavone concentrates in anxiety disorders,
as well as investigate any synergistic effects with
soy compounds. Additionally, the
mechanistic pathways of genistein’s action
(GABAergic vs. serotonergic vs. others) merit
deeper exploration to fully elucidate how this
compound interacts with the nervous system. In
essence, this study lays the groundwork for a

other

future in which anxiety might be mitigated not
only by conventional synthetic drugs, but also by
compounds found in humble dietary sources like
the soybean — merging the realms of nutrition and
neuropharmacology for improved mental health
outcomes.
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