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Introduction
Gastric cancer is a malignant disorder of the digestive tract, pre-
dominantly affecting middle-aged and elderly populations. Glob-
ally, it ranks fifth in incidence and fourth in mortality.1 Its patho-
genesis involves multiple factors, including genetics, environment, 
and dietary habits. As a high-incidence region for gastric cancer, 
China faces challenges with low long-term survival rates among 
advanced-stage patients. The disease ranks third in cancer-related 
mortality,2 with a five-year survival rate of merely 35.9%, signifi-

cantly lower than that of South Korea (68.9%) and Japan (60.3%).3 
Although surgery remains the curative approach for early-stage 
gastric cancer, approximately 70% of patients are diagnosed at an 
advanced stage due to insidious and nonspecific symptoms.4 De-
spite advances in systemic therapy, achieving curative treatment 
remains biologically unattainable. This current landscape urgently 
necessitates the development of novel anticancer agents by medi-
cal researchers to overcome the limitations of existing therapies.

In the landscape of anticancer drug discovery, traditional Chi-
nese medicine (TCM) has emerged as a valuable resource offering 
unique therapeutic perspectives. Among pharmacologically vali-
dated TCM herbs, Scleromitrion diffusum (Willd.) (S. diffusum; 
nomenclature verified via The Plant List, http://www.theplantlist.
org, accessed February 24, 2025) holds particular significance. 
This herb, first documented in the Flora of Guangxi, has been 
clinically employed for millennia in oncology practice, especially 
for gastrointestinal malignancies. S. diffusum is pharmacologi-
cally characterized by its bitter taste and cold nature, with par-
ticular affinity for the stomach and large intestine meridians. Its 
traditional applications center on heat-clearing, toxin-resolving, 
blood-invigorating, and stasis-dissipating properties—therapeutic 
actions that align precisely with TCM’s understanding of gastric 
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cancer pathogenesis. According to TCM theory, gastric cancer 
develops through a progression from external pathogen expo-
sure to qi stagnation, blood stasis, and ultimately the formation 
of “toxin-stasis interbinding”. This pathophysiological state rep-
resents the accumulation of heat-toxin in the middle energizer, 
combined with persistent qi stagnation and blood stasis. Therefore, 
the anti-gastric cancer mechanism of S. diffusum precisely targets 
these TCM pathological characteristics. Prior studies demonstrate 
that the combined use of S. diffusum and Scutellaria barbata at 
standard doses of 15–30 g significantly enhances anticancer ef-
ficacy without observable toxicity within therapeutic ranges.5 In 
a clinical study of advanced cachexia patients (including gastric 
cancer cases), treatment with the Detoxification and Anti-Cancer 
Decoction containing S. diffusum (standard dose: 30 g) resulted in 
significantly higher hemoglobin and albumin levels compared to 
controls. Concurrently, clinical symptoms including fatigue, ab-
dominal distension, and anorexia showed marked improvement, 
leading to significantly enhanced quality of life.6

Modern pharmacological studies have substantiated S. diffu-
sum’s traditional applications, revealing significant progress in un-
derstanding its bioactive constituents and their multi-target mecha-
nisms against gastric cancer. These compounds collectively exert 
anticancer effects by disrupting stasis through angiogenesis inhibi-
tion and metastasis suppression, and by directly inducing apopto-
sis and immune modulation. This review systematically examines 

S. diffusum’s anti-gastric cancer potential by analyzing its active 
components, elucidating molecular mechanisms aligned with 
TCM theory, and identifying key research gaps (Fig. 1). By inte-
grating millennia of clinical experience with modern pharmaco-
logical insights, we discuss S. diffusum’s translational potential as 
a well-tolerated therapeutic agent, providing a paradigm for bridg-
ing traditional medicine and contemporary oncology research.

Active anticancer compounds of S. diffusum
The significant advantage of S. diffusum as an anticancer herb 
primarily stems from the well-documented anticancer activity of 
its major chemical constituents.7 Utilizing modern spectroscopic 
techniques and advanced analytical instruments, multiple active 
substances in S. diffusum, such as flavonoids, anthraquinones, 
sterols, terpenoids, and polysaccharides, can now be systemati-
cally identified and characterized. Figure 2 illustrates the struc-
tural features of these anticancer components. The total flavonoids 
in S. diffusum inhibit liver cancer, gastric cancer, and colorectal 
cancer by suppressing proliferation, invasion, and metastasis, and 
by promoting apoptosis of cancer cells. Total flavonoid content 
varies geographically: S. diffusum from Guangdong, China, con-
tains approximately 1.3%, slightly exceeding that from Guangxi 
(1.16%) and Jiangxi (1.038%). Over a dozen flavonoids have 
been isolated from S. diffusum, with kaempferol, quercetin, and 

Fig. 1. A comprehensive overview of Scleromitrion diffusum’s multi-component, multi-target anticancer mechanisms through a systems biology ap-
proach. The figure demonstrates how its major bioactive compound classes work synergistically to target multiple oncogenic processes simultaneously. AKT, 
protein kinase B; AMPK, AMP-activated protein kinase; COX-2, cyclooxygenase-2; GPX4, glutathione peroxidase 4; IL, interleukin; MICA, major histocompat-
ibility complex class I-related chain A; mTOR, mammalian target of rapamycin; NF-κB, nuclear factor kappa-B; NK, natural killer; PI3K, phosphatidyqinositol-3 
kinase; STAT3, signal transducer and activator of transcription 3.
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Fig. 2. Structural formula of the active anticancer compound in Scleromitrion diffusum. This figure presents the chemical structure of the primary bioactive 
compound responsible for Scleromitrion diffusum’s anticancer activity.
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their glycosides serving as the primary anticancer agents.8 Ter-
penoids comprise mainly triterpenes (e.g., oleanolic acid, ursolic 
acid, dicoumaric acid) and iridoids (typically glycosidic). These 
components suppress gastric cancer by targeting key tumor pro-
teins, blocking oncogenic signaling pathways, and modulating the 
tumor microenvironment. Anthraquinones (e.g., 1,3-dihydroxy-
2-methylanthraquinone, 2-hydroxy-3-methylanthraquinone) are 
predominantly alizarin-type, with minor emodin-type derivatives, 
inhibiting cancer via mitochondrial apoptosis. Furthermore, S. dif-
fusum polysaccharides exhibit dual regulation: selectively inhibit-
ing cancer cell growth without significant impact on normal cells, 
while enhancing immune function through elevated superoxide 
dismutase activity, scavenging of oxygen free radicals, and resist-
ance to lipid peroxidation, thereby amplifying anticancer efficacy.9

Molecular pathways of S. diffusum in gastric cancer interven-
tion
S. diffusum is a crucial anticancer drug in TCM and contains many 
anticancer active compounds. These compounds exhibit remark-
able activity both in vivo and in vitro and exert anticancer effects 
through different pathways (Table 1).10–44 Its bioactive compounds 
ultimately achieve anticancer effects by interfering with multiple 
cell signaling pathways (Fig. 3).

Induction of cancer cell apoptosis
Apoptosis is a genetically controlled, autonomous, and orderly 
process of cell death, whose traditional pathways include the ex-
trinsic pathway (receptor-mediated apoptosis pathway) and the in-
trinsic pathway (mitochondria-mediated apoptosis pathway).45 In 
addition, telomerase is a reverse transcriptase complex that synthe-
sizes telomeric DNA using RNA as a template to extend cell lifes-
pan.46 It is inhibited in normal tissues and activated in cancer cells. 
In this pathway, apoptosis mainly occurs through the inhibition 
of the expression of the human telomerase reverse transcriptase 
(hTERT) gene. Therefore, it can serve as a cancer-specific marker 
and a therapeutic target.47

S. diffusum can promote apoptosis in cancer cells by activat-
ing specific signaling pathways.48,49 Phosphatidylinositol-3 kinase 
(PI3K)/protein kinase B (AKT), mitogen-activated protein kinase, 
and many other signaling pathways play important roles in cell 
proliferation and apoptosis.50 In inducing exogenous apoptosis, S. 
diffusum significantly promotes apoptosis in gastric cancer cells. 
Kaempferol can inhibit the expression of the hTERT gene and the 
PI3K/AKT pathway, thereby reducing telomerase activity, induc-
ing apoptosis, and suppressing the proliferation of gastric cancer 
cells.51 When combined with the chemotherapeutic drug cisplatin, 
S. diffusum enhances cisplatin’s inhibitory effect on gastric can-
cer cell proliferation while reducing glycolysis, promoting apo-
ptosis, and lowering chemoresistance, demonstrating synergistic 
anticancer effects. These actions may be associated with the sup-
pression of the signal transducer and activator of transcription 3/
Notch signaling axis, downregulation of the anti-apoptotic protein 
B-cell lymphoma-2 (Bcl-2), and upregulation of P53 expression.52 
Furthermore, the 5-Fluorouracil/protocatechuic acid synergy ex-
erts anti-proliferative/pro-apoptotic effects and suppresses colony 
formation in AGS cells via P53 activation and Bcl-2 inhibition, 
demonstrating dual clinical advantages: reduced 5-Fluorouracil 
dosing requirements and enhanced apoptosis pathway targeting.53 
Regarding the intrinsic apoptotic pathway, the total flavonoids in 
S. diffusum induce the accumulation of reactive oxygen species in 
gastric cancer cells, causing mitochondrial membrane damage and 

abnormal changes in membrane potential, which subsequently lead 
to alterations in cell morphology and reduced cell numbers. This 
process further promotes the release of cytochrome C and apopto-
sis-inducing factor into the cytosol, triggering the caspase cascade 
and ultimately mediating gastric cancer cell apoptosis.54,55 Nota-
bly, quercetin, a key component of S. diffusum, acts synergistically 
through multiple pathways: it not only enhances caspase-3/9 activ-
ity in human gastric cancer MKN45 cells to promote apoptosis,8 
but also dose-dependently reduces mammalian target of rapamycin 
(mTOR) expression by increasing the light chain 3-II/ I autophagic 
flux ratio and elevating P53 and AMP-activated protein kinase 
(AMPK) protein levels.56 Simultaneously, it suppresses gastric 
cancer cell proliferation via the AMPK/mTOR signaling pathway, 
concurrently inducing autophagy and promoting apoptosis.57

Promotion of cancer cell ferroptosis
Ferroptosis, a novel form of programmed cell death, is morpho-
logically, genetically, and biochemically distinct from other cell 
death pathways. It is characterized by iron-dependent accumula-
tion of lipid peroxides and resultant oxidative damage. Current 
evidence establishes ferroptosis as a crucial regulator in funda-
mental biological processes, particularly iron, lipid, and amino 
acid metabolism. Recent studies highlight its therapeutic potential 
as an emerging anticancer pathway.58 Notably, quercetin induces 
ferroptosis in gastric cancer cells by elevating lipid peroxidation 
levels. Mechanistically, it targets SLC1A5 to suppress the NRF2/
xCT antioxidant axis while activating the phosphorylated CaM-
KII/DRP1 pathway, thereby accelerating iron deposition. These 
cumulative effects promote ferroptotic cell death and inhibit gas-
tric cancer progression.10

Inhibition of cancer cell proliferation
Cell proliferation is an increase in the number of cells caused by 
cell division and is a process that requires strict regulation. Ab-
normal proliferation of cells leads to the formation of cancers, 
which are populations of cells that are constantly dividing during 
the cell cycle. Dysregulation of the cell cycle can lead to the in-
definite proliferation of cancer cells. Therefore, regulating the cell 
cycle and inhibiting cell proliferation are essential for inhibiting 
cancer growth. The quercetin contained in S. diffusum can upregu-
late the expression of the P16 gene by reducing the expression 
of the Myelocytomatosis viral oncogene homolog gene, thereby 
blocking gastric cancer cells in the G0/G1 phase and inhibiting 
cell proliferation. Additionally, quercetin can also decrease the 
expression of the proliferating cell nuclear antigen protein, which 
is upregulated by angiotensin II, and can induce cell cycle arrest 
both in vitro and in vivo by inhibiting the expression of cyclin D1 
and cyclin-dependent kinase (CDK-4).59 In addition to quercetin, 
kaempferol inhibits gastric cancer cell proliferation by inducing 
G2/M phase arrest and autophagic cell death. This process is me-
diated through the upregulation of pro-apoptotic factors and the 
Immunoglobulin-Regulated Enhancer 1 - C/EBP-homologous 
protein / c-Jun N-terminal kinase pathway, achieved by sup-
pressing Bcl-2 survival signaling, extracellular regulated protein 
kinases/AKT phosphorylation, CDK1/cyclin B1 complexes, and 
cyclooxygenase-2 (COX-2).60 Furthermore, oleanolic acid sup-
presses gastric cancer cell proliferation by concurrently targeting 
multiple signaling pathways: it inhibits PI3K/AKT/mTOR signal-
ing cascades, blocks macrophage M2 polarization, reduces prolif-
eration linked to aerobic glycolysis along with glycolytic enzyme 
expression, and promotes nitric oxide release. Critically, this com-
pound downregulates Bcl-2, cyclin D1, and CDK4 while upregu-

https://doi.org/10.14218/OnA.2025.00011
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lating Bcl-2-associated X protein and P21—ultimately activating 
the cancer-suppressing P53 pathway through these coordinated 
molecular actions.61

Suppression of cancer cell invasion
Gastric cancer is a malignant cancer originating from epithelial 
tissue. Epithelial-mesenchymal transition (EMT), a critical patho-
logical phenomenon in cancer development and metastasis, per-
meates the entire process of gastric cancer initiation, progression, 
and dissemination. Studies indicate that after six weeks of S. diffu-
sum treatment, experimental rats exhibited significantly increased 
expression of the epithelial marker E-cadherin and decreased 
expression of mesenchymal markers (vimentin and N-cadherin) 
in gastric tissues. Hematoxylin and eosin staining results further 
confirmed that this treatment alleviated pathological damage in 
gastric mucosal cells, demonstrating S. diffusu’s multi-target re-
versal of gastric precancerous lesions.62 Mechanistic research 
revealed that a TCM compound containing S. diffusum regulates 
the hTERT/MDM2-p53 signaling pathway to inhibit EMT in gas-
tric cancer cells.63 The core function of this pathway involves 
p53 protein inhibiting cancer metastasis by negatively regulating 

EMT-related factors while promoting MDM2 expression; the re-
sulting p53-MDM2 complex upregulates E-cadherin expression 
through ubiquitination-mediated degradation of the transcription 
factor Slug, ultimately blocking the EMT process.64,65 Another in 
vitro study revealed that quercetin suppresses the pro-metastatic 
urokinase-type plasminogen activator/urokinase-type plasmino-
gen activator receptor system by inhibiting nuclear factor kappa-
B (NF-κB), protein kinase C-δ, and extracellular regulated protein 
kinase 1/2 while activating AMPKα. This system drives gastric 
cancer cell invasion by regulating key effectors such as matrix 
metalloproteinases, the PAK1/LIMK1/cofilin signaling axis, focal 
adhesion kinase, TGF-β, and vascular endothelial growth factor 
(VEGF).66

Inhibition of tumor angiogenesis
Cancer cells can induce the growth of microvessels around the tu-
mor, establishing blood circulation to generate tumor blood ves-
sels, which are key to tumor growth because blood vessels support 
tumor invasion and metastasis. Therefore, the destruction of tumor 
vascularization is a hot topic in cancer treatment today.67 VEGF is 
an important proangiogenic factor that contributes to angiogenesis 

Fig. 3. Anticancer mechanism of action of Scleromitrion diffusum. This schematic diagram illustrates the multi-targeted anticancer mechanisms of Sclero-
mitrion diffusum through modulation of key oncogenic signaling pathways. APC, antigen-presenting cell; Bcl-2, B-cell lymphoma-2; BcL-xl, B-cell lymphoma-
extra large; BID, BH3-interacting domain death agonist; CBP, CREB binding protein; CD, cluster of differentiation; C-MYC, myelocytomatosis viral oncogene; 
DVL, dishevelled; eNOS, endothelial nitric oxide synthase; ERK, extracellular regulated protein kinases; FADD, Fas-associating protein with a novel death 
domain; GSK3, glycogen synthase kinase-3; IKK, inhibitor of kappa B kinase; LEF, lymphoid enhancer-binding factor; MEK, mitogen-activated protein; MMP, 
matrix metalloproteinases; Mtor, mammalian target of rapamycin; NF-κB, nuclear factor kappa-B; NIK, NF-κB-inducing kinase; PI3K, phosphatidyqinositol-3 
kinase; PIP2, phosphatidylinositol(4,5)-bisphosphate; PIP3, phosphatidylinositol (3,4,5)-trisphosphate; PKB, protein kinase B; PTEN, mutated in multiple 
advanced cancers 1; Raf, rapidly accelerated fibrosarcoma; RAS, Renin-angiotensin system; RIP, receptor-interacting protein; RSK, ribosomal S6 kinase; 
STAT3, signal transducer and activator of transcription 3; tBID, truncated Bid; TCF, T-cell factor; TCF-1, T cell factor 1; TNF, tumor necrosis factor; TNFR, tumor 
necrosis factor receptor; TRAF, tumor necrosis factor receptor-associated factors; VEGF, vascular endothelial growth factor.

https://doi.org/10.14218/OnA.2025.00011


DOI: 10.14218/OnA.2025.00011  |  Volume 00 Issue 00, Month Year 11

Zhang Y. et al: Anti-gastric cancer components and mechanisms of S. diffusum Oncol Adv

via COX-2 and has been shown to play a central role in key signal-
ing pathways that promote tumor growth and metastasis.68 This, 
in turn, provides nutrients to cancer cells. Moreover, activation of 
the PI3K/AKT signaling pathway facilitates tumor angiogenesis 
by upregulating the expression of VEGF.

The flavonoids in S. diffusum are primarily composed of querce-
tin and kaempferol. Quercetin significantly inhibits tumor angio-
genesis, a mechanism involving the suppression of COX-2 and 
hypoxia-inducible factor-1α expression,11 and functions by down-
regulating the expression of VEGF-C and its receptor VEGFR-3 
in gastric cancer MGC-803 cells.69 Kaempferol, in in vitro experi-
ments, exhibits time-dependent inhibition of VEGF secretion and 
angiogenesis blockade. Mechanistic studies suggest both com-
pounds likely influence angiogenesis through shared pathways: 
kaempferol reduces signal transducer and activator of transcription 
3 phosphorylation levels, thereby downregulating NF-κB expres-
sion, while simultaneously suppressing VEGF expression via the 
proto-oncogene Myelocytomatosis viral oncogene homolog-P21 
pathway12; quercetin’s regulation of VEGF receptors may act syn-
ergistically with this mechanism.

Enhancement of immune function
Immunity is the ability of the body’s immune system to distin-
guish “self” from “non-self” components and eliminate antigens, 
damaged cells, and cancer cells through immune responses, 
thereby sustaining health. Immunotherapy is an important means 
for the treatment of cancers. Experimental studies indicate that 
low-dose S. diffusum enhances the expression of cluster of dif-
ferentiation (CD) 40 and CD86 on bone marrow-derived dendritic 
cells and promotes tumor necrosis factor-α and interleukin (IL)-6 
production in a dose-dependent manner. When combined with an-
tigens, S. diffusum strengthens specific memory T-cell responses, 
thereby maintaining anticancer efficacy even upon cancer recur-
rence.70 On the immunomodulatory level, polysaccharides in S. 
diffusum indirectly eliminate cancer cells by increasing the num-
ber and activity of lymphocytes, macrophages, and natural killer 
cells. After binding to polysaccharide receptors on immune cell 
surfaces, they activate intracellular signaling pathways and stimu-
late cytokine secretion by macrophages. The resulting cascade ef-
fectively suppresses tumor cell growth, proliferation, migration, 
and invasion while regulating the body’s immune response.71 
This effect may be related to the increase in the proportions of 
CD3, CD5, and cytokine-induced killer cells, the production of 
inflammatory cytokines, and the reduction in cytokine-induced 
killer cell apoptosis.72 Beyond polysaccharides, phenolic acids 
demonstrate promising immunomodulatory properties in cancer 
therapy. Specifically, oleanolic acid functions as an epigenetic 
modulator that blocks the IL-1β/NF-κB/TET3 axis in gastric can-
cer cells, resulting in DNA hypomethylation and programmed 
cell death ligand 1 downregulation, thereby providing adjuvant 
therapeutic benefits.73 Concurrently, ursolic acid suppresses nu-
cleotide-binding oligomerization domain, leucine-rich repeat, and 
pyrin domain-containing 3 inflammasome activation and reduces 
pro-inflammatory cytokines, including IL-1β, IL-6, and tumor 
necrosis factor-α, ultimately inhibiting both proliferation and in-
flammatory responses in lipopolysaccharide-stimulated BGC-823 
gastric cancer cells.13 Furthermore, kaempferol enhances natural 
killer cell-mediated cytotoxicity and blocks tumor immune escape 
pathways by downregulating major histocompatibility complex 
class I chain-related protein A expression in gastric cancer SGC-
7901 cells,74 further expanding S. diffusum’s multi-target immu-
noregulatory network.

Future research directions
Currently, significant progress has been made in the active com-
pounds of S. diffusum against gastric cancer and the mechanisms 
of combating gastric cancer, but there are still significant deficien-
cies. In the future, we can modify drugs based on these pathways 
and active compounds, which provides an unparalleled opportu-
nity for the development of new anticancer compounds with dif-
ferent biological activities and limited systemic toxicity. For ex-
ample, the methylated derivatives of quercetin have been proven 
to inhibit the migration and invasion of cancer cells, indicating that 
these modifications can endow enhanced anticancer properties.75 
After structural modification, ursolic acid shows higher efficacy 
and diverse targets and can inhibit the processes leading to can-
cer pathology. Like many natural medicinal compounds, the active 
compounds in S. diffusum have poor solubility, and the solvents 
have potential toxicity. For example, parenteral administration of 
ursolic acid is rarely used. The oral route, by adding it to the diet or 
drinking water, is of little use.76 Structural modification of the drug 
can also enhance its solubility, absorption, low protein binding, 
and longer tissue accumulation time. Structural modification and 
nanoparticle formulations have also significantly improved the sta-
bility, solubility, and bioavailability of quercetin, enabling targeted 
drug delivery. In addition, multi-pathway synergy has always been 
a major advantage of TCM. Based on these pathways, more drug 
combinations can be developed in the future. Studies have shown 
that when naringenin and quercetin are used in combination, they 
show promising synergistic anticancer cell proliferation effects by 
increasing lipid peroxidation, inducing mitochondrial depolariza-
tion, inhibiting anti-apoptotic Bcl-2, and concomitantly activat-
ing caspase 3/7, which neither of the two single components can 
achieve in cancer treatment.77

Therefore, future research directions can be divided into three 
major categories. First, in terms of active compounds, more atten-
tion should be paid to the structural modification of drugs. This 
can not only make the drugs more stable but also enhance their 
anticancer effects. Second, in terms of drug action target pathways, 
more combinations of drugs with drugs and active compounds 
with immunotherapeutic drugs should be explored. Finally, in 
drug research and development, emphasis should be placed on the 
nanocarrier/liposome system and the self-microemulsifying drug 
delivery system to improve the utilization rate of components with 
strong anticancer activity but poor bioavailability.

Conclusions
The anticancer potential of natural products has garnered increas-
ing recognition in recent years. Exemplifying modernized research 
in TCM, S. diffusum demonstrates significant anti-neoplastic ef-
ficacy in both preclinical and clinical studies, highlighting the 
considerable promise of rigorous multidisciplinary integration. 
This review synthesizes two critical insights: S. diffusum contains 
multiple bioactive constituents that combat gastric cancer through 
diverse mechanisms, and beyond conventional approaches like 
apoptosis induction, proliferation suppression, and angiogenesis 
inhibition, emerging evidence reveals S. diffusum’s therapeutic 
actions via ferroptosis modulation and telomerase interference. 
These findings underscore S. diffusum’s substantial untapped po-
tential for gastric cancer management, particularly through syn-
ergistic combinations of active compounds to discover novel an-
ticancer pathways. Such advancements provide crucial empirical 
validation for TCM principles while propelling the development 
of precision herbal oncology frameworks.
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