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ABSTRACT

Liver cirrhosis is a chronic and progressive liver disorder characterized by hepatocyte injury, excessive deposition of
fibrous tissue, and compromised liver function. The etiology of cirrhosis includes prolonged exposure to hepatotoxins,
oxidative stress, viral infections, and metabolic disturbances, leading to progressive hepatocyte degeneration and impaired
liver homeostasis. Pergularia daemia, a medicinal plant traditionally used in the management of liver disorders and
jaundice, is rich in bioactive compounds such as saponins, flavonoids, and alkaloids, which exhibit antioxidant, anti-
inflammatory, and cytoprotective properties.The present study investigates the in-vitro hepatoprotective potential of
Pergularia daemia leaf extract against toxin-induced hepatocyte injury, using diosgenin as a standard reference. Human
hepatocyte cell lines (HepG2) were exposed to hepatotoxic agents to induce oxidative stress-mediated damage.
Assessment parameters included cell viability (MTT assay), leakage of hepatic enzymes (ALT, AST, ALP), and oxidative
stress markers such as reactive oxygen species (ROS), malondialdehyde (MDA), superoxide dismutase (SOD), and
reduced glutathione (GSH). Morphological changes in hepatocytes were examined microscopically to assess cytotoxicity
and structural integrity. The findings indicate that Pergularia daemia extract significantly enhanced hepatocyte viability,
reduced liver enzyme leakage, and restored antioxidant balance in toxin-exposed hepatocytes, with effects comparable to
diosgenin. These results suggest that Pergularia daemia exerts potent hepatoprotective effects through antioxidant and
cytoprotective mechanisms. The study highlights its potential as a natural therapeutic agent for the management of liver
cirrhosis. However, further in-vivo studies and clinical validation are required to establish its efficacy and safety for
therapeutic applications.
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1. INTRODUCTION

Liver cirrhosis refers to chronic, progressive and in most
cases irreversible liver disease, which is characterized by
massive fibrosis, nodular regeneration, and distortion of
the normal liver architecture resulting in impaired liver
functioning and higher mortality. Figure.l shows a
architectural design of an protective activity of

* Author for Correspondence: aniskumarmani@gmail.com

Pergularia daemia. It is a terminal phase of different
chronic liver diseases, such as non-alcoholic fatty liver
disease (NAFLD), alcoholic liver disease, viral hepatitis,
and metabolic disorders. The pathogenesis of cirrhosis is
complicated and includes sustained oxidative stress,
prolonged inflammation, hepatic stellate cells activation,
and over-level of extracellular matrix components 23,
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Such pathological processes break the integrity of
hepatocytes and affect the key liver processes including
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Figure.1 Hepatoprotective activity of Pergularia daemia in liver Cirrhosis

The burden of liver diseases has in the recent years
significantly risen in the world because of the change in
lifestyle, the dietary habit, and environmental factors.
The traditional pharmacological interventions are not
effective enough to reverse liver damage and have been
linked to adverse side effects and thus, there is the need
to develop safer and more effective therapeutic
alternatives * 6. This has seen an increasing interest in
natural products and phytochemicals that are associated
with multi-targeted therapeutic effects and reduced
toxicity profiles. Natural herbs and plant-based extracts
have shown significant promise in the ability of
controlling the major pathobiological mechanisms that
lead to liver damage, such as oxidative stress,
inflammation, and apoptosis 3 %1, Steroidal saponins,
as one of the natural bioactive compounds, have received
especial interest due to their hepatoprotective property.
Diosgenin is a naturally occurring steroidal sapogenin
that has been widely researched in terms of its
pharmacological properties, which are antioxidant, anti-
inflammatory, anti-fibrotic and lipid-regulating effects.
It is very important to suppress hepatic injury by
regulating a variety of molecular signaling pathways
including Nrf2, mTOR, and inflammatory cascades "%
. These characteristics render diosgenin a perfect
standard compound to determine the hepatoprotective
activity in experimental tests. Pergularia daemia is a
commonly found medicinal plant in the tropical and
subtropical areas that has long been involved in
ethnomedicine as a remedy to numerous disorders, liver
disorders, inflammation, and digestive problems. This
plant contains a large amount of various phytochemicals
including flavonoids, alkaloids, glycosides and
terpenoids that have been reported to possess antioxidant
and cytoprotective properties ' !> 14, These methods are
necessary to screen first prior to in-vivo and clinical
research. Thus, this review will critically evaluate the
hepatoprotective efficacy of Pergularia daemia with the
use of diosgenin as a reference compound in a test-tube
model of liver cirrhosis. The research incorporates

available  resources on  phytochemicals-based
hepatoprotection, molecular pathways of liver damage,
and experimental research to give a holistic view on its
treatment potentials.

1.1 Hepatoprotective role of diosgenin

A naturally occurring steroidal sapogenin, Diosgenin,
has turned out to be an effective hepatoprotective agent
because of its multi-faceted pharmacological activity. It
is mostly obtained by plants like Dioscorea species and
it has been significantly explored in regard to its use in
alleviating liver-related diseases. The other important
processes involved in its hepatoprotective activity are
that it can control oxidative stress which is one of the
biggest contributors to hepatocellular injury and liver
cirrhosis progression. Research has shown that
diosgenin increases the antioxidant defense system by
stimulating the nuclear factor erythroid 2 related factor
2 (Nrf2) and thus increases the expression of detoxifying
enzymes and decreases the reactive oxygen species
(ROS) ! 15, Besides being an antioxidant, diosgenin is
also essential in regulation of lipid metabolism
especially in non-alcoholic fatty liver disease (NAFLD)
which precedes cirrhosis. It is reported to have a great
effect in curbing hepatic lipid accumulation through the
regulation of major metabolic pathways and lipid
synthetic/degradation ~ enzymes. = Moreover, the
diosgenin modulates ferroptosis-mediating pathways,
which inhibits lipid peroxidation and cell injury in
hepatocytes ' 7. These results focus on its therapeutic
value in eliminating fatty liver development into the
hepatic diseases. Another such vital condition in the
development of liver diseases is inflammation whereby
diosgenin has demonstrated powerful anti-inflammatory
properties by blocking several signalling pathways. It is
important to note that it inhibits the NLRP3
inflammasome activation leading to the secretion of pro-
inflammatory cytokines and ensuing liver damage '8. In
addition, the recent findings have also stated that
diosgenin is capable of blocking STING-mediated
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inflammatory signals, which ultimately suppress
immune-mediated hepatic injuries '°. These are the anti-
inflammatory processes that play vital roles in the
prevention of chronic liver injury and fibrosis. In
addition to these effects, diosgenin also has anti-fibrotic
and cytoprotective effects. It is demonstrated to mitigate
chemically induced liver damage, including carbon
tetrachloride  (CCl4)-induced hepatotoxicity, and
suppress cellular apoptosis and improve the survivability
of hepatocytes [20]. Moreover, its engagement in the
regulation of lipid metabolism and inflammatory genes
expression also suggests that it can be used as a thorough
hepatoprotective factor ' 2!, Together, the studies
provide diosgenin as a commonplace of reference in
assessing the  hepatoprotective  activity  using
experimental models.

1.2 In-vitro hepatocyte models

The In-vitro hepatocyte models have proven to be
important in the assessment of hepatoprotective activity
because they are reproducible, cost-effective, and allow
mechanistic understanding under controlled
experimental conditions. These carcinoma hepatocyte
cells are derived of human origin and have many
biochemical features of normal hepatocytes such as
enzyme activity involving detoxification and lipid
metabolism and can be used to screen hepatoprotective
agents 2> 23, HepG2 cells have been used in several
studies to determine 4stress. In most cases, hepatotoxic
conditions are brought about by the use of hydrogen
peroxide (H202) or carbon tetrachloride (CCls) which
produce reactive oxygen species and are similar to the
pathological liver injury. The activity of test compounds
as protection is then tested in regard to parameters of cell
viability, intracellular ROS, lipid peroxidation, and
antioxidant enzyme activity 2* 2>, These tests give
important clues on the cytoprotective nature of the
phytochemicals.

Besides the HepG2 models, primary hepatocyte cultures,
and liver slice models have also been considered to be
In-vitro investigated. An example is the culture systems
of goat liver slices which have been employed in the
evaluation of the hepatoprotective activity of plant
extracts in systems that are closely similar to the in-vivo
conditions ?*. These models can be used to assess the
tissue-level response, enzyme leakage, and structural
integrity, and this will provide a more complete picture
of the hepatoprotection. Also, more sophisticated In-
vitro methods use a molecular-level analysis to
determine which signaling pathways can be found in
hepatocyte protection. Natural compounds have been
shown to alter pathways that include Nrf2-mediated
antioxidant response and apoptosis in oxidatively-
stressed hepatocytes 2> 2°. These results demonstrate the
significance of In-vitro models in closing the gap
between traditional medicine and pharmacological
validation so that systematic assessment of compounds
such as Pergularia daemia can be compared with other
modern agents such as diosgenin.

1.3 Oxidative stress and Molecular pathways

Oxidative stress is a key factor in the pathogenesis of
liver diseases such as liver cirrhosis, where the system to
maintain a balance between reactive oxygen species
(ROS) development and antioxidant defense system is
broken. Overproduction of ROS causes lipid
peroxidation, oxidation of proteins, DNA damage and
eventual apoptosis or necrosis of hepatocytes. This
oxidative disequilibrium is deemed as a leading cause of
the instigation of inflammatory and fibrotic pathways in
the liver 27, Thus, the oxidative stress deficiency has
become a major treatment approach in hepatoprotection.
The activation of the Nrf2 signaling pathway that
regulates the expression of the antioxidant enzymes,
including superoxide dismutase (SOD), catalase, and
glutathione peroxidase is one of the most important
mechanisms. Nrf2 activation increases resistance of
cells to oxidative stress and hepatocyte survival in stress
15 2 Oxidative stress is also related closely to
inflammatory signaling pathways in liver diseases. The
NLRP3 inflammasome is very important in mediating
inflammatory responses by facilitating the release of
pro-inflammatory cytokines like interleukin-1 2. Similar
hepatoprotective effects demonstrated by the oxidative
stress effect have also been observed in other natural
compounds. As an example, phytochemicals and
flavonoids of pharmaceutical plants could increase
antioxidant activity and decrease ROS levels in
hepatocyte models 2> ¥, Plant compounds, including
ginsenosides and other molecules derived by plants have
demonstrated efficacy in lowering inflammation and
oxidation damage through mechanisms like SIRT1
activation *°, Additionally, MAPK and autophagy
related signaling pathway oxidative stress-mediated
signaling pathways have also been implicated in liver
injury and their modulation has been found to promote
hepatoprotection 3!,

1.4 Natural Compounds in Liver Protection

The use of natural compounds of medicinal plants has
received great interest in the hepatoprotective capacity
of these products because of their varied bioactivity
components and multi-target-effected activities. Such
compounds as flavonoids, saponins, polyphenols, and
alkaloids have powerful antioxidant, anti-inflammatory,
and anti-fibrotic effects, which are effective in reducing
liver damage and inhibiting the development of the
disease '> 3. A number of experimental studies have
indicated the effectiveness of plant extracts in
hepatocyte defense against the effects of toxicity caused
by chemicals. An example is that the extract of
Rosmarinus officinalis and mulberry leaves have
demonstrated a substantial decrease in the oxidative
stress markers and an enhancement of antioxidant
enzyme activity in hepatotoxic models 2% 32, Likewise,
In-vitro systems (liver slice cultures or HepG2 cells)
were used to evaluate the protective effects of
methanolic extracts of medicinal plants in CCls and
hydrogen peroxide-induced damage and found that they
preserved cell viability and reduced lipid peroxidation %
24, One group of naturally occurring glycosides
specifically saponins has also been identified in the
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treatment of liver diseases. These are compounds known
to control the cholesterol level, lower lipid levels, and
enhance the hepatic functions by controlling the
metabolic routes "> 3. Moreover, it has been shown that
natural compounds have an effect on major signaling
pathways in liver regeneration and repair, such as TGF-
B signaling and apoptosis-related pathways * 3. These
mechanisms play a very important role in the prevention
of fibrosis and recovery of hepatocytes.

In addition, recent studies have also pointed to the ability
of herbal formulations and bioactive molecules to have
an anti-inflammatory and anti-oxidative effect. Other
compounds like ginsenosides and alantolactone have
been promising in terms of alleviation of hepatic
inflammation and oxidative injury by stimulating
pathways such as SIRT1 and inhibiting cytokines 27> %,
Plant-based extracts and polysaccharides are also
hepatoprotective with important antioxidant-defense
system effects and cellular integrity 2% 3. These results
justify a further study of the medicinal plants like
Pergularia daemia as a viable source of liver disease
treatment.

2. METHODOLOGY

2.1 Experimental models for hepatotoxicity
assessment

Testing of the hepatoprotective activity is based on the
effective experimental models that precisely reflect the
conditions of hepatoprotection upon liver injury. Among
them, In-vitro hepatocyte models are widely used
because of the possibility to be reproducible, scalable,
and able to offer mechanistic insights. Human
hepatocellular carcinoma cell lines are most popular and
mostly HepG2 cell lines are used because of their
preservation of liver-specific functions including
albumin production, enzyme activity, and lipid
metabolism 2225, These models can be used to monitor
controlled exposure to toxic agents and treatment
compounds, which allow the accurate determination of
cytotoxicity and cytoprotection. In addition, in-vivo
models that are induced with the hepatotoxin carbon
tetrachloride (CCls) and diethylnitrosamine are
commonly employed to confirm In-vitro studies by
assessing histopathological changes and systemic
biochemical changes 2% %, These models are combined
to make sure that the hepatoprotective activity is fully
assessed at various levels of nature.

2.2 Induction of oxidative stress and Liver injury

An essential methodological aspect to hepatoprotective
investigations is oxidative stress induction, which is a
replication of the pathological process of liver diseases.
To produce intracellular reactive oxygen species (ROS),
which cause oxidative damage, mitochondrial
dysfunction and apoptosis, chemical agents are often
employed, including hydrogen peroxide (H202) 222, In
the same manner, carbon tetrachloride (CCls) is also
metabolized by the hepatic cytochrome P450 enzymes
into extremely reactive trichloromethyl radicals, which
trigger lipid peroxidation and rupture cellular
membranes 2°. Ethanol models of hepatotoxicity are also

common to model alcohol induced liver damage, with
oxidative stress and inflammatory reactions being the
dominant players *’. The biochemical parameters to
determine the degree of induced hepatotoxicity are the
high levels of ROS, high levels of malondialdehyde
(MDA), and loss of endogenous antioxidant systems like
glutathione (GSH), superoxide dismutase (SOD), and
catalase 28. These markers act as essential endpoints of
the evaluation of oxidative injury and intervention.

2.3 Evaluation of hepatoprotective activity

The evaluation of hepatoprotective effects is done
through cell based, biochemical and enzymatic testing.
The protective effect of the test compounds against
induced toxicity has been widely used through the cell
viability assays, including MTT, XTT and trypan blue
exclusion 2> 2%, These assays are used to determine the
activity and integrity of the mitochondria of the cell,
which helps in revealing the survival and proliferation of
cell. Lactate dehydrogenase (LDH) leakage tests are
used to determine the extent of cellular damage with a
higher LDH release indicating cellular harm and lower
LDH release indicating shield action. Furthermore, lipid
peroxidation tests which determine the amount of MDA
are applied in the quantification of oxidative injury to
cellular membrane 2% %, The antioxidant enzyme
enzyme assays such as the SOD, catalase, and
glutathione peroxidase enzyme assays are performed to
determine the capability of compounds to restore redox
balance. Tumor necrosis factor-alpha (TNF-alpha),
interleukins, and other cytokines are also assessed to
determine the anti-inflammatory effects °.

2.4 Molecular and Signaling pathway analysis
Contemporary methodological styles focus on
investigating molecular pathways of signaling to
comprehend the pathways involved in hepatoprotection.
Investigations of the regulation of major pathways that
mediate oxidative stress, inflammation, and apoptosis
are conducted by gene expression studies by use of
methods like RT-PCR and Western blotting 2% 3!, The
Nrf2 signaling pathway is one of the most important
pathways as it controls the expression of antioxidant and
detoxification enzymes. On the same note, the MAPK
pathway is an important mediator of cellular responses
to stress and inflammation and the inhibition of the
pathway is linked to attenuated liver injury 3!. The
interference with the apoptotic proteins, such as Bcl-2
and caspases, are also analyzed in order to evaluate the
anti-apoptotic properties of therapeutic agents. These
molecular studies would give greater insight into the
mechanism of action of bioactive compounds on the
cellular level, and offer protection.

2.5 Role of Natural Compounds in Experimental
Validation

The above methodologies are used to evaluate the
hepatoprotective potential of natural compounds and the
plant-derived extracts systematically. Many
phytochemicals such as flavonoids, polysaccharides and
saponins have been shown to have a great protective
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potential by increasing antioxidant defense systems and
decreasing oxidative stress 2% 3°. The compounds also
regulate inflammatory responses and enhance the
cellular resistance to toxic attacks. Diosgenin can be
used as a reference because it has been well-documented
that it is an antioxidant and anti-inflammatory, and
researchers can use this as a benchmark to determine the
efficacy of new plant extracts like Pergularia daemia.
These are needed in order to translate traditional
medicinal knowledge into scientifically testified
therapeutic interventions in the treatment of liver
cirrhosis.

3. Current research on P. daemia

The current review offers good evidence on how natural
compounds, especially diosgenin, have a high potential
of hepatoprotection and how medicinal plants like
Pergularia daemia offer a new perspective on the
treatment of liver cirrhosis in the light of medicinal
plants. These pathological processes have also been
reported to be consistently targeted by diosgenin in a
variety of molecular mechanisms, which makes it an
effective standard of comparative assessment !> 1617,
The recent developments in the development of drugs
have delved in the modification and delivery of
diosgenin to increase the therapeutic effects. As an
example, the formation of diosgenin-laden nanoparticles
has shown enhanced bioavailability and delivery of
drugs to the liver target, with enhanced effects of
hepatoprotection 38, Likewise, synthetic analogs of
diosgenin have demonstrated enhanced antioxidant
activity and enhanced pharmacokinetic characteristics,
implying that the analogs can be used in the future in
clinical settings *. These developments point to the
translationalism of diosgenin-based treatment in
management of liver disease.

Diosgenin has also been studied to prevent
hepatocellular carcinoma and other metabolic diseases,

in addition to hepatoprotection. This property of
balancing the signalling pathway that is associated with
cell proliferation, apoptosis, and inflammation adds to
its anti-cancer property *® #!. Also, its connection to
other pathways like PI3K/Akt and the ERK also
promotes its activities in promoting cell survival and
alleviating apoptosis caused by oxidative stress *%.
Natural compounds that are found in foods and drugs
still become increasingly important because of the safety
and multi-targeted activity. Research on plant-based
bioactive compounds has shown that they can be used to
control metabolic dysfunctions and liver health with the
approaches of network pharmacology . In this regard,
Pergularia daemia turns out to be a promising subject of
hepatoprotective research.

3.1 Comparative Analysis

The comparative analysis of hepatoprotective agents
shows the high therapeutic value of diosgenin and
suggests the investigation of the use of Pergularia
daemia as an alternative. Interrelated processes such as
oxidative stress, inflammation, lipid dysregulation, and
apoptosis cause liver cirrhosis. Diosgenin has proven to
be extremely effective in all of these mechanisms and as
such, it is the best model in comparison with the plant-
based hepatoprotective compounds !> !& 7 These
processes play a vital role in regulating the process of
fibrosis in liver cirrhosis. Another important issue in the
management of liver diseases is the regulation of lipid
metabolism. Diosgenin has also been used to decrease
the hepatic lipid deposition as it alters the pathways of
cholesterol transport and fatty acid metabolism 2! !!, The
given effect is especially significant in the prevention of
the shift between fatty liver disease and cirrhosis.
Moreover, saponins also have lipid-lowering effects,
supporting the medical relevance of compounds of plant
contributions *.

Table 1: Mechanisms of hepatoprotection by diosgenin and Natural compounds

Mechanism Key Effect Qutcome in Hepatocytes References
Oxidative Stress | Activation of Nrf2 pathway, increased | Reduced ROS, improved cell | 8151617
Reduction antioxidant enzymes viability

Anti-inflammatory Inhibition of NLRP3 inflammasome, STING | Decreased cytokine production 18,19,9
Action pathway

Lipid Regulation Modulation of lipid metabolism pathways Reduced lipid accumulation 11,21,33
Anti-apoptotic Effect Regulation of apoptosis-related proteins Increased hepatocyte survival 41,42

Table 1, summarizes the major hepatoprotective
mechanisms of diosgenin and related natural
compounds. It clearly demonstrates that
hepatoprotection is not mediated by a single pathway but
involves a coordinated regulation of oxidative stress,
inflammation, lipid metabolism, and apoptosis. Recent
advancements have also focused on improving the
therapeutic efficiency of diosgenin through novel
delivery systems and structural modifications. For

instance, diosgenin-loaded nanoparticles have shown
enhanced bioavailability and targeted action, leading to
improved hepatoprotective outcomes 3%, Similarly,
synthesized derivatives of diosgenin exhibit increased
antioxidant potential and better pharmacokinetic
properties *. These developments indicate a shift
towards translational applications of phytochemicals in
modern medicine.
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Table 2: Comparison of experimental models used in hepatoprotective studies

Model Type Inducing Parameters Measured Advantages References
Agent
HepG2 Cell Line | H203, ethanol Cell viability, ROS levels High reproducibility 22,25
Liver Slice | CCla Enzyme leakage, tissue integrity Mimics in-vivo | 24
Culture condition
Animal Models CCls, DEN Histopathology, biochemical | System-level validation | 20,36
markers

Table 2, provides a comparative overview of commonly
used experimental models in hepatoprotective research.
In-vitro models such as HepG2 cells offer simplicity and
mechanistic insights, while ex-vivo and in-vivo models
provide physiological relevance. Its ability to modulate
signaling pathways like PI3K/Akt and ERK contributes
to reduced apoptosis and improved cellular survival 2.
Additionally, its potential role in preventing
hepatocellular carcinoma highlights its importance
beyond basic hepatoprotection “°. In comparison,
Pergularia daemia possesses a diverse phytochemical
profile that suggests similar biological activities,
including antioxidant and anti-inflammatory effects.
However, unlike diosgenin, its mechanisms are not yet
fully elucidated through advanced molecular studies.
This creates a research gap that can be addressed through

methodologies and comparative analysis with diosgenin.
Overall, the findings indicate that hepatoprotective
activity is governed by complex, interconnected
pathways. The integration of biochemical, cellular, and
molecular analyses is essential for developing effective
and scientifically validated treatments for liver cirrhosis.
The quantitative evidence presented by different
experimental studies points to the fact that
hepatoprotection is closely associated with decreasing
the levels of oxidative stress, recovery of the levels of
antioxidant enzymes, and blockage of the production of
inflammatory mediators. The parameters give
quantifiable goals on how effective compounds like
diosgenin and the plant extracts like Pergularia daemia
15,16, 17 Intracellular reactive oxygen species (ROS)
levels reduction is one of the most important hepatocyte

In-vitro investigations using standardized protection indicators.
Table 3: Quantitative comparison of antioxidant and Cytoprotective effects
Parameter Control (Toxic | Diosgenin Natural Extracts | References
Condition) Treatment (Average)

ROS Levels (%) 100% (baseline damage) 35-60% 55-80% 8,15, 16

SOD Activity (U/mg protein) 20-30 45-65 35-50 17,28

Catalase  Activity  (U/mg | 15-25 40-55 3045 15,35

protein)

Cell Viability (%) 40-50% 75-90% 60-75% 22,25
Diosgenin has been depicted to inhibit ROS formation of  hepatoprotective  activity.  Diosgenin  has

by about 40 65 per the conditions of an experiment, and
has been demonstrated to augment antioxidant enzyme
activities including superoxide dismutase (SOD) and
catalase by 30-55 percent '> 6. Comparatively, general
plant extracts are found to exhibit the moderate to
antioxidant effect; usually, this is the markers of
oxidative stress which lie between 20-45% reduction ®°.
This quantitative variation shows the significance of
diosgenin as a standard sample in the assessment of new
hepatoprotective agents The quantitative comparison of
antioxidant activities and cytoprotective activities is
presented in Table 3.

Besides the reduction of oxidative stress, the regulation
of inflammatory mechanisms is another essential factor

demonstrated the ability to decrease pro-inflammatory
cytokines including TNF- and IL-6 by about 45-70
percent, whereas other natural products usually reduce
by 30-55 percent '3 °, This is added anti-inflammatory
effect that leads to its preventing effects of chronic liver
injury and progression of fibrosis. Diosgenin also plays
an important role in lipid metabolism especially in
disecases like non-alcoholic fatty liver disease.
Quantitative analyses show that hepatic lipid deposition
decreased by 35-60 percent after diosgenin treatment as
opposed to 20-40 percent when only general
phytochemicals are used 2!, This shows that it is better
at controlling lipid homeostasis and steatosis prevention.

Table 4: Comparative analysis of anti-inflammatory and Lipid-regulating effects

Parameter Control (Disease | Diosgenin Natural Compounds | References
State) Treatment (Average)

TNF-a Levels (%) 100% 30-55% 45-70% 18, 19

IL-6 Levels (%) 100% 35-60% 50-75% 8,9

Lipid Accumulation | 100% 40-65% 60-80% 11,21

(%)

Apoptotic Cells (%) 100% 25-50% 40-65% 41,42
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A more in-depth comparison between anti-inflammatory
and lipid-regulating effects is shown in Table 4.
Diosgenin has exhibited more inflammatory cytokine
and lipid accumulation reduction than general natural
compounds. The other observation that is significant is
the increase in efficiency of the therapeutic using
developed formulations. Nanoparticle delivery systems
have  demonstrated  2-to-3-fold increase in
bioavailability leading to an increase in hepatoprotective
effects 3%, Likewise, structural alterations of diosgenin
have resulted in derivatives that are more antioxidant
active and whose pharmacokinetic properties are
enhanced *. These developments are signs that it is
possible to optimize natural compounds to use them
clinically. Diosgenin has a variety of effects on signaling
pathways, such as Nrf2, mTOR, and inflammasome-
mediated pathways, with a holistic protective action on
liver damage '" **. Contrastingly, most of the natural
compounds act on a few pathways, potentially
decreasing the general effectiveness of the compound.
With regard to Pergularia daemia, its phytochemical
profile may propose that it has hepatoprotective action,
but quantitative and mechanistic confirmation is scarce.

4. Future perspectives

The hepatoprotective agents in future research must be
directed towards the gap that exists between research
and clinical practice, especially with references to
natural compounds like diosgenin and medicinal plants
like Pergularia daemia. Recent research indicates that
the absorption and tissue-specific action of it can be
improved by using nanoparticle-based formulations,
liposomal encapsulation, and targeted delivery systems
to achieve better hepatoprotective results *. On the same
note, synthesis and structural alteration of diosgenin
derivatives have demonstrated good prospects in
increasing antioxidant ability and stability and new
prospects of drugs development have been opened *.
Thus, further research must be conducted to discover a
compound capable of acting on several pathways such
as Nrf2, mTOR, and inflammatory cascades at once **.
Using network pharmacology and systems biology one
will be able to study the synergistic interactions between
phytochemicals and develop combination therapies as a
strategy to enhance their efficacy and improve their
effectiveness *!. Also, artificial intelligence and
computational modelling can be used to predict drug-
target interactions and compound design optimization.
To conclude, the future studies need to focus on
improved drug delivery methods, multi-targeted
delivery, mechanistic validation of medical plants and
clinical translation in order to come up with effective and
safe hepatoprotective remedies of liver cirrhosis.

5. Conclusion

Liver cirrhosis is one of the most vital worldwide health
issues with progressive hepatic injury which is induced
by oxidative stress, inflammation, lipid dysregulation,
and apoptosis. The shortcomings of the conventional
therapies have increased a struggle to find alternatives to
them that are safer and more effective, especially

natural. In this regard, bioactive agents like diosgenin
have proven to produce a great amount of
hepatoprotection by acting via their multi-target effects,
which are antioxidant activity, anti-inflammatory
activity, and metabolic regulation. This review has
indicated the critical role of In-vitro models of the
hepatocytes in assessing the protective potential of the
natural compounds and given a comparative insight into
their effectiveness. Diosgenin is also a reliable standard
with the virtue of a strong pharmacological profile and a
steady performance in a variety of experimental
parameters. Simultaneously, Pergularia daemia as one
of the medicinal plants possesses promising potential
due to the high content of phytochemicals and traditional
application in liver-related diseases. Nonetheless,
though the results were promising, the hepatoprotective
effects of Pergularia daemia are to be further
scientifically demonstrated with the help of the
advanced molecular and experimental research. In
general, the combination of traditional knowledge with
the use of modern research possibilities can lead to the
development of the new, effective, and safe therapeutic
approaches in the management of liver cirrhosis and
other hepatic disorders.
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