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Abstract: Acne is a chronic inflammatory skin disease with a recurring nature that seriously impacts
patients” quality of life. Currently, antibiotic resistance has made it less effective in treating acne.
However, Paris polyphylla (P. polyphylla) is a valuable medicinal plant with a wide range of chemical
components. Of these, P. polyphylla saponins modulate the effects in vivo and in vitro through
antibacterial, anti-inflammatory, immunomodulatory, and antioxidant effects. Acne is primarily
associated with inflammatory reactions, abnormal sebum function, micro-ecological disorders, hair
follicle hyperkeratosis, and, in some patients, immune function. Therefore, the role of P. polyphylla
saponins and their values in treating acne is worthy of investigation. Overall, this review first
describes the distribution and characteristics of P. polyphylla and the pathogenesis of acne. Then, the
potential mechanisms of P. polyphylla saponins in treating acne are listed in detail (reduction in the
inflammatory response, antibacterial action, modulation of immune response and antioxidant effects,
etc.). In addition, a brief description of the chemical composition of P. polyphylla saponins and its
available extraction methods are described. We hope this review can serve as a quick and detailed
reference for future studies on their potential acne treatment.

Keywords: acne; P. polyphylla saponin; anti-inflammatory; antibacterial; immunomodulatory; extraction
process

1. Introduction

Acne vulgaris is one of the most common dermatological diseases, affecting about
650 million people worldwide, with more than 85% of cases being in teenagers [1]. In
addition, acne brings patients a significant clinical, psychological, and economic burden.
As research into acne treatment has intensified, it has been discovered that the use of
antibiotic drugs may cause the development of resistance. In contrast, some medicinal
plants are considered to have antibacterial, anti-inflammatory, and immune function effects.
Therefore, the use of Nat medicines has become an inevitable trend.

Several studies have found that the use of active plant substances can have a beneficial
effect on the treatment of acne, such as some flavonoid components, like catechins in
green tea [2], licorice [3], and Chalcone A [4], which have anti-inflammatory properties.
Besides, humulone and serpentine in hops [5], aloin contained in aloe vera [6], and rhubarb
phenols in cassia seed [7] have shown strong antibacterial effects in the treatment of
acne. Furthermore, the saponin-like substances of Shigarou have shown remarkable anti-
inflammatory [8], antibacterial [9]. and immunity-boosting effects [10] in the treatment
of acne.
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Paris polyphylla belongs to the lily family and Berberidaceae. For over 2000 years, it has
been used as an important Nat medicinal plant in China to treat infection, inflammation,
and cancer. It was first reported in the “Shennong Materia Medica Classic” [11], and first
named Chonglou in the “Dian Nan Ben Cao” [12] and later in Li Shizhen’s “Compendium
of Materia Medica” [13]. It was listed in the “Chinensis Pharmacopoeia” for the first time
in 1985 [14]. Through years of cultivation and evolution, this herb has been widely dis-
tributed in Asian regions such as India [15], China [16], Bhutan, Laos, Myanmar, Nepal [17],
Thailand and Vietnam (Figure 1).
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Figure 1. Distribution of Paris genus. Map showing China as the center of Paris species diversity.
The green line represents Hengduan Mountain, and the green arrow is a pointing illustration of the
Hengduan Mountain.

Traditionally, the rhizome of P. polyphylla is made into a decoction compatible with
other herbal medicines. There are many kinds of prescriptions prepared in this way, such
as Chongloujicaishenghua Tang [18], Lianxiuwugong Dilong Tang [19], and Qingwenjiedu
soup [20], etc. They have various functions, such as heat-clearing, detoxification, and pain
relief, to deal with a sore throat, snake bites, crepitant pain, and convulsions [14].

With the development of pharmacological research of P. polyphylla, the pharmaco-
logical activities, such as anti-tumor [21], antiviral [22], antibacterial [23], antifungal [24],
hemostatic [25], and anti-inflammatory [26] effects have been reported and proved. Zhou
et al. [21] found that Polyphyllin VII (PP VII) inhibited the differentiation of BMMs into os-
teoclasts by inhibiting ROS synthesis in vitro. He et al. [27] reported the anti-tumor effect of
PP VII by inducing mitochondrial dysfunction and apoptosis and inhibiting PI3K/Akt and
NF«B signaling pathways against lung cancer. Wang et al. [22] showed that 95% alcoholic
extract of P. polyphylla could promote the release of IL-6 and kill the viruses EV71 and CVB3,
thus preventing virus replication. Yang et al. [28] found that PPI could exhibit its strong
anti-inflammatory ability by regulating the priming pathway of NF-«kB and controlling the
production of IL-8, IL-6, and TNF-« inflammatory factors. At the same time, it was found
that the different types of P. polyphylla monomers (PP I, II, III, V, VI, VII and H) showed
significant inhibition of the growth of Propionibacterium acnes (P. acnes), Staphylococcus epider-
midis (S. epidermidis) and Staphylococcus aureus (S. aureus), and their antibacterial activities
were more potent than those of antibiotics [23].

Acne is mainly associated with the proliferation of P. acnes, inflammatory response,
and abnormal sebaceous gland function [29]. Therefore, early treatment of acne is mainly
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based on antibiotics and chemicals, which are effective in inhibiting the activity of P. acnes,
reducing the production of sebum-free fatty acids and extracellular lipase [30], and decreas-
ing the production of inflammatory factors [31]. However, in recent years, studies have
found that these chemical acne medications may cause mild to severe side effects, such as
skin irritation caused by long-term use of benzoyl peroxide or retinoic acid, including facial
skin erythema and peeling [32,33]. Furthermore, treatment may run into issues with biofilm
formation or antibiotic-resistant bacteria [34]. Therefore, anti-acne treatment requires the
development of safe and clinically effective Nat antibiotics.

Several studies have shown that the secondary metabolites (saponins [8], polysac-
charides [35], flavonoids [36], etc.) obtained from P. polyphylla have a wide range of
biological activities. P. polyphylla saponins are the main chemical constituents with anti-
inflammatory [8], antibacterial [23], and immunomodulatory [10] effects. The secondary
metabolites of steroid saponins can be divided into four groups (isospirostanols, spirostanols,
furostanols, and pseudo-spirostanols) which are structurally diverse and have a wide range
of active effects. The literature reports that different structures of Paris saponins have differ-
ent biological activities. Qin et al. [9] suggested that structural variability can significantly
affect the bacterial inhibitory capacity of bacteriocin. At the same time, structural differ-
ences have different effects on the production of inflammatory mediators [8], regulation of
T-cell differentiation [10], keratin regulation [37] and reduction in oxidative stress [38]. As
a result, this paper summarizes the role of different structures of P. polyphylla saponins in
acne treatment and offers additional research ideas for acne treatment.

2. Distribution and Characteristics of P. polyphylla

P. polyphylla plants mainly include about 33 species and 15 varieties [39]. Countries
have differences due to temperature, humidity, and species differences. P. polyphylla
grows widely in temperate and subtropical regions of Europe and Asia in the Northern
Hemisphere, mainly in the India, China, Bhutan, Laos, Myanmar, Nepal, Japan, Thailand,
Vietnam, and other countries. Among them, P. polyphylla in China includes 27 species and
15 varieties [39], of which P. polyphylla var. yunnanensis and P. polyphylla var. Chinensis are
the most widely distributed and commonly used in China [14]. Figure 1 shows that it is
primarily found in China’s Yunnan, Guizhou, and Sichuan provinces. The distribution
trend declines from the Hengduan Mountains to the eastern and northeastern Sichuan,
Yunnan, and Guizhou provinces [40,41].

P. polyphylla is a shade-loving angiosperm with monoecious, unbranched leaves, which
are complete with flowers that bloom for up to three months in summer [42] (shown in
Figure 2). It grows easily at altitudes of 1300-2500 m or in places with more than 80% canopy
closure [43,44], such as bamboo forests, grassy or rocky slopes, streams, coniferous forests,
shrublands, and other off-the-beaten-path deep forests or in humus-rich and well-drained
soils [44]. In recent years, the survival environment of P. polyphylla has been harsh, which
makes the germination slow (about 7 months) [45]. Therefore, many researchers have begun
to cultivate it in captivity. Different growth years affect the content of effective compounds
of P. polyphylla. Zhe et al. [46] found that the optimal harvesting time for P. polyphylia
is 8 years of growth, considering the influence of P. polyphylla saponin content and cost
factors. Therefore, P. polyphylla should be selected and harvested rationally according to
the actual needs.
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Flowers:

stamens and pistils

Solitary, radial, yellow green petals,
sepals large outside and small inside,
perianth segments 3-5, including

Leaves:

Pistils:

ovules

Single stamen, 3-5 carpels, purple,
stigma retrorse or erect, ovary superior
and endophytic, containing multiple

Leaves whorled, oblong or broadly
elliptic, arranged in the same plane, leaf
surface containing three main veins and
smooth margins

Stamen:

pistils

Stamens 2—4 rounds, free, pollen sacs on
both sides of the connectivestamens and

Fruits:
Initial stage: Globose, green pericarp,

purple flesh, endophytic under natural

Roots:

scarring on the other side.

Slightly curved nodular flat cylindrical; 5—
12 cm long; 1.0-4.5 cm in diameter;
yellowish brown or grayish brown
surface, thick ring, dense laminar
protrusions; distinct nodules on one side,
sparse fibrous roots or warty fibrous root

conditions, containing 30-60 seeds
Mature: ruptured skin, bright red flesh
of the outer skin, juicy and sweet

Il DPPH,NOD,

SOD,-OH,0,  Noxl

— ros

TNF-a.

IL-1p, IL-1a,
11-6, 1.8,

HLADR,ICAM-1,VCAM-1

Figure 2. Morphological characteristics of P. polyphylla.

3. Pathogenesis of Acne

Acne is a chronic inflammatory skin disorder primarily affecting the face, chest, and
back. Severe acne dramatically affects the patient’s emotional health and quality of life.
In recent years, a great deal of research has been conducted on acne treatment, in which
plant extracts have been used as a popular direction in clinical treatment. Among them,
P. polyphylla has strong anti-inflammatory and antimicrobial properties, and, thus, has
potential anti-acne efficacy. In order to better summarize the anti-acne activities and their
mechanisms of P. polyphylla, an overview of the four main pathogenic mechanisms of acne
is presented, as shown in Figure 3.

Hort-chain fatty acids,
Lipases, Proteases and
Hydrolases, etc.
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Figure 3. Diagram of the pathogenesis of acne and the mechanism of action of P. polyphylla. In-
flammatory response, immune regulation, sebum dysfunction, microbial colonization and follicular
hyperkeratosis are the driving factors in the development of acne. Peptidoglycan from P. acnes stimulates
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signaling in signaling pathways by binding to TLR2, promoting the differentiation of monocytes
into macrophages, and resulting in another large production of inflammatory factors, inflammatory
mediators and angiogenic factors. At the same time, by promoting the differentiation of effector T cells
into Th1/2/17, it inhibits the production of IL-2 and IFN-y and promotes the production of the related
factors IL-17 and IL-4, thus causing a disruption of the patient’s immune system. Androgens induce
lipid synthesis by upregulating PI3K/AKt/mTOR, downregulating the Wnt/ 3-catenin signalling
pathway and thus stimulating SREBP-1 production. As acne causes the production of IL-1¢, which
promotes the expression of K6/K16, it promotes the proliferation and differentiation of keratin-
forming cells and induces the production of follicular hyperkeratosis. P. polyphylla can inhibit the
production of inflammatory factors and angiogenic factors by suppressing related signaling, as well
as modulating the immune system by promoting the production of IL-2 and IFN-y and inhibiting
IL-17 and IL-4. Secondly, P. polyphylla can promote Wnt/ 3-catenin signaling and inhibit PI3K/AKt
signaling, a signaling pathway involved in lipid synthesis. Finally, P. polyphylla has an inhibitory
effect on K6/K16 and regulates hair follicle hyperkeratosis. The red arrows indicate the promoting
effect of P. polyphylla and the black arrows indicate the inhibiting effect of P. polyphylia.

3.1. Microbial Customization

The skin microbiota is indispensable in keratinocyte maturation and host immune
regulation. S. aureus, S. epidermidis, and P. acnes (also known as Cutibacterium acnes, C. acnes)
are microorganisms associated with the pathogenesis of acne [47]. Among them, P. acnes is
considered to be the primary pathogen causing acne [29].

Current studies have confirmed that P. acnes metabolizes short-chain fatty acids [48]
(acetate, propionate, and butyrate), produces enzymes [49] (lipases, proteases, and hy-
drolases) and other bioactive molecules, and hydrolyzes triglycerides in sebum to free
fatty acids, thus showing pro-inflammatory and keratinizing effects [50]. Furthermore,
P. acnes can activate NADPH oxidase 1 (Nox1) on the surface of human keratinocytes by
recognizing the receptor for thrombin-activated protein (CD36), promoting the release of
reactive oxygen species (ROS) and the secretion of inflammatory factors such as interleukin
(IL)-8 [28].

Several studies have found that P. polyphylla is a promising medicinal plant candidate
with significant inhibitory effects on multidrug resistance therapy [51]. Also, P. polyphylia
saponins have broad-spectrum antimicrobial effects, including acne-causing bacteria [23],
such as P. acnes, S. aureus, S. epidermidis, etc. Therefore, P. polyphylla can be used as an
effective medicinal plant for treating acne and reducing drug resistance.

3.2. Inflammatory Reaction

As a primary pathogen causing acne, the overgrowth of P. acnes affects humans and
triggers a severe inflammatory response. The body recognizes microbial components
through pattern recognition receptors (PRRS) of the innate immune system to protect the
host from infection. The type of pattern recognition receptors associated with acne is
the toll-like receptors (TLRs). TLRs are evolutionarily conserved transmembrane innate
immune receptors involved in the first line of defense of human health and play important
roles in recognizing pathogen-associated molecular patterns (PAMPs) [52]. The active
TLR2 is expressed in skin cells [53], such as keratinocytes, monocytes, and macrophages,
and is activated by binding to Acinetobacter peptidoglycan, promoting the production of
inflammatory factors (e.g., IL-8, IL-6, IL-1§3, TNF-«) [54], and stimulating the differentiation
of monocytes into macrophages.

Furthermore, it can activate the MAPK signaling pathway. By triggering protein
phosphorylation of ERK, JNK, and P38 protein kinases [55], the expression of inflammatory
proteins (iNOS, COX-2) and caspase-8 and 9 productions are promoted [56,57], thereby
activating the production of NO and PGE2 inflammatory mediators.

It was found that prolonged exposure to inflammation increases the levels of in-
flammatory factors in hair follicles and perifollicular vessels, including human leukocyte
antigen-DR (HLADR), intercellular adhesion molecule-1 (ICAM-1), and vascular cell adhe-
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sion molecule-1 (VCAM-1), in the perifollicular vessels [58]. Expressing adhesion molecules
in the vascular endothelium surrounding the sebaceous ducts causes the accumulation
of lymphocytes and neutrophils in the peripheral blood, leading to an immune response
and inflammation around the hair follicle [59]. Acne can also induce a specific response
of CD4"T cells and promote the differentiation of T cells into Th17 and Th1 cells [60], pro-
moting the production of inflammatory factors (such as IL-17 [61] and IL-4 [62]). Karadag
et al. [62] found that serum Th1/Th2 cytokine levels were imbalanced in severe acne, with
decreased levels of interferon-gamma (IFN-v).

Due to their potent anti-inflammatory effects and ability to modulate the immune
system, P. polyphylla saponins can be used as a safe and efficient phytoconstituent for
treating acne.

3.3. Sebum Secretion

Excessive sebum production aggravates acne. Excess sebum leads to follicle blockage,
creating an anaerobic environment that provides a suitable condition for the growth of
Acinetobacter, which further interferes with the skin barrier and promotes the production of
seborrheic acne. Androgens in the sebaceous glands regulate the maturation and secretion
of sebaceous glands and thus stimulate the synthesis, proliferation, and differentiation of
adipocytes [63]. Androgen receptors bind to dihydrotestosterone (DHT) [64] by stimulating
the PI3K/Akt/mTOR cascade [65], thereby activating the expression of sterol regulatory
element binding protein-1 (SREBP-1) and accelerating lipid synthesis [66,67].

The PI3K/ Akt signaling pathway is closely linked to acne sebum metabolism and
can reduce lipogenesis (including cholesterol, triglycerides, and free fatty acids) in human
sebocytes [68]. Insulin-like growth factor 1 (IGF-1) regulates the PI3K/Akt/mTOR signaling
pathway by binding to the insulin-like growth factor 1 receptor (IGF-1R) and decreases
the transcriptional activity of the recombinant forkhead box protein O1 (FoxO1) in SZ95
sebaceous gland cells thereby inducing lipid synthesis [69]. Meanwhile, IGF-1 can also
promote the production of MMPs (such as MMP-2 and MMP-9) by activating the NF-«B
pathway, which is linked with lipogenesis promotion [70].

The Wnt/ 3-catenin signaling pathway negatively regulates adipogenesis. Androgens
can induce sebocyte differentiation and cause excessive sebum production by inhibiting
Wnt/ 3-catenin signaling [71]. Although there is experimental evidence that P. polyphylla
saponins can regulate signaling in the PI3K/Akt [72] and Wnt/ 3-catenin [73] signaling
pathways, the mechanism of the anti-acne action still needs further study.

3.4. Hyperkeratosis

Dyskeratosis of the basal layer and abnormal activities of keratinocytes in the ducts
play parts in acne occurrence and development. Excessive keratinocyte proliferation
thickens the epithelial layer of the sebaceous ducts and reduces their diameter, eventually
leading to acute occlusion of the sebaceous ducts and thin-walled cystic lesions (acne).

Keratins are intermediate filament proteins that connect the cytoskeleton of ker-
atinocytes and have an essential role in matrix rigidity sensing and downstream signal-
ing [74]. Keratins are sometimes expressed in a pairwise manner, with a type I keratin
(acidic, keratins 9-20) paired with its specific type II partner (basic, keratins 1-8), for ex-
ample, K6/K16 and K1/K10 [75]. Generally, K1/K10 are expressed in healthy individuals,
while K6/K16 are expressed in acne patients [76,77]. The binding of androgens and an-
drogen receptors on keratin-forming cells inhibits the expression of the normal K1/K10 in
the basal layer [78], thereby promoting the proliferation of keratin-forming cells arranged
in the hair follicle portion of the sebaceous glandular unit of the hair follicle. At the same
time, keratinocytes can interact with P. acne to enter the dermis, stimulate an inflammatory
cascade response that leads to impaired skin barrier function, and release pro-inflammatory
factors, such as IL-1 o and TNF-« [77]. The secretion of IL-1x stimulates keratin-forming
cell activation and promotes acne by inducing the synthesis of keratin 6 in epidermal
keratin-forming cells [79]. P. polyphylla saponins have been found to regulate the expression
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levels of keratin and the inflammatory factors IL-1« and TNF-« [37]. Thus, they can be a
promising treatment for acne problems caused by hyperkeratosis.

4. Bioactives of P. polyphylla Associated with Acne Treatment

The study of the chemical composition of P. polyphylla can be traced back to 1938.
Dutt [80] separated paride and paristyphnin from P. quadrifolia L. Then, in 1962, Huang
et al. [81]. isolated diosgenin and pennogenin from the rhizome of Polyphylla var. yunna-
nensi. Since then, scholars all over the world have isolated about 67 steroidal saponins
from 11 species of plants in the genus Paris [82] and have identified 323 compounds re-
spectively [39], including steroidal saponins, phytosterols [83-85], polysaccharides [86],
triterpenoids [87,88], flavonoids [89,90] and other chemical components [91-93]. Steroidal
saponins are the primary compounds in P. polyphylla, accounting for about 52% of the
total chemical components [39]. Among them, more than 50 species were identified from
P. polyphylla var. yunnanensis [94]. Importantly, P. polyphylla saponins I, II, VI, and VII have
been recognized as the quality standard components in the Chinensis Pharmacopoeia [14].

Steroid saponins are an important research target for treating acne due to their high
pharmacological activities, such as their anti-inflammatory, antibacterial, and immune
system-modulating effects. Steroid saponins are glycosides consisting of a hydrophobic
glycoside element (C3-linked steroidal saponins or triterpenoids) [95] and one or more
hydrophilic sugar groups (glucose, galactose, pentose, or methyl pentose) [96]. They are
classified into four major groups by the conformation of C25, the cyclization state of the
F ring, and the spiroalkane structure [97]. Figure 4 describes the four groups, namely
isospirostanols, spirostanols, furostanols, and pseudospirostanols [98]. In addition, we
analyzed and compared their structural characteristics and listed the typical monomers.

4.1. Isospirostanol Type

Most of the glycosides are diosgenin and pennogenin, containing a double bond at
the 5(6) position and hydroxyl substituents at the 33, 73, 233, 243, and 27§ positions,
where the sugars are linked to the hydroxyl substituents to form saponins. The sugar
fraction consists of D-glucose, L-thamnose, L-arabinose, and to a lesser extent, D-xylose
and L-fructose. The sugar group forms glycosides with the glycoside C3-OH and, to a
lesser extent, with C1-OH, C21-OH, C23-OH, C26-OH, and C27-OH.

The bioactive compounds with potential acne treatment mainly belong to the isospirostanol
type. They include diosgenin [81] (No. 1 in Figure 4), pennogenin [97] (No. 7), PP I (No. 2),
Polyphyllin II (PP 1I, No. 3), Polyphyllin III (PP III, No. 4) [99], Polyphyllin V (PP V, No. 5),
Polyphyllin VI [98] (PP VI, No. 8), Polyphyllin VII [8] (PP VII, No. 9) and Paris saponins
H [8] (No. 10).

4.2. Spirostanol Type

Spirostanol type is a class of steroidal saponins with C25 as S-configuration. It is
the epimer of the isospirostanol type [100,101]. Seven major spirostanols can be extracted
and isolated from P. polyphylla [40], primarily dianchonglouoside A (No. 12 in Figure 4),
dianchonglouoside B (No. 11), disoseptemloside H (No. 13) [9] and parisverticoside A [25]
(No. 14), etc.

Currently, there is limited literature about compounds of this type for treating acne.
Therefore, further studies are needed to explore the possibility of acne treatment or the
causality of the potential associations.
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Figure 4. Active ingredients of P. polyphylla saponin. P. polyphylla saponin can be divided into
four main groups, namely isospirostanols, spirostanols, furostanols, and pseudospirostanols, and
typical monomers are listed.
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4.3. Furostanol Type

Furostanol-type saponins are a class of F-ring cleavage compounds. The hydroxyl
substituents are at the 3, 7, 17, and 26 positions and form steroidal saponins in addition
to saponins linked to the sugar group at C3-OH and glucose at C26-OH to form a double
sugar chain. Solvents containing -CH3 (e.g., methanol) are avoided during separation
as their C22-OH is susceptible to substitution to form OCHj3 products. Plant enzymes
readily metabolize their C26-OH sugar chain to close the ring with C22-OH dehydration to
form the corresponding spirostanol precursor compound. Thus, the furostanol-type steroid
saponins are often considered precursors of the spirostanol-type steroidal saponins [25,102].

Saponins belonging to this type include polyphyllin G (PP G No. 15 in Figure 4) and
polyphyllin H (PP H, No. 16) [102]. However, due to the instability of the F-ring in the
furostanol-type, it is easily cleaved into a double sugar chain saponin, resulting in a lack
of biological activity such as hemolysis, antibacterial action and cytotoxicity, and even
difficulty in forming complexes with cholesterol [103]. As a result, selecting this saponin as
the active ingredient in acne treatment is complex.

4.4. Pseudospirostanol Type

The pseudospirostanols type is an F-ring open chain structure containing a five-
membered tetrahydrofuran ring. This type of component can be isolated and identi-
fied only from the stem and leaves of P. polyphylla var. yunnanensis, with a total of
13 species [104]. Liu et al. [98] obtained pseudospirostanol-type compounds, including
chonglouside SL-9—chonglouside SL-15 (No. 16-19; No. 21-23 in Figure 4) and abutiloside
L (No. 20 in Figure 4), which have strong antibacterial effects and possibilities to be used as
active antibacterial substances for the treatment of acne.

5. P. polyphylla Saponins Play Roles in Acne Treatment

Some key features of acne development include disturbed sebaceous gland activity re-
sulting in excessive sebum, altered sebocyte proliferation and differentiation, dysregulation
of the hormonal environment, hyperkeratinization, colonization of P. acnes, and inflamma-
tion [105,106]. Therefore, the roles related to acne treatment of P. polyphylla saponins may
include anti-inflammatory, antibacterial, immunomodulatory, and antioxidant effects. In
addition, sebaceous gland function regulation has also been summarized (Figure 3).

5.1. Anti-Inflammatory Effects

The anti-inflammatory effects of P. polyphylla saponins have been widely reported. They
demonstrate cytokine regulatory effects and a close relationship between anti-inflammation
and acne treatment. The main saponins showing anti-inflammatory effects include Rhizoma
Paridis total saponins and some monomers, such as PP I, PP II, PP VI, PP VII, and diosgenin.

Paris polyphylla saponins show multiple anti-inflammatory mechanisms. They exert
anti-inflammatory effects in a dose-dependent manner. It effectively inhibits the release
of pro-inflammatory factors, such as TNF-« [37,107], IL-1/3 [28,37,108], CXCL16 [8], IL-1«,
IL-6, IL-8 [37], IL-17, IL-23 [109], NO [110], PGE2, iNOS, COX-2 [108], etc. The antioxidant
enzymes, such as superoxide dismutase (SOD) and CAT, are also increased, thus scavenging
free radicals and decreasing the peroxidation products in the inflammatory models [38].
Furthermore, the matrix metalloproteinases, such as MMP-2 [111], MMP-3 [108], MMP-
9 [111], and MMP-13 [108], are down-regulated by P. polyphylla saponins, indicating their
excellent recovery effects against inflammation. Table 1 lists the latest results describing
anti-inflammatory studies of P. polyphylla Saponins from the literature published between
2012 and 2022.

Man et al. [8] found that P. polyphylla saponins can modulate cytokines or receptors
such as VEGFD, VEGFR3, RAGE, IL-6R, IL-17BR, and CXCL16, and increase the levels of
SOD and CAT enzymes [38]. P. polyphylla saponins can also inhibit the abnormally active
NEF-«kB and reduce PI3K/Akt and MAPK (including p38, ERK1/2, and JNK) phosphory-
lation [8]. The inhibition of NO release in lipopolysaccharide (LPS)-induced RAW264.7
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mouse macrophages were observed after treating Rhizoma Paridis total saponins, and
there was no significant cytotoxicity [38,110]. According to the structural diversity, many
researchers investigated the saponin monomers’ anti-inflammatory abilities in different
diseases. PP I and PP VII are the most studied and widely used in current medical practice
among the identified saponin monomers.

PP I is one of the saponins, showing anti-inflammatory effects and playing a part in
acne treatment. Yang et al. [28] found that PP I could inhibit P. acnes-induced excessive
proliferation and abnormal differentiation of HaCaT cells. It downregulated the expressions
of CD36, NOX1, NLRP3, and Asc, decreased caspase-1 activity, and decreased the secretion
of IL-13 and IL-8. Meanwhile, ROS production in HaCaT cells was also down-regulated.
Moreover, according to Zhu et al. [37], p38 phosphorylation is inhibited by PP I in a dose-
dependent manner, with decreased IL-6, IL-8, TNF-o, and TLR2 expressions. Generally, the
acceleration of the TLR2 pathway is correlated with increased iNOS and COX-2 expression
and cytokine secretion [56]. In addition to tIL-1« mentioned above, IL-1f3, IL-6, IL-8, and
TNF-o, IL-17 and IL-23 are key pro-inflammatory cytokines. PP I could down-regulate
the expression of VEGF and IL-23 in HaCaT cells in a dose-dependent manner, thereby
inhibiting the secretion of IL-17 [109]. Another study also found that PP I could down-
regulate the expression of K16 in heat-inactivated Acinetobacter-treated HaCaT cells [37].
Meanwhile, Zhu et al. [37] found that PP I contributes to the regulation of cytokine gene
expression by inhibiting the PI3K/Akt/mTOR signaling pathway and NF-kB-mediated
production of pro-inflammatory factors in activated macrophages, thus providing a new
therapeutic target for PP I to control inflammatory acne.

Zhang et al. [112] verified the anti-inflammatory effects of PP II in vivo, using mouse
and zebrafish models separately. It was found that PP II could effectively inhibit the
abnormally active NF-kB pathway and reduce the production of MMP-9, thereby reducing
VEGF production and decreasing the inflammatory response through anti-angiogenesis.

PP VII is an isospirostanol saponin with anti-inflammatory properties that inhibits
angiogenesis, lymph angiogenesis, adhesion, inflammation, and invasiveness. In a study,
PP VII inhibited NO and PGE; production stimulated by LPS in the model of zebrafish
embryos. In the PP VII group, the biomarkers iNOS, COX-2, and MMP-9 were inhibited
in LPS-induced RAW264.7 cells. NF-kB and MAPKSs played parts in the research [26].
Meanwhile, another study [27] proved the decreased tendencies of the protein expressions
of PI3K, (p)-PI3K, Akt, p-Akt, NF-«B, and p-NF-«B after PP VII treatment. Thus, it might
be concluded that PP VII can reduce inflammatory damage by affecting NF-«B, MAPKs,
and PIBK/Akt pathways, which could be the targets for the subsequent treatment of
inflammatory acne with PP VIIL.

Diosgenin plays a vital role in anti-inflammatory effects. Pro-inflammatory factors
were detected in low levels after treatment with diosgenin. It was demonstrated that
diosgenin inhibited IL-13-induced NO and PGE, production and significantly decreased
the expression of MMPs (MMP-3 and MMP-13), iNOS and COX-2 in IL-13-stimulated
human OA chondrocytes [108]. Furthermore, some factors related to adhesion, such as
VCAM-1 and ICAM-1, were inhibited by diosgenin [113]. Choi et al. [113] found that such
factors can inhibit TNF-a-induced THP-1 monocyte adhesion and decrease the expression
of VCAM-1 and ICAM-1 in vivo. It was reported that the phosphorylation of p38, ERK, JNK,
and Akt played parts in the diosgenin process [113]. It can also decrease the production of
ROS [114].

Another type of saponin named PP H was reported to have similar effects with to
dexamethasone in improving bacterial-infected inflammatory skin equivalents [115]. In the
study, a biomimetic “interface-controlled-skin-on-chip” system was constructed. P. acnes
and sodium lauryl sulfate stimulation were performed to damage the barrier function.
After the treatment with PP H, a significant repair effect on the skin barrier and inhibition
on the re-lease of inflammation-related cytokines were observed. Fuethermore, the effects
were more prominent than those with dexamethasone. According to the study by Yang
et al. [116], the in-depth mechanism may be that PP H inhibited the nuclear translocation
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of NF-«kB P65. PP H could bind to Keapl and activate Nrf2, thus upregulated HO-1 in
LPS-induced RAW 264.7 cells, based on a molecular docking study.

5.2. Anti-Bacterial Effects

P. acnes biofilms were reported to be more frequent in acne lesions than in control
follicles [117]. P. polyphylla saponins have broad-spectrum antibacterial and antifungal
activities (Table 1). It was reported that they showed potent inhibition against Gram-
positive and Gram-negative bacteria with MIC values ranging from 13.1 to 78 pg/mL and
fungi with an antibacterial rate from 8.32% to 56.50% [118]. Among them, P. acnes, S. aureus,
and S. epidermidis were strongly inhibited [23]. Accordingly, they showed strong inhibition
to S. aureus ATCC29213 (MIC = 12.2 pg/mL, MBC = 24.4 ug/mL) and S. epidermidis
CMCC260 (MIC = 48. 7 ug/mL, MBC = 97. 5 ng/mL) [70] and showed weak inhibition
against P. acnes NCTC737L and P. acnes ATCC6919 (MIC = 97.5 pug/mL, 48.7 ug/mL;
MBC =198 pug/mL, 97.5 ug/mL, respectively) [119].

Among the identified saponin monomers (PP I, PP II, PP VI, PP H, and PP VII), PP I has
the strongest antibacterial effect, while PP H has a relatively weak antibacterial effect [120].

Scholars compared the antimicrobial abilities between the P. polyphylla saponins and
antibiotics and found different phenomena. For example, Sun et al. [23] found that P. poly-
phylla saponins were slightly lower in ability than antibiotics, while in the study of Wang
et al. [119], the conclusion was drawn that the MIC values for the antimicrobial activities of
P. polyphylla saponins were higher than those expressed by antibiotics.

Undoubtedly, the antibacterial strength against different pathogens varies because of
the different structures of P. polyphylla saponins. It was reported that the glycosyl groups
and lengths of sugar chain linkages in the structure of saponins affect the antibacterial
effect [9]. According to Qin et al. [9], Chonglouoside SL-6, containing a trisaccharide sugar
moiety at C1, exhibited the greatest most antimicrobial effect among the different saponin
structures. In contrast, PP V and dioscin containing hydroxyl derivatives at C7 or C25
showed diminished activity against P. acnes.

As a result, the relationships between the chemical structure and the antibacterial
capacity of P. polyphylla saponins require further investigation, potentially providing new
ideas for developing acne-related drugs in the future.

5.3. Immunomodulatory Effects

The activation of immune signaling pathways can be a double-edged sword, as this is
necessary to clear pathogens but harmful when too sustained or uncontrolled. For example,
a recent report highlights that the persistence of inflammation in acne lesions is linked to
prolonged lesions, scar formation, and loss of the sebaceous gland [121]. This suggests that,
apart from with anti-inflammatory treatments, moderate immunomodulation is necessary
for acne.

In the study, many CD4"T cells in acne patients differentiated into Th1l and Th17
cells, which increased IL-17 and IFN-y [10]. P. polyphylla saponins could inhibit CD4*T cell
proliferation and hinder Th1/Th17 cell differentiation [109,114,122,123], decreasing IL-4
and increasing IFN-y production [109], thus improving the immunosuppressive function
of CD4+T cells. The increase in serum interferon (IFN-y) and IL-2 levels and the decrease
in IL-4 levels were also observed, resulting in a shift in the Th1/Th2 balance towards
Th1 [123].

VCAM-1 and ICAM-1 are glycoproteins on the cell surface and are members of the
immunoglobulin superfamily. Stimulating vascular endothelial cells by inflammatory
factors promotes the interaction of VCAM-1 and ICAM-1 with ligands, resulting in the
aggregation of inflammatory macrophages, immunomodulation, platelet aggregation, and
adhesion [124-126]. The anti-angiogenesis of P. polyphylla saponins and the inhibited
expression of VEGF-1 and ICAM-1 finally lead to immunomodulation. Chai et al. [127]
found that P. polyphylla saponins could effectively reduce the expression of VEGF-A, VCAM-
1, IL6R, IL17BR, and CXCL16 in a mouse model of lung adenocarcinoma. Furthermore, the



Molecules 2024, 29,1793

12 of 31

expression levels of ICAM-1 and VCAM-1 mRNA were inhibited in response to oxidative
stress [128]. The reduced expression of HIF-1a and VEGF was also observed after the
intervention of PP I in hypoxic laryngeal carcinoma Hep-2 cells [109]. However, current
studies on the mechanisms of P. polyphylla saponins in immunomodulation are mainly
focused on cancer. In the future, we hope to research the relationship between P. polyphylia
saponins and immunomodulatory-related mechanisms in acne pathogenesis.

5.4. Sebaceous Gland Function-Regulating Effects

Sebum is a waxy, lipid-rich biofluid excreted by the skin’s sebaceous glands, and its
overproduction is a known reason for acne. Increased sebum excretion is a major factor in
the pathophysiology of acne. Other sebaceous gland functions include the regulation of
cutaneous steroidogenesis, local androgen synthesis, and hormonal control [129]. Abnormal
sebaceous gland function tends to cause disturbances in lipid metabolism and increased
lipid synthesis.

Although none of the literature shows direct relationships between P. polyphylla
saponins and lipid synthesis, Rhizoma Paridis total saponins were found to inhibit the
PI3K/Akt and MAPK (p38, Erkl/2, JNK) signaling pathway [130,131]. Liu et al. [132]
demonstrated that inhibition of the human sebocyte PI3K/ Akt signaling pathway is associ-
ated with decreased lipogenesis (including cholesterol, triglycerides, and free fatty acids).
Furthermore, the androgens can promote sebaceous gland hyperplasia by inhibiting the
Wnt signaling pathway, while PP VII was reported to promote this pathway [133], which is
further indicated to have the potential to reduce lipid synthesis. Therefore, further research
is needed to explore the role of P. polyphylla saponins in the pathogenesis of seborrheic acne.

5.5. Follicular Hyperkeratosis Effects

Hyperkeratosis and hyperproliferation of funnel keratinocytes in acne are accom-
panied by overexpression of K6 and K16 [37]. It was found that stimulating androgen-
mediated FGFR2 signaling [134] and increasing IL-1x expression [58] could increase the
occurrence of acne. IL-1 subsequently activates basal keratin-forming cells by induction
of K16 expression by autocrine products. Zhu et al. [37] found that K6 and K16 are de-
tected in large amounts in the lesions of acne patients compared to the skin surface of
healthy individuals.

It was reported that PP I could modulate keratin expression, inhibit IL-1« release, and
suppress K16 expression in HaCaT keratinocytes treated by heat-inactivated P. acne [37].
Thus, PP I may be used as a health therapy to improve seborrheic acne.

5.6. Antioxidant Effects

Excessive ROS can lead to oxidative damage to cellular lipoproteins, proteins, and
DNA, thus resulting in inflammatory responses that promote acne, photooxidation, and
other skin problems [135]. In addition, the unsaturated fatty acids cause lipid peroxidation
in lipids undergoing auto-oxidation to produce unstable hydroperoxides. The resulting
hydroperoxides continue to decompose to form small molecules of compounds such as
acids, aldehydes, and ketones with short carbon chains [136,137]. Ayres et al. [138] found
that acne patients develop lipid peroxidation in their bodies, leading to the progression of
acne conditions.

Due to its complex structure, the chemical structure of P. polyphylla saponins contains
phenolic hydroxyl groups, which can terminate free radical chain (-OH and O~?2) reactions
by binding to free radicals to form stable semi-keto radical structures [139]. Secondly, the
phenolic hydroxyl structure prevents the production of hydroxyl radicals by chelating Fe?*,
Cu?*, and other trace elements in the system [140,141], thus reducing the content of reactive
oxygen species. Finally, P. polyphylla saponins can reduce free radical activity by forming
hydrogen bonds as a type of hydrogen donor. Comparison of the antioxidant capacity of
PP VII and ascorbic acid (VC) at the same concentration has been reported to show that
VC has a stronger scavenging capacity for -OH and O~?2 than PP VII, but the scavenging
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capacity of PP VII for DPPH was stronger than that of VC at concentrations higher than
4 mg/mL [142].

Furthermore, P. polyphylla extracts can act as antioxidants with protective effects against
intracellular oxidative stress. Gao et al. [143] found that PP I reduced oxidative stress by
activating the SIRT3/SOD2/ROS signaling pathway. Das et al. [38] further evaluated the
antioxidant activities in vitro and found that diosgenin increased the intracellular nitric
oxide dismutase (NOD) and SOD. Meanwhile, P. polyphylla saponins were also proved
to have the ability to resist lipid oxidation and protect DNA, thus indirectly exerting its
protective effect [140] in the model of dextran-induced rat paw edema.

The clinical studies of P. polyphylla extracts on anti-acne effect were in a minority. Xu
et al. [144] reported the clinical observation of a skin care product containing the extract
of many leaf Paris rhizome and purslane. The acne effect was observed in the treatment
of acne vulgaris. In the study of Fang Ting, a hydrogel containing P. polyphylla ex-tract
for the treatment of acne was produced. The preliminary quality research and safety
evaluation of that hydrogel were performed and obtained good results, but no clinical trial
was designed [145].
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Table 1. Biological activities and their mechanisms of Paris saponins.
No. Substance Research Subject Evaluation Cytokines References
1 HACAT cells induced by P. acnes ELISA PCR/Western blot + CD36/NOX1/ROS/NLRP3/IL-13 [28]
Pathway, IL-8.
2 HACAT cells induced by P. acnes ELISA PCR/Western blot ¥ 170 IL-8, TNF-a, | NF-«B activation, p38 [37]
phosphorylation, TLR2 expression.
PP1I LPS and IFN_Y induced primary bone | NF-kB-mediated production of
marrow-derived macrophages (BMMs) . .
3 . . PCR/Western blot pro-inflammatory effectors in [146]
and peritoneal elucidated macrophages activated macrophages
(PEMs) cell model in mice phages.
17 er : J IL-17 stimulated VEGEF, IL-23 content and
4 ; IL-17-stimulated HaCaT cell model CCK-8/PCR VEGF mRNA, IL-23 mRNA expression. [109]
Anti-inflammator
effects Y 1 NO and PGE, production as well as
LPS-induced RAW264.7 cell model of pro-inflammatory cytokines (TNF-«, IL-13
5 male/zebrafish ELISA/PCR/Western blot and IL-6), enzymes (iNOS, COX-2), MMP-9 [26]
protein and mRNA expression.
6 HeLa cells, A549 cells, HepG2 cells MTT/Western blot J NF-kB/MMP-9/VEGF pathway. [112]
PP VII
phase-contrast
. . microscopy/fluorescence
7 Induction of apoptosis in an A549 microscopy/flow 1 PIBK/Akt and NF-«B pathways. [27]
human lung cancer cells model
cytometry / Western
blot analysis.
8 PP VI LOVO cell model of intestinal Western blot | MMP-2, MMP-9 expression. [111]

cancer induction
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Table 1. Cont.
No. Substance Research Subject Evaluation Cytokines References
LPS-induced murine macrophage .
9 (RAW 264.7) model CCK8/Griess J NO release amount. [110]
Heat-inactivated Escherichia
10 coli-induced macrophage model in rat ELISA } TNF-o, IL-18. [107]
Rhizoma Paridis peritoneal cavity
total saponins | VEGFD, VEGFR3, RAGE, IL6R, IL17BR
Lewis lung adenoma mouse model of and CXCL16, T SOD and CAT,
11 induced igun adenocarcinoma cells PCR/Western blot phosphorylation of NF-«B, PI3K/Akt, [8]
& MAPK (p38, Erk1/2, JNK)
signaling pathway.
Demonstrated potent anti-inflammatory

1 Anti-inflammatory Dextran induced hind paw edema MTT/fluorescence activity by dose-dependently inhibiting [38]

effects in rats microscopy/PCR dextran-induced paw edema in rats

(p <0.01) over a period of 2h to 4 h.
13 Osteoarthritis (OA)-induced human ELISA JIL-1B, NO, PGE, generation, | MMP-3, [108]

OA chondrocytes MMP-13, iNOS, COX-2 expression.

Diosgenin A molecular model of TNF-a-induced conie;/tceil\i[;seilgg Ifﬁ(l)\g—limgié\l ]?R?C}NK
14 adhesion in the mouse VSMC cell ELISA/PCR/Western blot P ' v DU B [113]
line MOVAS-1 and Akt phosphorylation,
J NK-kB activation.
15 Human ovarian cancer cell-induced MTT/EMSA /Western blot J NF-xkB acthlty and VEGF—medlated [147]
angiogenesis model angiogenesis.
PPII
Primary liver cancer-induced HepG2 1 NF-kB activity andMMP2/MMP9 mRNA
16 and BEL7402 cell model ELISA/PCR/Western blot and content expression. [148]
ELISA /PCR/Western T NRF2 /HO-1 antioxidant pathway, |
Lipopolysaccharide (LPS)-induced blot/molecular activation of the MAPK pathway, | the

17 PP H pop nuclear translocation of NF-«kB and [116]

RAW 264.7 and HaCaT cells

docking/surface plasmon
resonance analysis

downstream inflammatory
genes expression.
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Table 1. Cont.

Substance

Research Subject

Evaluation

Cytokines

References

18

19

20

21

22

PP G

Human oral cancer induced
Gram-positive and
Gram-negative bacteria

The broth
microdilution method

Gram-positive and Gram-negative bacteria
(MICs =13.1-78 pg/mL).

[118]

Chonglouoside
SL-7

Positive control: erythromycin

The broth
microdilution method

Antibacterial (MIC = 31.3, 3.9 ug/mL).

[149]

Rhizoma Paridis
total saponins
(PP L IL III, V, VI,
VII, H)

P. acnes NCTC737, ATCC6919,
S. epidermidis ATCC12228, S. aureus
ATCC6538/ positive control:
erythromycin, clindamycin

Liquid microdilution
method

Rhizoma Paridis total saponins inhibits
P. acnes NCTC737 and ATCC6919,
S. epidermidis ATCC12228, S. aureus
ATCC6538 (MIC = 2.5, 5.0, 5.0,

1.25 mg/mL), Polyphyllin I, II, IIL, V, VI,
VII, H inhibits P. acnes NCTC737 (MIC = 0.6,
1.2,2.5,5.0,2.5,2.5,10.0 mg/mL),

S. epidermidis ATCC12228 (MIC =1.2,1.2,
5.0,5.0,2.5,2.5,10.0 mg/mL), S. aureus
ATCC6538 (MIC = 0.6, 0.6,2.5,5.0,2.5,2.5,
10.0 mg/mL).

[120]

Antibacterial
effects

Rhizoma Paridis
total saponins

P. acnes NCTC737, ATCC6919,
S. epidermidis CMCC26069, S. aureus
ATCC29213/positive control:
erythromycin, clindamycin

Agar dilution method/broth
microdilution method

P. acnes NCTC737 (MIC = 97.5 ug/mL,
MBC =198.0 pg/mL), P. acnes ATCC6919
(MIC =48.7 ug/mL, MBC = 97.5 ug/mL),

S. epidermidis CMCC26069
(MIC =48.7 ug/mL, MBC = 97.5 ug/mL),
S. aureus ATCC29213 (MIC =12.2 ug/mlL,
MBC = 24.4 ug/mL), erythromycin inhibits
P. acnes NCTC737, ATCC6919
(MIC = 0.0625 ug/mL), S. epidermidis
CMCC26069 (MIC =7.8 ug/mL), S. aureus
ATCC29213 (MIC = 0.0625 pg/mL),
clindamycin inhibits P. acnes NCTC737
(MIC = 0.125 ug/mL), P. acnes ATCC6919
(MIC = 0.0625 pg/mL).

[23]

PP I, PPIIL PP V],
PP VII

Liquid microdilution
method

Polyphyllin I, II, VI, VII inhibition P. acnes
(MIC =125 pg/mL), S. epidermidis
(MIC =15.6,15.6, 500, 31.2 ug/mL),

S. aureus (MIC = 15.6, 15.6, 500,

15.6 pg/mL).

[119]
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No. Substance Research Subject Evaluation Cytokines References
23 Mouse asthma model ELISA/PCR J Th1/Th2, | IL-4 and IFN-y. [150]
24 Polytrauma rat model ELISA 1 TNF-¢, IL-1 and IL-6. [151]

' o Lupus Nephritis-induced Regulates Th1/Th2 imbalance and

25 Rhizoma Paridis f n hc?c tes model MTT/ELISA enhances immunosuppressive function of [122]

total saponins ymphocy CD4*Treg and CD25* Treg.

hgrgunoreg‘ﬂﬁtlon Lewis lune adenoma mouse model of | VEGFD, VEGFR3, RAGE, IL6R, IL17BR
26 cbum secretion EWIS Tulg adehoma mouse mode’ o PCR/Western blot and CXCL16, 1 SOD, catalase [8]
induced lung adenocarcinoma cells
enzyme content,
. Cs . . | microglia and macrophages activation,
27 Diosgenin Multiple sclerosis-induced mlcrqgha Fluorescence microscopy J CD4*T cell proliferation, | Th1/Th17 [114]
and macrophages modellerosis . .
cell differentiation.
28 PP1 ELISA /PCR/Western blot J HIF-1x, VEGE. [109]
29 Follicular hyperkeratosis PPI Acne caused by P. acnes PCR,/Western blot JIL 1x and K16 expression levels in HaCaT [37]
effects keratin cells.
) . MTT/AO/PI

30 Rhizoma PW.I dis Ascorbic acid staining/fluorescence 1DPPH, NOD, SOD, RP. [38]

total saponins .

microscopy/PCR
HacaT photoaging model caused by . 1 SIRT3, SOD2, | p53acetylation levels, Bax,
31 PPl UV light ELISA/WB/DCFH-DA cleaved caspase3, ROS. [143]
Ant-oxidation Glomerular mesangial cells under high MTT/DCFH-
32 PPII | h f;’ ation (GMO) & DA /xanthine oxidase 1 MDA, ROS, 1 SOD. [114]
giicose mierventio assay/malondialdehyde kit

33 Rhizoma Paridis Lipid peroxidation model induced by Spectrophotometric i%agzztgiglfégg’ooﬁziizcll;s:clf’oiigg iidve [140]

total saponins light riboflavin and the Fenton reaction methods P

DNA damage.

Note: | for inhibition, 1 for promotion.



Molecules 2024, 29,1793

18 of 31

6. Extraction Methods of P. polyphylla Saponins

There are various extraction processes for saponins, such as reflux extraction (RE),
ultrasonic-assisted solvent extraction (USA-SE), microwave-assisted solvent extraction
(MWA-SE), ultra-high-pressure-assisted solvent extraction (UHPA-SE), supercritical fluid
CO; extraction (SFE-CO,), and aqueous enzymatic extraction (AEE).

In the study, a summary of the standard extraction techniques has been made to
provide helpful information for the relevant processing industries. Figure 5 clearly shows
the similarities and differences between the different extraction processes. We also described
some extraction conditions of P. polyphylla saponins in Table 2. Furthermore, Table 2 outlines
the extraction techniques according to the objectives and further indicates the advantages
and disadvantages of the different extraction treatments to provide a basis for the later
selection of extraction methods. The detailed description of these extraction methods is
also shown in the Supplementary Materials attached to the manuscript.

Drying/ Crushing/Weighing

Suspension:
extraction solvent,
liquid to solid ratio,
Pressurization,
Extraction time

v’

Extraction solvent,

/
Liquid to solid ratio, <:
Extraction temperature Conical flask ~ cellulage

Extraction Kettle

 Extraction temperatucg,
| Extraction pressure,
1 Extraction time,
Entrainer flow

--- 00000
R

= ntal.

—

> extraction equi Supercritical CO2 extraction equipment Ultra-high pressure extraction equipment

<] Quickly release pressure

— =
Reflux device Ultrasonic extraction

Extraction times, |
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Suction filtration

centrifugal

<: Supernatant

{ Content analysis ]

i

y analyzer Spectrophotometer

High liquid chroma

Figure 5. Extraction processes of P. polyphylla saponins. The extraction process of P. polyphylla saponins
consists of reflux extraction (RE), ultrasonic-assisted solvent extraction (USA-SE), ultra-high-press-
sure-assisted solvent extraction (UHPA-SE), microwave-assisted solvent extraction (MWA-SE), and
supercritical fluid CO, extraction (SFE-CO;). The diagram shows the different extraction processes
using different extraction equipment, by adjusting the reaction conditions for the extraction of
P. polyphylla saponins.
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Table 2. Paris extraction processes reported in literature.

No. Extraction Extraction Extraction Conditions Detection Method Optimal Process Conditions Rate References
Method Components
The crude powder of Paris herb was
Extraction solvent: 75~95% ethanol, refluxed twice with 8 times the The average content of
1 RE Dioseenin solvent dosage: 4~8 mL, extraction HPLC/orthogonal amount of 85% ethanol, 1.5 h/time dios eningelement was [152]
8 time: (0.5, 0.5)=(1.5, 1.5) h, extraction  experimental method each. The order of effect was as &
. . 6.0821 mg/g.
times: 2. follows: reflux time > ethanol

concentration > ethanol dosage

70% ethanol was extracted twice, the
first time with 10 times the amount for
2 h, the second time with 8 times the
amount for 1.5 h. The order of effect

Extraction solvent: water,
30-90% ethanol, particle size of
herbs: drinking tablets, coarsest
powder, coarse powder, solvent

The Rhizoma Paridis total
saponins yield was

Rhizoma Paridis total 4.24%, RSD: 4.5%, and

2 RE saponins/ dosage (irst time, second time): HPLC method size was as follows: reflux time > the total extraction rate [153]
PPI/PPII . ethanol dosage > ethanol
1:(6, 4)-1:(10, 8) (g:mL), extraction . of PP I and PP Il was
. . concentration. The effect of the
time: (1, 0.5)—(2, 1.5) h, extraction . 93.28%, RSD: 1.20%.
L crushing degree of herbs on the total
times:1~3. o
saponin yield was small.
The saponin content was
PP VII/ 50kg of heavy drug, plus PP VII: 90.86 mg/g, PP
95% ethanol extraction 3 times,
PP H/ HPLC/orthogonal H:198.02 mg/g,
3 RE control the temperature between . [154]
PP VI/ o L experimental method PP VI: 302.57 mg/g, PP I
70-80 °C, extraction time: 3-5 h,
PPI/PPI arallel extraction 3 times 2722 mg/g, PP IL
p : 137.18 mg/g.
Extraction medium: distilled water, 90% ethanol, 1:12 ratio, 1 h each time,
40~80% ethanol and anhydrous 2 extractions. The order of effect size
4 RE PPI ethanol, solvent dosage: 8-20 times, HPLC method was as follows: number of extractions PP Iyield of 10.27%. [155]
extraction times: 1-3, extraction > extraction time > ratio > extraction
time: 1-3 h/time. solvent
Extraction medium: 55-95% ethanol The ethan.ol concentration was 75 O/O’
. . . . the extraction temperature was 90 °C,
solution, extraction temperature: Colorimetric/ the extraction time was 1.5 h, and the The total saponin yield
5 RE PPI 50-90 °C, extraction time: 1-3 h, Orthogonal Y p y [156]

order of influence was as follows: was 12.74%, RSD: 1.90%.
extraction temperature > solvent
concentration > extraction time

herb particle size: powder, medium  experimental method
powder, coarse powder.
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Table 2. Cont.

Extraction Conditions

Detection Method

Optimal Process Conditions

Extraction solvents: 30-100%
methanol, soaking time before
extraction: 30-150 min, liquid to
material ratio: 10:1~60:1 (mL:g),
extraction time: 30-90 min/time,
extraction times: 1-4.

HPLC/orthogonal
experimen-
tal/Response
Surface method

The extraction solvent was
70% ethanol, the ratio of liquid to
material was 30:1 (mL:g), and the
extraction time was 60 min/times
after continuous reflux extraction. The
order of influence was as follows:
extraction time > extraction times >
extraction solvent > material to
liquid ratio.

Extraction solvents: double-distilled
water, 50~95% ethanol and
anhydrous ethanol, Solvent dosage:
1:8-1:14 (g:mL), extraction time:
1-3 h, extraction times: 1-3 times.

HPLC/orthogonal
experimental method

The extract was refluxed in a water
bath with 75% ethanol for 1.5h ata

ratio of 1:12 (B:V) and extracted twice.
The order of effect: Extraction times: >

Extraction time > Material to liquid
ratio > Extraction solvent

Material-liquid ratio:
1:30-1:110 (g:mL) add
water-saturated n-butanol, placed in
the ultrasonic cleaner, extraction
temperature: 35-75 °C ultrasonic
extraction for 30 min; ultrasonic
power: 50-100%.

Colorimetric/L16(45)
orthogonal
experimental method

The crude powder (40 mesh) was
soaked in 30% ethanol solution for
36 h and then sonicated for 30 min;

the volume ratio of crude powder to
(soaked) ethanol was 1:15. Influence
size order was as follows: ultrasonic
measurement > soaking time >
extraction solvent > material to
liquid ratio

20 of 31
Rate References
The extraction rate
was 2.094% [157]
The total saponin yield
was 10.33%, and PP I, II, [158]
VI, VII RSD were 1.3%,
0.70%, 0.94% and 0.58%.
The extraction rate of
Rhizoma Paridis total [159]

saponins was 9.50%.

No Extraction Extraction
: Method Components
Rhizoma Paridis total
6 RE saponins/
PPI/PPII
Rhizoma Paridis total
saponins/
7 RE PP 1/PP II/PP
VI/PP VII
8 USA-SE Rhizoma PaI:ldlS
total saponins
PP 1/PP II/PP
9 USA-SE VI/PP VII

Methanol single material-liquid
ratio: 1:5-1:15 (g:mL), single
extraction time: 10~30 min,
extraction temperature: 30-50 °C,
extraction times: 1-~3.

HPLC/L9(34)
orthogonal
experimental method

The extraction was carried out for
20 min at an initial extraction
temperature of 40 °C with a single
material to liquid ratio of 15 times of
methanol and the number of
extractions was 3. The order of effect
size was as follows: extraction
number > initial extraction
temperature > material to liquid ratio
> single extraction time

The average recoveries
of PP I, II/VI/VII were
101.04%, 101.73%, 98.69%
and 101.17% with RSDs
of 1.33%, 2.34%, 1.64%,
and 2.17%, respectively.

[160]
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Table 2. Cont.
Extraction Extraction . .y . . ‘re
No. Method Components Extraction Conditions Detection Method Optimal Process Conditions Rate References
The extraction solvent was
o .
Solvent selection: 40-95% ethano, 75% ethanol, 15 tlm?s the amount of The amount of extract
methanol, acetone, dosage selection: / solvent, the extraction temperature was 0.2651 g, and the
Rhizoma Paridis . NN S " HPLC/Orthogonal was 70 °C, and the extraction time L .
10 USA-SE total saponins u11 t.rlaos_(>11;i3c01'(1§:’:ilk) (’zifrr712~/028i}g?)nrﬁli,n experimental method  was 50 min. The order of effect size Rgfozqfi::’;frﬁ;ﬁal [161]
ultrasonic tem e%ature.' 40~80 °C / was as follows: extraction solvent > vlzras 0.2259%
p ’ ’ extraction time > extraction ’ o
temperature > solvent times
The extraction was performed by
. . 1 Ethanol concentration: 60-80%, HPLC/L9 (34) ultra§0n1cat10n WIth.60 o e.t ha'nol ata L
Rhizoma Paridis ratio of 1:50 material to liquid for The total saponin yield
11 USA-SE . ethanol dosage: 1:30-1:70 (g:mL), Orthogonal . ; o [162]
total saponins .o . - 30 min. The order of effect size was as was 4.387%.
extraction time: 15~60 min. experimental method . .
follows: solvent times > extraction
solvent > extraction time
Take 50 g of the slices of Paris,
macerate with 95% ethanol for 24 h
12 Dip method \ e?i&geii;?(;%;iil d with shaking, filter through, and fix T}}e/;)(;;czﬁ;r:sosl g;g‘; PP
p the filtrate to 500 mL with I [163]
95% ethanol.
Take 50 g of the slices of Paris,
sonicate it with 95% ethanol at 500 mL
13 USA-SE \ e?i&;{g&i‘?g&?ﬁ d (power 250 W, frequency 33 kHz) for T}Ilj;(l))t;l j;:;);lrzlg;f/PP
PPI/PPII p 30 min, let it cool, filter it, and fix the ’ o
filtrate to 500 mL with 95% ethanol.
14

RE

\ HPLC/Orthogonal
experimental method

extracts, filter, and dilute the filtrate to
500 mL with 95% ethanol. There was
a significant difference in the ethanol

Take 50 g of the slices of Paris, add
250 mL of 95% ethanol, and reflux
twice, 2 h each time. Combine the The total amount of PP
I/PP I was 1.192%, RSD

was 2.24%.
volume fraction factor
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Table 2. Cont.
Extraction Extraction . . . . ‘s
No. Extraction Conditions Detection Method Optimal Process Conditions Rate References
Method Components
The extraction was carried out at
80 °C for 20 min with 10 times the
Rhizoma Paridis Solvent selection: 45-90% ethanol, Colorimetric/L9(34)  amount of 60% ethanol solution. The The total saponin yield
15 MWA-SE total saponins extraction temperature: 60-80 °C, Orthogonal order of effect size was as follows: was 11.6% and the RSD [164]
p solvent dosage: 1:10-1:20 (g:mL). experimental method ethanol concentration > extraction was 0.3%
temperature > extraction time >
ethanol dosage.
70% v/v ethanol aqueous solution
. concentration, 300 W microwave
Extraction solvent: 0~100% ethanol ) S . .
concentration, microwave power: power, 20:1 mL/g liquid—solid ratio,
300~500 w. ii vid-solid ratio: ’ HPLC/LC-ESI- 50 °C extraction temperature, and The extraction yields of
16 MWA-SE PP I/PP VII 19 .. e MS/H NMR 15 min irradiation time. The PP VII and PP I were [165]
1:10-1:30 (g:mL), radiation time: . . ..
. : . Spectroscopic extraction solvent was the decisive 5.66 and 154 mg/g.
5-15 min, extraction temperature: . .
5 factor, while microwave power and
30-50 °C. . C .
irradiation time were important
factors in MAE.
Extraction solvent: water, methanol, The rates of saponin A
95% ethanol, water-saturated The ethanol concentration was 90%, e rat pon !
Room- . HPLC/L9 (34) . saponin B, saponin C,
n-butanol, ethanol concentration: the extraction pressure was 400 Mpa, .
17 temperature o Orthogonal S . and saponin D were
30-95%, UHP pressure: - the extraction time was 2 min, and the o o o
UPE . ; experimental method .. . . 1.164%, 0.591%, 0.043%,
100-600 Mpa, extraction time: liquid—solid ratio was 40:1. o .
. and 0.053% respectively. [166]
1-5 min.
Treat with 40 mL of 90% ethanol in The rates of saponin A,
water (v/v), fix the transducer, and saponin B, saponin C,
18 UHPA-SE Saponin A, saponin \ HPLC method sonicate the system in an ultrasonic and Saponin D were
B, saponin C, bath (frequency, 50 Hz; power, 250 W)  1.113%, 0.513%, 0.038%,
saponin D for 30 min. and 0.045% respectively.
Using a 40 mL 90% ethanol aqueous
. solution (v/v) treatment, the system The rates of saponin A,
Microwave- . L . .
assisted was exposed to a microwave radiation saponin B, saponin C,
19 extraction \ HPLC method source operating at 300 W and and saponin D were
(MAE) 2450 MHz frequency and subjected to ~ 1.139%, 0.539%, 0.041%,

atmospheric pretreatment for 15 min
of extraction.

and 0.049%, respectively.
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Table 2. Cont.

No. Extraction Extraction Extraction Conditions Detection Method Optimal Process Conditions Rate References
Method Components
The rates of saponin A,
Method of Boil the mixture for 3 h with 80 mL of saponin B, Saponin N
20 Sohxlet \ HPLC method 90% ethanol in water (v/0) and saponin D were
extraction. ) ) ? ! 1.119%, 0.511%, 0.039%,
Saponin A, saponin and 0.044%, respectively.
B, saponin C, The rates of A
- saponin D e rates of saponin A,
gf;la}s;;; r;; P Extraction with 40 mL of 90% ethanol saponin B, saponin C,
21 ox tI; action \ HPLC method in water (v/v), 25 °C and saponin D were
(RTE) room-temperature for 5 days. 0.988%, 0.483%, 0.034%,
and 0.040%, respectively.
Extraction method: dynamic, static, The e{(tragtlon was carr.led out by.a
. . . combination of dynamic and static
dynamic + static, entrainment agent: . . 0 of
methanol, acetone, ethanol, ethyl methods with the optimal ratio o
! . ! HPLC/L9 (34) ethanol 90%—ethyl acetate 10%, an . .
. acetate, extraction temperature: . o The yield of Pennogenin
22 SFE-CO, Pennogenin : . Orthogonal extraction temperature of 52 °C, an o [167]
5-65 °C, extraction pressure: . . was 16.32%.
. experimental method extraction pressure of 315 bar, a
150-400 bar, extractant dosage: .
. . SC-CO; flow rate of 39 g/min, an
100-600 mL, extraction time: 2-7 h,
. extractant dosage of 300 mL and an
SC-CO; flow rate: 15-60 g/min. Lo
extraction time of 4 h.
AEE Enzyme dosage:10-50 U/g Colorimetric/1.9(34) The amount of cellulase was .32 U/ & The theoretical value of
. o N . of substrate, the enzymatic digestion .
(ultrasound- Rhizoma Paridis substrate, enzyme digestion Orthogonal experi- s . the extraction rate of
23 : . o temperature was 52 °C, the enzymatic - -1 [168]
assisted total saponins temperature: 30-70 °C, PH: 3.5-5.5, mental/Response . Rhizoma Paridis total
. R . pH was 4.6, and the enzymatic . o
extraction) enzyme digestion time: 30-150 min. Surface method . S . saponins was 1.66%.
digestion time was 92 min.
Enzyme A and enzyme B were used
Extraction time: 1-3 h, extraction eniltEI:aAtevlv};:VlhrerfE;};e i?ii%f él)lf'u
times: 1-3, extraction temperature: Colorimetric/L9(34) y 5 & The extraction rate was
AEE (water o and the dosage of enzyme B was . o
24 . PPI 60-95 °C, solvent dosage: Orthogonal . increased by 24.28% [169]
extraction) 2 mL/kg of raw drug, crushed into to 61.27%

1:5-1:8 (g:mL), PH value: 5-9, drug
particle size: 10-40.

experimental method

20 items of herb with 7 times the
amount of solvent pH 7 extracted
3 times at 60 °C for 3 h each.

Note: Reflux extraction (RE), ultrasonic assisted solvent extraction (USA-SE), microwave assisted solvent extraction (MWA-SE), ultrahigh pressure assisted solvent extraction (UHPA-SE),
supercritical fluid CO, extraction (SFE-CO;), aqueous enzymatic extraction (AEE).
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7. Conclusions and Future Perspectives

A valuable Chinensis herb, Paris is a perennial herb that comes in two types: wild and
cultivated. Paris contains various active ingredients, with saponins being the main active
ingredients. However, due to the slow growth of wild Paris and excessive consumption,
Paris is a scarce resource. Therefore, improving saponins’ purity and extraction rate is an
important aspect of Paris research.

P. polyphylla saponins are mainly used in anti-cancer, anti-fibrotic, and antibacterial
treatments, but their applications in acne are not yet mature. Nevertheless, the overview of
the pathogenesis of acne suggests that such ingredients in P. polyphylla could be used as
potential agents in treating acne.

In addition, P. polyphylla saponins are diverse and have different biological activities
due to their different structures. The main chemical components related to the pathogen-
esis of acne are PP I, PP II, PP VI, PP VII, diosgenin, and so on. Based on in vitro and
in vivo studies, P. polyphylla saponins inhibited inflammatory responses caused by different
signaling pathways (NF-«kB, PI3K/Akt, MAPK) and showed strong antibacterial effects
against P. acnes, S. aureus, and S. epidermidis. It also modulates local T-cell factor disorders
caused by immune dysregulation and has an immunomodulatory effect on the immune
response to cells caused by Th1/Th17 imbalance. It also modulates the production of free
radicals and reactive oxygen species caused by lipid peroxidation. This overview reveals
that P. polyphylla saponins have a tremendous potential in the pathogenesis of anti-acne
treatment. At the same time, we hope it can provide a quick reference for the experimental
design of future studies.

Although it has been suggested that P. polyphylla saponins may have an anti-inflammatory,
antibacterial, anti-hyperkeratosis, immunomodulatory, and antioxidant effect on acne
pathogenesis, previous studies have not demonstrated the effects of P. polyphylla saponins
on skin problems caused by sebum hyperproduction. This leaves the mechanism of
P. polyphylla saponins in seborrheic acne unclear.

In order to establish the relationship between P. polyphylla saponins and acne patho-
genesis, studies with direct relevance to acne should be designed, leading to further studies
on the chemical composition and biological activities of P. polyphylla saponins.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /molecules29081793/s1, S1. Organic Solvent Extraction Methods;
S2. Physical Extraction Methods; S3. Aqueous Enzymatic Extraction (AEE). References [170-182] are
cited in Supplementary Materials.
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