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Abstract

Stigmasterol (STG) is steroid alcohol that belongs to the group of phytosterols of the plant. It has different biological properties
and considered a popular medicinal compound throughout the world. STG has established and emerging health benefits
including anti-inflammatory activity, immunomodulatory effect, antiviral, antimicrobial, antifungal activities, possess positive
modulatory effect on CNS, anticancer effect, hepatoprotective, antioxidant, antidiabetic, acaricidal activities. STG also has
some negative and toxic effects such as accumulation of STG causes cardiac injury thereby causing mortality. This review

overall describes the structure, source, function, mode of action and various pharmacological properties so that it can serve as

areference tool for other investigators working in the area.
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Abbreviations: STG: Stigmasterol; HUVSC: Human
Umbilical Vein Endothelial Cell; RA: Rheumatoid
Arthritis; CIA: Collagen-Induced-Arthritic; AHR: Airway
Hyperresponsiveness; IgE: Immunoglobulin E; VCAM-1:
Vascular Cell Adhesion Molecule-1; OVA sIgE: Ovalbumin-
Specific Immunoglobulin E; HSV: Herpes Simplex Virus;
ACV: Acyclovir; HSV-1: Herpes Simplex Virus Type 1; AMR:
Antimicrobial Resistance; MRSA: Methicillin-Resistant
Staphylococcus aureus; NTF: Neurotrophic Factors; DMBA:
Dimethylbenz (A)Anthracene.

Introduction

Steroid compounds are secondary metabolites, isolated
from different plants and marine biota. Stigmasterol (STG)
is one of the most essential steroid compounds that help
in the metabolism of the body. STG was first discovered by
the University of California physiologist Rosalind Wulzen
(2015). It was found in many plants, like Sidaritis foetens,
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Butea monosperma in high concentrations, Parkia speciosa,
and Calotropis gigantean, Edgeworthia gardneri, Kaur N, et
al. [1], and in several foods like sunflower, spreads, and oils
made from peanut, corn oil, and others [2]. The absorption
of dietary cholesterol Batta AK, et al. [3] is reduced by STG
and it has estrogenic effects [4]. STG, a phytosterol, and its
chemical structure is almost similar to that of cholesterol but
with some modifications. It is a 3 beta hydroxystigmastane
that have double bonds at the 5,6- and 22,23-positions. It acts
as a vitamin and a plant metabolite. STG is a 3-beta sterol,
a 3 beta-hydroxy-Delta Kaur N, et al. [1], and a member of
phytosterols (Figure 1).

This compound has a significant role in the synthesis of
the hormones named progesterone, androgens, estrogens,
and corticoids [1]. In addition, many studies have reported
that the bioactivity of stigmasterol includes antidiabetic
and it can inhibit the alpha-amylase enzyme [5,6]. It also
inhibits the growth of tumors i.e; the Human Umbilical Vein
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Endothelial cell (HUVSC) Kangsamaksin T, et al.,, potential
as a skin anticancer induced by DMBA [7-8]. Therefore,
this steroid derivative can be used as a potential drug in
treatment of various diseases. However, there are no reports
stating whether stigmasterol concentration fluctuates during
the development and stress condition which alters cellular
signaling.

Figure 1: Stigmasterol.

Biological Properties of Stigmasterol

Stigmasterol (STG), a plant phytosterol, has become a
vital compound due to its several pharmacological effects.
Some of which are discussed below

Effect on Immune System

Anti-inflammatory activity of STG: Rheumatoid
arthritis (RA), an autoimmune inflammatory disease
increases cartilage and associated bone destruction with
swelling and pain. Along with different factors i.e,, TNF-a,
IL-6, COX-2, etc, a transcription factor NF-kBp65 and p38
mitogen-activated protein kinase (p38MAPK) signaling
module were established as a vital regulator of inflammation
and downstream signaling events in RA [9,10]. Stigmasterol
(STG), a naturally occurring steroid alcohol was reported to
have anti-inflammatory activities [11,12]. Currently, its anti-
osteoarthritic properties of STG were exhibited in rabbit [13].
However, the proper mechanism of anti-inflammatory effects
has not been completely understood yet. The mechanism of
anti-inflammatory effects of STG in RA treatment in Collagen-
Induced-Arthritic (CIA) model, an experimental autoimmune
model of human was reported by RA Brand DD, et al. [14] of
arthritis was also studied. It was noticed that STG improves
the clinical severity in CIA rats when compared to control.
The improvements were related to histological alterations
and reduced joint destruction. In addition, STG notably
suppresses pro-inflammatory mediator’s expression (TNF-a,
IL-6, IL-13, iNOS, and COX-2) and increase the expression of
anti-inflammatory cytokine (IL-10) through downregulating
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NF-kBp65 (inhibiting p-IKB-a activation) and p38MAPK in
joints [15,16].

Immunomodulatory  Effect of STG: Asthma,
chronic pulmonary disease, associated with airway
hyperresponsiveness (AHR), airway obstruction, and
inflammation. The pathophysiology of this airway disorder is
characterized by submucosal fibrosis, severe inflammatory
cell activation and accumulation, airway muscle hypertrophy,
and production of excessive mucus that results in permanent
airway remodeling [17]. Immunoglobulin E (IgE) antibodies
are produced when cognate antigens sensitize patients on
the first exposure in case of allergic asthma. These antibodies
linger in the blood circulation or are attached to nasal mast
cells or bronchial tissues and basophils. When they were re-
exposed to the same antigen, cross-linking of bound IgE to
surface receptors ensues [18]. In the early stage, this antigen-
antibody reaction causes mast cells to release of cytokines
such as the interleukins IL-4, IL-5, and IL-13, mediators
(histamine, 5-hydroxytryptamine, prostaglandins), and the
cysteinyl leukotrienes (LTB4, LTC4, and LTD4) [19]. It was
also reported that these allergy mediators maintain the
late or delayed phase of asthma Elias, et al. [20] and also
activated leukocytes, eosinophils, basophils, and alveolar
macrophages to secrete more of the ILs and LTs.

The potential benefits of stigmasterol (STG) in the
treatment of asthma was reported by others where the
immunomodulatory effect of ovalalbumin-induced asthma
model of inflammation in guineapig was investigated and
it was found to modulate positively. The effect of STG on
inflammatory cell proliferation, oxidative stress, lung
histopathology, and remodeling was also reported by other
groups [21,22]. Significant suppressive effects on ovalbumin-
induced airway inflammatory damage were noted by the
investigators. STG at 10-100 mg/kg, reduced proliferation
of eosinophils, monocytes, lymphocytes, at the same time
it decreased peribronchiolar, perivascular, and alveolar
infiltration of inflammatory cells. It was also noted that
STG preserved the histological architecture of the lungs and
upturned collagen deposition which is a vital index of lung
remodeling [23]. The ovalbumin provoked overexpression
of serum vascular cell adhesion molecule-1 (VCAM-1) and
ovalbumin-specific immunoglobulin E (OVA sIgE) thereby
indicating that STG controlled the ovalalbumin challenge
significantly. Altogether, it can be deduced that STG had
significant anti-asthmatic properties and it suppressed the
main pathways associated with allergen-induced asthma
[24].

Antiviral activity of STG: Herpes simplex virus (HSV)
has the ability to cause lifelong infections characterized
by periods of latency followed by reactivation. The
complications associated with HSV include hepatitis,
keratitis, pneumonia, encephalitis, and esophagitis [25].
HSV vaccines, antiviral drugs such as acyclovir (ACV)
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have assured a little success. Previously it was reported
that polyfunctionalized stigmasterol (STG) derivatives,
(225,235)-22,23-dihydroxystigmast-4-en-3-one (compound
1) and (22S,23S)-33-Bromo-5a,22,23 trihydroxystigmastan-
6-one (compound 2) have antiviral activity Wachsman MB, et
al. and Romanutti C, et al. [26-28] and inhibit herpes simplex
virus type 1 (HSV-1) replication and prevents its spreading in
human epithelial cells obtained from ocular tissues [29,30].
Both the compounds decreased the incidence and severity
of lesions in a murine model of herpetic stromal keratitis
when administered in different treatment modalities [31].
In a study, the antiviral effect of both derivatives of STG on
HSV-1 infected nervous cell lines was also reported [32]. In
the three nervous cell lines both STG derivatives presented
low cytotoxicity (Figures 2 & 3). In addition, both of the
compounds prevented HSV-1 multiplication in all cases
as well as virus propagation. Moreover, these compounds
were found to have the ability to hamper interleukin-6 and
Interferon-gamma secretion which was induced by HSV-
1 infection in Neuro-2a cells [30,33]. The above stated
compounds are interesting molecules as they have a dual
antiviral and anti-inflammatory effect in HSV-1 infected
nervous cell lines.

Figure 2: Compound-1
dihydroxystigmast-4-en-3-one.

(22S,23S)-22,23-

Figure 3: Compound-2 (22S,23S)-35-Bromo-5a,22,23

trihydroxystigmastan-6-one.
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Antimicrobial activity of STG: In the past few years due
to inappropriate use of antimicrobial agents, antimicrobial
resistance (AMR) has become a global health issue [34-36].
Studies reported that natural products may continue to play
an essential role in antimicrobial drug discovery. In recent
years, isolation of stigmasterol (STG) and its characterization
from the stem bark of N. macrophylla was reported [37].
The antimicrobial activity of STG which was isolated from
the stem bark of N. macrophylla was investigated against
representative gram-negative gram-positive bacteria and two
fungi are also reported. STG was subjected to antimicrobial
screening against methicillin-resistant  Staphylococcus
aureus (MRSA), vancomycin-resistant enterococci (VRE), S.
aureus, Streptococcus faecalis, Escherichia coli, Salmonella
typhimurium, Pseudomonas fluorescens, Klebsiella pneumonia,
Candida albicans, and Candida krusei using agar diffusion
and broth dilution methods. Results showed STG acts as an
inhibitory compound, possess potent and broad spectrum
antibacterial and antifungal properties and may be applied
as a lead compound in the progress of novel antimicrobial
drugs.

Antifungal activity of STG: Some of the most toxigenic fungi
worldwide are Aspergillus, Penicillium, and Fusarium species.
These fungi generate a large association of mycotoxins and
ochratoxins which are present in foodstuffs. Because they
are heat resistant, they cannot be degraded by cooking or
other common industrial processes [38]. Therefore, to find
a solution against the toxigenic fungi researches extracted
and quantified phytosterols, such as stigmasterol, sitosterol,
and ergosterol from Bulbine natalensis by using some
methods such as high-performance liquid chromatography
and thin-layer chromatography. Bulbine natalensis Baker
(Asphodelaceae) is generally used as a skin remedy. It is
indigenous to only southern Africa and contains secondary
metabolites having antibacterial properties. In a study,
the extract was examined against Penicillium digitatum,
Aspergillus flavus, and Fusarium verticilloides for antifungal
activities. In a study, 1 ml of saponified extract contained
0.16 pg of stigmasterol, 0.07 pg of sitosterol, and 0.37 pg
of ergosterol was used to find the efficacy as an anti-fungal
agent and it was found that unsaponifiable, saponifiable,
and crude extracts showed minimal activity against F
verticilloides, on the other hand, potent activity was exhibited
against A. flavus. It could be noted through antifungal test
that phytosterols have an antifungal potential. Thus, sterols
such as stigmasterol and other phytosterols can be very
useful and a potential source for arresting the growth and
metabolic process of various pathogenic fungi [39].

Effect on CNS

Neurotrophic factors (NTF) play essential roles in the
growth, survival, and maintenance of specific neuronal
populations and their decrease is a major factor for
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neurodegenerative disorders [40,41]. Therefore, NTFs
are considered to be a promising candidates for slowing,
stopping, or reversal of neurodegeneration [42,43].
Stigmasterol (STG) is an important steroid derivative having
a neuromodulatory role. It was stated that it activates
glutamatergic neurotransmission and also inhibits the
activity of acetylcholine esterase Khabazian I, et al. and
Sultana N, et al. [44,45] by crossing the blood-brain-barrier
to accumulate in the brain. STG intake might be beneficial
for ameliorating neurodegenerative diseases as it reduced
amyloidogenic amyloid precursor protein levels in the mice
brains [46,47]. It induced differentiation of neuronal cells
and upregulate NTFs, like, brain-derived neurotrophic factor
and nerve growth factor and [48]. It was also suggested STG
Suppressed scopolamine-induced memory impairment [49].

Anticancer Effect of STG

Skin cancer: Stigmasterol (STG), has anticarcinogenic
activity which has notyetbeen fully explored. It was suggested
by some investigators that cancer can be delayed by using
chemopreventive agents such as STG [50]. It was investigated
in a study that when mice were induced with skin cancer by
7, 12-dimethylbenz (a) anthracene (DMBA) and treated with
oral administration of STG at a concentration of 200 mg/kg
and 400 mg/kg 3 times per week for 16 weeks resulted in
prevention of skin cancer [51]. The investigators noticed that
tumor size reduced appreciably and there was a decrease
in number of papillomas. The average latency period also
increased significantly. There was a significant decrease in
the serum activity enzymes, such as alkaline phosphatase,
aspartate aminotransferase, alanine aminotransferase,
and bilirubin upon administration with STG. On the other
hand, STG increased glutathione, catalase, and superoxide
dismutase as compared to control. It was further reported
that STG inhibited lipid peroxide levels and DNA damage
thereby suggesting chemopreventive role in an experimental
model of skin cancer. Further the antigenotoxic properties
were also reported by others [52].

Endometrial Cancer: Endometrial cancer is the main
gynecological malignancy and mostly occurs in post-
menopausal women [53]. It has increased in recent
years especially in developing countries [54]. However,
chemoresistance is a serious problem in endometrial cancer
therapy [55].Nrf2 isamolecule having multiple rolesin cancer
development including anti-apoptosis, chemoresistance,
proliferation and it plays an important role in endometrial
cancer development and chemoresistance activity [56]. It
was reported that stigmasterol (STG) suppressed expression
of Nrf2, HO1, and NQO1with a dose-dependent manner. It
was also described that combinational therapy with cisplatin
and STG treatment can inhibit the growth of endometrial
cancer when compared to other drugs [57].
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Hepatoprotective Activity of STG

In several studies, it was reported that phytosterol has
apoptosis inductive effects in some carcinoma cell lines, like
human prostate cancer cell (LNCaP), human breast cancer cell
(MDA-MB-231), human colon cancer cell (HT-29) [50-58]. In
a study, it was reported the ability of STG to induce apoptosis
in a hepatocarcinoma cell line model. As it is evident that
most of the cancer treatments except surgery inhibit cancer
cells from further growing. Whereas induction of apoptosis
in cancer cells eliminates those cancer cells Downie A, et al.
[59] without causing any damage to normal cells. Therefore,
it was considered as one of the phytoconstituents for cancer-
preventive strategies. Experiments showed that STG isolated
from Navicula incerta has the ability of induction of apoptosis
in hepatocarcinoma (HepG2) cells. STG up-regulated the
expression of pro-apoptotic gene expressions (p53, Bax), on
the other hand it downregulated the anti-apoptotic genes
(Bcl-2) expression. Along with the apoptotic inductive effect
caspase-8 and caspase- 9 were activated using some methods
such as, annexin V staining, Hoechst staining, and cell cycle
analysis, DNA damage and increasing apoptotic cell numbers
were also noticed. Those results proved that STG has an anti-
cancer therapeutic potential against liver cancer [60].

Antioxidant Activity of STG

Clerodendrum inerme (L.) Gaertn. is a shrub that grows
both in the wild and as a garden hedge in India and belongs
to Family Verbenaceae. Leaves of this scrub are used in the
treatment of chronic pyrexia, fever, cough, boils, and as an
alternative, febrifuge, and even as a replacement for Swertia
chirayita. The extract can stimulate uterine motility in rats
and also inhibit intestinal motility [61]. Many hormones
such as estrogens, progesterone, androgens, and corticoids
are synthesized with the involvement of stigmasterol (STG).
In an experiment, STG was isolated from chloroform leaf
extract of Clerodendrum inerme by column chromatography
and characterized by different studies like IR, 1H NMR, 13C
NMR, and GCMS. In the study, the extracts and STG were
investigated for their in vitro antioxidant activity for three
different methods like DPPH radical, superoxide radical,
and Hydroxyl radical scavenging assay. The ethanolic
extract revealed in vitro antioxidant activity when compared
to chloroform extract [62]. STG that was isolated from
chloroform extract of Clerodendron inerme was found to have
a significant antioxidant activity than both the other extracts.

Antidiabetic Activity of STG

The antidiabetic activity and potential mechanism of
stigmasterol (STG), a phytosterol obtained from the edible
soybean oil in vivo and in vitro. When STG was incorporated
into the L6 cells, this phytosterol showed GLUT4
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translocation activity by 1.44-fold. Significant effects on the
enhancing glucose uptake were noticed in an experiment
where L6 cells were treated with different concentrations of
STG when administrated orally to the KK-Ay mice extensively
alleviated their insulin resistance and oral glucose tolerance
with reduced blood lipid indices such as triglyceride and
cholesterol and also fasting blood glucose levels (Figure

4). Moreover, in L6 cells, white adipose tissue and skeletal
muscle, the expression of GLUT4 had been also enhanced. It
was also noticed that STG may have the potential favorable
effects on the treatment of type-II diabetes mellitus with the
probable mechanism in which GLUT4 glucose transporter
is targeted, including GLUT4 translocation and hence it
expression increased [5].

Figure 4: Effect of Stigmasterol on KK-Ay Diabetic mice [5].

Effect on Cardiovascular System

In previous studies, it was observed that cardiovascular
disease is becomes the principal cause of death and accounts
for over 15 million deaths worldwide in the year 2017
[63]. Cholesterol was identified as the primary reason for
atherosclerosis and it is a key risk factor for cardiovascular
disease. Though cholesterol level was controlled by the
introduction of proprotein convertase subtilisin/Kexin
type 9 inhibitors the morbidity and mortality rate due to
cardiovascular disease remained very high. Therefore, the
risk factors for cardiovascular disease were independent
of cholesterol. Some authors reported that application
of stigmasterol, [-sitosterol, campesterol results in
phytosterolemia which is a disease characterized by elevated
levels of dietary sterol stigmasterol (STG) in the blood [64-
70]. In an experiment, it was noticed that accumulation
of stigmasterol caused dysfunction of the ventricle,
cardiac interstitial fibrosis, and macrophage infiltration
without atherosclerosis, and thus increased mortality
rate. Cardiac fibrogenesis was observed to be prevented
by a pharmacological inhibitor of sterol absorption. Some
investigation proposed that the pathological mechanism
linking clinical sitosterolemia to cardiovascular outcomes
primarily involves phytosterols induced cardiac fibrosis
rather than cholesterol-driven atherosclerosis [64-70].

Synthesis of Female Sex Hormone-Progesterone

From stigmasterol (STG) production of progesterone
takes place involving as the key step the high yield
photooxygenation of the 20-aldehyde 5 to the 20-ketone,
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which is a significant manufacturing processes’ of the female
sex hormone progesterone, which is also an important
intermediate in the synthesis of corticosteroids that starts
with STG. The final steps are involved the selective conversion
of the aldehyde 3 to the 22-enamine 4 that is followed by
the oxidation under a diversity of Conditions (ozonization,
photooxidation) to progesterone (Figure 5).

Figure 5: Synthesis of Progesterone from Stigmasterol.

Acaricidal Activity of STG

Botanical acaricides are gaining popularity as it has
less toxicity, decompose easily and have less residue levels
and maintains hormony within the ecosystem. On the other
hand, during preventing and control of mites the chemical
acaricides Kkill the natural enemies of mites and also damage
other non-target organisms. By destroying/interrupting the
ecological balance, it causes mite resurgence and chemical
resistance Shi GL, et al. [71], and a vicious circle [72]. New
acaricidal substance are immediately required. Tetranychus
cinnabarinus, a carmine spider mite, of Tetranychidae
family, is an economical pest worldwide that is harmful to
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vegetables, fruits, greenhouse plants, etc., [73,75]. There
are many plants, such as Kochia scoparia Shi GL, et al. [76],
Stellera chamaejasme Shi GL, et al. [76] Juglans regia leaf
Wang YN, et al. [77], etc., which contains substances with
acaricidal activities have been reported by many domestic
and international researches. Researches and mechanisms
of action about the acaricidal activity of Inula britannica and
stigmasterol are yet to be done. In a study, it was noticed
that stigmasterol (STG) from the extract of petroleum ether
of Inula britannica had better acaricidal activity when used
with Tetranychus cinnabarinus. The mechanism of mite
killing was discussed by determining the biological activity
of STG against Tetranychus cinnabarinus. It was revealed
in the results that STG mainly acts through the influence
on different vital enzyme activity that are involved in the
metabolic process to Kill the mites, and it also had a major
destructive effect on the ultrastructure of Tetranychus
cinnabarinus cells. Finally, results of the study showed that
stigmasterol isolated from Inula britannica are potentially
new phytoconstituents for the development of potential
botanical acaricides.

Insecticidal Properties of STG

In China the plant Eupatorium adenophorum was
an invasive species which was harmful and fast-growing
and destroys local ecology. Therefore, strong steps by
the government were taken to control the harmful weed.
Sesquiterpenoids isolated from this weed have reported to
cause hepatotoxicity and also possess insect repellent and
insecticidal activity [78,79]. An experiment dealing with
toxicity of STG against psoroptes cuniculi in vitro showed that
STG was toxic under 0.5% concentration. It revealed that
mite mortality was 16.67% within 12 h and 23.33% within
24 h. The insecticidal activity of stigmasterol was weaker
when compared with that of ageraphorone compound
obtained from E. adenophorum Spreng. Thus, the study
confirmed the fact that STG has insecticidal activity and
thorough research on the insecticidal molecular mechanism
of STG was conducted since STG as nontoxic and pollution-
free pesticides that can be introduced into the environment
[80].

Conclusion

STG is a plant sterol and its various roles have been
established through molecular understanding and advanced
analytical approaches. The easy availability of STG in
vegetable and plant foods has made them a favorite choice
for cholesterol reduction and probable drug candidate. The
various information suggested here showed that stigmasterol
and its derivatives are essential compound and therefore
more investigation are required for its modulatory role.
Since it has an extensive natural occurrence in plants, it can
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be made available in diets for its potential health benefits,
though cautious approach should be taken since it has
some toxic effects and hence more pharmacological studies
are required to evaluate the unexploited potential of this
phytosterol. Consequently, the present review can serve as a
reference tool for other workers working with stigmasterol.
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