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Abstract: Stauntonia chinensis is a medicinal vine used in East Asian traditional medicine and is rich in saponins 
and triterpenoids with putative multi-target activities. Pre-clinical studies have reported that these compounds ex-
ert anti-inflammatory, antioxidant, neuroprotective, and anticancer effects. Evidence supporting these effects are 
mostly originated from heterogeneous in vitro, in vivo, and computational studies, which have reported modulation 
of signaling pathways, such as nuclear factor-κB (NF-κB), nuclear factor erythroid 2-related factor 2 (Nrf2), and 
phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) pathways. Despite these encouraging findings, clinical 
translation remains limited. Major barriers include poor oral bioavailability, rapid pharmacokinetics, hemolytic ef-
fects, and variability in extract standardization. This review evaluates whether phytochemical small molecules de-
rived from Stauntonia chinensis DC exhibit mechanistically coherent and experimentally substantiated multi-target 
molecular actions. To this end, phytochemical characterization, mechanistic evidence, pharmacokinetics, toxicity, 
formulation, and translational considerations are systematically integrated to provide a translational roadmap for 
S. chinensis-derived compound, bridging traditional use with potential clinical applications in complex diseases. 
Furthermore, sophisticated delivery systems such as liposomes, nanoparticles, and phytosomes, and the rational 
structural optimization to enhance safety and pharmacokinetics are discussed. 
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Introduction

Stauntonia chinensis (S. chinensis) is a peren-
nial climbing vine of the family of Lardiza- 
balaceae, and is widely used in traditional 
Chinese medicine (TCM) with numerous thera-
peutic properties [1]. Its stems, leaves, fruits, 
and even roots are prepared as decoctions or 
extracts for medical use. S. chinensis has his-
torically been valued as an analgesic, anti-in- 
flammatory, and neuroprotective agent and has 
been traditionally applied in the treatment of 
neuropathic disorders, pain and circulatory dys-
function. These ethnopharmacological applica-
tions reflect empirical tradition that continues 
to inform contemporary drug discovery endeav-

ors. Recent studies have identified S. chinensis 
as a source of high triterpenoid saponins and 
other phytochemicals [1-3]. Their putative  
therapeutic effects are associated with the 
broad pharmacological activities, including 
antioxidant, anti-inflammatory, immunomodula-
tory, and neuroprotective actions [4, 5]. Notably, 
these phytochemicals tend to modulate multi-
ple cellular targets and signaling nodes, which 
is consistent with the holistic, multi-target para-
digm underlying traditional herbal medicine [6, 
7]. This review evaluates whether phytochemi-
cal small molecules from S. chinensis DC dem-
onstrate mechanistically coherent, experimen-
tally validated multi-target activities that distin- 
guish them from other triterpenoid-rich plants 
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and substantiate their proposed translational 
potential.

Scientific rationale for exploring phytochemi-
cal small molecules derived from S. chinensis

Rationale for multi-target drug discovery

Triterpenoid saponins are structurally diverse, 
rendering them prone to interact with multiple 
molecular targets. Consequently, the bioactive 
constituents of S. chinensis represent promis-
ing candidates for multi-target drug develop-
ment [4, 8].

Advances in high-throughput screening, net-
work pharmacology, and molecular docking te- 
chnologies have facilitated the systematic dis-
covery of bioactive small molecules derived 
from S. chinensis [6, 8, 9]. These compounds 
have been shown to regulate key pathways, 
such as NF-κB, Nrf2, and PI3K/Akt, which are 
implicated in neurodegenerative diseases, in- 
flammatory disorders, and cancer [4, 10, 11]. 
Existing mechanistic studies provide a scientif-
ic rationale for prioritizing S. chinensis-derived 
phytochemical small molecules as focal candi-
dates in contemporary drug discovery pipe- 
lines.

translation of these compounds hinges on  
overcoming these challenges through ad- 
vanced drug delivery systems, such as liposo-
mal and nanoparticle-based systems, and 
rational structural optimization guided by com-
putational studies [6, 14].

Translational challenges of natural multi-target 
compounds

Multifaceted diseases, including cancer, chron-
ic inflammatory diseases, neurodegenerative 
illnesses, arise from the dysregulation of multi-
ple interconnected molecular pathways rather 
than a single causative mechanism. Single-
target drugs often fail to achieve sustained 
clinical efficacy due to compensatory redun-
dancy within biological networks. In contrast, 
multi-target modulators can simultaneously 
regulate multiple signaling nodes, improving 
treatment efficacy while mitigating adverse 
outcomes.

Natural multi-target modulators include the ter-
pene saponins derived from S. chinensis [15, 
16]. According to preclinical literature, these 
compounds can attenuate oxidative stress, 
modulate apoptotic signaling pathways, and 
inhibit the secretion of pro-inflammatory cyto-

Figure 1. Translational roadmap: integrating multi-target potential with phar-
macokinetic and safety barriers. This roadmap illustrates the relationship 
between the inherent structural features of S. chinensis triterpenoid sa-
ponins (amphiphilic nature, large molecular weight) and the resulting dual 
outcomes: significant multi-target potential (NF-κB, Nrf2) and restrictive 
translational barriers (low bioavailability, rapid clearance, and hemolysis). 
Successful clinical translation requires the implementation of mandatory 
formulation strategies (nanoparticles, phytosomes) and rational structural 
design. Notes: NF-κB, nuclear factor kappa-light-chain-enhancer of activat-
ed B cells; Nrf2, nuclear factor erythroid 2-related factor 2.

It’s critical to bridge the gap 
between the natural therapeu-
tic potential and translational 
liabilities of small molecules 
from S. chinensis, thereby pre-
venting attrition during drug 
development. The distinctive 
chemical features of triterpe-
noid saponins, including high 
molecular weight and amphi-
philic properties, confer both 
multi-target pharmacological 
activity and inherent pharma-
cokinetic limitations. The posi-
tive multi-target effects, such 
as modulation of NF-κB and 
Nrf2 signaling pathways, as 
shown in the translational 
roadmap (Figure 1), have to be 
balanced with notable chemi-
cal liabilities, including poor 
oral bioavailability (typically 
<10%), rapid systemic clear-
ance, and the risk of dose-
dependent hemolytic toxicity 
[12, 13]. Successful clinical 
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kines across diverse cellular context. Such 
pleiotropic activity underscores their potential 
utility in the treatment of multifactorial disease. 
Moreover, network pharmacology and compu-
tational modeling have demonstrated that 
these compounds can engage multiple molecu-
lar targets simultaneously, supporting their po- 
tential value in polypharmacology-based drug 
design.

Botanical and ethnopharmacological back-
ground

Botanical overview of Stauntonia chinensis

Stauntonia chinensis is a species of the genus 
Stauntonia within the Lardizabalaceae family, 
which comprises multiple species distributed 
across East and Southeast Asia. It is a peren-
nial evergreen climbing plant native to China, 
Vietnam, and surrounding areas. The stems, 
leaves, fruit, and roots of S. chinensis are all 
considered medicinal and are prepared as 
decoctions or extracts for therapeutic use [1].

Traditional and ethnopharmacological uses

The use of S. chinensis in TCM has a long his-
tory, primarily attributed to its neuroprotective, 
analgesic, and anti-inflammatory properties. 
Plant extracts and decoctions have been uti-
lized to alleviate inflammation, pain, and neu-
ropathy. In folk medicine, saponin-containing 
extracts of stems and fruits have also been 
employed to promote general health and im- 
prove blood circulation [5, 10, 17]. Recent stud-
ies have reported promising anti-cancer and 
immunomodulatory activities, consistent with 
these traditional medicinal claims. For exam-
ple, ginsenoside Rg3, a triterpenoid saponin 
commonly found in Panax ginseng and used in 
TCM oncology practice (e.g., Shenyi capsule), 
has demonstrated clinical benefits in combina-
tion with conventional therapies for non-small 
cell lung cancer and other tumors, with evi-
dence of improved immune function and ad- 
junctive anticancer effects in patients [18].

Relevance to modern drug discovery 

Multi-target pharmacological profile of triterpe-
noid saponins positions the bioactive com-
pounds of S. chinensis as attractive candidates 
for modern pharmacological studies, particu-
larly in the context of inflammation, oxidative 
stress, and signaling pathways involving NF-κB 

and Nrf2 [6, 9, 11]. These compounds have 
been increasingly investigated using network 
pharmacology and molecular docking, which 
suggest their potential in multi-target drug 
development. The integration of traditional 
medicinal knowledge and modern computa-
tional and experimental approaches highlights 
S. chinensis as a valuable source of naturally 
derived compounds for drug discovery.

Phytochemistry and bioactive small mol-
ecules

Overview of identified phytochemicals

Phytochemical investigations over recent de- 
cades have demonstrated that S. chinensis 
contains a diverse array of small molecules, 
including triterpenoid saponins, pentacyclic tri-
terpenoids, and other glycosides, which collec-
tively contribute to its broad pharmacological 
properties [1]. Advances in high-resolution ana-
lytical techniques, particularly liquid chroma-
tography coupled with tandem mass spectrom-
etry (LC-MS) and nuclear magnetic resonan- 
ce (NMR), have substantially expanded the 
established molecular repertoire of the genus 
Stauntonia [13]. These structural clarification 
discoveries have enabled precise characteriza-
tions of saponin aglycones, glycosidic moieties, 
and patterns that are critical for biological 
activity.

Triterpenoid saponins as the predominant 
chemical constituents

Recent composition profiling indicates that trit-
erpenoid saponins represent the most bioac-
tive class of phytochemicals in S. chinensis. 
These saponins are mostly anchored on ole-
anane- or lupane-type pentacyclic triterpenoid 
saponins conjugated with mono - or oligosac-
charide chains [4, 19]. Pentacyclic triterpenoids 
are known to preferentially interact with lipid 
membranes, immune receptors, and intracel-
lular signaling components, largely owing to 
their amphiphilic structure [4, 13]. Moreover, 
anti-inflammatory and immunomodulatory ac- 
tivities reported for saponin scaffolds from 
related species, including Stauntonia hexaphyl-
la, indicate that structural-functional relation-
ships are conserved across the genus [1, 4, 5].

Several saponins derived from S. chinensis 
have also been reported to exert central ner-
vous system (CNS) - related analgesic effects 
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through both peripheral and central mecha-
nisms [20]. Variations in glycosylation patterns 
influence enzyme stability, membrane permea-
bility, and receptor affinity. In addition, shared 
structural motifs (e.g., hydroxyl-rich ends, car-
boxylated rings, and branched sugar chains) 
exhibit similarities to pharmacologically active 
saponins from other medicinal plants, contrib-
uting to their multi-target effect.

Pentacyclic triterpenoids and aglycones

S. chinensis also contains free pentacyclic trit-
erpenoid aglycones in addition to glycosylated 
saponins. A significant number of these agly-
cones contain natural product scaffolds that 
have been extensively documented for their 
anti-inflammatory, antioxidant, and anti-cancer 
activities in pharmaceutical research [4, 10, 
17, 21]. Reviews focusing on pentacyclic triter-
penoid have indicated their regulatory roles  
in apoptotic signaling, inflammatory cascades, 
and oxidative stress-related pathways. Such 
mechanistic properties are relevant to the 
pharmacological actions of Stauntonia species 
and provide a biochemical rationale for their 
broad therapeutic applicability.

Additional bioactive small molecules

Evidence at the genus level indicates the pres-
ence of phenolic acids, flavonoids, steroidal 
constituents, and minor terpenoid derivatives. 
Although present in lower abundance, these 
metabolites are identified as auxiliary contribu-
tors to the therapeutic effects of S. chinaensis, 
especially in antioxidant effects and immuno-
modulatory regulation. Studies in related spe-
cies, such as Stauntonia hexaphylla, have dem-
onstrated that even low levels of non-saponin 
terpenoids and triterpene glycosides can mod-
ulate anti-inflammatory signaling, thereby ex- 
panding the repertoire of small molecules asso-
ciated with the genus [22].

Innovations in analytical and structural eluci-
dation techniques

Recent advances in high-resolution mass spec-
trometry, two-dimensional NMR, and computa-
tional dereplication have played a key role in 
resolving the structural of complex saponins 
and triterpenoids. Network-based compound 
annotation approaches and in silico prediction 
software has accelerated the identification of a 

candidate molecule and facilitated the search 
of multi-target bioactive constituents. Collec- 
tively, these strategies are critical for elucidat-
ing the chemical basis of S. chinensis pharma-
cology and form an essential foundation for 
translational research in multi-target drug dis- 
covery.

Pharmacological activities of S. chinensis’ 
phytochemicals

Overview and evidence limitations

Available experimental evidence suggests that 
S. chinensis contains pentacyclic triterpenoids 
and triterpenoid saponins with diverse biologi-
cal activities. However, the strength and speci-
ficity of this evidence vary substantially across 
pharmacological domains. Direct experimental 
validation specific to S. chinensis is currently 
limited, and many reported activities are in- 
ferred from studies on structurally related trit-
erpenoids, or other Stauntonia species.

A critical evaluation of current literature reveals 
substantial heterogeneity between experimen-
tal models, which limits cross-study compara-
bility. As summarized in Table 1, the most 
robust evidence for S. chinensis-derived com-
pounds is observed in the analgesia field, sup-
ported by preclinical studies. In contrast, gen-
eral anti-inflammatory, antioxidant, and anti- 
proliferative effects are frequently inferred 
from investigations of general triterpenoid scaf-
folds rather than plant-specific compounds. In 
addition, key translational parameters, includ-
ing poor oral bioavailability (typically <10%) and 
dose-related hemolytic toxicity, are well recog-
nized in general TCM but remain largely unchar-
acterized for S. chinensis-derived compounds, 
underscoring the need for plant-specific phar-
macokinetic and toxicological evaluation [23, 
24].

Analgesic and anti-inflammatory activities

Among the reported pharmacological effects, 
the analgesic potential of S. chinensis is one of 
the most widely described, with triterpenoid 
saponins considered major contributors. In a 
preclinical study, central and peripheral admin-
istration of S. chinensis preparations reduced 
microglial proliferation and PSD-95 expression, 
indicating a potent modulatory effect on neuro-
pathic pain. Additional evidence shows that 
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Table 1. Critical synthesis of experimental evidence specific to Stauntonia chinensis and its general triterpenoid saponin class

Compound/Extract Experimental  
Model/System

Dose/Concentration  
Range Specific S. chinensis Finding Mechanistic Insight  

(Evidence Strength) Critical Limitation

S. chinensis injection Rat neuropathic 
pain model;  
microglia assays

In vivo doses reported 
in original study

Reduced microglial proliferation;  
decreased PSD-95 expression; 
improved pain thresholds

Confirmed Central &  
Peripheral Analgesic/ 
Anti-inflammatory action

No pharmacokinetic  
(PK) data reported;  
extract not standardized.

Purified triterpenoid saponins (from S. chinensis) Mouse pain 
model; neuronal 
assays

Active component 
doses in mg/kg

Demonstrated analgesic  
effects; reduced inflammatory 
mediator release

Modulation of  
nociceptive receptor  
activity (Implied/Direct)

Tested only in  
acute pain models;  
limited toxicity data.

TCM saponins (General Class) In vivo PK, 
toxicity

Oral & IV doses (Analogy: Low oral  
bioavailability (<10%);  
dose-dependent hemolysis)

Directly informs safety  
and PK profile of the 
chemical class

Not specific to S.  
chinensis; provides  
baseline liability data only.

Triterpenoid saponins (General Class) In vitro  
assays (e.g., 
Macrophages)

Varies, μM levels (Analogy: Suppression of  
inflammatory cytokines;  
Nrf2 activation)

NF-κB inhibition; Nrf2 
activation (Mechanistic 
confirmation for general 
class)

In vitro data only; not 
validated for S. chinensis 
components; no ADMET 
evaluation

This table compiles primary experimental data, distinguishing specific in vivo findings for S. chinensis extracts or compound (highlighted in the text) from critical analogical data derived from the general 
triterpenoid saponin class, especially concerning toxicity and PK limitations.

Table 2. Integrated mechanistic profile of S. chinensis (critical evaluation)
Targeted Pathway Primary Role in S. chinensis Molecular Target/Effect Evidence Status (Rigour)
NF-κB Signaling Anti-inflammatory, Analgesic Downregulation of pro-inflammatory  

cytokines (TNF-α, IL-1β); Reduced  
macrophage activation

Direct (Efficacy): Confirmed in in vivo rat pain model via surrogate 
markers (microglial reduction). Mechanistic Limitation: Direct  
molecular target interaction is often deduced.

Nrf2/HO-1 Pathway Antioxidant, Cytoprotective Upregulation of self-protective enzymes 
(SOD, catalase, GPx); Reduced ROS

Inferred/Analogical: Primarily supported by studies on the general 
triterpenoid scaffold. Limitation: Lack of S. chinensis-specific Nrf2 
modulation assays.

PI3K/Akt/MAPK Anti-proliferative,  
Immunomodulatory Potential

Inhibition of Akt phosphorylation;  
Regulation of ERK/JNK/p38

Inferred/Computational: Potential based on molecular docking and 
network pharmacology predictions. Limitation: Lacks direct in vivo 
validation and causal links are frequently deduced.

Apoptotic Signaling Anti-tumor Potential Modulation of Bax/Bcl-2 axis;  
Induction of apoptosis

Speculative: Mechanism extrapolated from general triterpenoid  
activity against cancer cell lines. Limitation: No dedicated S.  
chinensis anti-tumor studies.

This table identifies the major molecular pathways modulated by S. chinensis phytochemicals and critically assesses the evidentiary status (direct, inferred, or computational) of the 
mechanistic claims, acknowledging the reliance on surrogate markers in current literature.



Multi-target phytochemicals from Stauntonia chinensis

1594	 Am J Transl Res 2026;18(2):1589-1601

purified triterpenoid saponins can influence 
nociceptive signaling, inflammatory mediator 
release, and putative membrane-associated 
receptors involved in pain pathways [25]. These 
analgesic effects are broadly consistent with 
the regulation of essential inflammatory sig- 
naling by pentacyclic triterpenoids, including 
NF-κB, Nrf2, and PI3K/Akt signaling pathways. 
Reviews of triterpenoid bioactivity have report-
ed inhibition on pro-inflammatory cytokine pro-
duction, attenuation of oxidative stress, and 
suppression of macrophage infiltration. Studies 
in related Stauntonia species, including S. hex-
aphylla, also demonstrated reductions in in- 
flammatory markers, supporting a conserved 
chemical and pharmacological profile of the 
genus [26, 27]. However, the anti-inflammatory 
claims are largely inferred rather than conclu-
sively demonstrated.

Immunomodulatory actions

Phytochemicals derived from S. chinensis have 
been proposed to exert immunomodulatory 
effects, largely attributable to the structural 
characteristics of their saponins, which interact 
with immune cell membranes and pattern-rec-
ognition receptors. This is justified by the fact 
that triterpenoid saponins modulate NF-κB and 
Nrf2 signaling pathways, both of which are fun-
damental to the regulation of inflammation and 
immune homeostasis [4, 5]. However, direct 
evidence demonstrating immunomodulatory 
activity of isolated S. chinensis compounds 
remains limited. Current reports implicating 
that NF-κB and Nrf2 signaling pathways are  
primarily inferred from downstream marker 
changes or extrapolated from studies of sapo-
nins derived from other plants.

Antioxidant and cytoprotective properties

Terpenoids and saponins in S. chinensis are 
inferred to contribute to antioxidant activities 
through multi-node molecular regulation, based 
on structural and mechanistic analogies. Evi- 
dence suggests that these compounds may 
activate Nrf2 signaling, upregulating down-
stream antioxidant enzymes and attenuating 
cell damage induced by reactive oxygen spe-
cies (ROS) [4, 5]. Given the established cross-
talk between inflammatory and oxidative sig-
naling, such antioxidant effects may indirectly 
support immunomodulation and analgesia out-
comes. This multi-pathway targeting is typical 

of natural triterpenoids in general, and the 
structural similarity of S. chinensis components 
to oxidative-stress modulators supports their 
pharmacological relevance. While these mech-
anisms are biologically plausible, direct evi-
dence of Nrf2 activation by S. chinensis phyto-
chemicals in defined experimental systems 
remains limited.

Anti-tumor multi-target synergy and potential

Although anti-tumor activity is least experimen-
tally claimed for S. chinensis, its key chemical 
classes share mechanistic features with estab-
lished polypharmacological triterpenoid anti-
cancer agents. Existing reviews indicate that 
such triterpenoids can modulate apoptosis, 
inhibit abnormal proliferation, and modulate 
key oncogenic signaling pathways, including 
PI3K/Akt, NF-κB, and mitogen-activated pro-
tein kinase (MAPK) pathways [10, 17, 28]. 
These pathways overlap with those implicated 
in the inflammatory, oxidative stress, and im- 
mune-related effects attributed to S. chinensis 
extracts, which are integral to cancer biology. 
But these anti-tumor effects should currently 
be regarded as hypothetical pharmacological 
potential rather than validated therapeutic 
activity. 

Molecular mechanisms and multi-target path-
way modulation

Overview of multi-target signaling

Pentacyclic triterpenoids and triterpenoid sapo-
nins derived from S. chinensis participate in a 
complex system of intracellular signaling path-
ways, reflecting their multi-target pharmacolog-
ical properties. The multi-pathway regulatory 
effects attributed to these compounds are 
summarized in Table 2, highlighting key molec-
ular nodes, along with the corresponding mech-
anistic outcome. 

The rigor of the existing evidence supporting 
the multi-target pharmacology of S. chinensis 
needs to be assessed by a critical appraisal. As 
illustrated in the Evidence Pyramid (Figure 2), 
mechanistic data are stratified according to  
levels of experimental validation, thereby dis-
tinguishing well-substantiated activities from 
putative effects. The highest level of rigor is 
observed in studies reporting in vivo pharmaco-
logical activity, particularly the confirmed cen-
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tral and peripheral analgesic effects of S. chi-
nensis extracts, which have been directly as- 
sociated with reduced microglial cell prolifera-
tion and decreased expression of PSD-95 in 
experimental models of neuropathic pain [3]. 
Moderate levels of evidence support anti-in- 
flammatory and antioxidant activities, such as 
the modulation of NF-κB and Nrf2 signaling 
pathways. These effects are verified by the inhi-
bition of inflammatory cytokines and the activa-
tion of protective enzymes, although they are 
frequently inferred from surrogate biomarkers. 
In contrast, claims of modulation of more com-
plex signaling pathways such as PI3K/Akt and 
MAPK are generally confined to the lowest tier 
of evidence and are primarily derived from com-
putational studies (e.g., network pharmacology 
and molecular docking) or structural similarity 
to other triterpenoids [29, 30]. Addressing 
these evidence gaps is essential for the ratio-
nal development of therapeutics with clinical 
efficacy. While network pharmacology and mo- 
lecular docking analyses provide useful hypoth-
esis-generation tools, they cannot replace 
experimental verification.

NF-κB-mediated inflammatory regulation

Key anti-inflammatory processes attributed to 
S. chinensis phytochemicals include suppres-
sion of NF-κB activity and inhibition of pro-
inflammatory cytokine production, such as 
TNF-α, IL-1β, and IL-6. The immunomodulatory 
and analgesic effects can be mechanistically 
explained by downregulation of NF-κB-mediated 
transcriptional activity of inflammatory media-
tors. It is noteworthy that the regulation of 
NF-κB signaling is multifaceted, involving not 
only direct kinase inhibition but also the mo- 
dulation of key adapter protein stability. For 
instance, recent research has identified UFL1 
as a crucial regulator that maintains the stabil-
ity of STING, a central adapter in the DNA-
sensing pathway, thereby preventing its TRI- 
M29-mediated K48-linked ubiquitination and 
proteasomal degradation, which in turn sus-
tains the activation of both NF-κB and IRF3 
pathways and potentiates antiviral immune 
responses [31]. While this illustrates a distinct 
regulatory node within immune signaling net-
works, the anti-inflammatory actions of S. chi-
nensis constituents have been more closely 
linked to the direct modulation of canonical 
kinase pathways. Triterpenoid saponins also 
suppress PI3K/Akt signaling, which inhibits the 
release of cytokines and macrophage activa-
tion, a pattern consistent with findings in other 
Stauntonia species [32].

Nrf2/HO-1 antioxidant signaling

The activation of nuclear factor erythroid 2- 
related factor 2/heme oxygenase-1 (Nrf2/
HO-1) axis represents one of the pathways 
through which S. chinensis-derived small mol-
ecules may exert antioxidant and cytoprotec-
tive effects. Upon Nrf2 activation, the self-pro-
tective antioxidant enzymes, including supero- 
xide dismutase (SOD), catalase, and glutathi-
one peroxidase (GPOx), are upregulated, there-
by mitigating cellular damage induced by ROS 
[33]. In addition, crosstalk between NF-κB and 
the Nrf2 signaling pathways enables coordinat-
ed suppression of inflammation and oxidative 
stress, resulting in a multi-layered protective 
effect.

Pharmacokinetics, bioavailability, and toxicity

Pharmacokinetic characteristics

Natural saponins and triterpenoids derived 
from Stauntonia species are characterized by 

Figure 2. Evidence pyramid illustrating the mecha-
nistic rigor of multi-target claims for S. chinensis. 
This pyramid depicts the strength of evidence sup-
porting the multi-target claims. The apex represents 
the highest rigor (confirmed in vivo efficacy specific 
to S. chinensis), the middle tier represents validated 
mechanistic markers (NF-κB, Nrf2), and the broad 
base represents claims largely supported by com-
putational inference or extrapolation from the trit-
erpenoid class (e.g., PI3K/Akt, MAPK). Notes: PI3K/
Akt, phosphatidylinositol 3-kinase/protein kinase B; 
MAPK, mitogen-activated protein kinase.
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high molecular weight, low solubility, and inter-
actions with biological membranes. Conse- 
quently, the oral absorption and bioavailability 
of saponins are normally poor, largely due to 
intestinal enzyme and gut microbiome degra-
dation, as well as the low gastrointestinal per-
meability. The compounds accumulate in highly 
perfused organs such as the liver and kidneys, 
where they are metabolized by hepatic cyto-
chrome P450-mediated oxidation and phase II 
conjugation reactions. Recent advances in nan-
otechnology-based delivery systems aim to 
enhance systemic exposure and achieve thera-
peutically relevant concentrations at target tis-
sues [13].

Bioavailability constraints

The clinical application of saponins is con-
strained by unfavorable pharmacokinetic prop-
erties. In the gastrointestinal tract, the amphi-
philic nature limits efficient gastrointestinal 
absorption, while glycosidic moieties are prone 
to hydrolysis, further compromising absorp- 
tion and metabolic stability [34]. Solubility and 
membrane permeability can be enhanced thr- 
ough rational structural modifications, includ-
ing optimization of glycosylation patterns with-
out abolishing intrinsic bioactivity. Computa- 
tional structure-property models such as quan-
titative structure-activity relationship (QSAR) 
and descriptor-based approaches have been 
shown to predict solubility and membrane per-
meability from molecular structure alone, pro-
viding a rational framework to assess how mod-
ifications like glycosylation may impact ADME 
properties [35].

Hemolytic and hepatotoxic of saponins

Hemolysis represents another major toxicity 
concern associated with saponins and is pri-
marily attributed to their interaction with cho-
lesterol in erythrocyte membranes, leading to 
membrane destabilization. Systematic reviews 
indicate that this hemolytic effect is structure-
dependent, with steroidal saponins exhibiting 
lower hemolytic potential than triterpenoid 
saponins. In addition to hemolysis, preclinical 
studies have reported dose-dependent and 
compound-specific hepatotoxicity [36]. Analy- 
ses of hundreds of phytochemicals associated 
with herb-induced liver injury note that glyco-
sides and saponin-derived compounds occur  

in multiple medicinal plants with documented 
hepatotoxic potential, illustrating that some 
saponins can contribute to liver toxicity [37].

In vivo pharmacokinetic studies

In animal models, experimental research has 
shown that saponins exhibit low oral bioavail-
ability (typically <10%) and short elimination 
half-life, resulting limited systemic exposure fol-
lowing oral administration. Although intrave-
nous administration markedly improves bio-
availability, it is impractical for long-term or 
routine therapeutic use. Currently, advanced 
delivery strategies, including liposomal encap-
sulation and nanoformulations, are being devel-
oped to prolong circulation time [12].

ADMET prediction and computational pharma-
cology 

The drug-likeness of triterpenoids and sapo-
nins can be systematically evaluated using 
computational pharmacokinetics modeling and 
ADMET (absorption, distribution, metabolism, 
excretion, and toxicity) approaches [38]. Mole- 
cular docking and network pharmacology anal-
yses suggest that specific structural motifs are 
associated with reduced hepatotoxicity and 
improved permeability, providing a rational 
basis for structural optimization. Moreover, in 
silico techniques enable the prediction of inter-
actions with metabolic enzymes and transport-
ers, facilitating early identification of potential 
pharmacokinetic liabilities prior to in vivo va- 
lidation.

Drug delivery and pharmaceutical formulation

Nanoparticle- and liposome-based delivery

Stauntonia-derived triterpenoids and saponins 
are characterized by poor solubility, low oral 
bioavailability, and a high clearance rate, which 
limit their therapeutic potential. To solve these 
issues, it has been actively investigated that 
nanoparticle-based delivery systems such as 
liposomes, polymeric nanoparticles, and phyto-
somes can be used to solve these problems 
[9]. Nanoparticles have easier targeting of the 
tissues and are more stable to enzyme degra-
dation, whereas liposomes can encapsulate 
compounds, including hydrophilic ones and 
lipophilic ones, improving systemic circulation 
and bioavailability. One application of the oral 
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range is the use of phytosomes (the complex-
ation of phytoconstituents with phospholipids), 
which enhance cellular uptake and absorption 
[8, 15].

Solubility enhancement strategies 

Poor solubility represents a major obstacle to 
the clinical applicability of natural triterpenoids. 
Various formulation strategies, including parti-
cle size reduction, solid dispersion systems, 
self-emulsifying drug delivery systems, and 
inclusion complex formation with cyclodextrins, 
have been shown to significantly enhance dis-
solution rate and solubility [12, 13, 19, 34]. 
Computational analyses suggest that addition-
al solubility enhancement through the use of 
co-solvents, surfactants, or structural modifica-
tion can be achieved without compromising 
bioactivity.

Controlled-release formulations

Sustained-release nanoparticles and biode-
gradable polymeric matrices in the form of con-
trolled-release systems address the issues of 
rapid clearance and low half-lives of triterpe-
noids and saponins. Controlled-release deliv-
ery systems enable prolonged drug release, 
maintenance of stable plasma concentrations, 
and reduced dosing frequency, which may col-
lectively improve therapeutic efficacy while 
potentially mitigating dose-related toxicity [12, 
14].

Translational perspective and future directions

Relevance for future clinical practice

Stauntonia-derived triterpenoids and saponins 
exhibit multi-target pharmacological proper-
ties, conferring promising therapeutic poten-
tial. Preclinical evidence suggest significant 
potential in oncology, neuropathic pain, and 
neuroinflammation, with observed anti-prolifer-
ative, pro-apoptotic, and anti-inflammatory eff- 
ects linked to modulation of NF-κB, Nrf2, and 
PI3K/Akt signaling pathways [3, 4, 11, 17]. For 
example, saponins isolated from plant sources 
demonstrated cytotoxic activity against human 
cancer cell lines by enhancing apoptotic mark-
ers (caspase-3, BAX), suppressing inflamma-
tion via downregulation of pro-inflammatory 
cytokines, and modulating NF-κB and PI3K/Akt 
signaling, while also activating Nrf2-mediated 
antioxidant responses in preclinical cellular 
models [39]. 

Challenges in clinical translation

Despite their notable pharmacological poten-
tial, challenges remain for their direct clinical 
translation. Key pharmacokinetic barriers in- 
clude rapid systemic clearance, low oral bio-
availability, and suboptimal tissue distribution. 
Toxicological concerns, especially hemolytic 
activity and hepatotoxicity, require careful dose 
optimization. Batch-to-batch variability and the 
lack of standardized extraction, purification, 
and quantification protocols pose challenges to 
regulatory approval and reproducibility [12, 13, 
36].

Preclinical progression requirements

Successful clinical translation requires a com-
prehensive preclinical evaluation. Drug profiling 
should systematically assess target enga- 
gement, absorption, distribution, metabolism, 
and elimination (ADME) properties. Potential 
side effects, including immuno-toxicity, hepato-
toxicity, and hemolytic activity must be evalu-
ated through acute, sub-chronic, and chronic 
toxicological assessment. To ensure regulatory 
feasibility and reproducibility, both isolated 
compounds and extracts must be standard-
ized, precisely quantifying triterpenoids and 
saponins. Furthermore, in vitro and in vivo vali-
dations are required to confirm modulation of 
relevant molecular pathways and identify phar-
macodynamic biomarkers that can be translat-
ed into clinical assessment [6, 12, 38].

Preclinical testing should follow a scheduled 
framework to enable efficient progression to- 
ward clinical research, as shown in Figure 3. 

Phase I: Discovery and Standardization. This 
initial phase focuses on rigorous chemical 
characterization and standardization of ex- 
tracts (e.g., triterpenoid saponin) to assure 
reproducibility and regulatory acceptability [1, 
13].

Phase II: Validation and Optimization. During 
this phase, experimental pharmacokinetic stu- 
dies should be integrated with computational 
ADMET predictions. Rational formulation strat-
egies (e.g., liposomes and phytosomes) should 
be prioritized to address low oral bioavailability 
and short elimination half-life. Importantly, for-
mal safety evaluations must encompass acute, 
sub-chronic, and chronic toxicity studies, with 
particular attention to hemolysis and hepato-
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toxicity, which are known class-specific risks of 
saponin. Structural and formulation optimiza-
tion should be completed at this stage before 
advancement [12, 14, 34]. 

Phase III: Clinical Entry. Biomarker-guided effi-
cacy studies, supported by standardized phar-
macological and toxicological testing, will pro-
vide the translational evidence required to 
support first-in-human clinical trials [6, 38]. 

Plans for advancing toward clinical trials

Translational development of Stauntonia-de- 
rived compounds requires a combined strategy 
encompassing formulation optimization, dose 
testing, and biomarker-based evaluation [6]. 
Standardized dosing should be based on puri-
fied compounds or well-characterized extracts, 
supported by in vivo bioavailability and pharma-
cokinetic modeling [8]. Early signals of efficacy 
and safety may be measured using validated 
biomarkers of oxidative stress, inflammatory 
cytokines, or pathway-specific readouts [9]. It is 
plausible to use computational ADMET predic-
tions and network pharmacology to pre-select 
lead compounds with good efficacy-safety pro-
files before advancing into formal pre-clinical 
development and eventual clinical testing [38].

design and successful translation to clinically 
viable therapeutics [4, 6, 29, 30].

Requirement for structure-function verification

Although S. chinensis triterpenoid saponins 
demonstrate structural diversity consistent 
with multi-target pharmacology, systematic 
structure-activity relationship (SAR) data re- 
main largely unavailable. Future Investigations 
should combine both in vivo and in vitro experi-
ments with SAR analyses and computational 
docking to identify specific structural motifs 
that confer therapeutic efficacy while minimiz-
ing toxicity [19, 24, 38].

Priorities of pharmacokinetic improvement

The key obstacles to clinical translation include 
high systemic clearance, low oral bioavailabili-
ty, and poor tissue distribution. Nanoparticle-
based methods, including liposomal and phyto-
somal delivery systems, and chemical modi- 
fication, warrant systematic evaluation to im- 
prove pharmacokinetic performance. Compu- 
tational ADMET predictions should be used  
to complement experimental pharmacokinetic 
studies to enhance and accelerate the selec-
tion of candidates with favorable ADME profiles 
[12, 14, 19, 34].

Figure 3. Integrated translational pipeline for S. chinensis-derived lead com-
pounds. This sequential pipeline details the mandatory phases for devel-
oping S. chinensis phytochemicals from prioritized leads to clinical candi-
dates. It emphasizes the integration of crucial safety and pharmacokinetic 
assessments (e.g., ADMET prediction, hemolysis testing) and required tech-
nical steps (standardization, nanoformulation) to ensure regulatory viability 
and address inherent pharmacokinetic liabilities. Notes: ADMET, absorp-
tion, distribution, metabolism, excretion, and toxicity.

Existing knowledge gaps and 
future directions 

Despite promising pharmaco-
logical evidence, substantial 
gaps remain in the mechanis-
tic understanding of S. chi-
nensis-derived triterpenoids 
and saponins. The precise 
molecular mediators underly-
ing recognized anti-inflamma-
tory, neuroprotective, and an- 
ticancer effects remain incom-
pletely elucidated. In many ca- 
ses, proposed targets - such 
as transcription factors or sig-
naling proteins - are inferred 
from surrogate pathway read-
outs rather than demonstrat-
ed through direct molecular 
interaction or target engage-
ment assays. Addressing the- 
se gaps through rigorous ex- 
perimental validation is es- 
sential to enable rational drug 
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Human safety considerations 

Current safety evidence is limited to in vitro and 
animal research. Key safety concerns include 
dose-dependent toxicity, hepatotoxicity, and 
hemolytic activity. To date, S. chinensis-derived 
compounds haven’t undergone formal human 
safety tests or clinical trials. Preclinical safety 
studies using standardized compounds or ex- 
tracts are necessary to establish tolerable 
dose ranges, identify possible side effects, and 
define pharmacodynamic biomarkers [12, 36].

Selection of optimal drug candidates 

Priority should be given to S. chinensis-derived 
compounds that demonstrate multi-target anti-
inflammatory, anti-oxidant, and anti-prolifera-
tive activities along with reduced hemolytic 
potential. Among the identified phytochemi-
cals, pentacyclic triterpenoids represent the 
most promising lead candidates due to their 
favorable ADMET profiles and structural stabil-
ity. These compounds are well suited for further 
development using advanced formulation strat-
egies, such as nanoparticle - or liposome-based 
delivery systems [10, 17, 19, 24].

Conclusion

Stauntonia chinensis represents an important 
source of triterpenoids and bioactive saponins 
with various pharmacological characteristics. 
These compounds exhibit anti-oxidant, anti-
inflammatory, neuroprotective, and anti-cancer 
properties, which are consistent with tradition-
al medicinal claims and support its potential 
relevance in the treatment of complex diseas-
es. However, direct experimental evidence spe-
cific to S. chinensis remains limited, with the 
strongest support confined to selected preclini-
cal analgesic effects [1].

Pharmacological activities other than analgesic 
effects are inferred from class effects of triter-
penoid, studies on related species, or computa-
tional analyses rather than plant-specific vali-
dation. Proposed multi-target mechanisms in- 
volving NF-κB, Nrf2, PI3K/Akt, and MAPK path-
ways are largely hypothesis-generating, based 
on surrogate markers or in silico approaches, 
and therefore require rigorous experimental 
confirmation. In addition, key translational gaps 
persist, particularly the lack of systematic phar-
macokinetic and toxicological data. Overall, S. 

chinensis should currently be regarded as an 
exploratory pharmacological resource. Future 
progress will depend on evidence-driven valida-
tion rather than extrapolation from related 
compounds or species [3, 4].
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