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Abstract: Lung cancer remains one of the leading causes of cancer‑related mortality worldwide. Despite continuous advances in 

antitumor therapy, challenges such as drug resistance, toxic side effects, and insufficient tumor‑targeted accumulation of drugs still 

persist. Exosomes (EXOs), as natural nanovesicles with a diameter of 30–150 nm, serve not only as key mediators of intercellular 

communication but also as ideal drug delivery vehicles, playing critical roles in tumor proliferation, epithelial–mesenchymal transition 

(EMT), drug resistance, and remodeling of the immune microenvironment. In recent years, nanotechnology engineering 

strategies—including surface modification of exosomes, construction of hybrid exosomes, and engineering modifications—have 

significantly enhanced the utilization of bioactive components from traditional Chinese medicine (TCM). This article systematically 

reviews two core pathways through which TCM intervenes in lung cancer via exosomes: functional regulation and nano‑delivery. It also 

incorporates the direct antitumor effects of plant‑derived exosome‑like vesicles (PELVs), thereby establishing a bidirectional interaction 

framework between exosomes and TCM. This framework provides new directions for the development of TCM‑based nanomedicines for 

lung cancer and their clinical translation.  
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1. Introduction 
 

Lung cancer ranks first among all malignant tumors 

worldwide in both incidence and mortality. According to 

statistics from the International Agency for Research on 

Cancer (IARC) of the World Health Organization, in 2022 

there were approximately 2.48 million new cases globally 

(accounting for 12.4%) and approximately 1.81 million deaths 

(accounting for 18.7%), with East Asia being a high-incidence 

region, accounting for 55% of new cases worldwide [1]. In 

2022, China reported over 1.06 million new cases and over 

733,000 deaths [2], accounting for 22.0% and 28.5% of global 

incidence and mortality, respectively, both ranking first and 

showing an upward trend [3], Among these, non-small cell 

lung cancer (NSCLC) accounts for 80%–85% of all lung 

cancer cases.  

 

Traditional Chinese medicine (TCM) approaches the 

prevention and treatment of lung cancer with the general 

principle of “strengthening the body’s resistance and 

eliminating pathogenic factors” (Fuzheng Quxie), 

emphasizing holistic treatment based on syndrome 

differentiation. Although ancient literature does not record a 

specific disease name for “lung cancer,” based on its clinical 

manifestations of cough, sputum production, hemoptysis, 

chest pain, and weight loss, it can be classified under 

categories such as “cough” (Kesou), “hemoptysis” (Kexue), 

“chest pain” (Xiongtong), “Xiben” (dyspnea with a mass), 

and “Feiji” (lung accumulation). The symptoms described in 

the Nanjing (Classic of Difficult Issues), Chapter 56 — “The 

accumulation of the lung is called Xiben, located below the 

right hypochondrium, covering an area as large as a cup; if it 

persists for a long time, it causes alternating chills and fever, 

wheezing and coughing, and lung congestion” — are highly 

consistent with those of lung cancer. The Suwen (Basic 

Questions), Chapter on Extraordinary Diseases, states: “The 

disease presents with fullness below the hypochondrium and 

reversed flow of qi, persisting for two to three years without 

resolution... the disease is named Xiji (breath accumulation),” 

which describes its protracted and refractory nature. The 

Jisheng Fang (Prescriptions for Saving Lives) also describes 

Xiben: “The appearance of Xiben is located below the right 

hypochondrium, covering an area as large as a cup, with rapid 

and rushing breathing.” The Waike Zhengzong (Orthodox 

Manual of External Medicine) further elaborates on “Feiyan” 

(lung rock) and “Tanhe” (phlegm node), and subsequent 

physicians have continuously enriched and refined the TCM 

theoretical system of syndrome differentiation and treatment 

for lung cancer.  

 

Active ingredients of traditional Chinese medicine (TCM) 

possess advantages such as multi-target anti-tumor effects 

[4-5], and regulation of the tumor microenvironment [6]. 

However, limitations including poor water solubility, low 

bioavailability, short half-life, and lack of tumor targeting 

restrict their in vivo efficacy [7]. On the one hand, active 

ingredients of TCM can directly intervene in the secretion, 

release, and cargo loading of exosomes (EXOs) from lung 

cancer cells, and downregulate the expression of pro-tumor 

miRNAs and immune checkpoint molecules (such as PD-L1) 

in exosomes. On the other hand, they can serve as natural 

nanocarriers to load active ingredients of TCM, encapsulating 

active molecules such as quercetin and triptolide inside EXOs, 

thereby overcoming shortcomings including poor water 

solubility, rapid in vivo metabolism, and insufficient targeting 

of monomeric compounds. This ultimately inhibits tumor 

proliferation and metastasis, reverses targeted therapy and 
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chemotherapy resistance, and reprograms tumor-associated 

macrophage polarization, achieving an intervention effect on 

lung cancer.  

 

2. Concept of EXOs 
 

EXOs are a class of nanoscale small extracellular vesicles 

actively secreted by biological cells, and are therefore also 

known as small extracellular vesicles (sEVs) [8-9]. They 

possess an intact phospholipid bilayer membrane structure, 

are mostly spherical or approximately spherical in 

morphology, and are structurally stable and uniform in texture 

[10]. They contain bioactive molecules such as DNA, RNA, 

and proteins [11]. The secretion of EXOs is ubiquitous; the 

vast majority of living cells in the human body (such as stem 

cells, immune cells, epithelial cells, endothelial cells, tumor 

cells, fibroblasts, etc.) are capable of secreting them [12]. 

They are distributed throughout almost all body fluids and 

tissue microenvironments, including blood, cerebrospinal 

fluid, urine, milk, and interstitial fluid, serving as a core 

mediator of intercellular information exchange and molecular 

transport [13]. EXOs possess good biocompatibility, low 

immunogenicity, and the ability to cross biological barriers 

[14-15]. They can effectively load TCM monomers and TCM 

compound formulas (such as Huoluo Xiaoling Dan [16], 

Shugan Yishen Fang [17], Zuojin Wan, etc. [18]), and achieve 

enrichment through homologous targeting (i.e., homing) [19]. 

They demonstrate multiple synergistic therapeutic potentials 

in reversing tumor drug resistance and regulating the tumor 

microenvironment, making them ideal natural nanodelivery 

carriers.  

 

3. EXOs Delivery of Active Ingredients of 

Traditional Chinese Medicine for the 

Treatment of Lung Cancer 
 

3.1 Sources of EXOs for Traditional Chinese Medicine 

Delivery 

3.1.1 PELVs 

 

PELVs are rich in maternal plant-derived miRNAs, 

metabolites, and other active components, and possess natural 

targeting ability and low immunogenicity, enabling the 

synergistic delivery of multiple active ingredients [20-21], 

PELVs related to lung cancer treatment are summarized in 

Table 1.  

 

3.1.2 Animal-Derived Sources 

 

Animal-derived exosomes have a wide range of sources, and 

different cells can be selected as carriers according to 

different requirements. Tumor-derived exosomes (TEX) 

possess natural homologous targeting ability and can 

specifically home to primary tumor tissues [22]. 

Mesenchymal stem cell (MSC)-derived exosomes are 

abundant in yield and inherently possess tumor tropism, but 

their targeting ability depends on induction under specific 

conditions. For example, paclitaxel intervention can 

upregulate SDF-1 expression by 2.2–5.4 fold, significantly 

enhancing tumor-directed enrichment efficiency and 

achieving higher yield [23]. Macrophage-derived EXOs can 

also serve as carriers for loading TCM monomers such as 

osthole [24].  

 

3.1.3 Milk-Derived Sources 

 

Milk-derived EXOs are natural nanocarriers with high yield 

(over 10¹⁴ nanovesicles can be extracted per liter of milk [25]. ) 

and inherently carry various bioactive molecules such as 

miRNAs (e. g., miR-181a, miR-30a-5p), proteins (e. g., 

lactoferrin), and lipids [26 -28], By regulating pathways 

including NF-κB, MAPK, STAT3, and PI3K/AKT, they exert 

anti-inflammatory, anti-tumor, and immunomodulatory 

functions [29], They can not only improve chemotherapeutic 

drug delivery but also achieve targeted sensitization.  

Table 1: Studies on PELVs related to lung cancer therapy 
PELNs Source Research Model/Type Mechanism Reference 

Houttuynia 
cordata 

A549, H1975, H520 cells; 
tumor-bearing mice 

Houttuynia cordata-derived EXOs (aHELNs) carry miRNAs and metabolites that 

directly induce lung cancer cell apoptosis, regulate gut microbiota via the gut-tumor 
axis, reprogram tumor-associated macrophages, mediate anti-tumor immune 

remodeling, and inhibit tumors. 

[30] 

Curcuma A549 cells; tumor-bearing mice 

Curcuma-derived EXOs (TEVs) integrated with the metal-organic framework ZIF-8 to 
construct the ZeiT nanoformulation, which induces ICD, blocks the Wnt/β-catenin 

pathway, and inhibits PD-L1, synergistically remodeling the lung cancer immune 

microenvironment and inhibiting lung metastasis through a triple mechanism. 

[31] 

Catharanthus 

roseus 

RAW 264.7 macrophages and 

primary splenic lymphocytes; 

cyclophosphamide-induced 
immunosuppressed mouse 

model 

Catharanthus roseus leaf-derived EXOs (CLDENs) stimulate TNF-α secretion, activate 

the NF-κB signaling pathway, and upregulate the transcription factor PU.1, exerting 

immune effects. Although not yet validated in lung cancer, their post-chemotherapy 
immune adjuvant function and ability to alleviate myelosuppression suggest potential as 

an adjuvant therapeutic strategy after lung cancer chemotherapy. 

[32] 

Ginger A549, PC-9 cells 
Ginger-derived EXO nanoparticles (GELNs), through components such as 10-gingerol, 

regulate GSK3B/PGR/SRC targets and inhibit the proliferation of A549 and PC-9 cells. 
[33] 

Ginseng 
A549, H1299 cells; LLC 

tumor-bearing mice 
Ginseng-derived EXOs (G-Exos) downregulate PD-L1 expression in cancer cells, 

thereby restoring T cell activity and alleviating immune evasion. 
[34] 

Celery LLC tumor-bearing mice 

Celery-derived EXOs (CDEVs) downregulate the p-STAT3/PD-L1 axis, inhibit lung 

cancer cells, and restore T cell killing function, while also serving as targeted 
transporters for chemotherapeutic drugs, achieving synergistic immuno-chemotherapy. 

[35] 

Dandelion LLC tumor-bearing mice 
Dandelion-derived EXOs (TM-EVLPs) inhibit NSCLC by inducing mitochondrial 

dysfunction (decreased membrane potential, increased ROS, reduced ATP). 
[36] 

Pinellia ternata Lung adenocarcinoma model 

Pinellia ternata-derived EXOs (PEVs) inhibit key serine synthesis enzymes 

(PHGDH/PSAT1/PSPH), activate the JAK-STAT pathway, induce M1-type anti-tumor 

polarization of tumor-associated macrophages (TAMs), and directly induce S-phase 
arrest in lung cancer cells. 

[37] 

Bamboo shoot A549 cells Bamboo shoot-derived EXOs (BSNs) are selectively taken up by A549 cells and [38] 
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regulate the Akt/p53 pathway to induce apoptosis, with minimal effects on normal cells. 

Garlic A549, HDF, A498 cells 
Garlic-derived EXOs (SEVs) inhibit A549 cell proliferation and activate the caspase 

pathway to induce apoptosis, with minimal effects on normal cells. 
[39-40] 

Artemisia annua 
RAW264.7 macrophages; LLC, 
C57BL/6 tumor-bearing mice 

Artemisia annua-derived EXOs (ADNVs), through their carried plant mitochondrial 

DNA (mtDNA), activate the cGAS-STING pathway in TAMs, induce M1-type 
anti-tumor polarization of TAMs, reprogram the immune microenvironment, and inhibit 

lung cancer progression. 

[41] 

Ganoderma 
lucidum 

A549 cells 
Ganoderma lucidum-derived EXOs (GLEVs) are taken up by A549 cells and inhibit 

lung cancer proliferation, invasion, and migration. 
[42] 

Lemon 

A549 cells; chronic myeloid 

leukemia (CML) xenograft 
tumor model 

Lemon-derived EXOs activate the TRAIL apoptosis signaling pathway, inhibit A549 

cell proliferation, and suppress the growth of CML xenograft tumors. 
[43-44] 

Astragalus-Curcu

ma 

A549, C57BL/6, LLC 

tumor-bearing mice 

Astragalus-Curcuma co-decoction-derived EXOs (AC-NPs) combined with 

5-fluorouracil (5-FU) improve oral bioavailability, enhance synergistic therapeutic 
efficacy against lung cancer, and reduce toxicity. 

[45] 

Selaginella 

moellendorffii 
Lung cancer 

Self-derived PELVs upregulate FABP4/PPARG, inhibit the GPX4/xCT axis to induce 

ferroptosis, and suppress lung cancer growth and metastasis. 
[46] 

Notes: 

1. LLC: Lewis lung carcinoma, a lung tumor cell line derived from C57BL/6 mice.  
2. A549, PC-9, H1299, C57BL/6: human non-small cell lung cancer cell lines.  

2. HDF: human dermal fibroblasts.  

3. A498 cells: derived from human renal clear cell carcinoma cells.  

Table 2: Half-life of curcumin 
Experimental Subject Formulation Elimination Half-life (t₁/₂) Reference 

Rat Free curcumin / Curcumin solid lipid nanoparticles 4.71 ± 1.18 h / 17.16 ± 1.61 h [61] 

Rat Curcumin raw material / Curcumin PVP-EPO solid dispersion 11.6 ± 0.9 h / 9.5 ± 2.7 h [62] 

Human 
Free curcumin (400 mg dose) / Free curcumin (2, 000 mg dose) / 

Curcumin formulation (BNT-C060) 
6.74 h / 21.70 h / 22.28–24.92 h [63] 

 

3.2 EXOs 

 

3.2.1 Flavonoids 

 

1) Curcumin (Cur) 

 

Cur is a diketone polyphenolic compound extracted from the 

rhizome of turmeric, with well-established anti-inflammatory, 

antioxidant, and anti-tumor activities. It induces tumor cell 

apoptosis by inhibiting pathways such as NF-κB, STAT3, and 

Wnt/β-catenin, and suppresses lung cancer metastasis and 

chemotherapy resistance [47-49]. However, its poor water 

solubility [50-51], short in vivo half-life, significant first-pass 

metabolism (see Table 2), and low bioavailability [52-53] 

restrict its application. The lipid bilayer of EXOs can 

effectively encapsulate and solubilize Cur, reduce drug 

degradation in vivo, and extend in vivo circulation through 

passive targeting and surface modification-mediated active 

targeting, thereby increasing tumor accumulation [54-57]. 

Camel milk-derived EXOs loaded with Cur (ExoCUR) show 

significantly enhanced efficacy against both sensitive and 

drug-resistant lung cancer cells, mechanistically associated 

with inhibition of EGFR/STAT3 [58]. Turmeric-derived 

EXOs (TELNs) exert anti-NSCLC effects by activating the 

hMOF-H4K16ac pathway [59]. Milk-derived EXOs loaded 

with Cur have also been confirmed to possess 

anti-proliferative capacity against various cancer cell lines 

including lung cancer [60]. In addition, PELVs themselves are 

rich in active components such as Cur, possessing dual 

functions as both carrier and drug.  

 

2) Quercetin (Que) 

 

Que is an active substance found in medicinal materials such 

as Sophora japonica flowers and Ginkgo biloba leaves, 

possessing functions including antioxidant [64], 

anti-inflammatory [65-66], induction of tumor cell apoptosis 

[67-72], and inhibition of tumor cell EMT [73-74]. Que 

inhibits lung cancer proliferation and metastasis by regulating 

pathways such as Ras/ERBB/MAPK and PI3K/AKT [75-77]. 

Similarly, the poor water solubility of Que (approximately 7 

μg/mL) [78] and its low oral absorption limit its in vivo 

efficacy [79]. Nanoengineering approaches such as 

microalgae-derived EXOs and Que-loaded liposomal 

nanocarriers have been demonstrated to effectively inhibit 

EMT, cell migration, and TGF-β1 release, and reduce reactive 

oxygen species levels in a bleomycin-induced A549 model 

[80], providing a feasible strategy for enhancing the 

bioavailability and anti-tumor effects of Que.  

 

3.2.2 Terpenoids 

 

Terpenoids are hydrocarbons and their oxygen-containing 

derivatives derived from the mevalonic acid (MVA) pathway 

[81], with molecular formulas that are multiples of isoprene 

units. According to the number of isoprene units, they can be 

classified into monoterpenes, sesquiterpenes, diterpenes, 

triterpenes, etc [82]. And can exert pharmacological activities 

such as anti-tumor, antibacterial, and anti-inflammatory 

effects [83].  

 

1) Paclitaxel (PTX) 

 

PTX is a diterpenoid compound extracted from the bark of 

Taxus plants [84] and is a first-line drug for NSCLC with 

confirmed efficacy. However, its water solubility is extremely 

poor, and the clinically used Cremophor EL-solubilized 

formulation can easily cause severe allergic reactions and 

peripheral neurotoxicity [85]. To improve these limitations, 

EXO engineering modification strategies hold high research 

value. At the drug delivery level, EXOs from different cell 

sources each have their own advantages: folate-modified 

bovine colostrum EXOs loaded with PTX achieve a high 

tumor inhibition rate (55%) in lung cancer while avoiding 

Cremophor EL-related toxicity [86]; EGFR-targeting 

peptide-modified EXOs and PEG-AA-modified EXOs loaded 

with PTX achieve targeted sensitization of EGFR-positive 

lung cancer and enhanced pulmonary accumulation, 
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respectively [87-88]; CAR-T cell-derived EXOs delivered by 

nebulized inhalation for PTX delivery demonstrate high 

efficacy and low toxicity [89]; after MSC treatment with PTX, 

the homing factor SDF-1 expression is upregulated and 

synergizes with 11 anti-tumor miRNAs to strengthen the 

cell-killing effect in a one-step manner [23]; A549 

cell-derived EXOs loaded with PTX show superior tumor 

inhibition compared to commercial formulations [90]. in 

addition, TCM monomers such as α-hederin can reprogram 

miRNA loading in tumor cell sEVs, blocking the transmission 

of drug resistance and thereby restoring NSCLC sensitivity to 

PTX [91]; however, tumor cells can also transmit TPX2 via 

EXOs and activate the Wnt/β-catenin pathway, inducing the 

dual risk of metastasis and drug resistance [92]. Therefore, the 

risk of EXO-mediated drug resistance transmission must be 

taken into account in EXO engineering modification.  

 

2) Triptolide (TL) 

 

TL is an epoxy diterpenoid lactone active ingredient extracted 

from the Celastraceae plant Tripterygium wilfordii, with 

well-established anti-tumor [93], apoptosis-inducing, heat 

shock response-regulating [94], and tumor angiogenesis- 

modulating [95]. However, its narrow therapeutic window 

and significant hepatorenal toxicity make widespread clinical 

application difficult [96]. In EXO delivery research, studies 

have confirmed [97] that hybrid EXOs co-loaded with TL and 

CYP3A4-siRNA exhibit significant anti-tumor effects in lung 

metastatic melanoma, although the model is not lung cancer. 

In ovarian cancer, SKOV3 cell-derived EXOs loaded with TL 

show superior anti-proliferative effects compared to free drug, 

indirectly suggesting anti-lung cancer potential [98]. 

Currently, research on EXO-mediated TL delivery mostly 

focuses on ovarian cancer and melanoma, while in lung 

cancer, liposomal delivery remains predominant. Therefore, 

EXO-mediated TL delivery for lung cancer still requires 

further exploration.  

 

3) Artemisinin (ART) and Its Derivatives 

 

ART is a sesquiterpene lactone (C₁₅H₂₂O₅) compound 

containing a peroxide group, extracted from Artemisia annua 

[99], Structural derivatives such as dihydroartemisinin (DHA) 

and artesunate not only improve the deficiencies in solubility 

and bioavailability but also retain anti-tumor activity 

[100-101]. Studies have shown [102], that the combination of 

DHA and cisplatin can regulate iron homeostasis and enhance 

ferroptosis sensitivity in lung cancer, with superior effects in 

squamous cell carcinoma compared to adenocarcinoma, 

suggesting differences in ferroptosis sensitivity among 

different lung cancer subtypes. At the drug delivery level, 

bovine milk-derived EXOs loaded with DHA (Exo-DHA) 

inhibit the proliferation and migration of melanoma and 

triple-negative breast cancer cells, but direct evidence in lung 

cancer is insufficient [103-104]. In summary, ART and its 

derivatives possess direct killing effects in lung cancer 

treatment, but EXOs/PELVs represent a feasible strategy for 

achieving reduced toxicity and enhanced efficacy.  

 

3.2.3 Alkaloids 

 

Alkaloids, as important active anti-tumor ingredients of 

traditional Chinese medicine, are a class of nitrogen- 

containing basic organic compounds that can achieve targeted 

sensitization and synergistic therapy through EXO delivery. 

Camptothecin delivered by TEX targeting sensitizes 

radiotherapy by regulating the cell cycle [105]; engineered 

TEX co-loaded with perfluorocarbon, photosensitizer ICG, 

and camptothecin achieves efficient targeted therapy of 

melanoma through alleviating tumor hypoxia and synergizing 

phototherapy with chemotherapy [106].  

 

3.2.4 Polysaccharides 

 

Astragalus polysaccharides (APS) are the core component of 

Astragalus membranaceus, characterized by multi-target and 

multi-pathway anti-tumor effects. In immune regulation, APS 

can promote T cell proliferation and, through mitochondrial 

metabolic regulation, reduce the proportion of exhausted 

PD-1hiCD8+ T cells within tumors and enhance their IFN-γ 

secretion capacity, thereby strengthening anti-tumor 

immunity [107]. Meanwhile, by regulating the 

TLR4/NF-κB/STAT3 pathway, APS reverses TAMs from the 

M2 phenotype to the anti-tumor M1 phenotype, thereby 

enhancing the chemotherapeutic effect of gemcitabine and 

overcoming its resistance [108]. In terms of anti-tumor 

activity, APS can inhibit tumor angiogenesis [109], regulate 

CEACAM7, and mediate the EMT pathway to inhibit lung 

cancer proliferation, invasion, and migration [110]. In 

addition, APS induces apoptosis in multiple lung cancer cell 

lines by promoting the expression of apoptotic proteins 

Bax/Caspase-3 and reducing the level of the anti-apoptotic 

protein Bcl-2, with more significant effects when combined 

with chemotherapeutic drugs such as cisplatin [111-114]. 

APS can also regulate the TLR4/NF-κB pathway, altering the 

protein composition of lung cancer cell-derived EXOs to 

modulate the tumor immune microenvironment, suggesting a 

close interaction between APS and EXOs. Therefore, 

encapsulating APS in EXOs is expected to synergistically 

exert dual effects of immune activation and targeted 

anti-tumor activity.  

 

3.2.5 Saponins 

 

Saponins are glycoside compounds with complex structures, 

composed of a sapogenin (aglycone) combined with a sugar 

chain. According to the structure of the sapogenin, they can be 

classified into two major categories: triterpenoid saponins and 

steroidal saponins, and possess functions such as hemolysis, 

anti-inflammation, immune regulation, and anti-tumor 

activity [115]. EXO delivery strategies significantly enhance 

their efficacy: TMTP1 peptide-modified TEX delivering 

ginsenoside Rb1 (Rb1@T-exo) effectively overcomes 

immune resistance in PI3K-mutant NSCLC by inhibiting the 

PI3K/AKT/mTOR pathway and remodeling the immune 

microenvironment [116]. In addition, ginseng-derived EXOs 

(Gn-Exo) are rich in ginsenoside Rh2 (Gn-Rh2), which 

promotes ubiquitination and degradation of RRM2 by 

competitively binding to the deubiquitinase USP22 and 

blocking its interaction with the RRM2 protein, thereby 

inhibiting NSCLC proliferation, migration, and lung 

metastasis, and sensitizing cisplatin [117].  
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Table 3: Exosome‑mediated delivery of other active monomers from traditional Chinese medicine 
Natural Product Classification Source EXOs Delivery System Mechanism Reference 

Sipeimine Alkaloids Fritillaria cirrhosa 
ELVs nanoplatform 

targeting integrin α3β1 

Enhances anti-tumor activity and reduces 

toxicity 
[118] 

Hydroxycitric 

acid tripotassium 
Organic acids 

Garcinia genus 

plants 
Folate-modified milk EXOs 

Inhibits ACLY and downstream fatty acid 

synthesis 
[119] 

Cannabidiol 
(CBD) 

Phenolics 
(cannabinoids) 

Cannabis genus 
plants 

Folate-modified colostrum 
EXOs (FA-ExoCBD) 

Anti-proliferative, anti-inflammatory [120] 

Pterostilbene Stilbenes 

Blueberry, grape, 

Pterocarpus 
santalinus, etc. 

Lactoferrin-functionalized 

grapefruit EVs 
(LF/PS-GEV) 

Downregulates VEGF/cyclin D1, upregulates 

BAX/caspase-3, inhibits p53 
[121] 

Grifola frondosa 

extract 
Polysaccharides 

Grifola frondosa 
(edible-medicinal 

fungus) 

MSC-derived exosomes Modulates NF-κB and MAPK pathways [122] 

Resveratrol Stilbenes 
Polygonum 

cuspidatum, grape, 

etc. 

Res-pretreated human 
umbilical cord MSC 

exosomes 

Delivers reduced Wnt5a, antagonizes 

Wnt/β-catenin, upregulates E-cadherin 
[123] 

Withaferin A 
Terpenoids 
(steroidal 

lactones) 

Withania somnifera 

(Solanaceae plants) 
Milk EXOs (ExoWFA) 

Lung cancer xenograft, tumor inhibition rate 

74% vs 50% (free drug) 
[124] 

β-Elemene 
Terpenoids 

(sesquiterpenes) 

Curcuma wenyujin 

(Zingiberaceae, 

Curcuma genus) 

Self-induced EXOs 

SYNCRIP mediates miR-127-3p loading into 
EXOs → targets MAPK4 inactivation, 

Akt/mTOR-induced autophagy; inhibits ZC3H4 

to promote macrophage M1 polarization 

[125] 

 

3.3 EXOs Delivery of Traditional Chinese Medicine 

Compound Formulas 

 

Compared with studies on the EXO-mediated delivery of 

TCM monomers, research on EXO-mediated delivery of 

TCM compound formulas for NSCLC is relatively limited. 

The delivery modes are mainly divided into two categories: 

first, functional regulation-type EXOs induced by compound 

formula pretreatment, i.e., EXOs with altered secretion 

function from tumor cells after stimulation by compound 

formulas, which do not themselves contain active ingredients 

of the compound formula; second, artificial drug-loaded 

EXOs, i.e., EXOs artificially loaded with compound formula 

extracts to achieve targeted delivery and enhanced efficacy 

with reduced toxicity. For example: EXOs extracted from the 

co-decoction of the Astragalus-Curcuma drug pair (ACELNs) 

are rich in active ingredients such as astragaloside IV, 

calycosin, and curcumol, which not only significantly 

improve oral bioavailability but also achieve synergistic 

efficacy enhancement and toxicity reduction when combined 

with 5-fluorouracil in lung cancer models [45]. In addition, 

Curcuma-derived EXOs loaded with Astragalus components 

(AC-CELNs) can promote the uptake and transport of 

Astragalus active ingredients by tumor cells and enhance 

anti-tumor activity [126], preliminarily validating the 

application potential of EXOs loaded with compound 

formulas.  

 

4. Traditional Chinese Medicine Active 

Ingredients Regulating TEX for the 

Treatment of Lung Cancer 
 

TEX are EXOs secreted by tumor cells, carrying various 

bioactive cargoes such as miRNAs, proteins, lipids, and 

immune checkpoint molecules. They are extensively involved 

in pathological processes including tumor cell proliferation, 

EMT, invasion and metastasis, chemotherapy and targeted 

therapy resistance, TAM M2 polarization, and immune 

evasion, continuously driving malignant progression by 

mediating tumor-stroma and tumor-immune cell signal 

transmission. TCM monomers can act on tumor cells to 

intervene at the source in the generation, release, and cargo 

loading of TEX, downregulate pro-tumor miRNAs, glycolytic 

proteins, and immunosuppressive molecules within them, and 

block TEX-mediated pro-tumor signaling networks. For 

example, natural products such as alkaloids can regulate the 

expression of non-coding RNAs (ncRNAs) in TEX, thereby 

inhibiting tumor progression, metastasis, and drug resistance 

[127]. This provides a modern biological micro-level 

interpretation for lung cancer.  

Table 4: TCM active components regulating tumor-derived 

exosomes (TEX) for lung cancer therapy 
TCM Active 

Ingredient/Co

mpound 

Formula 

Mechanism 
Refe

rence 

Feiyanning 
Formula (FYN) 

Inhibits the JAK2/STAT3/c-Fos/NFATc1 

pathway and exosomal miR-328-mediated 

pro-metastatic signaling 

[128] 

α-Hederin 

Inhibits the TGFβ/SMAD2 pathway and 

reduces unsaturated fatty acid synthesis; 

reprograms exosomal miRNA loading 
(promotes miR-21-5p, miR-23a-3p, and 

miR-125b-5p entry into sEVs targeting 

TGFβ/SMADs), blocks drug resistance 
transmission via sEVs, and reverses 

paclitaxel resistance in NSCLC 

[91] 

Hedyotis 
diffusa-Scutell

aria barbata 

Regulates the TGF-β/Smad pathway, 
inhibits the NLRP3/NF-κB/MAPK 

pathway, downregulates exosomal PD-L1, 

and synergistically inhibits proliferation, 
induces apoptosis, and blocks immune 

evasion 

[129-

130] 

Solanum 

lyratum 

steroidal 

alkaloids 

Regulates TEX, inhibits the JAK2/STAT3 

pathway, suppresses EMT, and inhibits 
NSCLC metastasis 

[131-

132] 

Shikonin 

Targets exosomal PKM2, inhibits 

glycolysis, reduces exosomal 

PKM2-mediated cisplatin resistance 
signaling, and sensitizes cisplatin 

[133] 

Tanshinone IIA 

Alters the exosomal miRNA expression 

profile of A549 cells and inhibits HUVEC 
angiogenesis (“activating blood circulation 

and removing blood stasis” inhibits tumor 

neovascularization) 

[134] 

 

5. Conclusion 
 

The pathogenesis of lung cancer is complex, with healthy qi 
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deficiency as the root and cancer toxins, phlegm, and blood 

stasis as the branch manifestations. Clinically, there remain 

practical challenges such as high incidence of drug resistance, 

metastasis and recurrence, and limited therapeutic benefit. 

EXO nanodelivery provides an important tool for overcoming 

the shortcomings in druggability of TCM active ingredients 

and demonstrates tremendous potential in the field of NSCLC 

treatment. TCM active ingredients can intervene through two 

dimensions: functional regulation and nanodelivery. 

Exosome-mediated delivery of single TCM ingredients has 

accumulated substantial basic data, while research on 

exosomes loaded with TCM compound formulas, though still 

in its infancy, best reflects the characteristics of TCM. At 

present, this field still faces many challenges, including 

preparation technology, quality control standardization, 

multi-component co-loading of compound formulas, and in 

vivo translation. In the future, it is necessary to base efforts on 

TCM compatibility theory, combine them with the biological 

characteristics of exosomes, and promote the advancement of 

TCM-exosome nanoformulations from single ingredients to 

compound formulas, from basic research to clinical 

application, and from experience-based to standardization. 

Their excellent application potential provides novel ideas and 

technological directions for the research and development of 

innovative TCM anti-lung cancer drugs.  

 

References 
 

[1] BRAY F, LAVERSANNE M, SUNG H, et al. Global 

cancer statistics 2022: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 cancers in 185 

countries. [J]. CA: a cancer journal for clinicians, 2024, 

74(3):229-263.  

[2] HAN B F, ZHENG R S, ZENG H M, et al. Cancer 

incidence and mortality in China, 2022 [J]. Journal of the 

National Cancer Center, 2024, 4(1):47-53.  

[3] WANG J, YU J M, et al. Expert consensus on the 

diagnosis and treatment of advanced non-small cell lung 

cancer with EGFR PACC mutations (2025 edition), [J]. 

Chinese Journal of Oncology.2025, 47(9):811-829.  

[4] CHENG B, SONG M, XU L X. Research progress on 

the synergistic effects of active components from 

traditional Chinese medicine in reversing tumor 

multidrug resistance. [J]. China Pharmacist, 2025, 

29(10):1787-1793.  

[5] HUANG J, LIN S, JIANG C J, et al. WEI Ling. 

Research progress on the anti-tumor effects of 

traditional Chinese medicine through intervention in the 

Nrf2/GPX4 signaling pathway. [J]. China Pharmacy, 

2025, 36(4):507-512.  

[6] CHEN J H, ZHAO C L, ZHANG J, et al. Enhancing 

immunogenicity and release of in situ-generated tumor 

vesicles for autologous vaccines [J]. Journal of 

Controlled Release, 2025, 381.  

[7] WU S H, ZHU C. Research Progress on Anti-tumor 

Effects of Nanoformulations of Active Ingredients of 

Traditional Chinese Medicine [J]. Pharmacy Today, 

2025, 35(8): 634-640.  

[8] THÉRY C, WITWER K W, AIKAWA E, et al. Minimal 

information for studies of extracellular vesicles 2018 

(MISEV2018): a position statement of the International 

Society for Extracellular Vesicles and update of the 

MISEV2014 guidelines [J]. Journal of Extracellular 

Vesicles, 2018, 7(1).  

[9] YANG Z Y, ZHAO Z H. Exosome Biogenesis: Structure 

and Functions. [J]. Chinese Journal of Cell Biology, 

2026, 48(6):1648-1656.  

[10] YOON Y J, KIM O Y, GHO Y S. Extracellular vesicles 

as emerging intercellular communicasomes [J]. BMB 

Reports, 2014, 47(10):531-539.  

[11] KALLURI R. The biology and function of exosomes in 

cancer [J]. The Journal of Clinical Investigation, 2016, 

126(4):1208-1215.  

[12] WANG Y, ZHANG Y, CAI G, et al. Exosomes as 

Actively Targeted Nanocarriers for Cancer Therapy [J]. 

International Journal of Nanomedicine, 2020, 15: 

4257-4273.  

[13] ZHANG W, YU L, CHEN Y. Research Progress in 

Extracellular Vesicles Detection and Analysis. [J]. 

Chinese Journal of Cell Biology, 2020, 42(1):159-165.  

[14] SUN Z R, LI N, AI W X, et al. Research Progress of 

Exosome-based Targeted Treatment of Gynecological 

Tumors with Active Ingredients of Chinese Medicines. 

[J]. World Chinese Medicine, 2025, 20(16):2978-2983.  

[15] ZHANG L, HU R, ZHANG J P, et al. Dual-targeted 

exosome nanoplatform co-delivering doxorubicin and 

Fuzi Lizhong Tang bioactives for synergistic DLBCL 

therapy and chemotherapy-induced diarrhea 

management [J]. Colloids and Surfaces B: Biointerfaces, 

2026, 258.  

[16] XIE X T, LI Z M, WU H Y, et al. Clinical Observation 

on the Treatment of Drug-resistant Colorectal Cancer 

with Qi Stagnation and Blood Stasis Type Through 

Exosome Mediation Using Huoluo Xiaoling Pill. [J]. 

Journal of Jiangxi University of Chinese Medicine, 2025, 

37(1):51-54.  

[17] CUI Y J, LU W P, WU X Q. Research status of 

exosomes in endocrine drug resistance of breast cancer 

and discussion on the possible mechanism of traditional 

Chinese medicine intervention [J]. China Medicine, 

2022, 17(3):326-329.  

[18] WEI Z, LI Z, LI B, et al. Zuojinwan Antagonizes Drug 

Resistance Transmission of Gastric Cancer Induced by 

Hypoxia Through Exosomal Mir-30a Mediated 

Hedgehog/ PD-L1 Signalling. [J]. Combinatorial 

chemistry & high throughput screening, 2025.  

[19] ZHOU W, XU M M, WANG Z P, et al. Engineered 

exosomes loaded with miR-449a selectively inhibit the 

growth of homologous non-small cell lung cancer. [J]. 

CANCER CELL INTERNATIONAL, 2021, 21(1): 

485-485.  

[20] WANG D P, LI Q, JIANG Y M, et al. Research progress 

on extraction, structural characterization and bioactivity 

of exosomes from medicinal and edible homologous 

plants. [J]. Journal of Food Safety and Quality, 2026, 

17(5):91-100.  

[21] WANG J H, YI Z W, FENG K H, et al. Chinese herbal 

medicine-derived extracellular vesicles: a new strategy 

for regulating metabolism and synergistic immunity [J]. 

Acta Pharmaceutica Sinica, 2025, 60(9):2730-2739.  

[22] QIAO L, HU S Q, HUANG K, et al. Tumor cell-derived 

exosomes home to their cells of origin and can be used as 

Trojan horses to deliver cancer drugs [J]. 

THERANOSTICS, 2020, 10(8):3474-3487.  

214



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 8 Issue 8 2026Volume 8 Issue 9 2026    

    
 

               

                  
                 
                

       

[23] HASS R, VON DER OHE J, LUO T J. Human 

mesenchymal stroma/stem-like cell-derived 

taxol-loaded EVs/exosomes transfer anti-tumor 

microRNA signatures and express enhanced 

SDF-1-mediated tumor tropism [J]. CELL 

COMMUNICATION AND SIGNALING, 2024, 22(1): 

506-506.  

[24] ZHOU Z S, HUA C J, SUN J G, et al. Preparation of 

exosomes loaded with osthole and its pharmacodynamic 

effect on rats with rheumatoid arthritis [J]. Central South 

Pharmacy, 2025, 23(5):1205-1210.  

[25] MARSH S R, BEARD C E, GOURDIE R G. Milk 

extracellular vesicles: A burgeoning new presence in 

nutraceuticals and drug delivery [J]. Bioengineering & 

Translational Medicine, 2025, 10(3):e10756-e10756.  

[26] KOSMA E, VRACHAS D, RODOGLOU P, et al. 

Breast Milk Exosomes: Implications for Brain Function 

and Oncogenesis. [J]. Neuroscience and biobehavioral 

reviews, 2026, 188106829.  

[27] HUSSAIN S, IJAZ S, WAJID A, et al. Decoding the 

functional plasticity of milk-derived exosomes: 

implications for nutrition, immunity, and therapy [J]. 

FRONTIERS IN IMMUNOLOGY, 2025, 16.  

[28] SANJULIÁN L, LAMAS A, BARREIRO R, et al. 

Influence of Maternal Diet and Lactation Time on the 

Exosomal miRNA Cargo in Breast Milk [J]. Foods, 

2025, 14(6):1003-1003.  

[29] YANG X Q, PAN Y Y, WANG M, et al. Nano-delivery 

system of milk-derived exosomes loaded with 

Forsythiaside A: Studies on bovine mammary epithelial 

cells and mastitis induced mice [J]. Theriogenology, 

2026, 255117831.  

[30] ZHU H, ZHANG N, TANG X. et al. Multi-omics 

convergence screening reveals dual-cargo antitumor 

mechanisms of orally administered Houttuynia 

cordata-derived exosome-like nanoparticles. Cancer 

Nano (2026).  

[31] YANG J C, WU Q Q, FU Y Q, et al. Turmeric 

extracellular vesicles-derived”all-in-one”nanoagent 

enables full-cycle synergistic immunomodulation of 

lung cancer [J]. Bioactive Materials, 2026, 56(2): 

666-681.  

[32] OU X Z, WANG H R, TIE H L, et al. Novel 

plant-derived exosome-like nanovesicles from 

Catharanthus roseus: preparation, characterization, and 

immunostimulatory effect via TNF-α/NF-κB/PU.1 axis 

[J]. JOURNAL OF NANOBIOTECHNOLOGY, 2023, 

21(1):160-160.  

[33] MING T W, YANG Y, ZHU J, et al. Ginger-Derived 

Exosome-Like Nanoparticles: The Effect of Extraction 

Methods on Metabolites and in vitro Anti-Lung Cancer 

Activity [J]. International Journal of Nanomedicine, 

2025, 20:13399-13420.  

[34] ZHU L J, CHEN X Q, LIN Q Y, et al. Ginseng-Derived 

Exosomes Attenuate Immune Evasion in NSCLC via 

PD-L1 Modulation [J]. Cancer Management and 

Research, 2025, 17:1503-1512.  

[35] LU X, YU Z W, WANG J J, et al. The unexpected 

PD-L1 suppression function of celery-derived 

extracellular vesicles improves lung cancer 

chemotherapy efficacy [J]. Extracellular Vesicles and 

Circulating Nucleic Acids, 2024, 5(4):697-713.  

[36] Peng W, YANG R Y, TANG J C, et al. Extracellular 

vesicle-like particles from Taraxacum mongolicum 

suppress non-small cell lung cancer associated with 

mitochondrial dysfunction [J]. FRONTIERS IN 

PHARMACOLOGY, 2026, 17:1-16.  

[37] LIU M H, WANG T, FU J L, et al. Pinellia exosomal 

vesicles remodulate tumor-associated macrophage 

polarization via the serine synthesis/JAK/STAT 

signaling pathway to inhibit lung cancer growth [J]. 

Phytomedicine, 2026, 151157759.  

[38] BAI R H. Bamboo shoots-derived nanovesicles (BSNs) 

induce apoptosis in non-small-cell lung cancer A549 

cells through the p53 signaling pathway [J]. 

FRONTIERS IN MOLECULAR BIOSCIENCES, 2026, 

131759968-1759968.  

[39] OZKAN I, KOCAK P, YILDIRIM M, et al. Garlic 

(Allium sativum)-derived SEVs inhibit cancer cell 

proliferation and induce caspase mediated apoptosis [J]. 

SCIENTIFIC REPORTS, 2021, 11:1-11.  

[40] UNSAL N, KOCAK DENIZCI P, YILMAZ H, et al. 

The apoptotic effect of garlic (Allium sativum) derived 

SEVs on different types of cancer cell lines in vitro [J]. 

Turkish Journal of Biology, 2024, 48(3):182-191.  

[41] LIU J F, XIANG J X, JIN C Y, et al. Medicinal 

plant-derived mtDNA via nanovesicles induces the 

cGAS-STING pathway to remold tumor-associated 

macrophages for tumor regression [J]. JOURNAL OF 

NANOBIOTECHNOLOGY, 2023, 21(1):78-78.  

[42] HAO W, ZHANG Z Q, SUN Y M, et al. Study on the 

Effects of Ganoderma lucidum Exosome-Like 

Nanovesicles on the Proliferation, Invasion, and 

Migration of A549 Cells [J]. Ginseng Research, 2025, 

37(2):22-27.  

[43] RAIMONDO S, NASELLI F, FONTANA S, et al. 

Citrus limon-derived nanovesicles inhibit cancer cell 

proliferation and suppress CML xenograft growth by 

inducing TRAIL-mediated cell death [J]. Oncotarget, 

2015, 6(23):19514-19527.  

[44] Lemon Exosome-Like Nanovesicle, Preparation Method 

and Application Thereof:CN202610541632.1 [P]. 

2026-07-14.  

[45] FANG R Y, ZHANG J B, CEN Y Y, et al. Exosome-like 

nanoparticles derived from Astragali Radix-Curcumae 

Rhizoma co-decoction enhance oral bioavailability and 

provide synergistic efficacy and reduced toxicity in 

combination with 5-fluorouracil for lung cancer therapy 

[J]. International Journal of Pharmaceutics: X, 2026, 

12100611-100611.  

[46] CHEN H Y, ZHANG J T, WU L, et al. Selaginella 

doederleinii-derived extracellular vesicle-like particles 

suppress lung cancer with ferroptosis-associated 

changes and modulation of the FABP4/PPARG/GPX4 

axis [J]. FRONTIERS IN ONCOLOGY, 2026, 

161829211-1829211.  

[47] ZHUO C H, ZHANG D W, SI G M. Progress on 

Molecular Mechanism of Curcumin and Its 

Nano-preparation Against Liver Ca. [J]. Chinese Journal 

of Experimental Traditional Medical Formulae, 2021, 

27(10):184-192.  

[48] LO IACONO M, GAGGIANESI M, BIANCA P, et al. 

Destroying the Shield of Cancer Stem Cells: Natural 

Compounds as Promising Players in Cancer Therapy [J]. 

215



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 8 Issue 8 2026Volume 8 Issue 9 2026    

    
 

               

                  
                 
                

       

JOURNAL OF CLINICAL MEDICINE, 2022, 

11(23):6996-6996.  

[49] LEE W H, LOO C Y, KHOR P Y, et al. Curcumin 

Synergistically Sensitizes Multidrug-Resistant Lung 

Cancer to Doxorubicin Through Ferroptosis-Associated 

Oxidative Stress [J]. ANTIOXIDANTS, 2026, 

15(3):288-288.  

[50] HAN X M, FAN J L, WANG P, et al. Enhanced Stability 

and Bioactivity of Curcumin Encapsulated in 

Phytoglycogen Nanoparticles [J]. Food Science, 2020, 

41(15):39-47.  

[51] KAMINAGA Y, NAGATSU A, AKIYAMA T, et al. 

Production of unnatural glucosides of curcumin with 

drastically enhanced water solubility by cell suspension 

cultures of Catharanthus roseus [J]. FEBS Letters, 2003, 

555(2):311-316.  

[52] YANG C F. Construction of Folate Receptor-Mediated 

Curcumin-Loaded Nanomicelles and Their Targeting 

Effect on Tumors [D]. Shandong University, 2014.  

[53] KUNAN B, CHULEEPORN K, PASARAPA T, et al. 

Pharmacokinetics of Curcumin Diethyl Disuccinate, a 

Prodrug of Curcumin, in Wistar Rats. [J]. European 

journal of drug metabolism and pharmacokinetics, 2016, 

41(6):777-785.  

[54] ZHAO Y Y, LIU P X, TAN H X, et al. Exosomes as 

Smart Nanoplatforms for Diagnosis and Therapy of 

Cancer [J]. FRONTIERS IN ONCOLOGY, 2021, 

11743189-743189.  

[55] SONG H, LIU B, DONG B, et al. Exosome-Based 

Delivery of Natural Products in Cancer Therapy [J]. 

FRONTIERS IN CELL AND DEVELOPMENTAL 

BIOLOGY, 2021, 9.  

[56] DU X M, MA Y L, DUAN X Q, et al. Engineered 

MSCs-EV for repairing cartilage damage with a focus on 

delivery of curcumin [J]. Chinese Pharmacological 

Bulletin, 2025, 41(7):1222-1226.  

[57] VASHISHT M, RANI P, ONTERU S K, et al. Curcumin 

Encapsulated in Milk Exosomes Resists Human 

Digestion and Possesses Enhanced Intestinal 

Permeability in Vitro [J]. Applied Biochemistry and 

Biotechnology, 2017, 183(3):993-1007.  

[58] SAEED M, ALSHAGDALI K, MOHOLKAR D N, et al. 

Camel milk- derived exosomes as novel nanocarriers for 

curcumin delivery in lung cancer [J]. BIOMOLECULES 

AND BIOMEDICINE, 2026, 26(1):132-143.  

[59] SUN W Y, LIU D, ZHANG Z F. Turmeric-Derived 

Exosome-Like Nanoparticles Inhibit Non-Small Cell 

Lung Cancer via Epigenetic Regulation [J]. Frontiers in 

Bioscience (Landmark edition), 2026, 31(1):47950.  

[60] SOLTANMOHAMMADI F, MAGHSOODI M, 

ALIZADEH E, et al. Bio fluid exosomes: promises, 

challenges, and future directions in translational 

medicine. [J]. JOURNAL OF TRANSLATIONAL 

MEDICINE, 2025, 23(1):993-993.  

[61] YAN Z J, LI W Y, HU X Y, et al. Oral pharmacokinetics 

of solid curcumin lipid nanoparticles in rats [J]. Chinese 

Journal of Hospital Pharmacy, 2015, 35(4):300-303.  

[62] YIN L, ZHANG C G, ZHOU Y X, et al. INVestigation 

of Pharmacokinetics of Curcumin-PVP-EPO Solid 

Dispersion in Rats. [J]. Asia-Pacific Traditional 

Medicine, 2021, 17(5):14-18.  

[63] KIM D S, KIM H K, HA K C, et al. Enhanced 

bioavailability of a novel double-layered 

nano-liposomal curcumin (BNT-C060): a randomized, 

double-blind, clinical trial. [J]. SCIENTIFIC REPORTS, 

2026, 16:1-12.  

[64] WANG Y R, YUAN M, ZHANG L, et al. RESEARCH 

PROGRESS ON ANTIOXIDANT ACTIONS AND 

RELATED MECHANISMS OF QUERCETIN. [J]. 

Acta Nutrimenta Sinica, 2022, 44(2):204-208.  

[65] LEI X X, DENG K B, JIANG R. Effects of quercetin on 

inflammatory response in allergic rhinitis rats through 

TLR4/IRAK4/NF-κB signaling pathway. [J]. China 

Pharmacy, 2025, 36(7):832-836.  

[66] HUANG Z X, XU W Y, LIU C X, et al. Quercetin 

Ameliorates IL-1β-Induced Chondrocyte Damage in 

Mouse Sacroiliac Joints via Inhibition of the NF-κB 

Pathway. [J]. Journal of Chinese Medicinal Materials, 

2025, 48(1):212-216.  

[67] LEE Y J, LEE Y J, PARK I S, et al. Quercetin exerts 

preferential cytotoxic effects on malignant 

mesothelioma cells by inducing p53 expression, 

caspase-3 activation, and apoptosis [J]. Molecular & 

Cellular Toxicology, 2015, 11(3):295-305.  

[68] THORPE E M, MULLER-GREVEN G, HIRBAWI J, et 

al. Quercetin Increases Expression of 

Membrane-TRAIL in Glioblastoma Cells Resulting in 

Apoptosis [J]. CANCERS, 2025, 17(19):3197-3197.  

[69] WANG Y H, WANG W R, CHENG S J, et al. Quercetin 

inhibits proliferation and migration and promotes 

apoptosis of gastric cancer cells by promoting 

phosphorylation-mediated YAP inactivation. [J]. 

Journal of Southern Medical University, 2026, 46(2): 

374-384.  

[70] LI H, WEN H H. Research on Quercetin-Induced 

Apoptosis of Breast Cancer Cells [J]. Chinese Journal of 

Clinical Pharmacology, 2024, 40(18):2704-2708.  

[71] ZHAO H K, KOU W Z, GUO Y Y, et al. Quercetin 

inhibits the growth of clear cell renal cell carcinoma via 

the HIF-2α/VEGF pathway. [J]. Chinese Journal of 

Experimental Surgery, 2026, 43(6):1083-1086.  

[72] MA Y Q, LI X M, LIU X P, et al. Quercetin Regulates 

the Expression of Oncogenes through G-quadruplex and 

Affects the Proliferation and Apoptosis of Tumor Cells. 

[J]. Chinese Journal of Cell Biology, 2019, 41(12): 

2319-2331.  

[73] CHANG J H, LAI S L, CHEN W S, et al. Quercetin 

suppresses the metastatic ability of lung cancer through 

inhibiting Snail-dependent Akt activation and 

Snail-independent ADAM9 expression pathways [J]. 

Biochimica et Biophysica Acta: Molecular Cell 

Research, 2017, 1864(10):1746-1758.  

[74] QIAN Q Y, YUAN G L, MA S S, et al. Study on the 

mechanism of quercetin improving gemcitabine 

resistance in NSCLC through the EMT pathway 

mediated by miR-101/EZH2 axis. [J]. Tianjin Medical 

Journal, 2022, 50(2):125-130.  

[75] YE B B, CHEN P, LIN C, et al. To Reveal the Potential 

Mechanism of Quercetin against NSCLC Based on 

Network Pharmacology and Experimental Validation [J]. 

Combinatorial Chemistry & High Throughput Screening, 

2025, 28(16):2917-2932.  

[76] LOTFI N, YOUSEFI Z, GOLABI M, et al. The potential 

anti-cancer effects of quercetin on blood, prostate and 

lung cancers: An update [J]. FRONTIERS IN 

IMMUNOLOGY, 2023, 141077531-1077531.  

216



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 8 Issue 8 2026Volume 8 Issue 9 2026    

    
 

               

                  
                 
                

       

[77] QIAN H Q, WANG B L, ZHANG L Y, et al. Exploring 

the mechanism of Inula japonica Thunb. against 

non-small cell lung cancer using a computer-aided drug 

design approach [J]. Medicine, 2025, 104(51):e46660.  

[78] HE Y, QIN Y, FAN Y W, et al. Determination of 

Equilibrium Solubility and Apparent Oil/Water Partition 

Coefficients of Quercetin and Its Ethyl Acetate 

Derivatives. [J]. Food Science, 2015, 36(14):55-58.  

[79] LI H W, LI M Z, FU J G, et al. Enhancement of oral 

bioavailability of quercetin by metabolic inhibitory 

nanosuspensions compared to conventional 

nanosuspensions [J]. Drug Delivery, 2021, 28(1): 

1226-1236.  

[80] CONLON T, SCHAAF M, MATEOS-MAROTO A, et 

al. Comparative effects of extracellular vesicles and 

liposomal nanocarriers on bleomycin-induced stress in 

A549 human adenocarcinoma cells [J]. Biomedicine & 

Pharmacotherapy, 2025, 187118081-118081.  

[81] XUE Y C, WANG H X, ZHAO D, et al. Research 

Progress on the Biosynthesis and Functions of Plant 

Terpenoids. [J]. Bulletin of Botanical Research, 2025, 

45(4):479-490.  

[82] LI J, SHAO D Z, ZHANG Z H, et al. Advances in the 

Research of Inclusion Complexes of Terpenes with 

Cyclodextrins. [J]. Journal of Yunnan Normal 

University: Natural Sciences Edition, 2014, 34(6):19-24.  

[83] LIANG S Y, HAN Y X, YUE C W. Genome Mining 

Drives Efficient Discovery of Natural Terpenoid 

Compounds [J]. Chinese Journal of Biochemistry and 

Molecular Biology, 2026, 42(6):1073-1090.  

[84] YIN J Y, LAI M, Yu X Y, et al. Comprehensive 

strategies for paclitaxel production: insights from plant 

cell culture, endophytic microorganisms, and synthetic 

biology [J]. Horticulture Research, 2025, 12(3):370-383. 

DOI:10.1093/hr/uhae346.  

[85] WANG K, WU S K, SONG S Q. Novel albumin-bound 

nanoparticle paclitaxel for breast cancer [J]. Journal of 

International Oncology, 2006, 33(9):678-680.  

[86] KANDIMALLA R, AQIL F, ALHAKEEM S S, et al. 

Correction: Kandimalla et al. Targeted Oral Delivery of 

Paclitaxel Using Colostrum-Derived Exosomes. 

Cancers 2021, 13, 3700 [J]. CANCERS, 2025, 

17(18):2955-2955.  

[87] PHAM T C, JAYASINGHE M K, PHAM T T, et al. 

Covalent conjugation of extracellular vesicles with 

peptides and nanobodies for targeted therapeutic 

delivery [J]. Journal of Extracellular Vesicles, 2021, 

10(4):e12057-e12057.  

[88] Chen X F, Wang K Y, LIANG F M, et al. Exosomes 

Drug Delivery Systems and Their Application in Tumor 

Treatment [J]. Progress in Chemistry, 2022, 

34(4):773-786.  

[89] ZHENG W, ZHU T C, TANG L T, et al. Inhalable 

CAR-T cell-derived exosomes as paclitaxel carriers for 

treating lung cancer [J]. JOURNAL OF 

TRANSLATIONAL MEDICINE, 2023, 21(1):383-383.  

[90] SUN Z G, ZANG L L, CHENG Y S, et al. Cancer 

Exosome Loaded with Paclitaxel for Targeted Lung 

Cancer Therapy [J]. Journal of Biomaterials and Tissue 

Engineering, 2023, 13(1):118-122.  

[91] CHANG Y Z, GAO X Y, JIANG Y C, ET AL. 

Alpha-hederin reprograms multi-miRNAs activity and 

overcome small extracellular vesicles-mediated 

paclitaxel resistance in NSCLC [J]. FRONTIERS IN 

PHARMACOLOGY, 2024, 151257941-1257941.  

[92] HU J R, HE Q, TIAN T, ET AL. Transmission of 

Exosomal TPX2 Promotes Metastasis and Resistance of 

NSCLC Cells to Docetaxel [J]. OncoTargets and 

Therapy, 2023, 16:197-210.  

[93] XIA Z L, ZHENG Y L. harmacological and Clinical 

Research on Triptolide [J]. Chinese Pharmacological 

Bulletin, 1992, 8(6):427-431.  

[94] YIN L, WANG L, JIANG W W, et al. The antitumor 

effect of triptolide on HepG2 cells in vitro and in vivo [J]. 

Journal of Nanjing Medical University (Natural 

Sciences), 2011, 31(2):170-174.  

[95] ZHAO W W, GUO X Q, ZHU Y Y, et al. Research 

progress of triptolide in treatment of pancreatic cance [J]. 

Drugs & Clinic, 2024, 39(6):1631-1636.  

[96] SONG Y, LIU Y, FANG B Q, et al. Research Progress in 

Antineoplastic Mechanism of Triptolide and Toxicity 

Attenuation by Compatibility [J]. Journal of Nanjing 

University of Traditional Chinese Medicine, 2021, 37(3): 

457-464.  

[97] GU Y W, LI A X, ZENG Y Y, et al. Engineering hybrid 

nanoparticles for targeted codelivery of triptolide and 

CYP3A4-siRNA against pulmonary metastatic 

melanoma [J]. SCIENCE ADVANCES, 2025, 11(30): 

eadv6990.  

[98] LIU H, SHEN M, ZHAO D, et al. The Effect of 

Triptolide-Loaded Exosomes on the Proliferation and 

Apoptosis of Human Ovarian Cancer SKOV3 Cells [J]. 

BioMed Research International, 2019, 20192595801.  

[99] AI Y J. The Relationship Between Artemisinin and 

Endophytic Fungi in Artemisia annua [J]. Food Industry, 

2017, (12):57-5759 

[100] XU C F, HU X L, YUE X Q, et al. Advances in the 

antitumor mechanism of artemisinin and its derivatives 

[J]. Journal of Jilin Medical University, 

2015(5):372-374, 375.  

[101] ZHOU F C, LI G M, DENG C S. Research Overview 

of Artemisinin and Its Derivatives in the Treatment of 

Rheumatoid Arthritis and Their Immunomodulatory 

Effects [J]. Traditional Chinese Drug Research and 

Clinical Pharmacology, 2026, 37(8):1596-1604.  

[102] MOELLEKEN J, KRAGL A, MONECKE A, et al. 

Artemisinin derivatives differently affect cell death of 

lung cancer subtypes by regulating GPX4 in 

patient-derived tissue cultures [J]. Cell Death Discovery, 

2025, 11(1):1-10.  

[103] KUMAR D N, CHAUDHURI A, DEHARI D, et al. 

Exosomes improved the in vitro anti-melanoma efficacy 

of dihydroartemisinin (vol 9, 105957, 2024) [J]. Journal 

of Drug Delivery Science and Technology, 2024, 

99105993-105993.  

[104] KUMAR D N, CHAUDHURI A, SHIROMANI U, et 

al. An Investigation of In Vitro Anti-Cancer Efficacy of 

Dihydroartemisinin-Loaded Bovine Milk Exosomes 

Against Triple-Negative Breast Cancer [J]. The AAPS 

Journal, 2024, 26(5):91-91.  

[105] YANG Y L, REN S Q, HUANG W P, et al. 

Camptothecin Delivery via Tumor-Derived Exosome 

for Radiosensitization by Cell Cycle Regulation on 

Patient-Derived Xenograft Mice [J]. FRONTIERS IN 

BIOENGINEERING AND BIOTECHNOLOGY, 2022, 

10876641-876641.  

217



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 8 Issue 8 2026Volume 8 Issue 9 2026    

    
 

               

                  
                 
                

       

[106] LEE Y H, HUANG C Y. Engineered 

Perfluorochemical Cancer-Derived Exosomes Loaded 

with Indocyanine Green and Camptothecin Provide 

Targeted Photochemotherapy for Effective Cancer 

Treatment [J]. International Journal of Nanomedicine, 

2025, 20:327-342.  

[107] FAN G Q, LV H, QU Q X. Investigate the regulatory 

effect of Astragalus Polysaccharides on lung cancer 

tissue infiltrating PD-1hiCD8+T cell subsets in mice [J]. 

Journal of Tuberculosis and Lung Disease, 2025, 6(4): 

393-400.  

[108] ZHAN X, ZHAO W R, WANG X, et al. Astragalus 

polysaccharide exhibits immune-enhancing effects in 

gemcitabine chemotherapy by regulating 

tumor-associated macrophages polarization via the 

toll-like receptor-4/nuclear factor-κB/signal transducer 

and activator of transcription 3 pathway [J]. Food 

Bioscience, 2025, 68(6):4400-4416.  

[109] TIAN Q E, LI H D. Advances in Research on the 

Anti-Tumor Effects of Astragalus Polysaccharides [J]. 

Guiding Journal of Traditional Chinese Medicine and 

Pharmacy, 2011, 17(12):86-88.  

[110] ZHANG Q, WU L Z, FENG Q L, et al. Mechanism 

study of astragalus polysaccharides regulating 

CEACAM7 Via EMT pathway to inhibit malignant 

biological behavior of lung cancer A549 cells [J]. 

Chinese Journal of Lung Diseases (Electronic Edition), 

2025, 18(4):552-557.  

[111] LI R, ZHANG Y S, TAN X W. Study on proliferation 

inhibition and its mechanism of astragalus 

polysaccharide combined with cisplatin on human lung 

cancer A549 cells [J]. Journal of Modern Medicine & 

Health, 2015, 31(4):481-484.  

[112] ZHENG Y J, REN W Y, ZHANG L, et al. A Review 

of the Pharmacological Action of Astragalus 

Polysaccharide [J]. FRONTIERS IN 

PHARMACOLOGY, 2020, 11:349-349.  

[113] ZHOU Y, HONG T, TONG L, et al. Astragalus 

polysaccharide combined with 10-hydroxycamptothecin 

inhibits metastasis in non-small cell lung carcinoma cell 

lines via the MAP4K3/mTOR signaling pathway [J]. 

International Journal of Molecular Medicine, 2018, 

42(6):3093-3104.  

[114] YAN L J, HONG T, WANG F L, et al. Optimization 

of aqueous extraction for polysaccharides from Astragali 

Radix and the in vitro antitumor activity [J]. Chinese 

Traditional Patent Medicine, 2017, 39(10):2045-2049.  

[115] SONG W, ZHENG W, ZHANG J, et al. Metabolism 

of saponins from traditional Chinese medicines: a 

review [J]. Acta Pharmaceutica Sinica, 2018, 53(10): 

1609-1619.  

[116] JIN X Y, WUYUN T H, ZHANG Y, et al. 

Overcoming acquired immunotherapy resistance in 

non-small cell lung cancer using ginsenoside 

Rb1-loaded, peptide-enhanced exosome delivery 

systems [J]. JOURNAL OF 

NANOBIOTECHNOLOGY, 2025, 23(1):443-443.  

[117] LIU J, WANG M H, XIA M L, et al. Ginsenoside Rh2 

from ginseng exosomes enhances chemotherapy 

sensitivity in non-small cell lung cancer by modulating 

the USP22-RRM2 axis [J]. Cellular Signalling, 2026, 

145112580.  

[118] LIN Q, QU M K, ZHOU B J, et al. Exosome-like 

nanoplatform modified with targeting ligand improves 

anti-cancer and anti-inflammation effects of imperialine 

[J]. Journal of Controlled Release, 2019, 311:104-116.  

[119] PHUTELA K, BAL A, SINGH N, et al. 

Hydroxycitrate-loaded exosomes demonstrate enhanced 

therapeutic efficacy against lung adenocarcinoma by 

inhibiting the metabolic enzyme ATP citrate lyase [J]. 

Nanoscale Advances, 2025, 7(12):3846-3858.  

[120] MOHOLKAR D N, KANDIMALLA R, 

JEYABALAN J, et al. Targeted Oral Delivery of 

Exosomal Formulation of Cannabidiol against Lung 

Cancer [J]. Advanced Therapeutics, 2025, 8(7): 

2400362-2400362.  

[121] NOUR E M, EL-HABASHY S E, EL-BAB A M R F, 

et al. Lactoferrin-functionalized bioinspired 

grapefruit-extracellular vesicles for targeted delivery of 

pterostilbene in lung cancer therapy [J]. Journal of Drug 

Delivery Science and Technology, 2026, 

117107991-107991.  

[122] ZHU C L, SHANG D. Mesenchymal Stem 

Cell-Conditioned Media-Derived Exosomes Loaded 

With Grifola frondosa Extract Inhibit Lung Cancer via 

NF-κB and MAPK Pathway Modulation [J]. FOOD 

SCIENCE & NUTRITION, 2025, 

13(8):e70802-e70802.  

[123] YIN L. Effect and Mechanism of Exosomes Derived 

from Resveratrol-Preconditioned Human Umbilical 

Cord Mesenchymal Stem Cells on Non-Small-Cell Lung 

Cancer [D]. Zhenjiang: Jiangsu University, 2020.  

[124] MOHOLKAR D N, KANDIMALLA R, WALLEN M, 

ET AL. Diagnostic and Therapeutic Applications of 

Exosomes in Lung Cancer [J]. CELLS, 2026, 15(7): 

632-632.  

[125] WU X H, WU J, DAI T T, et al. β-elemene promotes 

miR-127-3p maturation, induces NSCLCs autophagy, 

and enhances macrophage M1 polarization through 

exosomal communication [J]. Journal of Pharmaceutical 

Analysis, 2024, 14(9):1347-1360.  

[126] PENG Y R. Curcumae Rhizoma Exosomes-like 

nanoparticles loaded Astragalus components improve 

the absorption and enhance anti-tumor effect [D]. 

Guangzhou: Guangzhou University of Chinese 

Medicine, 2022.  

[127] HU S, LIU Y, GUAN S G, et al. Natural products 

exert anti-tumor effects by regulating exosomal ncRNA 

[J]. FRONTIERS IN ONCOLOGY, 2022, 

121006114-1006114.  

[128] JI J Q, ZHANG C C, XU Z Y, et al. Mechanism of 

Feiyanning Formula in Suppressing Invasion and 

Metastasis of Lung Cancer Cells via Modulating 

Exosomal miR-328 and STAT3/c-Fos/NFATc1 

Pathway [J]. Chinese Journal of Experimental 

Traditional Medical Formulae, 2026, 32(17):144-154.  

[129] YANG X T. Study on the Anti-Proliferation Effects 

and Mechanisms of Scutellaria barbata and Hedyotis 

diffusa Extracts on Lung Cancer Cells [D]. Harbin: 

Harbin University of Commerce, 2018.  

[130] LIU Q J. Exploration of the Mechanism of Hedyotis 

diffusa-Scutellaria barbata Intervention in Lung Cancer 

Based on Exosomal PD-L1 [D]. Jinan: Shandong 

University of Traditional Chinese Medicine, 2024.  

218



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 8 Issue 8 2026Volume 8 Issue 9 2026    

    
 

               

                  
                 
                

       

[131] JIANG P, LIU L Y, CHEN L X, et al. Solanum 

lyratum-Derived Solalyraine A1 Suppresses Non-Small 

Cell Lung Cancer Through Regulation of Exosome 

Secretion and Related Protein Biomarkers [J]. 

PHARMACEUTICALS, 2025, 18(9):1280-1280. 

DOI:10.3390/ph18091280.  

[132] WU T, DU X, LIU H H, et al. Bioactive solanidane 

steroidal alkaloids from Solanum lyratum [J]. 

Fitoterapia, 2024, 175. DOI:10.1016/j. fitote. 2024. 

105916.  

[133] DAI Y T, LIU Y P, LI J Y, et al. Shikonin inhibited 

glycolysis and sensitized cisplatin treatment in 

non-small cell lung cancer cells via the exosomal 

pyruvate kinase M2 pathway [J]. Bioengineered, 2022, 

13(5):13906-13918. 

DOI:10.1080/21655979.2022.2086378.  

[134] ZHENG Q, WANG X Q, XUE C, et al. Active 

components of Salvia miltiorrhizae to regulate the 

changes of exosomal miRNA in human lung 

adenocarcinoma A549 cells and the effects of exosomes 

on HUVEC [J]. Journal of Modern Oncology, 2024, 

32(9): 1600-1607.  

219


