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ABSTRACT

This study explores the phytochemical profiling, isolation, and antioxidant evaluation of
bioactive constituents from Cassia fistula seed extracts. Seeds were extracted using ethanol through
Soxhlet extraction. The ethanolic extract yielded 32.17% w/w of concentrated phytoconstituents.
Preliminary phytochemical screening confirmed the presence of alkaloids, flavonoids, glycosides,
carbohydrates, and anthraquinones. Column chromatography led to the isolation of a compound,
characterized as Rhein (C,,H,O,; molecular weight 284.22 g/mol), using FTIR, 'H-NMR, *C-NMR,
and LC-MS. The total flavonoid content (TFC) was quantified at 24.9 mg quercetin equivalents
(QE)/g. Antioxidant activity was assessed using DPPH and ABTS assays, with a Trolox Equivalent
Antioxidant Capacity (TEAC) of 13.23 ymol/mg & a CTE of 9.78 pg/mL. The DPPH radical scavenging
activity demonstrated a Radical Scavenging Activity (RSA) of 5.39%. ABTS assay revealed an RSA
of 4.088%, TEAC of 12.022 pmol/mg, and CTE of 3.345 pg/mL. Molecular docking studies using
Schrodinger’s Glide XP module showed a Glide Score of —8.267 for Rhein with FXR protein (PDB
ID: 30MM), indicating strong binding interactions. The findings suggest that Cassia fistula seeds,
especially the Rhein compound, possess notable antioxidant potential, supporting their traditional
therapeutic applications and paving the way for further development as natural antioxidants or
hepatoprotective agents.

Keywords: Cassia fistula, Antioxidant activity, Molecular docking,
Farnesoid X Receptor (FXR), Flavonoid content.
INTRODUCTION tree'. Traditionally, different parts of this plant,
especially its pods, seeds, and leaves, have been

A member of the Caesalpiniaceae family, = employed in Ayurvedic and folk medicine systems

Cassia fistula L. is extensively spread in tropical
and subtropical countries, including Africa, the
Americas, Southeast Asia, and India. It is sometimes
called the Indian laburnum and golden shower

for managing ailments such as skin disorders,
jaundice, and inflammatory diseases®3. Previous
phytochemical studies have reported the existence
of bioactive constituents such as anthraquinones,
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alkaloids, flavonoids, glycosides, & terpenoids in
various Cassia species, indicating their potential for
pharmacological exploration**.

Anthraquinone derivatives have garnered
significant attention for their antioxidant, anti-
inflammatory, and hepatoprotective properties.
Rhein is notably found in rhizomes of the Rheum
genus but is rarely reported in Cassia fistula seeds’®.
Given the global health burden of oxidative stress-
related diseases, including liver disorders, the search
for effective natural antioxidants remains critical®.

Despite the well-documented traditional
use of Cassia fistula, there is limited scientific
data available on the systematic isolation and
characterization of its key phytoconstituents from the
seeds of this plant. Recognizing this gap, the recent
study explored the phytochemical & pharmacological
potential of C. fistula seed extracts. The core aims
of this investigation were to carry out phytochemical
screening of the seed extract, isolate and structurally
elucidate bioactive compounds using techniques
such as FTIR, NMR, and LC-MS, and estimate the
total flavonoid content of the extract. Additionally,
using DPPH and ABTS assays, the study assessed
the isolated compound's antioxidant properties. To
further support the bioactivity findings, molecular
docking analysis was conducted to assess the
binding interactions of the isolated compound
with the Farnesoid X Receptor (FXR), a protein
associated with liver health. Overall, the study
aims to establish that seeds of Cassia fistula are a
valuable source of naturally derived antioxidants with
potential therapeutic applications.

MATERIAL AND METHODS

Procurement and Authentication of Plant
Specimens

Seeds of Cassia fistula were collected from
the Botanical Garden, Bareilly and Uttar Pradesh,
India. The seeds were purified and dried in the
shade. Authentication conducted by Dr. Sunita
Garg, Scientist F and Head of the Raw Material
Herbarium & Museum (RHMD), NISCPR, New
Delhi, India. A voucher specimen (NIScPR/RHMD/
Consult/-2023/4519-20) has been deposited with
the department for future reference.

Drugs and Chemicals
Chemicals used in the study were purchased
from Central Drug House Ltd., New Delhi, India™.
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Preparation of extracts

The seeds of Cassia fistula were dried
out at 37°C in the shade and ground in a mortar.
Coarse powder (500 g) of seed was defatted with
(500 mL) of petroleum ether (40-60°C) with the aid
of a Soxhlet apparatus for 24 hours. Then extracted
separately with 500 mL each of ethanol & water
for 48 hours''-'3. The extracts were concentrated in
vacuum using the rotary evaporator, and the yield
value was found to be 32.17%, & kept in an airtight
container for subsequent use's.

Phytochemical Analysis

Cassia fistula extract seeds were subjected
to screening tests for different plant constituents by
standard procedures'®. Cassia fistula extract was
subjected to tests such as Alkaloids, Glycosides,
Saponins, Carbohydrates, and Steroidal compounds.

Thin layer chromatography

Cassia fistula extract was found to have
been spotted on a silica-coated aluminum plate
to saturation. Compared to the solvent system
(Hexane: ethyl acetate 90:10). On the completion of
the solvent running entirely, the plate was then dried
& developed with a suitable reagent and visualized
under an iodine chamber'”'8. The R, values of the
individual components were determined by them?.

Calculating the total amount of flavonoids

By dissolving 1 mg of Cassia fistula
preparations in 1.5 mL of CH,OH, 0.1 mL of 10%
AICI,, 0.1 mL of 1 MC,H,O,K, and 2.8 mL of distilled
water, the extracts' total flavonoid concentration
(TFC) was determined. For half an hour, the mixture
was allowed to remain at room temperature®?'. An
Ultrasonic UV-Vis Double Beam Spectrophotometer
was employed to measure the absorbance at 415
nm. Comparable therapy was administered at
various quercetin concentrations (10-50 pg/mL).
The TFC was determined using quercetin as the
reference, and the results were presented as mg
QE/g of the sample.

Isolation and Characterization

To isolate the component from the Cassia
fistula extract, column chromatography was
done. After crystallization, the mother liquor was
concentrated under vacuum and chromatographed
over silica gel (60 g) of mesh size (16-120 mesh).
The column was packed into a hydrodynamic
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column and eluted using a solvent system of hexane:
ethyl acetate was used as the mobile phase with
increasing polarity??23. The fractions were collected
and monitored by TLC. The isolated compound was
characterized by different spectroscopic techniques
(that is, IR, NMR, and LC-MS)?.

Dataset ligands and Ligand Optimization

To generate 3D structures of the Rhein
compound, 2D structures were passed through
potential algorithms and used superior force fields.
Rhein's initial geometrical optimisation and energy
minimisation, carried out using the Schrodinger
suite's Ligprep tool, served as the foundation for all
computations. A range of ionization states, a special
program Epic, plus various possible conformers and
tautomers, was generated with the Ligprep module®.

Molecular Docking Studies

Molecular docking studies were performed
to assess the binding affinity and interaction profile
of Rhein, an isolated compound from Cassia
fistula seeds, with a relevant biological target. The
target protein was chosen to be the Farnesoid X
Receptor (FXR), Bile acid regulation via a nuclear
receptor balance & hepatoprotective reactions. The
Protein Data Bank provided the three-dimensional
crystal structure of FXR (PDB ID: 309M). The
Protein Preparation Wizard in the Schrodinger
Suite was used to construct the protein structure
before docking. This involved the removal of water
molecules beyond 1 A, the addition of missing
hydrogen atoms, the assignment of proper bond
orders, and the optimization of hydrogen bonding
networks. Energy minimization was carried out
using the OPLS-2005 force field to stabilize the
protein structure. The chemical structure of Rhein
was drawn and converted into its three-dimensional
format using the LigPrep module. Various ionization
and tautomeric states were generated using Epik at
a physiological pH of 7.0+2.0, and the ligand was
optimized with energy minimization. The docking
grid was generated around the active site of the
FXR receptor, ensuring proper coverage of the
binding pocket. The Glide XP (Extra Precision)
mode of molecular docking was used to determine
the optimal binding pose and energy. The docking
score, also known as the GlideScore, along with
additional parameters such as Emodel energy and
hydrogen bonding interactions, was recorded to
evaluate binding efficiency.
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Antioxidant activity
DPPH assay

The DPPH test was carried out according to
the protocol. In short, 30 min were spent measuring
the absorbance at 518 nm after 0.1 mL of solution
of sample and 3.9 mL of the DPPH radical solution
were combined. A plot of a calibration curve using
six Trolox standards was made. Effect of Scavenging
of DPPH (%). By applying the subsequent formula,
inhibition was determined:

Where A = Control absorbance, A, =
Standard absorbance.

To assess the antioxidant potential of DPPH
radical scavenging, an isolated phytoconstituent was
utilized?s.

ABTS

The strategy is predicated on the
antioxidant molecules' capacity to counteract the
ABTS radical, which is persistent. To create a
stable stock solution of the ABTS radical, 2.45
mmol/L KPS (final concentration) was mixed with
7 mmol/L ABTS aqueous solution. The mixture was
allowed to stand at 37°C in the dark for between
twelve and sixteen hours before use. To make an
ABTS radical working solution at the beginning of
the investigation, the stock solution was diluted in
ethanol until it attained a result of 0.70+0.02 at 734
nm. One milligram of sample was then dissolved
in one milliliter of methanol and mixed with 4.85
milliliters of diluted ABTS+ radical content. Six
minutes after the initial mixing, the absorbance at
734 nm was noted. Different quantities of trolox
(10-50 pmol) were prepared and then exposed
to an equivalent amount of radical solution. The
reading was taken six minutes after a control was
made using 4.85 ml of ABTS solution and 0.15 ml
of 45% ethanol. The following formula was used
to determine the optical density of Trolox and the
percentage of ABTS radical scavenging.:

The % scavenging curve generated from
Trolox standard was used to estimate the Trolox
equivalent(mM/gm) for the isolated compound?”.
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RESULTS

Extraction

The preliminary analysis of the Cassia fistula
ethanolic extract demonstrated significant extraction
efficiency, with a percentage yield of 32.17%.

Preliminary phytochemical screening
Cassia fistula extracts were subjected to
preliminary phytochemical screening with different
solvents. Results of phytochemical screening Table
1 (-) negative, (+) Positive.
Table 1: Preliminary Phytoconstituents Compounds
found in Cassia fistula extract

Phytoconstituents Test Extract of seeds
of Cassia fistula
Alkaloids Mayer's test
Hager's test - +
Glycosides Keller Killiani test +
Flavonoids Alkaline reagent test +
Lead acetate +
Carbohydrates Molish test +
Proteins Biuret test -
Saponin Frothing test
Steroids Salkowski test

Test of Carbon +
tetrachloride
Test of Ferric chloride
Test of Ferric chloride

Anthraquinone

Phenolics
Tannins

Positive (+), Negative (-), Cassia fistula extract
Total flavonoid content

The aluminium chloride (AICI,) technique
was used to calculate the isolated compound's total
flavonoid content (TFC). Quercetin was utilised
as a standard to assess the reaction mixture's
absorbance at 415 nm (Error! Reference source
not found. Error! Reference source not found.).
Quercetin's calibration curve was linear between
10 and 40 pg/mL. Using the quercetin standard
curve's y = 0.001x; R?= 1, the TFC of the isolated
compound was computed and represented as mg
of quercetin equivalent QE/gram of the substance.
The TFC of the isolated compound was found to
be 24.9 mg QE/gram of the compound. This result
indicates the presence of a significant quantity of
flavonoids, suggesting their potential biological and
pharmacological relevance.

Column Chromatography
Approximately five fractions were obtained
by TLC analysis after the Cassia fistula extract was
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eluted using various hexane: ethyl acetate ratios after
being exposed to column chromatography on silica gel
(Table 2). There were several fractions with no spots at
all. But some had blurry areas. We merged fractions
with the same Rf value that displayed clear spots (4,5).
Utilising FTIR, NMR, and LC-MS spectroscopy, the
isolated substance was characterised.

Table 2: Fractions obtained from Cassia fistula
extract using column chromatography

Solvent system Ratio Fractions No TLC  Code of Fraction

H:E 100:0 1 Not clear EE-A
H:E 90:10 2 No spot EE-B
H:E 80:20 3 Not clear EE-C
H:E 70:30 4,5 Clear EE-D
H:E 60:40 6 Not clear EE-E

Hexane: Ethyl acetate
Characterization of isolated compound

The TLC of Cassia fistula extract (mother
liquor) was performed using Silica Gel plates
and a solvent system consisting of C.H,, and
CH,COOCH,CH, in the ratio of 90:10. The analysis
was done according to standard procedures. The R,
value was calculated. In this analysis, one distinct
spot was observed. The spot appeared dark green
and had an R, value of 0.53.

In Fig. 1, distinct FTIR peaks of the
isolated chemical CFRP were displayed. Vmax IR
(KBr): 3339 cm™" (O-H stretching); 1634 cm™ (C=0
stretching); 1508 cm™ (C=0 stretching), 1336 cm™’
(C-O stretching); 1018 cm™" (Ar, C-H stretching).

At 500 MHz, DMSO, 'HNMR 5 11.88 (1H s,
OH), 8.10 (2H d, J = 4.1 Hz, OH), 7.82 (1H s, CH),
7.74(2Hd,J=4.4Hz,CH),and 7.40 (2H d, J=3.8
Hz (Figure 2).

CH.™C NMR (126 MHz, DMSO) & 191.20
(s), 180.86 (s), 165.31 (s), 161.33 (s), 160.99 (s),
138.00 (s), 137.51 (s), 133.69 (s), 133.09 (s), 124.51
(s), 124.04 (s), 119.34 (s), 118.63 (d, J = 13.1 Hz),
116.05 (s) (Figure 3).

Based on ES-MS results at m/z 283.03
[M+], the mass spectroscopy of the isolated chemical
CFE revealed the molecular formula C,,H,O,, and
the molecular weight was determined to be 284.22
(Fig. 4). By comparing the reported data with the
physical characteristics, IR, mass, 'H-NMR, and
BC-NMR data, compound was determined to be

Rhein (Figure 5).
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Fig. 1. Fourier Transform Infrared Spectroscopy

Fig. 2. 'H NMR spectroscopy of isolated compounds

Fig. 3. '*C NMR spectroscopy of isolated compounds

Fig. 4. LC-MS spectroscopy of isolated compounds
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Fig. 5. Rhein

Molecular docking

The molecular docking analysis of Rhein,
a key phytoconstituent isolated from Cassia
fistula seed extract, was conducted to evaluate its
interaction with the Farnesoid X Receptor (FXR),
a nuclear receptor linked to the control of bile acid
metabolism and liver function. The Schrodinger
Suite's Glide XP module was used for the docking,
with the optimized structure of FXR (PDB ID: 309M)
as the target. The docking results revealed that
Rhein binds efficiently within the active site of FXR,
demonstrating a Glide XP score of —-8.267, indicative
of a strong and favorable interaction (Figure 6).

Although the docking did not show specific
hydrogen bond formation, the binding was primarily
stabilized by van der Waals forces and hydrophobic
interactions. These interactions suggest that Rhein
fits well into the lipophilic pocket of FXR, maintaining
structural complementarity. The Emodel energy and
Glide energy, which were recorded as —-54.051 and
—32.997 kcal/mol, respectively, further support the
stability of the ligand-receptor complex.

These findings are significant as they imply
that Rhein may act as a potential modulator of FXR
activity, which is often targeted in drug development
for treating liver diseases, including cholestasis and
non-alcoholic fatty liver disease. The docking data
also complements the in vitro antioxidant findings,
reinforcing the therapeutic relevance of Rhein as a
multifunctional bioactive compound derived from
Cassia fistula.

Fig. 6. Key Molecular interactions of the hydroxyl
group of Rhein
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Evaluation Parameters (In vitro)
DPPH free radical scavenging assay

The antioxidant capacity of the isolated
molecule was evaluated using the DPPH free
radical scavenging experiment (Y 0.3668x- 8.7137)
(Fig. 7). The absorbance value of 0.228 was used
to calculate the compound's RSA and TEAC. With
an RSA of 5.39%, it was found to have a moderate
capacity to scavenge free radicals. Furthermore, the
compound's antioxidant ability in comparison to the
standard antioxidant Trolox was demonstrated by the
calculated concentration of Trolox Equivalent (CTE)
at 9.78 pg/mL and the TEAC value at 13.23 pmol/
mg (Table 3 Error! Reference source not found).

Fig. 7. Standard curve Trolox in DPPH Assy method
Table 3: Calculated the RSA and TEAC of a sample

using recorded absorbance and the trendline
equation of the standard

Type Sample Absorbance RSA(%) CTE) TEAC
(Hg/mL  (pmol/mg)
Sample CERP 0.228 5.39 38.46 9.78

Trolox equivalent antioxidant capacity and radical scavenging activity
ABTS-Trolox equivalent antioxidant capacity

The antioxidant potential of the isolated
chemical was assessed using the ABTS, which free
radical scavenging test. The scavenging activity was
calculated using the trendline equation obtained
from the standard (Trolox) and the absorbance
values observed at 734 nm (Fig. 8). The findings are
reported in Table 4, where the isolated compound's
Concentration of Trolox Equivalent (CTE), TEAC,
and RSA were measured 28 with an absorbance
of 0.657, the isolated chemical showed an RSA
of 4.088 percent. In comparison to the Trolox
standard, the compound's antioxidant capacity was
demonstrated by the computed CTE of 3.345 ug/mL
and the TEAC value of 12.022 pmol/mg.
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Fig. 8. Percentage Scavenging Trolox in ABTS method
Table 4: Calculated RSA and TEAC of samples using
recorded absorbances and trendline equation of
Trolox

Sr.No Type Sample Absorbance RSA CTE TEAC

code (%) (ug/mL) (umol/mg)
1 Sample CERP 0.657 4.088 3.345 12.022
DISCUSSION

The current investigation sought to
investigate the molecular interactions, phytochemical
makeup, and antioxidant capacity of bioactive
substances extracted from Cassia fistula seeds.
The ethanolic extraction yielded a significant amount
(32.17%), suggesting a good solubility of polar and
semi-polar phytochemicals in the ethanol solvent.
Preliminary phytochemical screening confirmed the
presence of flavonoids, glycosides, anthraquinones,
and carbohydrates, which are often associated
with various pharmacological properties such as
antioxidant and anti-inflammatory activities'S.

Among the isolated compounds, Rhein was
identified as the major bioactive constituent through
spectroscopic methods including FTIR, 'H-NMR,
3C-NMR, and LC-MS. The structure elucidation
showed characteristic useful groups such as
hydroxyl (-OH) and carbonyl (C=0) groups, which
are well-known contributors to RSA [40]. The TFC
was determined to be 24.9 mg quercetin equivalents
per gram, indicating a rich presence of flavonoid-type
antioxidants. This value is comparable to previous
studies that reported significant TFC in various parts
of Cassia fistula and associated it with free radical
neutralization'16.
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Antioxidant activity, assessed by DPPH
and ABTS assays, demonstrated that the isolated
compound exhibited moderate radical scavenging
potential with TEAC values of 13.23 pmol/mg and
12.02 pmol/mg, respectively. These results align
with earlier findings where C. fistula extracts showed
dose-dependent antioxidant properties, attributable
to their phenolic and flavonoid constituents'®2°,
The antioxidant mechanism may involve hydrogen
atom donation or electron transfer, neutralizing free
radicals and thereby reducing oxidative stress.

Furthermore, the molecular docking
analysis of Rhein with the Farnesoid X Receptor
(FXR) revealed a Glide XP score of -8.267 and
favorable Emodel (-54.051) and Glide energies
(-=32.997 kcal/mol). These results suggest a high
binding affinity of Rhein toward the FXR binding
pocket, supporting the hypothesis that Rhein could
modulate FXR-mediated pathways involved in
bile acid homeostasis and liver detoxification?”:,
Although no direct hydrogen bonding was observed,
the presence of strong hydrophobic and van
der Waals interactions implies good structural
compatibility within the active site of FXR.

FXRis a well-established target in managing
liver-related disorders, particularly non-alcoholic
steatohepatitis (NASH), cholestasis, and metabolic
syndrome. Compounds that enhance FXR activation
are reported to exert hepatoprotective effects by
reducing inflammation and lipid accumulation in
hepatic tissues®. The interaction of Rhein with
FXR, supported by computational docking, not
only reinforces its potential as a hepatoprotective
agent but also adds a novel dimension to its
pharmacological profile.

Taken together, the findings of this study
support the traditional use of Cassia fistula in treating
hepatic and inflammatory disorders. The integration
of phytochemical screening, bioactivity assays,
and molecular docking provides a comprehensive
approach for validating the therapeutic potential of
natural compounds. While the in vitro antioxidant
and in silico docking results are promising, further
in vivo pharmacological and toxicological studies are
required to establish Rhein’s efficacy and safety as
a drug candidate.
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CONCLUSION

The present investigation highlights the
successful extraction and identification of Rhein,
a key bioactive compound, from the seeds of
Cassia fistula. Comprehensive spectroscopic
characterization affirmed its chemical identity.
The compound demonstrated antioxidant efficacy
through DPPH and ABTS assays, supported by a
substantial flavonoid content. Moreover, molecular
docking analysis revealed strong binding affinity with
the Farnesoid X Receptor (FXR), suggesting Rhein’s
potential role in maintaining hepatic function and
managing oxidative stress. These findings provide
scientific support for the traditional medicinal use of
Cassia fistula and pave the way for future research
into its application as a natural hepatoprotective
and antioxidant agent. Further in vivo and clinical
investigations are encouraged to confirm these
results and explore therapeutic applications.
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