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Abstract
Background: Paris polyphylla Smith.(chonglou) is an important traditional Chinese medicinal herb which has been used widely in the treatment
of infectious and inflammatory diseases and cancer in China for thousands of years. The IUCN red list has designated it as "vulnerable" due to
depletion of wild population by deforestation, habitat degradation and uncontrolled harvesting for local medicine. The rhizome of Paris
polyphylla has historically been used to treat various diseases. including skin allergies, tumors, pain, fungal illnesses, bleeding, and snake bites.
Paris saponins or steroidal saponins are the main bioactive chemical constituents from this plant which have demonstrated significant
pharmacological effects in various diseases.
Objective: The current review investigates how P. polyphylla functions to treat various disease conditions, while current scientific studies
continue to expand its medicinal applications. The review further explores recent research findings in the medicinal properties of P. polyphylla
and its integration into present healthcare systems.
Method: This detailed review presents recent findings on P. polyphylla and explains how its numerous health benefits operate through various
biological pathways. The study presents both traditional uses and current scientific research on its pharmacological properties. It also examines
both the challenges and opportunities in P. polyphylla research, aiming to bridge traditional knowledge with modern scientific approaches in
integrated medicine.
Results: Polyphyllins I, 1I, VI, VII, and Polyphyllin H have demonstrated strong anti-tumor activities against various malignancies, including
hepatocellular carcinoma, osteosarcomas, glioma, lung cancer, breast cancer, Chronic myelogenous leukaemia , ovarian cancer, colorecta
cancer, and gastric cancer. Anti-inflammatory, antioxidant, antimicrobial, anti-gynecological disease, hemostatic, and neuroprotective effects
have also been exhibited by the medicinal plant.
Conclusion: This review summarizes the bioactive compounds from the P. polyphylla which will be of great value in the development of
Polyphyllin products.

Keywords: Paris polyphylla, chonglou, traditional chinese medicine, anticancer, bioactive compounds, rhizoma paridis, paris saponins,
pharmacological properties, integrative medicine.
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1.Introduction ,

Natural products derived from plants have been used as traditional medic'i‘nes,__to treat various pathological conditions s
ancient times. These herbal medicines were given initially in the form of infusions, pastes; powders, tinctures, teas, and.other™
herbal formulations. Drug discovery from medicinal plants led to the isolation of drugs such as morphine, codeine, digitoxin, and
quinine. Use of drugs from natural sources has evolved from the formulation of crude drugé to the isolation of active constituents

in the field of drug discovery.
The global utilization of herbal medicine is increasing in modern societies due to rising health consciousness and increasing
preference for plant-based remedies. According to the WHO Global Report on Traditional and Complementary Medicine,
traditional medicine functions as the primary mode of healthcare, especially in the management of chronic diseases. In addition,
around 40% of modern pharmaceutical products are derived from natural sources and traditional knowledge. [1] In developed
countries, approximately 10-50% of individuals regularly use herbal medicines, mainly due to their believed immune-boosting
benefits. In contrast, in regions such as China, India, Vietnam, and South Africa, herbal medicines serve as the most affordable
and accessible options for treating common conditions such as cold and joint pain. [2]

One notable example of herbal medicine is Paris polyphylla Smith, a perennial herb that exemplifies the rich traditional knowledge
and cultural significance associated with medicinal herbs around the globe. Paris polyphylla Smith belongs to the family
Melanthiaceae, which was previously classified under Liliaceae or Trilliaceae. It is known as ‘Chonglou’ in Chinese and ‘Satuwa’ in
the Himalayas. This has been used as an important natural medicinal plant to treat infection, inflammation, and cancer for over
2000 years. The IUCN red list of threatened species 2020 has designated it as a "vulnerable" species due to a decline in wild
population by habitat destruction, overexploitation and illegal collection for trade and traditional use.[3] Conservation of this
plant is highly important as it is on the verge of extinction.

The Plants of the World Online (POWO) listed 29 Paris species. [4] The World Flora Online (WFO) included 27 species of Paris and
one variety of Paris polyphylla Smith., namely Paris polyphylla var. polyphylla. [5]

The plants of genus Paris, containing about 33 species and 15 varieties, are mainly distributed in Southwest China. Paris polyphylla
var. chinensis (Franch.) Hara, and P. polyphylla Smith. Var. yunnanensis (Franch.) were traditionally used to treat trauma.[6]

This herb has been widely found in Asia temperate regions such as China (China North-Central, China South-Central, Qinghai,
Tibet) and Asia-tropical Indian subcontinent (Assam, Bangladesh, East Himalaya, West Himalaya. Nepal, Indo-China Myanmar).[4]
In Indian Himalayan region, the Paris polyphylla is found distributed in Arunachal Pradesh, Assam, Jammu and Kashmir, Himachal
Pradesh, Uttarakhand, Manipur, Meghalaya, Mizoram, Nagaland and Sikkim. All species of Paris are native to Asian regions while
P. quadrifolia L. is the only one that is native to Europe.

The rhizome is the economic part which is used for its various medicinal properties. Steroidal compounds are the main chemical
constituents found in the plant. The rhizomes are used in traditional medicine known as ‘Rhizoma Paridis’ in Chinese
Pharmacopoeia.[7]

The main raw material for ‘“Yunnan Baiyao’ and ‘Gong Xue Ning (GXN) capsule’ is a rhizome of this plant. Back discomfort, bleeding,
shattered bones, wound healing, pain, fungal illnesses, poisonous snakes or bugs bites, skin allergy, tumours, and a variety of
disease conditions are treated with the 'Yunnan Baiyao'. It is also a source for "Jidesheng Sheyaopian" a Chinese patent medicine.
[10,11]

The study of traditional medicine together with modern pharmacological research has focused on this plant because it contains
multiple bioactive compounds including steroidal saponins, C-21 steroids, phytosterols, insect hormones, pentacyclic
triterpenes, flavonoids, and other compounds. Polyphyllin D, diosgenin, paris saponins |, Il, VI, VII, and H are steroidal saponins
having anticancer activity. Additionally, the extracts and pure compounds from the plant have shown antioxidant, anti-
leishmaniasis, antibacterial, antifungal, anthelmintic, antityrosinase and antiviral in vivo and in vitro experiments. [10]

In traditional medicine, the crude herb has been used to manage parotitis, mastitis, sore throat, snakebite, convulsion, fractures,
abscess and various malignant tumors for thousands of years.[11]

Paris polyphylla has extensive applicational prospects and developmental potential as an adjuvant drug for the treatment of
digestive tract cancers. [12]. Numerous studies have shown that Steroidal saponins extracted from Rhizoma Paridis have strong
activity against hepatocellular carcinoma (HCC), lung cancer, colon cancer, and glioma. Rhizoma Paridis Saponins has been widely
reported as a potential anticancer drug with the main mechanism of inhibiting cell proliferation, inducing apoptosis, autopha gy,
and cell cycle arrest, as well as enhancing the sensitivity of chemotherapeutic drugs.[13]

Its diverse pharmacological activities, due to its various bioactive components, makes it valuable in both traditional and modern
medicine. With further research, greater understanding of this herb and its role in integrated medicine will be achieved.
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2. Botanical Description

2.1 Plant characteristics y ey S
P. polyphylla is a perennial, rhizomatous, herbaceous plant with green and unbranchEd\a_e ial parts which grow upto 50-100 cm.
The plants have horizontal and creeping rhizomes, 1-2 cm thick, with transverse rings/bu&‘scale scars on it. The leaves are oblong
to lanceolate in shape and have parallel reticulate venation. The flowers are borne above thé"fe_aves whorl and are yellow green
in colour. The Inflorescence is solitary. They start blooming around March-April. The ovary is round with usually 5 stigmatic lobes
that are wet in nature. The stigma turns deep purple when the flower is ready for pollination. The anthers are arranged in two
whorls. The outer whorl has two more filaments than the inner whorl. The tepals may be 3, 4 or 5. It contains 6—-11 Androceum
and the stamens are free. [14,15]

Figure 2: Botanical lllustration of Paris polyphylla

Table 1. Morphological Identification of P. polyphylla Plant

Character Description

Rhizome 1-2 cm thick, horizontal and creeping

Leaves Oblong to lanceolate having parallel reticulate venation
Flower Solitary and terminal, inner tepal yellowish green and filiform
Fruit Globular capsule

Seeds Reddish orange colour

2.2 Habitat and Distribution

Genus Paris, comprises of rhizomatous geophyte that grows primarily in the temperate biome. Paris plants typically grow deep
inside forests where they receive lots of shade. They prefer shaded areas with more than 80% canopy cover. They are found at
altitudes of 1300 and 2500 meters above sea level in subtropical and temperate regions. These plants love moist, well-drained
humus soil and usually grow on north-facing slopes with soil covered in dry, decayed organic material. Paris herbs are erect herbs
and can reach up to a meter in height. Excess water or waterlogging can be deadly for them [15].

2.3. Taxonomical Classification
Table 2: Taxonomy

Kingdom Plantae
Phylum Streptophyta
Class Equisetopsida
Sub Class Magnoliidae
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Order Liliales

Family Melanthiaceae B —_ 2
Genus Paris - —
Species polyphylla

3. Traditional Uses

3.1 Historical Background

Paris polyphylla Sm. is an important medicinal plant used to treat many diseases through traditional medicine systems such as
Ayurveda, Tibetan traditional medicines and Chinese traditional medicines. In the “Chinensis Pharmacopoeia”, it was listed for
the first time in 1985. P.polyphylla saponins I, I, VI, and VII have been recognized as the quality standard components in the
Chinensis Pharmacopoeia. It is used as a component of topical medicaments indicated for treatment of boils, carbuncles, sore
throat, venomous snake bite, and traumatic pain according to Chinese Pharmacopoeia.[9]

3.2 Preparations

Paris polyphylla J.E. Smith is extensively used in traditional systems of Indian and Chinese medicines mainly for its anticancerous
property.The rhizome and other parts of P. polyphylla in the form of infusions, juices, powders and pastes have been used in the
traditional medicine to treat cuts, wounds, blisters, scabies, rashes or itching, burns, sprain, headache, fever, anthelmintic,
vermifuge, expectorant, antispasmodic. digestive, gastritis, diarrhoea, dysentery, menstruation pain, tonic, antidote of poison
(aconite poisoning), antidote of poisonous insects and snake, antiseptic.jaundice, vasoconstriction in the kidney, vasodilation in
spleen and limbs.[10]

3.3 Traditional indications and treatments

With a history of thousands of years in clinical practice, Traditional Chinese Medicine (TCM) has demonstrated its rationale and
efficacy in managing complex diseases. P. polyphylla is widely used in traditional Chinese medicine (TCM) for the treatment of
boils, venomous snake bites, carbuncles, sore throat, and traumatic discomfort. [6] Diosgenin rich fresh extracts of Paris
polyphylla rhizome from Indian Himalaya is traditionally used as wound healing, anti-bleeding, anti-inflammatory and anti-cancer
agent by the folk healers. [16]

The dried rhizomes of P.polyphylla, P. polyphylla var. chinensis, and P. polyphylla var. yunnanensis were used to
treat wound, bleeding, and stomachache, etc. in folk medicine. Rhizome Paridis, in traditional uses, is made into a decoction
compatible with other herbs. Their formulations has been found in 79 Chinese patent medicines and this proves the outstanding
efficacy of Rhizome Paridis. [6] According to TCM theory, ‘blood stasis and stagnation’ is the primary cause of adenomyosis and
frequently contributes to menorrhagia and dysmenorrhea. As per Chinese Pharmacopoeia (Committee, 2020), Gong Xue Ning
capsules consist of only Paris polyphylla ethanol extract (PPE) and can effectively cure a variety of gynecologic conditions,
including Adenomyosis [17].

4. Phytochemistry

4.1 Key Bioactive Compounds

Paris polyphylla contains an abundance of secondary metabolites, which are responsible for its varied medicinal properties. The
chemical components of P.Polyphylla include steroid saponins, C21 steroidal compounds, flavonoids, phytosterols,
polysaccharides, phytoecdysones, alkaloids, terpenoids, phenolic acids, lipids and amino acids.The essential chemical components
of the plant are steroidal compounds, known for their significant pharmacological activities. [18,19,20,21,22]

Structures of some of the main compounds are represented in Figure 3.

Figure 3: Structure of Steroidal saponins
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Polyphyllin VI

Polyphyllin VII

4.1.1 Steroids

Steroidal compounds represent the main active constituents of P. polyphylla, accounting for over 52% of the total secondary
metabolites.[6]. Saponins are a type of glycoside consisting of aglycones (water-insoluble) such as steroids or triterpenoids
attached via C-3, as well as one or more sugar chains (water-soluble) such as glucose, galactose, pentose, or methyl pentose.
Based on aglycone molecular skeleton, they are classed as triterpenoid saponins or steroidal saponins. [21] [23]

4.1.2. Flavonoids

Flavonoids constitute 19.49% out of total metabolites present in Paris polyphylla sm. The diversity and abundance of flavonoids
in leaves are the highest, followed by stems and roots. Leaves are the main site for the biosynthesis of flavonoids in Paris
polyphylla Sm. Among them, kaempferol-3-O-glucoside, quercetin 3-B-D-glucoside, rutin, and other flavonoids are present in
higher contents in leaves. [19, 24, 25] Rutin is one of the important flavonoids with rich pharmacological activity. Rutin reduces
psoriasis inflammation by down-regulating the AGE-RAGE signaling pathway [26] and improves inflammatory pain by inhibiting
mast cell P2 X 7 receptors [27].

4.1.3. Polysacharides

The polysaccharides were mainly composed of glucose, mannose, galactose, rhamnose, and arabinose, with glucose and mannose
being the main components. The biological activities of P. polyphylla polysaccharides include immune regulation, reducing blood
lipid, anti-oxidant and anti-aging, liver protection, enhanced learning and memory, regulating muscle movement, anti-fatigue,
and plant growth regulation. [28]

Several studies have shown that the bioactive compounds obtained from P. polyphylla have a wide range of pharmacological
activities. These diverse chemical compounds demonstrate its ability to function as an important medicinal herb for both
traditional and modern medical practices. Ongoing studies will focus on analyzing these compounds in conjunction with traditional
plant practices, helping to enhance their role in modern healthcare.
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4.2. Types of Steroids -
Steroid saponins are classified into the following four types according to the configuration of C-25 and the cyclized state 0
in the spirostanane structure: isospirostanols, spirostanols, furostanols, and pseudo-spirostanols.

4.2.1. Isospirostanols

Most of the glycosides are derived from diosgenin and pennogenin, having a double bond at the 5(6) position and hydroxyl groups
at the 3B, 7B, 23B, 24P, and 27 positions. The sugars are attached to these hydroxyl groups to form saponins. The sugar
components primarily include D-glucose, L-rhamnose, and L-arabinose, D-xylose and L-fructose. The bioactive compounds
belonging to the isospirostanol type include diosgenin, pennogenin, Polyphyllin I, Polyphyllin 1, Polyphyllin 1ll, Polyphyl lin V,
Polyphyllin VII, and pariposides A-D.

4.2.2. Spirostanol Type

The spirostanol type is a class of steroidal saponins characterized by a C25 S-configuration. It is an epimer of the isospironstanol
type. Spirostanols isolated and extracted from P. polyphylla, include dianchonglouoside A, dianchonglouoside B, disoseptemloside
H, and parisverticoside A.

4..2.3 Furostanol Type

Furostanol-type steroid saponins are often considered precursors of the spirostanol-type steroidal saponins. The hydroxyl groups
are located at the 3, 7, 17, and 26 positions, leading to the formation of steroidal saponins. In addition, some saponins are linked
to sugar groups at the 3-OH position, with glucose attached at the 26-OH position, forming a double sugar chain. Saponins that
belong to this type include polyphyllin G and polyphyllin H.

4. 2.4 Pseudospirostanol Type
The pseudospirostanol type contains a five-membered tetrahydrofuran ring. The bioactive compounds include chonglouside SL-
9—chonglouside SL-15 and abutiloside L.

4.3. Biosynthesis of steroidal saponins

Steroidal saponins are biosynthesized through a sequence of steps on the squalene molecular backbone, involving oxidation,
hydroxylation, and glycosylation.The biosynthesis of steroidal saponins can be categorized into three sequential stages: first, the
formation of 2,3-oxidosqualene through the mevalonate (MVA) pathway and the 2-C-methyl-D-erythritol-4-phosphate (MEP)
pathway; second, the conversion of 2,3-oxidosqualene into cholesterol or B-sitosterol via a series of catalytic reactions; and third,
the formation of steroidal saponins through hydroxylation, oxidation, and glycosylation processes on cholesterol or B-sitosterol,
at side chains such as the C-16, C-22, and C-26 positions.[29]

4.3.1 Biosynthesis of 2,3-Oxysqualene

Isopentenyl diphosphate (IPP), the precursor of 2,3-oxidosqualene, is synthesized via two pathways: mevalonate kinase (MVA)
pathway, found in the cytoplasm and mitochondria, involving enzymes like acetyl Co-A acetyltransferase (ACAT), 3-hydroxy-3-
methylglutarylCoA synthase (HMGS), mevalonate kinase (MVA), phosphomevalonate kinase (PMK), and mevalonate-5-
diphosphate decarboxylase (MVD). The methylerythritol phosphate (MEP) pathway is found in plastids involving 1-deoxy-D-
xylulose 5-phosphate synthase (DXS), 1-deoxy-D-xylulose 5-phosphate reductoisomerase (DXR), 2-C-methyl-D-erythritol 4-
phosphate cytidylyltransferase (MCT), 4-diphosphocytidyl2-C-methyl-D-erythritol kinase (CMK), 2-C-methyl-D-erythritol 2,4-
cyclodiphosphate synthase (MDS), 4-hydroxy-3-methylbut-2-enyl pyrophosphate (HMBPP) synthase (HDS), and 4-hydroxy-3-
methylbut-2-enyl pyrophosphate (HMBPP) reductase (HDR). These pathways produce IPP (isopentenyl -5-diphosphate), which is
converted into farnesyl pyrophosphate (FPP) through the actions of isopentenyl diphosphate isomerase (IDI), geranyl
pyrophosphate synthase (GPPS), and farnesyl pyrophosphate synthase FPPS; FPP is then converted by squalene synthase (SQS)
into squalene, which is epoxidized by squalene epoxidase (SQE) into 2,3-oxidosqualene.[30]

4.3.2 Biosynthesis of Cholesterol/B-Sitosterol

2,3-oxidosqualene is cyclized by oxidosqualene cyclases, primarily cycloartenol synthase (CAS), to produce cycloartenol, the plant
sterol precursor. From cycloartenol, enzymes such as sterol side-chain reductase 1/2 (SSR1/2), sterol C-24 methyltransferase
(SMT), C-4 sterol methyl oxidase (SMO), cyclopropylsterol isomerase (CPI), sterol C-14 demethylase (CYP51), sterol C-14 reductase
(C14-R), sterol 8,7 isomerase (8,7 Sl), sterol 5(6) desaturase (C5-SD), and 7-dehydrocholesterol reductase (7-DR) facilitate a series
of modifications that lead to the synthesis of cholesterol/B-sitosterol.[31]

4.3.3. Modification of Cholesterol or Sitosterol Side Chain to Form Steroidal Saponins
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Steroidal saponins are generated by a series of complex catalytic reaciions \s"uch as the oxidation, hydroxylation,
of cholesterol or the B-sitosterol molecular skeleton. 22S-hydroxycholesterol was “formed by catalytic side chains of cho
The generated 22S-hydroxycholesterol was then catalyzed by CYPs and other enzymes to finally synthesize steroidal saponins. _
Diosgenin is generated from cholesterol through the catalysis of cholesterol C16/C22 monohydroxyIase—(eYPQOB/CYP94)
cholesterol 26-hydroxylase (CYP72A), and other enzymes. The first step of the blosynthe5|s of steroidal saponins from diosgenin
is the glycosylation of 3-O-sterol glycosyltransferase (S3GT belongs to the UGT80 family), which transfers the glycosyl group to
the 3-OH site of the diosgenin.[31]

Figure 3. Biosynthesis Pathway of Steroidal Saponins

MEP Pathway - Plastid

MVA Pathway - Cytoplasm
Glyceraldehyde 3-phosphate

Acetyl CoA | + Pyruvate
Primary sourcs within Pracursars within
cytoplasm & mitochondria plant plastids

v .

] l=openlenyl pymphusphale (IPP)

| Farnesyl pyrophosphate (FPP) I

Procursor 10 the sgquslens backbone
s5Qs
v
Squalene |

Formed by Squas 1l—mn synthase

SQE
k4

2.3- oxndosqua!cne i

Founod by Squalonu cpond::..e

(‘4:\‘3
Branch 1: | Branch 2:
Triterpencid Saponins Cycloartenol Synthesis
Formation of Triterpenoid skeletons Transtormation into Cycloartenol

l Oleananes, Lupanes, i I Cholosterol / B Snosteml _‘!

Hopanes L,ycloartenol modified \hvo-uqh

smrion of slops

Intermediate Side-Chain
Modifications

Processed to
228-hydraxycholesturol & Diasgenin

P
. )
CYP90s

Final Steroidal Saponins |

4.4 Extraction of Steroidal Saponins

The methods for extracting saponins have advanced from traditional methods like maceration and reflux extraction to innovative,
more environmentally friendly techniques such as ultrasound-assisted extraction, microwave-assisted extraction, supercritical
fluid extraction, and deep eutectic solvent extraction. Additionally, fermentation-based methods are increasingly being
recognized as sustainable alternatives [32].

Maceration, Soxhlet extraction, and reflux extraction are conventional methods used to extract saponins. These techniques are
generally simple to perform and do not require complex apparatus. Saponins can be extracted from plants using various solvents
such as water, methanol, ethanol, acetone, ethyl acetate, n-butanol, dichloromethane, or their combinations. Among these,
ethanol and n-butanol are the most used solvents. [33]

Traditional extraction methods are often time-consuming, solvent-intensive, and can cause degradation of heat-sensitive
saponins. Innovative green extraction technologies have emerged as promising alternatives to address these issues. These new
technologies seek to improve extraction efficiency, reduce environmental impact, and preserve the bioactivity of saponins. The
techniques such as ultrasound-assisted extraction (UAE), microwave-assisted extraction (MAE), supercritical fluid extraction (SFE),
deep eutectic solvent extraction (DES), and fermentation increase yield as well as support environmental sustainability. [34]
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5. Pharmacological Activities ,
Phytochemical components of P. polyphylla have anticancer, antioxidant, antlbacterlal antlfungal anti-gynecological disease,and ™

antiviral properties.

Table 3: Phytoconstituents and their Bioactivities

Compound name Biological activity Reference
Polyphyllin VI HCC: In vitro: inhibits the proliferation, invasion, and metastasis of Huang et al.

HCC cells by inducing ferroptosis. It inhibited the STAT3/GPX4 axis 2023

and triggered ferroptotic cell death. [35]

In vivo: polyphyllin VI suppressed the growth of subcutaneously

transplanted tumors.

Prostate cancer with bone metastasis: In vitro: PPVI suppressed

osteoclast differentiation, inhibited tumor cell proliferation, Feng et al. 2025

migration, and invasion, and induced apoptosis and cell cycle [36]

arrest at G2/M phase.

In vivo: inhibited the growth of metastatic tumors as well as

mitigating the resulting bone destruction.

Breast cancer: In vitro and in vivo: PP-VI at sub-cytotoxic doses

suppressed the migration and invasion of mouse mammary Wang et al.

carcinoma and human breast cancer cells. It reduced the 2019 [37]

metastatic potential by targeting a microRNA-mediated pathway.

By suppressing miR-18a, PPVl increases the expression of its direct

target, Rell2 (Receptor expressed in lymphoid tissue- RELT-like 2),

which possesses anti-metastatic functions.

Osteosarcoma: Polyphyllin VI promotes apoptosis and autophagy

in human osteosarcoma cells by modulating ROS/INK pathway

activation. Yuan et al 2019

Neuroprotective: In vitro: PPVl enhanced cell viability and [38]

morphology in an in vitro Parkinson's disease PD model, reducing

rotenone (ROT) induced oxidative stress and preserving Li et al. 2024

mitochondrial function. [39]

Hepatocellular carcinoma: In vitro: suppressed the proliferation, Yang et al.2024
Polyphyllin | invasion, and metastasis of HCC cells by promoting mitochondrial [40]

disruption and inducing ferroptosis through the Nrf2/HO-1/GPX4
pathway.

Gastric cancer: In vitro: PPl inhibits the growth of gastric cancer
cells by inducing ferroptosis through NRF2/FTH1 pathway.
Colorectal cancer: In vitro: inhibited CRC patient-derived
organoids. PPl promoted cell apoptosis in CRC cells leading to cell
cycle arrest at G2 phase by partially inhibiting the Notch signaling
pathway in colorectal cancer.

Castration-resistant prostate cancer: induced ferroptosis in CRPC
cells via regulation of the ERK/DNMT1/ACSL4 axis.

Acute myeloid leukemia (AML): In vitro: showed cytotoxic effects
on AML cells MOLM-13 with an IC50 value of 0.44 + 0.09 uM. PPI-
induced rapid ferroptosis is due to the simultaneous targeting
PI3K/SREBP-1/SCD1 axis and triggering lipid peroxidation

In vivo: PPI effectively inhibited tumor progression and extended
survival in mice at a dose of 4 mg/kg,

Zheng et al.
2023 [41]

Wang et al.
2024[42]

Zou et al.
2023[43]

Zhou et al.
[44]
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Lung adenocarcinoma (LUAD): In vitro: sUp’préSSed cell survival,
growth, and migration/invasion in gefitinib-resistant (PC9/GR)
LUAD cells (ICso at 2.0 uM) by modulating the VEGF/V.EGFBZ/pBS*
pathway. PPl serves as potential therapeutic agent in Epidermal
growth factor receptor tyrosine kinase inhibitors (EGFR-TKI)
resistance, in LUAD.

In vivo: using cell-derived xenograft experiments have shown that
combination of PPl and gefitinib overcame gefitinib resistance.
Temozolomide resistant glioma: suppressed temozolomide-
resistant glioma tumor cells and induced reactive oxygen species
(ROS)-dependent apoptosis and autophagy through the regulation
of mitogen-activated protein kinase (MAPK)-signaling (p38-JNK)
pathway.

Glioblastoma: In vitro: suppressed GBM growth and spread by
promoting ferroptosis. PPl binds directly to SIRT1, decreasing its
levels, and subsequently promoting oxidative cell death through
the SIRT1/Nrf2/GPX4/HO-1 signaling pathway, thus inhibiting
glioblastoma.

In vivo, animal model experiment demonstrated PPI's ability to
suppress tumor growth, by ferroptosis within GBM cells.
Non-small-cell lung cancer (NSCLC) : In vitro: PPl enhanced
autophagy and apoptosis in non-small-cell lung cancer (NSCLC)
cells by activating AMP-activated protein kinase (AMPK) and
subsequently inhibiting mTOR signaling in cultured human NSCLC
cell lines.

In vivo: inhibited the tumor growth and elevated the levels of LC3-
Il and phosphorylated AMPK in tumors derived from a mouse
xenograft model of NSCLC.

NSCLC: In vitro: induced ferroptosis in NSCLC cells by promoting
NCOA4-mediated autophagy, and degradation of ferritin protein,
with reduction of EZH2.

In vivo: enhanced antitumor immunity by promoting the
infiltration of CD8+ T cells.

Cervical cancer metastasis: In vitro: showed marked inhibitory
effect on the growth and metastasis of cervical cancer (CC) cells by
modulating the Wnt/B-catenin signaling pathway, as well as
promoting the B-catenin degradation via autophagy.In vivo: PPI
effectively suppressed peritoneal metastasis in a luciferase-
labeled HO-8910PM xenograft mouse model.

Melanoma: In vitro: increased melanoma cell autophagy and
apoptosis, as well as blocked melanoma cell cycle by suppressing
PI3K/Akt/mTOR signal pathway.

In vivo: suppressed xenograft tumor growth, enhanced apoptotic
index, and reduced Ki67 level in tumor tissues in xenograft model.
Ovarian cancer: In vitro: suppressed ovarian cancer cell growth by
cell cycle arrest at GO/G1, and inhibited c-Myc protein levels and
c-Myc signaling pathway.

Bladder cancer (BCa): In vitro: PPl promoted BCa cell apoptosis,
cell cycle arrest, as well as suppress cell proliferation via the
activation of FOXO3 signaling pathway.

In vivo: suppressed the growth of BCa in the xenograft mice
model.

Zhang et al.

| 2024 [45]

Feng et al. 2024
[46]

Fu et al. 2026
[47]

Wu et al
2020 [48]

Xu et al. 2025
[49]

[Chaietal.]
2025 [50]

LongJ, Pi X.,
2020
[51]
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Coronary artery disease (CAD): In vitro: PPI alleviated lipid
metabolism disorder in Hypoxia/reoxygenation (H%R)_;t'reated H9c2
cells model. N st
In vivo: Pl attenuated myocardial dysfunction in CAD rats by
improving left ventricular systolic pressure, maximum rate of
change of left ventricular pressure (+tdp/dtmax ), and arterial
blood flow (CF). The effect of PPl on myocardial damage in CAD
was mediated through the regulation of MEK/ERK pathway.
Adenomyosis: Polyphyllin | (PPI) inhibited the epithelial—
mesenchymal transition (EMT) progression through the
TGFB1/Smad2/3 pathway in adenomyosis-derived cells.

Tang et al.202
[52]

Lietal2020—

[53]

Yang et al. 2022
[54]

\
Shi et al. 2024
[55]
Polyphyllin 1l Mycobacterium tuberculosis induced bronchial infection: In vitro: | Chen et al. 2024
inhibited Mycobacterium tuberculosis (Mtb) infection in bronchial [56]
epithelial cells, by suppressing Mtb-induced inflammatory
reactions and activation of NLPR3 inflammasome.
Colorectal cancer: In vitro: promoted cytoprotective autophagy in
CRC cells by the inhibition of PI3K/AKT/mTOR and STAT3 signaling. Li et al., 2022
In vivo: suppressed cell proliferation and induced cell apoptosis in [57]
mouse model.
Non-small cell lung cancer (NSCLC) PPII facilitated the
autophagosome formation, elevated the expression of LC3-11/LC3-
(p <0.05), while decreasing levels of p62 and p-mTOR (p < 0.05) Jiao et al. 2022
Breast cancer: PPIl stimulated apoptosis and suppressed invasion [58]
and migration. The findings demonstrated that PPII reduced
aerobic glycolysis in breast cancer cells via the PI3K/Akt signaling
pathway, leading to inhibition of breast cancer progression. Miao et al. 2024
Ovarian cancer: polyphyllin Il inhibited ovarian cancer cell [59]
angiogenesis by modulating the NF-kB signaling pathway, thereby
suppressing ovarian cancer cell growth.
Yang et al 2015
[60]
PolyphyllinH Hepatocellular carcinoma: reduced cell viability, migration, and Chenetal. 2019
invasion, and promoted apoptosis in HCC cell lines by [61]
downregulating B-catenin and inhibiting Wnt/B-catenin signaling.
Polyphyllin VI Human ovarian cancer: Polyphyllin VIl affected cell viability, Zhao et al. 2020

triggered apoptosis, and induced mitochondrial dysfunction by
modulating the PP2A/AKT/DRP1 signaling axis.

Hepatoblastoma cancer: triggered an autophagic cell death in
HepG2 cells by inhibiting the PI3K/AKT/mTOR pathway, and
activating JNK pathway. This promoted phosphorylation of Bcl-2
and dissociation of Beclin-1 from Beclin-1/Bcl-2 complex, leading
to initiation of autophagy.

[62]

Zhang et al 2016
[63]
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Osteosarcoma : promoted apoptosis and suppressed cell Lietal 2021

proliferation by upregulating the expression of LC3I,I,_Atg5,,Atg7 [64]

and the Atg12-Atg5 complex. O .

Glioma: Both apoptotic and autophagic processes were involved Pang et al 2019 »

in the cytotoxic effect; PP7 activated the Bcl2/Bax pathway. [65]

Lung cancer: Polyphyllin VIl was able to induce apoptotic cell >

death in A549 human lung cancer cells via inhibition of the

PI3K/Akt and NF-kB pathways.

He et al. 2020
[66]

Polysaccharides Anti-tumor: Polysaccharides from Paris polyphylla (PPP). having Song et al 2025

molecular weight10 692 Da and consist of 10.29% mannose, [67]

76.96% glucose, 7.26% galactose, and 5.49% arabinose,

suppressed tumor growth in $180 tumor bearing mice by

promoting a balanced Th1/Th2 immune response and remodeling

the tumor immune microenvironment.
Pennogenin 3-0O-beta Colorectal cancer: suppressed the growth of CRC cell lines. Lin et al.
chacotrioside and Polyphyllin VI and pennogenin 3-O-beta-chacotrioside isolated 2021
Polyphyllin VI from P. Polyphylla fruits, inhibited the growth of gut microbe [68]

Fusobacterium Nucleatum, which is strongly correlated with the

development of CRC. Furthermore, these compounds reversed

the mitochondrial fusion and cell migration in CRC cells triggered

by F. Nucleatum-derived extracellular vesicles (EVs).
Pennogenin Abnormal Uterine bleeding: Pennogenin tetraglycoside), Wang et al.
tetraglycoside) extracted from the rhizome of Paris polyphylla Sm. var. 2012

Yunnanensis reduced abnormal uterine bleeding. Tg-induced rat [69]

myometrial contractions are mediated by activation of the

phospholipase C (PLC)-inositol triphosphate (IP3) signaling

pathway.[41]
Polyphyllin PPI, PPII Neurodegenerative Disease (NDs): PP-Il interrupted with the Hussain et al.
and PPVII, KEAP1-NRF2 interaction, upregulated antioxidant gene expression. | 2025

PP-linduced mitophagy by the PINK1-Parkin pathway, while PP-VIl | [70]

modulated neuroinflammation by activating the cGAS-STING axis.

These actions collectively are responsible for the protection of

neurons, preservation of mitochondrial function, and reducing

pathological cascades that are linked with NDs.

5.1 Anticancer activity

Cancer is a disease that results when there are an uncontrolled growth and division of cells in the body. Some types of cancer
cause rapid cell growth, while others can grow and divide at a slower rate. The abnormal cells grow and form a mass that is called
a tumor. Cancer remains the second leading cause of death globally, after cardiovascular disease with an estimated 20.6 million
new cases and close to 10 million deaths annually. According to the latest global cancer data released by the World Health
Organization and International Agency for Research on Cancer (IARC), without urgent action, annual cancer cases are projected to
rise to nearly 35 million by 2050. [71]

Lung cancer remains the leading cause of cancer death globally. Lung, prostate and colorectal cancers are among the most
common cancers in men, while breast, lung and colorectal cancers account for a substantial share of the burden among women.
Surgery is the primary treatment for cancer, but the prognosis remains poor due to rapid disease progression and early metastasis
at diagnosis. Although chemotherapy and radiotherapy serve as key complementary therapies for cancer treatment, resistance
may result in treatment failure or even cancer recurrence. [72]

With advancements in antitumor research, numerous natural drugs have been increasingly incorporated into basic clinical studies
due to their low toxicity, minimal adverse reactions, and their important synergistic role in multidisciplinary approaches to cancer
treatment. Their mechanisms of action and therapeutic effects have gradually improved through a large number of basic
experiments and clinical studies. They have become potential therapeutic options in the field of antitumor therapy because
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. ,
natural drugs have multiple advantages as they are widely availabla”rim\‘mnatural resources, comparatively
good clinical effects, and have great potential for the development of mqre promising antitumor drugs. TCM, as
substances, has long been considered to have the advantages of multi-pathway and@ult“targets in tumor treatment and exerts=
multifaceted pharmacological active effects through comprehensive regulation, showing potentlal value in-alleviating adverse
effects, reversing drug resistance, inhibiting metastasis, regulating tumor immunity and |err_(_)vmg therapeutic efficacy. [73], [74]
One of the most notable properties of Paris polyphylla is its antitumor effects largely due to the presence of steroidal saponins
such as Polyphyllin I, Polyphyllin II, Polyphyllin VI, Polyphyllin VII. These active ingredients of Paris polyphylla have demonstrated
strong anti tumor activities against various malignancies, including hepatocellular carcinoma.[75], osteosarcomas [38], glioma
[76], lung cancer [77], breast cancer.[78], Chronic myelogenous leukaemia [79], ovarian cancer [80, 60], colorecta cancer [68],
and gastric cancer [41].
Steroidal saponins have demonstrated anticancer effects across diverse cell lines by induction of apoptosis, autophagy, cell-cycle
arrest, Iron-dependent cell death (ferroptosis), inhibition of cell migration and invasion as well as enhancing the sensitivity of
chemotherapeutic drugs. [Fig: 5, 6, 7, 8]

Figure 5: Molecular mechanism of Polyphyllin |
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Figure 7: Molecular mechanism of Polyphyllin VI
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Anticancer Effects

Polyphyllin | exerts anticancer effects including induction of apoptosis, autophagy, cycle arrest, Iron-dependent cell death
(ferroptosis), and inhibition of cell migration and invasion. In recent studies, PPI's most prominent mechanism across multiple
cancers such as liver, gastric, prostate, glioblastoma and lung cancers, is by induction of ferroptosis. PPl inhibited the proliferation,
invasion, and metastasis of HCC cells by enhancing mitochondrial disruption and inducing ferroptosis via the Nrf2/HO-1/GPX4 axis
[40]. PPl triggered an accumulation of iron (Fe2+) and reactive oxygen species (ROS) /lipid peroxides in gastric cancer cells. Induced
cancer cell ferroptosis via regulating NRF2/FTH1 pathway[. [41]. In NSCLC, it induced ferroptos by enhancing NCOA4-mediated
autophagy, and degradation of ferritin protein, with downregulation of EZH2 [49]. In addition, PPl suppressed growth and spread
of glioblastoma cells by inducing ferroptosis. It targets SIRT1 protein, reducing its levels, and promotes oxidative cell death via the
SIRT1/Nrf2/GPX4/HO-1 signaling pathway [47].
171

Adolescencia e Saude, v. 21, n. 5s, p. 158-177



Polyphyllins inhibit cancer growth through targetting distinct pathways, including inhibiting the STAT3/GPX4 axis:
at G2/M-phase [33] 36], suppress PI3K/AKT/mTOR pathway,[57] [59], [63], regulation of Receptor expressed in lympholi
(RELT)-like 2 (Rell2) by microRNA, miR-18a [37], modulation of ROS/INK pathway [38];-Cell cycle arrest at G2 phase [42],~
modulating the VEGF/VEGFR2/p38 pathway [45], mitogen-activated protein kinase (MAPK)-signaling (p38=JNK) pathway [46],
AMPK/mTOR signaling transduction pathway [48], modulation of the Wnt/B-catenin signaling pathway [ 50 ], [61], suppressing
PI3K/Akt/mTOR signal pathway [51], Cell cycle arrest at GO/G1 phase [52], activating FOXO3 signaling pathway [53], increased the
expression of LC3-11/LC3-I [58], suppress pathological angiogenesis [60], regulating the PP2A/AKT/DRP1 signaling axis [62], LC3II,
Atg5, Atg7 and the Atg12-Atg5 complex [64], suppress nuclear factor-kB (NF-kB) pathway [66].

5.2 Anti-Inflammatory activity

Traditional Chinese Medicine has used Paris polyphylla since ancient times as potential anti-inflammatory agent while modern
scientific studies confirm its ability to suppress the release of inflammatory cytokines. In one study. PPI significantly suppressed
the tumor necrosis factor (TNF-a), interleukin (IL)-6, IL-8, and the expression of Toll-like receptor 2 (TLR2) [81]. PP VII, an
isospirostanol saponin inhibited angiogenesis, lymph angiogenesis, adhesion, inflammation, and invasiveness. PP7 reduced the
production of nitric oxide (NO) and prostaglandin E2 (PGE:) and the protein and mRNA expressions of pro-inflammatory cytokines
(TNF-a, IL-1B, and IL-6) by suppressing the NF-kB and MAPKs pathways. [82, 83]

5.3 Gynaecological problems

Abnormal uterine bleeding (AUB) Abnormal uterine bleeding could be caused by structural issues, benign and malignant tumours
as well as pregnancy-related diseases and endocrine disorders. Tg (pennogenin tetraglycoside), one of the active ingredients in
total steroidal saponins (TSSPs) extracted from the rhizome of Paris polyphylla Sm. var. Yunnanensis reduced abnormal uterine
bleeding in in-vitro experiment. Tg-induced rat myometrial contractions are mediated by activation of the phospholipase C (PLC)-
inositol triphosphate (IP3) signaling pathway.[68]

Adenomyosis

Adenomyosis is a benign condition characterized by the presence of ectopic endometrial glands within the underlying
myometrium. The most common signs and symptoms are abnormal uterine bleeding, chronic pelvic pain, and infertility. [84]
Recent research study has concluded that the P. polyphylla ethanol extract (PPE) and polyphyllin | (PPI) inhibited the epithelial—
mesenchymal transition (EMT) progression through the TGFB1/Smad2/3 pathway in adenomyosis-derived cells (AMDCs) isolated
from human adenomyosis (AM) ectopic endometrial tissues. Additionally, this research has confirmed the safety of PPE (3 mg/kg)
and PPI (3 mg/kg) in relation to the liver, kidney, and spleen tissues of ICR mice. [55].

5.4 Neuroprotective Effect

Recent studies have supported that polyphyllins (PPI, PPII, PPVII) have neuroprotective efficacy in the neurodegenerative diseases
(NDs), where inflammation, oxidative stress, and dysregulated cell death are the causes of disease progression.

PP-Il interrupts the KEAP1-NRF2 interaction, activating antioxidant gene expression, while PP-l induces mitophagy via the PINK1-
Parkin pathway. PP-VII modulates neuroinflammation through activation of the cGAS-STING axis. These actions collectively
protect neurons, preserve mitochondrial function, and reduce pathological cascades associated with NDs.

Advances in nanomedicine, including lipid nanoparticles and carbon dots; have improved polyphyllin delivery to the central
nervous system surpassing barriers like poor solubility and limited blood-brain barrier permeability. [70]

5.5 Other Pharmacological Actions

In addition to its anticancer, anti-inflammatory and neuroprotective properties, Paris polyphylla has various other
pharmacological activities. Steroidal saponins have been shown to have antimicrobial activity against a wide range of bacteria and
fungi, which could be helpful in the treatment of infections. [85]. Spirostanol saponins (paris saponins I, Il, VI, and VII) extracted
from the rhizomes and leaves of P. Polyphylla var. yunnanensis have been shown to exhibit antimicrobial effects.[86]. Past
studies have demonstrated that Paris saponin H, polyphyllin I, polyphyllin 1, Polyphyllin VI and polyphyllin VII could serve as
favorable hemostatic agents. [86] [87]

Additionally, P. polyphylla has been investigated for antioxidant property. Some of its constituents, mainly steroidal saponins
derived from the rhizome showed antioxidant activity. [85, 88] Rhizome Paridis saponin mainly exerts antioxidant effects through
scavenging free radicals, activating antioxidant enzyme activities, and regulating apoptotic protein signaling pathways. [89] Paris
saponins have an immunomodulatory effect. [90] Recent study found that PP | could inhibit P. acnes-induced secretion of IL-8
from HaCaT cells mediated by the CD36/NOX1/ROS/NLRP3/IL-1B pathway. PP, PPIl, PPVII and diosgenin show anti-inflammatory
effects and play a crucial part in acne treatment. [90] This implies a novel potential treatment for Acne vulgaris.
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6. Conclusion

Paris polyphylla have shown great potential in the treatment of neurological, antitumor, hemostatic, antimicrobial (against fungi,”
bacteria, and parasites), anti-inflammatory, and antioxidant related diseases due to the existence of useful secondary metabolites.
The rhizome is the most extensively used plant part, and it has more activity against various diorders.

P. polyphylla promotes the therapeutic effects of radiotherapy, chemotherapy, and targeted therapy, and greatly reduces the
toxic side effects and adverse reactions associated with antitumor therapy. The experimental results proved that Polyphyllin had
potential development and utilization prospects, which is of great value to the development of Polyphyllin products.

Since this species is designated as ‘vulnerable’ due to a decrease in its population, and the demand is increasing across the globe,
conservation of this herb is necessary to save these herbs from extinction. Domestication of this plant, cultivation in large scale
in those areas similar to natural habitat and propagation by tissue culture are some of the solutions to save this vulnerable species.

7. Future Perspective

As an anticancer for TCM, Rhizoma Paridis has shown good results in clinical applications for many years. Paris polyphylla is one
of the ingredients of the Gan-Fu-Le capsules, Bo-Er-Ning capsules, Lou-Lian capsules and other Chinese patented anticancer
medicines.[91] In the last few decades, there has been an increase in the use of traditional Chinese medicine for the treatment
and prevention of cancer. TCM has its advantages such as prevention of tumorigenesis; reducing toxicity and increasing the
treatment effect and decreasing tumor recurrence and metastasis.[92]

Meta-analyses of clinical trials show that integrating TCM with targeted therapies provides a synergistic method to reduce toxicity
in primary liver cancer (PLC). This can increase treatment efficacy and overall quality of life in patients. These findings not only
provide a functional basis for the synergistic effects of TCM and conventional treatments but also highlight its potential as a
valuable adjunct in cancer therapy. [93]

The Steroidal saponins possess anticancer and neuroprotective properties, making them suitable candidates for the treatment of
various cancers and neurological disorders.

Future investigations should prioritize optimized drug formulations and validation in human models to bridge preclinical evidence
with therapeutic applications.
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