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Abstract

Background/Aim: Capsicum annuum Grossum Senise, a widely cul-
tivated sweet pepper in Iraq contains a diverse array of bioactive com-
pounds such as polyphenols, carotenoids and capsinoids, known for their
beneficial effects on health. The study aimed to employ advanced ana-
lytical techniques to elucidate the compound's chemical properties and
concentration within this specific Capsicum cultivar, contributing to the
growing body of knowledge regarding plant-derived sterols with potential
nutraceutical application.

Methods: This study focused on the extraction, isolation, purification and
quantitative analysis of B-sitosterol from Iragi Capsicum annuum Grossum.
Advanced chromatographic and spectroscopic techniques were em-
ployed to ensure accurate quantification and structural characterisation.
Results: The chloroform fraction exhibited a high B-sitosterol concen-
tration (0.492 mg/mL dry weight), suggesting efficient biosynthesis of this
secondary metabolite, possibly due to favourable biochemical and envi-
ronmental factors.

Conclusion: The findings underscore the potential of Iraqi-grown Capsi-
cum annuum Grossum as a valuable source of 3-sitosterol, supporting its
use in nutraceutical and pharmaceutical applications. Further research is
warranted to explore its mechanistic pathways and therapeutic efficacy in
clinical settings.
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Introduction

Capsicum, a genus within the Solanaceae fami-
ly, comprises five cultivated species: Capsicum
annuum, Capsicum chinense, Capsicum baccatum,
Capsicum frutescens and Capsicum pubescens.* In
Iraq, only Capsicum annuum Grossum and Cap-
sicum frutescens are cultivated.” These species
share similarities in fruit shape and colouration,
though Capsicum annuum Grossum is particularly
notable for its rich content of essential nutrients

and pharmacologically active compounds that
contribute to various health benefits such as vi-
tamins A, C and E, carotenoids and capsaicinoids,
which contribute to various health benefits in-
cluding antioxidant activity, immune system
support, anti-inflammatory effects and potential
roles in pain relief and metabolic regulation.?
Chemical analysis reveals that Capsicum annuum
Grossum fruits contain 9.92 % dry matter, with
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nutritional components per 100 g serving includ-
ing 0.33 g total fat, 0.99 g protein, 10.63 g carbo-
hydrates, 2.73 g dietary fibre and 133.00 mg vita-
min C, providing 195.58 k] (46.79 kcal) of energy.*
The characteristic pungency of peppers stems
primarily from capsaicinoids, with capsaicin and
dihydrocapsaicin constituting approximately 90
% of these compounds, accompanied by at least
nine minor capsaicinoids such as nordihydrocap-
saicin, homocapsaicin, homodihydrocapsaicin,
nornorcapsaicin and vanillylamide.> Comprehen-
sive phytochemical investigations of Capsicum
annuum Grossum have identified approximately
33-34 polar and non-polar acidic compounds,
32-33 lipid constituents and 88-103 non-lipid
bioactive compounds, reflecting the plant’s com-
plex and diverse chemical composition.® The an-
ti-inflammatory potential of Capsicum annuum
Grossum has been demonstrated through its in
vitro inhibition of soybean lipoxygenase, with ex-
tracts applied in solution form. Among the tested
varieties, green Capsicum annuum Grossum ex-
tracts showed the highest inhibition at 46.12 %,
followed by yellow at 44.09 % and red at 32.18
%.” Parallel studies on C frutescens ethyl acetate
extracts revealed comparable anti-inflammato-
ry effects to diclofenac in rat models of egg albu-
min-induced paw oedema.®

Phytosterols, structurally like mammalian cho-
lesterol, represent another important class of
bioactive compounds in Capsicum species. The
major phytosterols include {3-sitosterol (65 %),
campesterol (30 %) and stigmasterol (3 %),

Table 1: Biological activity of B-sitosterol’®?5
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which are widely distributed in plant-based food
such as nuts, seeds, legumes and olive oil.? B-sit-
osterol has been particularly well-studied and is
recognised for its safety and absence of harm-
ful side effects in pharmaceutical applications.!®
Extensive research has documented the diverse
pharmacological properties of [B-sitosterol, in-
cluding neuropharmacological effects such as
anxiolytic, sedative'? and analgesic activities;'"
13 immunomodulatory®* and antimicrobial prop-
erties;'® anticancer potential through tumour
inhibition'® and anti-inflammatory effects via
lipoxygenase (LOX) activity. Notably, LOX sup-
pression has been primarily associated with the
anti-inflammatory action of [(-sitosterol, rath-
er than being a central target in its other phar-
macological effects.” Additionally, B-sitosterol
exhibits metabolic regulatory effects including
protection against non-alcoholic fatty liver dis-
ease,'® lipid-lowering properties,’® hepatoprotec-
tive?® and respiratory protective effects,? as well
as wound healing capacity.?? Its antioxidant??
and antidiabetic activities?* further contribute
to its therapeutic profile, along with protective
effects against various digestive disorders such
as gastric ulcers, irritable bowel syndrome (IBS)
and inflammatory bowel diseases (IBD) includ-
ing Crohn’s disease and ulcerative colitis (Table
1).% These findings highlight the significant nu-
tritional and pharmacological value of C annuum,
particularly its B-sitosterol content, which holds
considerable promise for development into nu-
traceutical and pharmaceutical products.

N Biological activity Study type

Experimental model

Anxiety reduction and calming

effects I vivo

Male Swiss Webster mice

2 Pain relief and inflammation In vivo
suppression

Swiss strain male albino mice and Wistar
albino rats

. In vitro and
Immune system modulation

Human PBMCs and male swine

3 in vivo
4 Bacterial growth inhibition In vitro Staphylococcus aureus and Escherichia coli
5 Tumour suppression In vivo Wistar albino rats
6 Inflammation reduction In vivo Male Wistar rats
7 Prevention of fatty liver disease In vivo Murine models
8 Cholesterol reduction In vivo Male mice
9 Liver cell protection In vivo Male Sprague-Dawley rats
10 Lung fibrosis mitigation In vitro A549 human lung cancer cells
11 Tissue repair enhancement In vitro Human fibroblast cultures
12 Oxidative stress reduction In vivo Wistar strain male albino rats
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Figure 1: Chemical structure of B-sitosteroP®

B-Sitosterol is a key constituent of plant cell
membranes, essential for regulating their
flexibility and selective permeability. This
phytosterol presents as a white, waxy powder
characterised by a distinctive aromatic profile.
While structurally analogous to cholesterol,
B-sitosterol is distinguished by the presence of
an additional ethyl group at the C-24 position.?®
The compound is known by several systematic
designations including (3[)-stigmast-5-en-3-ol,
22:23-dihydro stigmasterol, a-dihydrofucosterol,
cinchol, cupreol, rhamnol, quebrachol and sitos-
terin. It exhibits three distinct crystalline forms
depending on hydration state: anhydrous, hemi-
hydrate and monohydrate configurations (Fig-
ure 1).?”?8 The current investigation focuses on
the precise quantification, isolation, purification
and comprehensive chemical characterisation of
[B-sitosterol derived from Iraqi-origin Capsicum
annuum Grossum, a variety particularly rich in
this bioactive phytosterol. The study employed
advanced analytical techniques to elucidate the
compound’s chemical properties and concen-
tration within this specific Capsicum cultivar,
contributing to the growing body of knowledge
regarding plant-derived sterols with potential
nutraceutical applications.

Methods

Plant material

The plant material was collected in Baghdad, Iraq
and its authenticity was verified by the Pharma-
cognosy Department at the University of Bagh-
dad’s College of Pharmacy. Approximately 250
g of the aerial parts of the plants was subjected
to extraction using a Soxhlet apparatus. The ex-
traction was carried out using 85 % methanol,
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after which the solution was filtered and con-
centrated under vacuum. The obtained crude
methanol extract was then dispersed in distilled
water and subjected to liquid-liquid partition-
ing in a separatory funnel with chloroform. The
extraction employed 85 % methanol for Sox-
hlet extraction and chloroform partitioning, a
cost-effective method that efficiently disrupts
plant matrices to extract both polar metabolites
and non-polar compounds like (-sitosterol. The
isolated fraction was subsequently dehydrated
using anhydrous sodium sulphate, filtered and
completely evaporated under reduced pressure
using a rotary evaporator. The dried residue was
then measured and preserved for subsequent
analysis.

Preliminary phytochemical screening

The presence of phytosterols in Capsicum An-
nuum Grossum was detected through prelimi-
nary phytochemical screening using the Lieb-
ermann-Burchard test. A small portion of the
chloroform layer was mixed with 10 drops of ace-
tic anhydride, followed by the addition of 2 drops
of concentrated sulfuric acid, leading to the de-
velopment of a characteristic bluish-green colour
indicative of phytosterols.?’

Isolation and purification of B-sitosterol
via preparative high-performance liquid
chromatography (Prep-HPLC)

Prep-HPLC (Shimadzu, Japan) is a well-estab-
lished technique for separating complex mix-
tures. In this study, a methanol-acetonitrile mo-
bile phase was used in a gradient solvent system,
initially set at 30:70, which was gradually in-
creased in a linear gradient to 30:70 for 20 min-
utes, 0:100 for 10 minutes and finally 30:70 for 15
minutes. The UV detection was performed at 210
nm, with a flow rate of 5 mL/min. The purifica-
tion process involved multiple purification cycles
to obtain (-sitosterol in its pure form.3°

Quantification of isolated -sitosterol
by high-performance thin-layerchroma-
tography (HPTLC)

The chloroform fraction was identified and quan-
tified using a pre-validated HPTLC method. The
HPTLC conditions included a mobile phase of tolu-
ene: ethyl acetate: chloroform (50:10:4), thin-lay-
er chromatography was conducted on silica gel 60
F254 pre-coated plates (20x10 cm, 0.2 mm layer
thickness). Detection was performed under UV
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254 nm and 366 nm and derivatisation was car-
ried out using 5 % H,SO, for visualisation.

Identification and characterisation of
the isolated B-sitosterol

Fourier transform infrared (FT-IR)

spectroscopy

Characterisation by FT-IR spectroscopy was car-
ried out at the Baghdad National Centre for Drug
Control and Research using Bruker instrumenta-
tion. Compound structures were verified by in-
terpreting their distinctive spectral absorption

Results

Preliminary phytochemical screening

The results of phytochemical screening assay for
Capsicum annuum Grossum indicate the presence
of sterols and steroids by production bluish green
colour indicates the presence of steroidal nucleus.

Isolation of B-sitosterol through
Prep-HPLC

The resulting chromatogram revealed multiple
peaks, each representing a distinct compound,
with a prominent peak appearing at 16.3 minutes
and identified as B-sitosterol based on compari-
son with a reference standard. The target com-
pound was isolated using a fraction collector, with
collection intervals carefully timed to match the
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patterns, consistent with the findings presented
in the results.

Nuclear magnetic resonance (NMR) analysis

NMR spectroscopy was performed to fur-
ther characterise the isolated [(-sitosterol. The
'H-NMR spectra were recorded using a Eu-
ro-vector EA 3000A NMR spectrometer (Italy,
300 MHz). The sample was dissolved in dimethyl
sulfoxide-d6 (DMSO-d6; Sigma-Aldrich, USA) and
tetramethylsilane (TMS; Merck, Germany) was
used as the internal reference standard at 0 ppm.
The chemical shifts (8 values) were analysed for
structural confirmation.

retention times of each resolved peak, as shown
in Figure 2. To confirm the identity of the 3-sitos-
terol peak, a UV absorbance spectrum was record-
ed using a diode array detector (DAD) at a wave-
length of 210 nm, showing a spectral match with
the (-sitosterol standard, Figure 3.

Quantification of isolated -sitosterol

The presence of -sitosterol in the chloroform-sol-
uble fraction was confirmed by matching both the
retardation factor (R; = 0.63) and the UV absorp-
tion profile with those of the authentic standard,
as illustrated in Figure 4 (HPTLC plate). For quan-
titative analysis, a standard calibration curve was
constructed using five concentrations of authentic
[-sitosterol (ranging from 0.1 to 1.0 mg/mL), with
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Figure 2: Preparative high-performance liquid chromatography (Prep-HPLC) chromatogram for

[3-sitosterol standard with the matched peak chloroform fraction
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Figure 4: High-performance thin-layer chromatography

(HPTLC) plate of chloroform fraction
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linear regression analysis yielding a correlation
coefficient (R?) of 0.9579, indicating excellent
linearity (Figure 5). Based on this calibration, the
B-sitosterol content in the chloroform fraction
was determined to be 0.492 mg/mL dry weight,
reflecting a significant concentration of the com-

pound in the extract.
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Identification and characterisation of
the isolated (-sitosterol

The FT-IR of the isolated [B-sitosterol showed
identical spectrum to that reported in literature?

as shown in Figure 6. The characteristic bands of
[-sitosterol are listed in Table 2.
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Figure 6: Fourier transform infrared (FT-IR) spectra of isolated [3-sitosterol

Table 2: Distinctive Fourier transform infrared (FT-IR) spectral peaks (cm’)

Functional group

Group frequency
wave number (cm™)

Isolated 3-sitosterol

Main attributed

0-H 3388.03 0-H stretching vibration

C-H gggggg Aliphatic C-H stretching

C=C 1694 C=C stretching

C-H 1463 Bending frequencies of cyclic (CH,)
CH2-CH3 1377.78 CH (CH,), stretching

0-H 1185.11 0-H bending

C-C 1050.81 C-C stretching

C-H 832,794, 621 C-H

out plane bending vibration

NMR is the agreed to be the optimal approach for
compound characterisation and structural de-
termination, for isolated [-sitosterol the result

showed that the NMR spectral data were closely
similar to that reported in literatures for 3-sitos-
terol,32, 33 as shown in Figure 7 and Table 3.
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Figure 7: "H-NMR spectrum

Table 3: Nuclear magnetic resonance (NMR) spectral data

Carbon atom expePri':nn:ental Integration  Multiplicity Assignment
C-3 7.24 1H Singlet OH

C-6 5.26 1H Multiplet CH

C-3 3.35 1H Multiplet CH
C-21 1.25 3H Doublet CH3
C-19 2H Singlet

C-29 0.95 3H Triplet CH3
C-26, C-27 0.82 3H Doublet CH3
C-18 0.66 1H Singlet CH3

Discussion

The successful isolation and characterisation
of B-sitosterol from Capsicum annuum Grossum
grown in Iraq represents a significant contribu-
tion to the understanding of phytochemical quali-
fication of this plant. The quantified concentration
of 0.492 mg/mL in the chloroform fraction high-
lights the potential of Iraqi-grown Capsicum annu-
um Grossum as a rich source of this bioactive phy-
tosterol. This finding is particularly relevant given
the well-documented pharmacological properties
of B-sitosterol, including its anti-inflammatory, an-
tioxidant and lipid-lowering effects. The structur-
al confirmation through FT-IR and NMR spectros-
copy aligns with previous reports, demonstrating
characteristic functional groups and proton sig-
nals consistent with (-sitosterol’s known struc-
ture. These results not only validate the identity

of the isolated compound but also reinforce the
reliability of the analytical methods employed in
this study.

When compared to other plant sources, the (3-sit-
osterol yield from Capsicum annuum Grossum is
competitive, with a quantified concentration of
0.492 mg/mL in the chloroform-soluble fraction.
This yield reflects a substantial content relative
to commonly reported levels in other medici-
nal plants, highlighting C annuum var Grossum
as a valuable source of (-sitosterol, suggesting
that this cultivar may be particularly efficient as
a source for synthesis of secondary metabolite.
The observed concentration exceeds levels found
in some common dietary sources, such as nuts
and seeds, which underscores the nutritional and

901
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therapeutic potential of C annuum. However, it
is important to note that variations in extraction
methodologies and growing conditions can sig-
nificantly influence phytosterol yields. The use
of Soxhlet extraction and chloroform partitioning
in this study, while effective, may not capture all
sterol derivatives, such as glycosides or esterified
forms, which could be explored in future research.
The B-sitosterol yield from Iraqi Capsicum ann-
uum Grossum (0.492 mg/mL) is notably higher
than many Capsicum species like Capsicum frute-
scens ~0.17 mg/mL (ethyl acetate fraction) and
common dietary sources like Almonds, Pumpkin
seeds and Soybean oil supporting its nutraceutical
potential.3* 3

The anti-inflammatory and antioxidant properties
of B-sitosterol, as inferred from its high concen-
tration in C annuum, support its potential appli-
cations in nutraceutical and pharmaceutical for-
mulations. Previous studies have demonstrated
[-sitosterol’s efficacy in mitigating inflammation
and modulating lipid metabolism, which aligns
with the pharmacological profile observed in C an-
nuum extracts.>® However, the current study’s re-
liance on in vitro and phytochemical assays limits
direct extrapolation to in vivo or clinical efficacy.
Future research should focus on investigating the
bioavailability, pharmacokinetics and mechanistic
pathways of (3-sitosterol from C annuum using an-
imal models or human trials to fully elucidate its
therapeutic potential.

While the current study confirms [-sitosterol’s
presence and references its known pharmacolog-
ical effects, further in vivo validation is proposed.
This includes anti-inflammatory testing using car-
rageenan-induced paw oedema in rats,’” a hypo-
lipidemic study in high-fat diet-induced hyperlipi-
daemic models'® and a bioavailability assessment
through oral administration and plasma moni-
toring via HPLC.!® These experiments aim to sub-
stantiate the compound’s therapeutic relevance
beyond in vitro analysis and support its potential
for clinical or industrial application.

Despite these promising findings, several lim-
itations must be acknowledged. The extraction
process, while robust, may not be optimal for all
sterol derivatives and alternative techniques, such
as supercritical fluid or ultrasound-assisted ex-
traction, could enhance yields. Additionally, the
study used market-sourced samples, which may
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introduce variability due to differences in grow-
ing conditions, post-harvest handling and stor-
age. These factors could affect the consistency of
metabolite profiles and should be controlled in
future studies.

Conclusion

( 7
In conclusion, this study demonstrates that
Capsicum annuum Grossum from Iraq is a valu-
able source of (-sitosterol, with significant po-
tential for nutraceutical and pharmaceutical
applications. The Iraqi cultivar Capsicum ann-
uum var grossum demonstrates unique advan-
tages, including a high B-sitosterol yield (0.492
mg/mL), surpassing many other Capsicum
species and dietary sources. Its adaptation to
Iraq’s semi-arid climate enhances secondary
metabolite production, while its wide availabil-
ity, short growth cycle and suitability for large-
scale cultivation make it an ideal candidate for
regional phytopharmaceutical development.
The findings contribute to the growing body
of knowledge on plant-derived sterols and
highlight the importance of further research
to optimise extraction methods and validate
the observed bioactivities in clinical settings.
By addressing the current limitations and ex-
ploring the synergistic effects of (-sitosterol
with other bioactive compounds in Capsicum,
future studies can unlock the full therapeutic
potential of this promising phytosterol.

Ethics

This study did not directly involve with human
participants or experimental animals. Therefore,
the ethics approval was not required in this paper.

Acknowledgement

The authors extend their sincere gratitude to
College of Pharmacy, University of Baghdad who
contributed to the success of this study.



B Khamees et al. Scr Med. 2025 Sep-Oct;56(5):895-904.

Conflicts of interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

Data access

The data that support the findings of this study
are available from the corresponding author
upon reasonable individual request. The raw
data include chromatographic (Prep-HPLC and
HPTLC), spectroscopic (FT-IR and *H-NMR) out-
put files, calibration curves and quantified values
of B-sitosterol from Capsicum annuum Grossum.

Author ORCID numbers

V Amjed Haseeb Khamees (AHK):
0000-0001-9044-3769

Zahraa Suhail Nassir (ZSN):
0009-0000-0674-9774

Ali Rahman Jasim (AR]):
0009-0001-1524-8354

Author contributions

Conceptualisation: AHK
Methodology: AHK

Validation: AR]

Formal analysis: AHK, ZSN, AR]
Investigation: ZSN, AR]

Data curation: AHK, ZSN
Writing - original draft: AHK
Writing - review and editing: AR]
Visualisation: ZSN

Supervision: AHK

Project administration: AHK.

References

10.

11.

12.

Deepa N, Kaur C, George B, Singh B, Kapoor HC. Antiox-
idant constituents in some sweet pepper (Capsicum
annuum L.) genotypes during maturity. LWT-Food Sci-
Technol. 2007;40(1):121-9. doi: 10.1016/j.
lwt.2005.09.016.

Wahyuni Y, Ballester AR, Sudarmonowati E, Bino R],
Bovy AG. Metabolite biodiversity in pepper (Capsicum)
fruits of thirty-two diverse accessions: Variation in
health-related compounds and implications for breed-
ing. Phytochemistry.2011;72(11-12):1358-70.  doi:
10.1016/j.phytochem.2011.03.016.

Kasote DM, Katyare SS, Hegde MV, Bae H. Significance
of antioxidant potential of plants and its relevance to
therapeutic  applications. Int ] Biolog Sci.
2015;11(8):982. doi: 10.7150/ijbs.12096.

Zaki N, Hakmaoui A, Ouatmane A, Fernandez-Trujillo
JP. Quality characteristics of Moroccan sweet paprika
(Capsicum annuum L.) at different sampling times.
Food Sci Technol. 2013;33(3):577-85. doi: 10.1590/
S0101-20612013005000072.

Kobata K, Todo T, Yazawa S, Iwai K, Watanabe T. Novel
capsaicinoid-like substances, capsiate and dihydrocap-
siate, from the fruits of a nonpungent cultivar, CH-19
Sweet, of pepper (Capsicum annuum L.). ] Agric Food
Chem. 1998;46(5):1695-7. doi: 10.1021/jf980135c.
Conforti F, Statti GA, Menichini F. Chemical and biolog-
ical variability of hot pepper fruits (Capsicum annuum
var.acuminatum L.) in relation to maturity stage. Food
Chem. 2007;102(4):1096-1104. doi: 10.1016/j.food-
chem.2006.06.047.

Jolayemi AT, Ojewole JA. Comparative anti-inflamma-
tory properties of capsaicin and ethyl acetate extract
of Capsicum frutescens Linn (Solanaceae) in rats. Afr
Health Sci. 2013;13(2):357-61. doi: 10.4314/ahs.
v13i2.23.

Toda N, Usui H, Nishino N, Fujiwara M. Cardiovascular
effects of capsaicin in dogs and rabbits. ] Pharmacol
Exp Ther. 1972;181(3):512-21. doi: 10.1016/S0022-
3565(25)29233-3.

Klingberg S, Andersson H, Mulligan A, Bhaniani A,
Welch A, Bingham S, et al. Food sources of plant sterols
in the EPIC Norfolk population. Eur ] Clin Nutr.
2008;62(6):695-703. doi: 10.1038/sj.ejcn.1602765.
Paniagua-Pérez R, Madrigal-Bujaidar E, Reyes-Cadena
S, Molina-Jasso D, Gallaga JP, Silva-Miranda A, et al.
Genotoxic and cytotoxic studies of beta-sitosterol and
pteropodine in  mouse. Biomed Res Int.
2005;2005(3):242-7. doi: 10.1155/jbb.2005.242.
Santos AR, Niero R, Valdir Filho C, Yunes RA, Pizzolatti
MG, Delle Monache F, et al. Antinociceptive properties
of steroids isolated from Phyllanthus corcovadensis in
mice. Planta  Med. 1995;61(4):329-32.  doi:
10.1055/5-2006-958093.

Lopez-Rubalcava C, Pifla-Medina B, Estrada-Reyes R,
Heinze G, Martinez-Vazquez M. Anxiolytic-like actions
of the hexane extract from leaves of Annona cherimolia
in two anxiety paradigms: possible involvement of the
GABA/benzodiazepine receptor complex. Life Sci.
2006]Jan11;78(7):730-7.doi: 10.1016/j.1fs.2005.05.078.



904

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Akhtar N, Haqqi TM. Current nutraceuticals in the man-
agement of osteoarthritis: a review. Therap Adv Muculosc
Dis. 2012; 4(3): 181-207. doi: 10.1177/1759720x11436238.
Fraile L, Crisci E, Cordoba L, Navarro MA, Osada ],
Montoya M, et al. Immunomodulatory properties of be-
ta-sitosterol in pig immune responses. Int Immuno-
pharmacol. 2012;13(3):316-21. doi: 10.1016/j.in-
timp.2012.04.017.

0Ododo MM, Choudhury MK, Dekebo AH. Structure elu-
cidation of [B-sitosterol with antibacterial activity
from the root bark of Malva parviflora. SpringerPlus.
2016;5(1):1210. doi: 10.1186/s40064-016-2894x.

Bin Sayeed MS, Ameen SS. Beta-sitosterol: A promising but
orphan nutraceutical to fight cancer. Nutr Cancer.
2015;67(8):1214-20.doi: 10.1080/01635581.2015.1087042.
Paniagua-Pérez R, Flores-Mondragén G, Reyes-Legor-
reta C, Herrera-Lopez B, Cervantes-Hernandez [, Mad-
rigal-Santillan O, et al. Evaluation of the anti-inflam-
matory capacity of beta-sitosterol in rodent assays.
Afr ] Tradit Complement Altern Med. 2017;14(1):123-
30. doi: 10.21010/ajtcam.v14i1.13.

Feng S, Gan L, Yang CS, Liu AB, Lu W, Shao P, et al. Ef-
fects of stigmasterol and (3-sitosterol on nonalcoholic
fatty liver disease in a mouse model: a lipidomic analy-
sis. ] Agric Food Chem. 2018;66(13):3417-25. doi:
10.1021/acs.jafc.7b06146.

Yuan C, Zhang X, Long X, Jin ], Jin R. Effect of 3-sitoster-
ol self-microemulsion and B-sitosterol ester with lin-
oleic acid on lipid-lowering in hyperlipidemic mice.
Lipids Health Dis. 2019;18(1):157. doi: 10.1186/
s12944-019-1096-2.

Abdou EM, Fayed MAA, Helal D, Ahmed KA. Assess-
ment of the hepatoprotective effect of developed lip-
id-polymer hybrid nanoparticles (LPHNPs) encapsu-
lating naturally extracted [-sitosterol against
CCl4-induced hepatotoxicity in rats. Sci Rep.
2019;9(1):19779. doi: 10.1038/s41598-019-56320-2.
Park Y], Bang ], Jeong MH, Kim HR, Lee DE, Kwak JH, et
al. Effects of B-sitosterol from corn silk on TGF-f1-in-
duced epithelial-mesenchymal transition in lung alve-
olar epithelial cells. ] Agric Food Chem.
2019;67(35):9789-95. doi: 10.1021/acs.jafc.9b02730.
Abbas MM, Al-Rawi N, Abbas MA, Al-Khateeb I. Narin-
genin potentiated (-sitosterol healing effect on the
scratch wound assay. Res Pharm Sci. 2019;14(6):566-
73.doi: 10.4103/1735-5362.272565.

Ponnulakshmi R, Shyamaladevi B, Vijayalakshmi P, Sel-
varaj J. In silico and in vivo analysis to identify the anti-
diabetic activity of beta sitosterol in adipose tissue of
high fat diet and sucrose induced type-2 diabetic exper-
imental rats. Toxicol Mech Methods. 2019;29(4):276-90.
doi: 10.1080/15376516.2018.1545815.

Babu S, Krishnan M, Rajagopal P, Periyasamy V, Veer-
araghavan V, Govindan R, et al. Beta-sitosterol attenu-
ates insulin resistance in adipose tissue via IRS-1/Akt
mediated insulin signaling in high fat diet and sucrose
induced type-2 diabetic rats. Eur ] Pharmacol.
2020;873:173004 doi: 10.1016/j.ejphar.2020.173004.

Khamees et al. Scr Med. 2025 Sep-Oct;56(5):895-904. M

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Sharma P, Wani S, Romero Y, Johnson D, Hamilton F. Ra-
cial and geographic issues in gastroesophageal reflux
disease. ] Am Coll Gastroenterol. 2008;103(11):2669-
80. doi: 10.1111/j.1572-0241.2008.02089.x.

Saeidnia S, Manayi A, Goharian A. R., Abdollahi M. The
story of beta-sitosterol - A review. Eur | Med Plants.
2014;4(5):590-609. doi: 10.9734/E]MP/2014/7764.
Bin Sayeed MS, Karim SM, Sharmin T, Morshed MM.
Critical analysis on characterization, systemic effect,
and therapeutic potential of beta-sitosterol: a plant-de-
rived orphan phytosterol. Medicines. 2016;3(4):29.
doi: 10.3390/medicines3040029.

Badea Albadri HM, Saleh I, Mohammed Hasan ZY. Isola-
tion, identification, and structure elucidation of be-
ta-sitosterol from Iraqi Plantago major using GC-MS,
HPTLC,NMR, and FTIR. F1000Research. 2023;12:1349.
doi: 10.12688/f1000research.141463.1.

Morsy N. Phytochemical analysis of biologically active
constituents of medicinal plants. Main Group Chem.
2014;13(1):7-21. doi: 10.3233/MGC-130117.

Lee DG, Lee ], Kim KT, Lee SW, Kim YO, Cho IH, et al.
High-performance liquid chromatography analysis of
phytosterols in Panax ginseng root grown under dif-
ferent conditions. ] Ginseng Res. 2018;42(1):16-20. doi:
10.1016/j.jgr.2016.10.004.

Chaturvedula VS, Prakash I. Isolation of Stigmasterol
and B-Sitosterol from the dichloromethane extract of
Rubus suavissimus. Int Curr PharmacJ. 2012;1(9):239-
42.doi: 10.3329/icpj.v1i9.11613.

Fonseca FN, Silva AH, Leal LK. Justicia pectoralis Jacq:,
Acanthaceae: preparation and characterisation of the
plant drug including chromatographic analysis by
HPLC-PDA. Rev Bras Farm. 2010;20 (6):871-7. doi:
10.1590/50102-695x2010005000049.

Moko EM, Rahardiyan D. Structure of stigmasterols in
bran of red rice from Minahasa Regency, North Su-
lawesi, Indonesia. Fullerene ] Chem. 2020;5(1):16-22.
doi: 10.37033/fjc.v5i1.145.

Xuan TY, Tan ], Sun HH, Yang C, Lv WY, Zhang JH, et al.
Cyclocarioside O-Q, three novel seco-dammarane trit-
erpenoid glycosides from the leaves of Cyclocarya pali-
urus. Fitoterapia. 2021;35(1):167-73. doi:
10.1080/14786419.2019.1616722.

Tiwari R, Siddiqui MH, Mahmood T, Farooqui A, Bagga
P,Ahsan F, et al. An exploratory analysis on the toxicity
and safety profile of polyherbal combination of cur-
cumin, quercetin and rutin. Clinical Phytoscience.
2020;6(1):82. doi: 10.1186/s40816-020-00228-2.
Baskar AA, Al Numair KS, Gabriel Paulraj M, Alsaif MA,
Muamar MA, Ignacimuthu S. 3-sitosterol prevents lipid
peroxidation and improves antioxidant status and his-
toarchitecture in rats with 1, 2-dimethylhydrazine-in-
duced colon cancer. ] Med Food. 2012;15(4):335-43.
doi: 10.1089/jmf.2011.1780.



