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ABSTRACT

Diosgenin (DG) is a naturally occurring steroid saponin that can be obtained from several plants. A lot of the artificial steroidal
drugs that are used extensively in the pharmaceutical industry come from diosgenin for the treatment of various disease
conditions. DG has various intriguing pharmacological effects, including anticancer, antidepressant, and anti-inflammatory and
anti-infectious capabilities. Apart from its health advantages, DG is challenging to utilize in therapeutic applications due to its
poor water solubility, bioavailability, and rapid physiological change. The DG nanotechnology for medicine formulations has
been tested as a possible therapy for a variety of disorders employing a broad range of ex-vivo, in-vitro, and in-vivo models and
delivery methods. Based on this analysis, it is possible to infer that DG is a viable therapeutic alternative for the management

of numerous ailments, such as diabetes, cancer, neurological conditions, inflammatory diseases, and skin conditions.
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INTRODUCTION

India provides a home to among the wealthiest and least
protected ecological zones worldwide. India’s distinctive plant
species are found in a variety of forests, including tropical and
subtropical ones, which make up about 20% of the nation’s
total geographical area.!

During the last two decades, specialized plant metabolites
have been used to generate more than 70% of modern
pharmaceuticals, either directly or indirectly. Natural plant
products serve key roles in today’s pharmaceuticals.> Both
conventional and alternative therapies have employed food
saponins for treating a range of illnesses, even cancer. Several
artificial steroidal drugs that are commonly employed in the
pharmaceutical industry have diosgenin as a source.™* A
significant biologically active ingredient in a lot of eatable
roots and pulses is diosgenin.® Diosgenin, a viable biomarker
of Trigonella foenum-graecum, constitutes a steroidal saponin
glycoside.®

An Egyptian Ebers Papyrus (about 1500 BC) mentions
the ethnobotanical usage of fenugreek seeds as a medication
to induce labor. Greek doctor Hippocrates refers to fenugreek
seeds as a “soothing herb” (5 century BC).” The information
collected from different familiar healthcare practices suggests
that seeds from fenugreek, as well as wild yam tubers, have
historically been employed as several kinds of preventative and
beneficial medicines for a number of illnesses, which includes
diabetes, cancer, gastrointestinal disorders, high cholesterol,

along with inflammation.® Although there is relatively limited
research available regarding the application of diosgenin in the
management of cancer, mechanistic in-vitro studies support
the idea that it decreases or slows the rate at which cancer
cells proliferate.

To comprehend the protective effects of diosgenin in
preventing metabolic diseases (hypercholesterolemia.’
dyslipidemia, diabetes.!” obesity) and inflammation. Several
independent experiments that are mechanical and pre-
clinical studies have been conducted. Diosgenin inhibits
the development of cancer cells by modulating several cell
signaling processes associated with apoptosis, differentiation,
proliferation, inflammation, and oncogenesis.'""!> For
medicinal chemists, a number of active molecules have
surfaced as a result of the intriguing possibility of developing
steroidal chemicals into cancer therapies. These factors make it
imperative to create effective methods for extracting diosgenin
via its naturally occurring sources and pharmaceutical dosage
forms that facilitate the consumption of it, either in plant
extract or by itself.

Physicochemical Properties

Diosgenin [(25R)-spirost-5-en-3-ol] is a hydrophilic sugar
compound attached to hydrophobic steroid aglycone, making
it as spirostanol saponin structurally (Figure 1). The molecular
weight of DG is of 414.62 g/mol'* and the chemical formula
C,,H,,0;."% Tt has the appearance of a light amorphous
powder or a white crystalline that resembles a needle. DG has
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demonstrated outstanding resistance to a wide range of physical
environments, including chemical, thermal, temperature and
light. On the other hand, hydrochloric acid makes it weak.'*!>
DG has a solubility in aqueous media of around 0.7 ng/mL
and is extremely hydrophobic, making it insoluble in water.
However, it is extremely dissolved in a variety of semi-polar
organic solvents such as methanol, acetone, and anhydrous
ethanol, as well as in a variety of nonpolar organic solvents such
as dichloroethane, ethyl acetate, propanol, and propyl acetate
(Table 1)."5""7 The data and conclusions of studies demonstrate
that the high-performance thin layer chromatography (HPTLC)
method is simple, exact, particular, sensitive, and accurate
when it comes to the quantitative and qualitative assessment
of diosgenin during the manufacturing of herbal remedies.'®

Structure of Diosgenin

Origin of diosgenin

Dioscorea nipponica makino," Costus speciocus,*® Paris
polyphylla,®" Smilax china,** Dioscorea zingiberensis,*
Tribulus terrestris,** Trigonella foenum graecum (Fenugreek)®
represent the main sources of diosgenin as shown in
(Figure 2). It is produced commercially using rootstock and
tubers from wild yams.?® The diosgenin distribution can
be found in the plant’s rhizomes, tubers, roots, and seeds.
Diosgenin concentrations in Costus speciosus is 2.12% and
Trivilium govanium is 2.5%, respectively. Diosgenin is found in
the form of glycosides®’ and is mostly obtained from fenugreek
seeds'® and Dioscorea zingiberensis CH Wright (DZW) both
are significant sources. It is also a key ingredient in a variety of
edible tubers and pulses. The two primary sources of diosgenin
are Trigonella seeds and tubers belonging to the Dioscorea or
Costus family of plants.?® Fenugreek has been used for many
years to synthesize synthetic steroidal medicines from the
element diosgenin.

Therapeutic potential of diosgenin

Diosgenin is used for the treatment or prevention of a
multitude of disorders, such as inflammation, cancer, diabetes,
gastrointestinal issues, high cholesterol, and arthritis. Because
the phytochemical elements of herbal medicine determine
its therapeutic characteristics, quality by design must be
incorporated into fabrication procedures to guarantee that
predetermined final criteria are fulfilled (Figure 3).%°

CNS disorder

Study design and data indicate diosgenin’s therapeutic
effectiveness in many conditions that impact the central
nervous system.

Parkinson s and Alzheimer s disease

Reducing AP has been viewed as a key treatment approach
to treat AD.*" In the hippocampal CA1 and medial prefrontal
cortex of SXFAD mice, DG can greatly reduce memory
loss and spike firing which was discovered by Tohda ef al.>!
Following DG, In the cerebral cortex and hippocampus,
there was a discernible reduction in the accumulation of A
plaques and neurofibrillary tangled formations. DG treatment
also decreased presynaptic terminal degeneration and axon

Figure 2: Sources of diosgenin

degeneration in the vicinity of amyloid plaques. According to
Tohda et al. research DG therapy can also lessen Tau protein
hyperphosphorylation in AD animal models’ cortex and
hippocampus.’'»*

Neuroinflammation

In neurodegenerative illnesses, microglial activation seems to
be an initial and continuing stage, according to accumulating
evidence. In the hippocampus, they can limit microglial
activation and reduce proinflammatory cytokines, ultimately
reversing a decrease in learning and memory. Binesh ez al.33
examined the efficacy of DG. By reducing COX-2, TNF-, and
NF-Bp65, DG may limit the agents of inflammation brought on
rat’s hearts, livers, and brains after eating an atherogenic diet,
halting the development of atherosclerotic disease.*

Multiple sclerosis

Recent research by Liu et al. employing myelin oligodendrocyte
glycoprotein showed the therapeutic potential of DG in a
mouse model of experimental autoimmune encephalomyelitis
(EAE). According to their research, DG dramatically reduced
the development of EAE in mice, as well as inflammation
and demyelination in the central nervous system.** Because
DG enhances OPC differentiation and boosts the quantity of
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Figure 3: Therapeutic applications of diosgenin

OPCs in demyelinating CNS lesions and remyelination along
with decreasing the development of EAE while minimizing
demyelination and inflammation of the CNS, it is a viable
pharmacological option for the treatment of multiple sclerosis.>®
Spinal cord injury

According to Chen et al., rat spinal cord protection is provided
by the DG-abundant Trillium tschonoskii Max extract, which
increases the production of ciliary neurotrophic factor (CNTF)
and receptor (CNTFR) at the protein and mRNA extent. It
could considerably lessen edema and tissue damage. The
fundamental process may related to autophagy through p62
suppression and upregulation of Rheb/mTOR signaling as a
result of the downsizing of miR-155-3p by oxidative therapy
and the extended life of cells causes damage to neurons and
prevents apoptosis.’’

Stroke and thrombosis

According to Zhu et al., dioscin has the ability to treat rats
with ischemic stroke. In rat models of ischemic stroke, Dioscin
has the ability to dramatically lower neurologic outcomes and
infarct amount. When ischemic stroke is modeled in rats, it can
decrease the production of TLR4, MyD88, and the activation
of NF-B, which reduces inflammatory responses.*®

Cerebral brain ischemia-reperfusion injury

Synthesized saponin disaccharide joined to two glucose
units (DG). High efficacy in extending bleeding duration and
changing platelet aggregation was seen in-vivo as well as
in-vitro. It may lessen factor VIII actions, delay the activated
partial thromboplastin time, and prevent the accumulation of
platelets in rats. Prior to surgery, DG intragastric infusion once
daily for seven days can considerably lower rat mortality rates,
improve movement function, lower neurologic deficit levels and
well the extent of brain infarcts. In the hippocampal CA1 and
cortex, DG reduced the death of cells by lowering caspase-3
action and the Bax/Bcl-2 proportions.*” In the CA1 and cortex
of the hippocampus, DG reduced cellular death. The function
of caspase-3 and the Bax/Bcl-2 ratio. A diosgenin saponin
with neuroprotective properties against ischemia-reperfusion

Table 1: Physicochemical properties of diosgenin

Molecular weight
Density

Vapor pressure
Boiling point
Polar surface area
Polarizability
Surface tension
Molar volume
Enthalpy of vaporization
Flash point

Index of refraction
Molar refractivity

Partition coefficient

414.6 g/mol

1.1+0.1 g/em®

0.0 + 3.1 mmHg at 25°C
527.1 £50.0°C at 760 mmHg
39 A2

473 £0.510-24 cm®
44.7 £ 5.0 dyne/cm
366.9 £ 5.0 cm?

92.2 + 6.0 kJ/mol

272.6 +30.1°C

1.564

119.4 £ 0.4 cm?

8.39

Chloroform, acetic ether, propyl acetate,

Solubility methanol, acetone, and anhydrous ethanol.

injury. It has the ability to defend primary cortical neurons
and PC12 cells against insults like oxygen-glucose deprivation
and reoxygenation (OGD/R) in-vitro. It additionally has the
potential to drastically lessen the damage to the cerebral I/R
at the main cerebral artery occlusion (MCAO) model.*’

Antidepressant effects

According to Ho et al., rats with elevated levels of anxiety
who had their ovaries removed could improve their avoidance
behavior by receiving continuous diosgenin treatment with
a dosage of 10 mg per kg/day. This was demonstrated in a
learned helplessness test.*! Yang et al. stated that dioscin has
an antidepressant effect in mice with endotoxemia-induced
acute neuroinflammation by increasing 5-HT levels.*?
Neuropathic pain

Employing a rat neurological discomfort model caused by
chronic constriction injury (CCI), Zhao et al. illustrated
the impact of DG on allodynia including the fundamentals
behind it.

It was found that DG might effectively reverse CCI-
induced allodynia of motion and hyperalgesia caused by
heat.** By restoring MDA levels, catalase and superoxide
dismutase(SOD), including the production of IL-13 and TNF
through NF-«kB signaling in diabetic rats, DG can alleviate
oxidative stress and inflammation.** Based on Lee et al.
DG treatment elevated sciatic function and decreased the
upregulation of BDNF, TrkB, COX-2, iNOS, and c-Fos in the
paraventricular nucleus and ventrolateral periaqueductal grey,
indicating that DG therapy may improve pain alleviation and
recovery from function following peripheral nerve injury.®

Anticancer Activity

Colon cancer

Lepage et al., found that DG suppressed the development of
human colon cancer cells.*® It resulted in slowed apoptosis,
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higher levels of expression and function of cyclooxygenase
(COX)-2, increased expression of 5-lipoxygenase (LOX), and
increased synthesis of leukotriene B4.*7

Breast cancer

Chiang et al. discovered the DG inhibited the expansion of
HER2 in human breast cancer cells at the sub-G1 stage.*®
Srinivasan et al. discovered DG caused the tumor suppressor
protein in human breast cancer cells, whereas it activated and
down-regulated in ER-negative MDA human breast cancer
cells.”

Prostate cancer

Chen et al. reported that DG inhibited the proliferation of
human prostate cancer-treated cells.’® DG suppressed cell
migration and invasion at non-toxic doses by reducing matrix
mRNA expression and functions of metalloproteinase. In PC-3
cells, DG reduced endothelial tube development and vascular
endothelial growth factor (VEGF) expression. Chang et al.
found that diosgenin prevented cell invasion and dispersion
brought on by hepatocyte growth factor (HGF) in human
prostate cancer cells, as well as suppression of Mdm2 and
vimentin by means of deregulation of phosphorylated Akt
and mTOR.”!

Hepatic cancer

Liu et al. report that DG has a time- and dose-dependent
outcome on hepatocellular carcinoma (HCC) cellular growth.
By holding HCC cells during the Gl stage of the cell cycle
and starting caspase-3, which resulted in PARP cleavage, DG
caused apoptosis in the cells.?

Cervical cancer

A new DG-derived 26-hydroxy-22-oxocholestanic steroid
was developed and manufactured by Fernandez-Herrera et
al., and they tested its anticancer efficacy towards human
cervical carcinoma CaSki cells. Furthermore, they state that
the ability of regular cervical fibroblasts and peripheral blood
lymphocytes to proliferate was unaffected by antineoplastic
levels of this substance that were seen in cancer cells. >
Anti-infectious activity

It has been proposed that DG inhibits the exterior layer and
the nf cysteine protease of N. fowleri trophozoites.>* It has
recently been discovered that DG is an amazing component
in specific viral infections. Actually, diosgenin has strong
antioxidant action and may be helpful for HIV patients who
are experiencing dementia. Moreover, research conducted
in-vitro indicates that this steroid has antiviral properties for
dealing with HCV.> Diosgenin has the capacity to reduce
plasma cholesterol since cholesterol is necessary for HCV to
replicate successfully. Therefore, the impact may be connected
to the suppression of viral replication.>®

Effects in diabetes

Diosgenin may aid in the treatment of diabetes by encouraging
adipocyte proliferation and reducing inflammation in the
fat tissue. Therefore, diosgenin might be helpful in treating

obesity-related glucose metabolic disease.’” In obese diabetic
mice, DG reduced plasma and hepatic triglycerides, which
may be helpful in treating of type 2 diabetes mellitus and
hepatic dyslipidemias. Higher concentrations of the antioxidant
enzymes SOD and GPx, lower levels of lipid peroxidation,
and lower levels of hyperglycemia, hypercholesterolemia, and
hypertriglyceridemia were also observed.™

CONCLUSION

Many different types of plants may contain the steroid saponin
diosgenin. It has been demonstrated to possess several possible
bioactive properties, includes hypolipidemia, diabetes,
antioxidant, anti-inflammatory, and anti-carcinogenic effects.
Diosgenin needs to be delivered to the site of action via vehicle
techniques, such as nanoparticles, in order to maximize
effectiveness and reduce any possible adverse reactions.
Growing experimental data has lately shown the medicinal
value of DG and its analogs in a variety of neurological and
neurodegenerative disorders. Creating a viable treatment
candidate for neurological conditions is challenging. First, DG
has several drawbacks that substantially limit its medicinal
application, including poor pharmacokinetic characteristics
and limited solubility. Multifunctional chemicals have been
demonstrated in numerous trials to increase medicinal efficacy
while reducing negative effects, resulting in improved patient
compliance through selective simultaneous modulation of
multiple targets.
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