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Abstract The modern interpretation of the scientific nature of traditional Chinese medicine (TCM) theory faces challen-
ges such as its abstractness and the lack of a scientific and systematic quantification system. Organ-on-a-Chip (OC) tech-
nology has the advantages of visualization and quantifiability in terms of materializing organ functions and presenting se-
ries-parallel connections of functions. In recent years, with the development of Multi-Organ-on-a-Chip (MOC) technology,
the “system-on-a-chip” that can simulate the functions and interactions of multiple organs has brought new opportunities
for the modern interpretation of the scientific nature of TCM theory. This article elaborates in detail on the composition
and advantages of MOC,deeply analyzes the challenges confronting the modernization of TCM theory,and comprehensively ex-
plores the application value of MOC in the field of TCM from the aspects of TCM physiology (the theory of visceral manifesta-
tions and the theory of five elements) , pathology (the theory of etiology.the theory of pathogenesis,and disease prognosis) ,and
treatment (TCM treatment principles and TCM compounds). Although MOC technology still faces many challenges in the con-
nection and integration of complex organ functions and translating them into clinical transformation, this technology undoubtedly
holds promise in providing innovative ideas and methods for the modern research of TCM theory, helping to reveal the scientific

connotation of TCM theory, and accelerating the modernization

process of TCM.
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WOV I A BE 11 AT B TR T b 25 B E T 4
SUKFHUR . UG S5 Jy < 38 3 B (0 B T f 1t =2
OB, T LS % Milani 255 508 R 1531, 4 # 3
w24 52 05 WIE ST AR ITE- T s s e rb R SR AT 4
JIE R LRSS o 52 eI 32 i i D e L o i i Caco-2
LS HT29 2400 3 55 55 4 1 2tk 3 33 4K & T 54

81

N W W b R 55 W AN B A B L B G
Caco-2 4l }il ¥ & 37 ) 01 5% 32 Dy e 14 0 8 W WAe A 1
SRFE i T8 1) W W 2 g 5 L 32 0B Ak B QR )
W B A BLURE K ARG 0 AT 4 B A% O DB, o
1) B 3 3 T O L R DS M I R DX AT 43 )
WE N 150,30,60 pL/min, LAFFE R SMELA K AR 21
AP35 ) T P M o 38 3 A S b a0 ) i R A
J7 B 2 B2 AR AT AR 2 R FIAR A A
T4 CYP3A4 AR I 1 L o-SMA K TGF-81 &
P2 A T [R) Ak W0 i b R 40 i B B o2 R 1 L SR
5 JE 7 3 R N B i 5 3R 1 Occludin 3k KF ok
S W S g it ) fE A AR G s AR A K M is f e
3 R R G840 B 18 EOR E AR (R LA B [ 8 1 4
F . Chen %5 BF 55 22 W, 1 3% AT LA R AR 4 0 X
IRV I35 B o W ) R L H s 2 L H R P 25 2 0 8
i Z A E A HR AT 5T AL T LR BT B B L X
HURE TR AR o 25 52 Oy 78 B2 2 A SR8 T 9 AR T BL
il DL RCRI ] 22 4 Bl BRI 25 52 05 i D i
H AT BN IR AT — R IS . AR I AIF 5 1 B 56
REMBEOH ST E MG NH , B X —25 1,
1B~ T 2 5 7 R N
4 BREERE
H 2 85 i BRI 2 RAE TR 2#0
WHZASE SR ERN —Fhie s BN IK 2 8 B A2 h
IRBE 0BT D4 AR A v I P S A L RO 2 DA 4
A JEE AT DG K L AT 1 A v AL A, B s PR AL Y Bl A T
b 2 85 B0 HB DR I S Y v R ER e A R A
O R ] AT A B W A e AT S AL T B L A
PRI A Fr =5 00 e 2 2 5 AT B B TR AL o Ak A
(5] R, Ay v B 1 A AR B R A I mT AT R S 4
HEWRRNRE], 2 88 50 h BRTE h BE w5 v
F N AT T I 1 22 BRI . — 2 B AT 2 8 S A BARATS
b R B B, AN TR i OS2 8] Y R B AR T
VFZ R ; 2 i B AR 3T 22 57 VI A Y 3R A A% 0 Y i 1Y
RREABL G AR 1 A B X DA S B A 1 Ak o BEOIR 2 0K o
A =R ARMAR S R IR Z R, ok
SR 5E N AR W 1k 2 38 B R AR B D Re s, oF
R R AR € TR B RSO O R DL R B R AR Y A ] i
2, A Hp B 2 TS 1 B AL I R
S % ik
(1] X4k, 2630 SR ITIF S0 2 “ DU " [0 ). s vp B2 2 2%
#,2024,39(4):1618-1622.
(2] B, i BUACHE & B T i 2 AT ] sh e h
2574 ,2024,39(4) :1683-1691.
[3] WANG K,LI G Z, YANG Z, et al. Compound Chinese

medicine (F1) improves spleen deficiency diarrhea by



82

[4]

[5]

L6]

L7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

protecting the intestinal mucosa and regulating the intes-
tinal floralJ]. Frontiers in Microbiology, 2024, 14
1292082.

YAN S Y. Thoughts on the construction of flagship hos-
pitals of integrated traditional Chinese and Western medi-
cine in Chinal[ J]. Journal of Integrative Medicine,2025,23
(1):12-14.

DOS SANTOS FERREIRA R R, ORTEGA F. Sobre o
reducionismo na pesquisa do trauma [ On reductionism in
trauma research |[ ] ]. Cadernos de Satde Publica, 2025,
41:e00226524.

MENDEZ-VIDAL C, BRAVO-GIL N, PEREZ-FLORI-
DO J,et al. A genomic strategy for precision medicine in
rare diseases:integrating customized algorithms into clini-
cal practice[]J]. Journal of Translational Medicine, 2025,
23(1) . 86.

PUN J,CHOR W. Use of questioning between traditional
Chinese medicine practitioners and patients to realize
TCM philosophy: holism, five elements and Yin-Yang in
the context of doctor-patient communication[ ] ]. Health
Communication,2022,37(2) :163-176.

WANG Y Y,LIU M X,JAFARI M, et al. A critical as-
sessment of traditional Chinese medicine databases as a
source for drug discovery[]]. Frontiers in Pharmacology,
2024,15:1303693.

JIASHUO W U,ZHANG F Q,ZHUANGZHUANG L I,
et al. Integration strategy of network pharmacology in
traditional Chinese medicine:a narrative review[ ] |. Jour-
nal of Traditional Chinese Medicine, 2022, 42 (3): 479-
486.

WANG Y L,SHI X M, LI L,et al. The impact of artificial
intelligence on traditional Chinese medicine [ J ]. The
American Journal of Chinese Medicine,2021,49(6) :1297-
1314.

GUO R,ZENG D,ZHAO Q.et al. How are different tradi-
tional Chinese medicine modalities deployed by clinical practi-
tioners in China? Findings from a national survey[]J]. Journal
of Integrative Medicine,2025,23(1) :36-45.

A E 22 2 B G EIRBE N v BE 2 B IR A TR AL
3 1) A v T g P R 2 R AL TR BR IR 12 W R
F 9 R L 1. i IR E B 2 2% 7 2023,23(9) :993-998.
A T 0T R SO IR S A AU B IE AR T R
PP AT A SB[ ], P e R, 2022, 25
(20):2513-2519.

HE LG, R E, 5. AR B A JHE S ooy 22 5
I R FE (1], i BE 2%, 2017,58(6) : 498-501.
BENSOUSSAN A,TALLEY N J,HING M,et al. Treat-
ment of irritable bowel syndrome with Chinese herbal
medicine:a randomized controlled trial[ J]. JAMA, 1998,
280(18):1585-1589.

INGBER D E. Human organs-on-chips for disease model-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Chinese ] Trad Med Traum &. Orthop,Jul. 2026, Vol. 34,No. 7

ling, drug development and personalized medicine [ ] ].
Nature Reviews Genetics,2022,23(8) :467-491.
VUNJAK-NOVAKOVIC G, RONALDSON-BOUCHARD
K, RADISIC M. Organs-on-a-chip models for biological
research[ J]. Cell,2021,184(18) :4597-4611.

SHROFF T, AINA K,MAASS C,et al. Studying metabo-
lism with multi-organ chips:new tools for disease model-
ling, pharmacokinetics and pharmacodynamics[J]. Open
Biology,2022,12(3):210333.

HABANJAR O,DIAB-ASSAF M, CALDEFIE-CHEZET
F,et al. 3D cell culture systems: tumor application,advan-
tages, and disadvantages [ J ]. International Journal of
Molecular Sciences,2021,22(22):12200.

LIU X X,SU Q P,ZHANG X Y ,et al. Recent advances of
organ-on-a-chip in cancer modeling research[]]. Biosen-
sors,2022,12(11) :1045.

PULLEN K M, FINETHY R,KO S B,et al. Cross-spe-
cies transcriptomics translation reveals a role for the
unfolded protein response in Mycobacterium tuberculosis
infection[ J ]. NPJ Systems Biology and Applications,
2025,11(1):19.

OZTURK A, ERSAN O. Are the lives of animals well-
spent in laboratory science research? A study of ortho-
paedic animal studies in Turkey[J]. Clinical Orthopaedics
and Related Research,2020,478(9):1965-1970.
FRUHWEIN H,PAUL N W. “Lost in translation?” Ani-
mal research in the era of precision medicine[ J]. Journal
of Translational Medicine,2025,23(1) :152.

SAJIN D,MOONSHI S S,CHA H T,et al. Multi-organ-
on-a-chip: the gut and inflammatory diseases[J]. ACS
Biomaterials Science &. Engineering, 2025, 11(9): 5330-
5342.

HUANG S Y.HUANG F Y,YANG L W,et al. Shentao
Ruangan granule ameliorates cholestatic liver disease via a
microbiota-dependent gut-liver axis[J]. Journal of Ethno-
pharmacology,2026,359:121069.

PALMA-FLOREZ S, LAGUNAS A, MIR M. Neurovas-
cular unit on a chip:the relevance and maturity as an ad-
vanced in vitro model[J]. Neural Regeneration Research,
2024,19(6):1165-1166.

CECEN B, KARAVASILI C,NAZIR M, et al. Multi-or-
gans-on-chips for testing small-molecule drugs:challenges
and perspectives| ] ]. Pharmaceutics,2021,13(10) :1657.
BANAEIYAN A A, THEOBALD J,PAUKSTYTE J, et
al. Design and fabrication of a scalable liver-lobule-on-a-
chip microphysiological platform[]]. Biofabrication,2017,
9(1):015014,

DU Y,LI N, YANG H,et al. Mimicking liver sinusoidal
structures and functions using a 3D-configured microflu-
idic chip[J]. Lab on a Chip,2017,17(5) :782-794.

DU Y,KHANDEKAR G, LLEWELLYN J,et al. A bile



o [ o BE R R 2 AR 2026 4R 7 A 34 BEE T

[31]

[32]

[33]

[34]

[35]

[36]

duct-on-a-chip with organ-level functions[]]. Hepatolo-
2y»2020,71(4):1350-1363.

WANG Y Q, WANG P, QIN J H. Microfluidic organs-
on-a-chip for modeling human infectious diseases [ ] ].
Accounts of Chemical Research, 2021, 54 (18) . 3550-
3562.

HUANG Q H, YANG T H,SONG Y P,et al. A three-
dimensional (3D) liver-kidney on a chip with a biomim-
icking circulating system for drug safety evaluation[ ] ].
Lab on a Chip.2024,24(6):1715-1726.

KURNIAWAN D A,LEO S,INAMATSU M,et al. Gut-
liver microphysiological systems revealed potential
crosstalk mechanism modulating drug metabolism [ ] J.
PNAS Nexus,2024,3(2) : pgae070.
RONALDSON-BOUCHARD K, TELES D, YEAGER K,
et al. A multi-organ chip with matured tissue niches
linked by vascular flow[]]. Nature Biomedical Engineer-
ing.2022.6(4):351-371.

WANG P, JIN L,ZHANG M, et al. Blood-brain barrier
injury and neuroinflammation induced by SARS-CoV-2 in
a lung-brain microphysiological system[]J]. Nature Bio-
medical Engineering,2024.,8(8) :1053-1068.
ECKSTRUM K.STRIZ A.FERGUSON M, et al. Evalua-
tion of the utility of the Beta Human Liver Emulation
System (BHLES) for CFSAN’s regulatory toxicology
program[ ] ]. Food and Chemical Toxicology, 2022, 161

112828.

[37] PIRES DE MELLO C P, CARMONA-MORAN C,

[38]

[39]

[40]

[41]

[42]

[43]

MCALEER C W, et al. Microphysiological heart-liver
body-on-a-chip system with a skin mimic for evaluating
topical drug delivery[J]. Lab on a Chip,2020,20(4) :749-
759.

ZIRER, T B30 B JEI7 & BT 0 RPN F IR T
EZHRIGIT A KB AL ()] e E 2 Rk,
2021,36(7):3916-3920.

EMR TH L EHLL S T PR EE b 25 TR T SRR SN0 I
EH S VA R SCLT L B 25 Jr ik 2022, 47
(20) :5418-5423.

GAO Z,DU Z Y,HOU Y,et al. A microfluidic coculture
model for mapping signaling perturbations and precise
drug screening against macrophage-mediated dynamic
myocardial injury[ J]. Acta Pharmaceutica Sinica:B,2024,
14(12):5393-5406.

CHEN P,ZHANG ], WANG C, et al. The pathogenesis
and treatment mechanism of Parkinson’s disease from the
perspective of traditional Chinese medicine[ J]. Phytomed-
icine,2022,100:154044.

PN AT 1, A% . AR Sl AR G IR O I i AR R
M2 [T, AR R 2524 11,2023, 41(5) : 127-130.
TRAPECAR M, WOGRAM E,SVOBODA D,et al. Hu-

man physiomimetic model integrating microphysiological

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

83

systems of the gut,liver,and brain for studies of neurode-
generative diseases [ ] ]. Science Advances, 2021, 7 (5):
eabd1707.
NGUYEN V V T, YE S C, GKOUZIOTI V,et al. A
human kidney and liver organoid-based multi-organ-on-
a-chip model to study the therapeutic effects and biodis-
tribution of mesenchymal stromal cell-derived extracellu-
lar vesicles[ J]. Journal of Extracellular Vesicles,2022,11
(11):12280.
SHI'Y W,HE X L, WANG H,et al. Construction of a novel
blood brain barrier-glioma microfluidic chip model: applica-
tions in the evaluation of permeability and anti-glioma
activity of traditional Chinese medicine components[]].
Talanta,2023,253:123971.
FAN F F,XU N,SUN Y C,et al. Uncovering the meta-
bolic mechanism of salidroside alleviating microglial hy-
poxia inflammation based on microfluidic chip-mass spec-
trometry[ J]. Journal of Proteome Research,2022,21(4)
921-929.
ZHANG H Y, HUANG H M, SONG H, et al. Serum
metabolomics reveals the intervention mechanism and com-
patible regularity of Chaihu Shu Gan San on chronic unpre-
dictable mild stress-induced depression rat model[ J]. Jour-
nal of Pharmacy and Pharmacology, 2020, 72 (8):1133-
1143.
ThoR, S B, A B, A AU 270 v 2 L RS S AT b i
ozt R[], iz, 2020,51(1) . 276-280.
KL ATERTE BN, % BT AR A LE M
JROTD. v 3 o e Bt B 2 2 7 2020, 26 (7)) - 884-886.
T8 A A X S AR (B E ) H LR AR R
LT, e BE 252k, 2022,37(8) :4610-4613.
LV S, WANG Q,ZHANG X L, et al. Mechanisms of
multi-omics and network pharmacology to explain tradi-
tional Chinese medicine for vascular cognitive impair-
ment: a narrative review [ ] ]. Phytomedicine, 2024, 123
155231.
LU Z H, YUAN Y, HAN Q, et al. Lab-on-a-chip: an
advanced technology for the modernization of traditional
Chinese medicine[ ] ]. Chinese Medicine,2024,19(1) :80.
MILANI N,PARROTT N,ORTIZ FRANYUTI D,et al.
Application of a gut-liver-on-a-chip device and mechanis-
tic modelling to the quantitative in vitro pharmacokinetic
study of mycophenolate mofetil[J]. Lab on a Chip,2022,
22(15):2853-2868.
CHEN Y Y.LU Y T, WANG Y D, et al. Xiaoyaosan
improves depression-like behaviours in mice with post-
stroke depression by modulating gut microbiota and
regulating P2X7R/NLRP3
inflammasome[ J |. Phytomedicine,2025.145:157078.
(kA3 B #1.2025-11-18)

microbial metabolism and



