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Abstract: The establishment of a quality control system for traditional Chinese medicine is of great
importance for clarifying its pharmacodynamic material basis, ensuring medication safety, and im-
proving the quality level of compound preparations. Conventional quality control approaches for tradi-
tional Chinese medicine mainly rely on appearance identification based on morphological features and
qualitative or quantitative analysis of exogenous chemical components. These methods have limita-
tions in reflecting the real action process of traditional Chinese medicine in vivo. Evaluation based on-
ly on in vitro chemical composition is insufficient to accurately and comprehensively assess the overall
quality and therapeutic effects of traditional Chinese medicine. In recent years, with the rapid devel-
opment of artificial intelligence technologies such as language models, their advantages in knowledge
integration and semantic representation have provided important technical support for the precise pre-
diction of in vivo processes of traditional Chinese medicine components. This review systematically
summarizes the applications of artificial intelligence in the prediction of in vivo components of tradi-
tional Chinese medicine and the screening of quality marker (Q-marker). The covered methods in-
clude rule based models, machine learning, deep learning, and multi omics data integration strate-
gies. In addition, future research on artificial intelligence driven quality control of traditional Chi-
nese medicine is discussed, aiming to provide references for promoting the development of this field
toward intelligent and precise directions.
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Table 1  Core algorithms for predicting substance groups in traditional Chinese medicine
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Fig. 1 ~ Al-driven in vivo process analysis and quality control flowchart for traditional Chinese medicine

BARR N FORFBOREIN =S5G3R N T RER R T WS 17— ki, SR, AN a e A
SRR A TSR AR AR YT YRR N TR REBOAR IS IR s B | vh 2 B AR B4 37
PR, HRZEPRIZIVIR . ET PR PARCAFRARILN, P2 R AETF
G 2GR B ShRiE, TR 25 R N Y TR 2 AR 2 P TR, PR e 2 R P R O TR
RN AL, BRI BN 255 DF O, I S 2 25 D S BUT R A R L AL
TRE, BAESI AL ) IR S ) S5 N A RE SR S IR A T 8 5 2 M, LADR 66 15 2420 A
RSB R AR 2% 5 i 2R R ATRFAE 704 B R P 245288 SE 30 0 T 45 SR EA T 0E , SEBLAN K,
I3 VU B 24558 SRR B PH IR AT o

4 HR5RE

ATERE R 2 BT B JRati ok T RTHIHLE AP, w25 i R BLRL S AL A R S
WHTETE, RS 5 RREE o IR R AR, E R | Hldsse ) | IRESE ) 52U



5 6 31 R TEE MRS . N TRRESEN ) T 2 SRR R B BRI T 1193

RIS BORMEE G, GE0E N RGE TN b 24 i o W iR N BRSBTS 7 i, AR
WG R N o T | AR AR S PR AR T e b R AR TR E T IeAh, MRS L R IEZ
BN RAR BRI, SRR RS 2RSS, AR YA R B ) B AR
RBP—AE R . 25 F, NTRE R P 251k N i et 5 T s v il 7 A 2 & 2L e
KPS HE

AT N T REAE P 25 T SR R UBETT , B RUORTE IR I b 5 ) R 5 HAE R R R 5
R A, AN TR RE IR BN ) v 244 PN i FEAR AT S5 T A ] — A S SR S, PO AR
f045 -

(DZBEESERE G BEHIMEERSY . RN . 25130 5 Bl R R8s, Wi i 2
VAR AT e i N A RERRRY, D Zhb fit i ot A B

() PRN A RETRIA IR . B ROV AN . RS S s iR, R 28 2 B 25 5 32 BT
D28 5 5 PR I IR D ASS R (il il R 2857 20 | TR B IR R A P v A A Al g T AT s s s 1y ey £
SR FREEIRERE | AT ARORE N A PN W ORI B i oy — 2 RSORRASERY Al v 251 N VR AL 5 25300
BB RGEREDT o

(3)Q-marker Jiii 6 5 RE T BB AR RIS FET AN TAVREBIR G I 25 2R, 45 O FHIE BB e
MR Ry, 4SRRI E Q-marker W4 815 210 Q-marker Sz HAK I T HHFIELGI N 5T
BUFMER, WAL 2R IENME R

TEMCIAR b, ASRE BRI SL 5 BRI 22 5, RIILESE ) TREES S SRR T 2454
TENE AR R, B G5 A 5TRE YA EdE 225 R3S BUR ST, AT 0F
WALRY, e AR BEIE R (RS v Ak B DA 5 25 L,

SE k-

[1]  WangMR, BiY Z. Contemp. Med. Symp. (241, H4Rti. UREZIBMN), 2025, 23(29): 23-25

[2] LiGZ, ChenSY, GaoJP, DuCH, SunD D. Drug Eval. Res. (ZEEIVR, 53, SarF, RE, M1 25
TEFIT), 2025, 48(8): 2327-2338

[3] Ratnasekhar C H, Rai A K, Rakwal P, Khan S, Verma A K, Mukhopadhyay P, Rathor P, Hinghrani L, Birse N,
Trivedi R, Trivedi P K. Food Chem., 2025, 482. 144078.

[4] Xie WX, ZhangZ X, LiuY, QiuF, Ding L Q. Chin. Tradit. Herb. Drugs (fR#3CK, 5KEE%5, XMk, BRI, THG3E.
HEEZE), 2025, 56(15): 5616-5631.

[5] LvYB, Sun HW, DingQL, ChenBX, YeHW, XuN, ChuC. J. Pharm. Anal., 2025: 101476.

[6] LiMY, ZhuJQ, LiuXN, WuMY, DongK, LiXY, GaoP, JiangZ H. Front. Pharmacol., 2025, 16: 1687681.
[7]  XueR, Dai YP, Wang B, Zhang W, LiL, Ji D, SuLL, Zhang C, Lu T L. China Food Drug Adm. Mag. (F#%¥,
BT, A, SkAt, 24K, R, IREREE, kA, FERAR. PEESSRIEE), 2022, (11): 32-41.

[8]  Zuo X B. Inner Mongolia J. Tradit. Chin. Med. (JEWEME. WS HEEZY), 2023, 42(7): 163-165

(9] Leong I, Hua X, WangM, Chen TK, SongY L, TuPF, Chen X J. Chin. Med., 2020, 15: 76.

[10] DuXL, Cui YH, ZhangZ, SunAJ, LiHF, Cui W L. Chin. Arch. Tradit. Chin. Med. (F:B%38, B EAE, ki, 9
B, FEIY, @R AR EZEA]), 2023, 41(9): 163-168.

[11] LiuCL, Jiang Y, LiH J. Crit. Rev. Anal. Chem., 2025, 55(4): 684-701.

[12] QiuQ, QnCP, LiPF, MengXY, MoHQ, HuangCY, Wei] C, Zhen HS, He Y, Ouyang D, Huang X D. J.
Chem., 2024, 2024(1): 9150790.

[13] LiaoGQ, TangHM, YuYD, FuLZ, LiSJ, ZhuM X. Chin. Med., 2025, 20(1): 62.

[14] LiuCX, ChenSL, Xiao X H, Zhang T J, Hou W B, Liao M L. Chin. Tradit. Herb. Drugs(F) B2, FRLH, H/h
W, SRR, O, BUREE. thELZh), 2016, 47(9): 1443-1457.

[15] JingCF, MaXQ, XinYL, YangJ, LiQQ, He WW, ZhangJ L. J. Pharm. Biomed. Anal., 2025, 265: 117022.

[16] WangLJ, Han X, Zheng X, Zhou YY, HouHL, Chen W, LiX, Zhao L. J. South Med. Univ. ( EF[3%, Thl, %5
B, FEE, EEE, BRE, 0, UK. FETERERFSE), 2021, 41(1): 100-106.

[17] Tian Y W, YaoJ, Gao Q, Zou LW, LuP X, Guan T T, Liu X F, Zhou S'Y, Jin X J. Chin. Med., 2025, 20
(1): 202.

[18] RuJL, LiP, Wang ] A, Zhou W, Li B H, Huang C, LiPD, GuoZ H, Tao WY, Yang Y F, XuX, Li Y,
Wang Y H, YangL. J. Cheminform., 2014, 6: 13.




1194 SR AR (http://www.fxesxb.com) 545 %

[19] XuHY, Zhang Y Q, LiuZM, ChenT, LvCY, TangSH, Zhang X B, Zhang W, LiZY, Zhou RR, YangH]J,
Wang X J, Huang L Q. Nucleic Acids Res., 2019, 47(D1 ): D976-D982.

[20] Zhang Y Q, LiX, ShiYL, ChenT, XuZ]J, WangP, YuM, Chen W], LiB, JingZ W, JiangH, FulL, GaoW
J, JiangYH, DuX, GongZP, Zhu WL, YangHJ, XuH Y. Acta Pharm. Sin. B, 2023, 13(6): 2559-2571.

[21] Fang S S, Dong L., LiulL, GuoJC, Zhao LH, Zhang] Y, BuD C, Liu XK, HuoP P, Cao W C, DongQY, Wu
JR, Zeng X X, WuY, Zhao Y. Nucleic Acids Res., 2021, 49(D1): D1197-D1206.

[22] Wishart DS, Guo A C, Oler E, Wang F, Anjum A, Peters H, Dizon R, Sayeeda Z, Tian SY, Lee B L, Berjan-
skii M, Mah R, Yamamoto M, Jovel J, Torres—Calzada C, Hiebert—Giesbrecht M, Lui V W, Varshavi D, Varshavi
D, Allen D, Arndt D, Khetarpal N, Sivakumaran A, Harford K, Sanford S, Yee K, Cao X, Budinski Z, Liigand
J, Zhang L, Zheng ] M, Mandal R, Karu N, Dambrova M, Schisth H B, Greiner R, Gautam V. Nucleic Acids Res. ,
2022, 50(D1): D622-D631.

[23] Kanehisa M, Furumichi M, Sato Y, Matsuura Y, Ishiguro—-Watanabe M. Nucleic Acids Res., 2025, 53(D1): D672-
D677.

[24] Guijas C, Montenegro-Burke J R, Domingo—Almenara X, Palermo A, Warth B, Hermann G, Koellensperger G,
Huan T, Urithboonthai W, Aisporna A E, Wolan D W, Spilker M E, Benton H P, Siuzdak G. Anal. Chem., 2018, 90
(5): 3156-3164.

[25] Duigou T, Meyer P, Faulon J L. Nucleic Acids Res., 2026, 54(D1): D1799-D1806.

[26] Moretti S, Niknejad A, Pagni M, Mehl F. Nucleic Acids Res., 2026, 54(D1): D617-D622.

[27] Moretti S, Tran VDT, Mehl F, Ibberson M, Pagni M. Nucleic Acids Res., 2021, 49(D1): D570-D574.

[28] Trojak M, Safranek D, PastvaS, Brim L. Biosystems, 2023, 225: 104843.

[29] ChenZ K, YanDY, Zhang M, Han W H, Wang Y, XuS D, Tang KL, GaoJ, CaoZ W. Front. Chem., 2022,
10: 881975.

[30] Wishart DS, TianSY, Allen D, Oler E, Peters H, Lui VW, Gautam V, Djoumbou—Feunang Y, Greiner R, Metz
T O. Nucleic Acids Res., 2022, 50(W1): WI115-W123.

[31] ScholzV A, Stork C, Frericks M, Kirchmair J. Sci. Total Environ., 2023, 895: 165039.

[32] Pelletier R, Nahle D, Sarr M, Bourdais A, Morel I, Le Daré B, Gicquel T. Arch. Toxicol., 2025, 99(7): 2953-
2973.

[33] MaYH, Zhao Y X, Luo M X, Jiang Q, Liu S, Jia Q, Bai Z X, Wu F M, Xie J. Front. Pharmacol., 2024, 15:
1393409.

[34] Ghosh T, Zhang W M, Ghosh D, Kechris K. Methods Mol. Biol., 2020, 2104: 313-336.

[35] HuXM, HouYY, TengXR, LiuY, LiY, LiW, LiY, AiC Z. Arch. Toxicol., 2024, 98(5): 1457-1467.

[36] LitsaEE, DasP, Kavraki LE. Expert Opin. Drug Metab. Toxicol., 2021, 17(1 1): 1245-1247.

[37] RyulJY, LeeJH, Lee BH, SongJS, AhnS, Oh K S. Bioinformatics, 2022, 38(2): 364-368.

[38] JiaC, LiXF, HuS, LiuGH, FangJ S, Zhou X X, Yan X L, Yan B. Anal. Chem., 2025, 97(1): 783-792.

[39] IvJL, Weil, WangZ Y, Cao J. Molecules, 2019, 24(24): 4590.

[40] Anselmi M, Slabaugh G, Crespo—Otero R, Tommaso D D. Digit. Discov., 2024, 3(5): 1048-1057.

[41] Flores—Hernandez H, Martinez—Ledesma E. J. Cheminform., 2024, 16(1): 129.

[42] LiuCY, SunY, DavisR, CardonaST, HuPZ. J. Cheminform., 2023, 15(1): 29.

[43] GaoS]J Q, ChauHY K, WangKJ, Ao HY, Varghese RS, Ressom HW. Metabolites, 2022, 12(7): 605.

[44] Olsen L, Montefiori M, Tran K P, Jorgensen F S. Bioinformatics, 2019, 35(17): 3174-3175.

[45] Tyzack ] D, Kirchmair J. Chem. Biol. Drug Des., 2019, 93(4): 377-386.

[46] Boyce M, Meyer B, Grulke C, Lizarraga L, Patlewicz G. Comput. Toxicol., 2022, 21: 1-15.

[47]  de Bruyn Kops C, Sicho M, Mazzolari A, Kirchmair J. Chem. Res. Toxicol., 2021, 34(2): 286-299.

[48] ChenQS, QianY, FengMJ, Zhang H, Xie H]J. Eur. J. Med. Res., 2025, 30(1): 1103.

[49] YangZ H, LiuJ, Shah H A, FengJ. BMC Bioinformatics, 2022, 23(S5): 329.

[50] Xuel], Wang BY, JiHC, Li W H. Bioinformatics, 2024, 40(3): btae084.

[51] LuwoPY, ChenR, WuZS, LiuYO, ZhouTY.CPT: Pharmacom. Syst. Pharmacol., 2025, 14(12): 2210-2220.

[52] TuZK, Coley CW. J. Chem. Inf. Model., 2022, 62(15): 3503-3513.

[53] Irwin R, Dimitriadis S, HeJ Z, Bjerrum E J. Mach. Learn.: Sci. Technol., 2022, 3(1): 015022.

[54] Huang K X, Xiao C, Glass LM, Sun] M. Bioinformatics, 2021, 37(6): 830-836.

[55] LiX, KangM Q, Ma NN, PangT, Zhang YJ, Jin H, YangZ, Song L L. Evid. —Based Complement. Alternat. Med. ,
2019, 2019: 5165029.

[56] LitsaEE, DasP, Kavraki L E. Chem. Sci., 2020, 11(47): 12777-12788.

[57] Ganguly S, Finkelstein D, Shaw T I, Michalek R D, Zorn K M, Ekins S, Yasuda K, Fukuda Y, Schuetz J D,
Mukherjee K, Schuetz E G. PLoS One, 2021, 16(7): €0253852.



5 6 31 R TEE MRS . N TRRESEN ) T 2 SRR R B BRI T 1195

[58]
[59]

[60]
[61]

[62]
[63]
[64]
[65]
[66]

[67]

Yang S, Zhao NN, Yang X, ChengY Y. Guiding J. Tradit. Chin. Med. Pharm. (W3, #XUENE, WidE, #2515, hE
253:4), 2023, 29(1): 105-107, 116.

Ren J L, Xiang BB, Song L L., René DJ, Luo Y F, Wen GY, GuH, YangZ, Zhang Y J. Phytomedicine, 2024,
135: 156170.

YangZ, ShiXY, RenJL, YinHQ, LiDN, SongL L., Zhang Y J. J. Funct. Foods, 2022, 91: 105010.

Tan LF, Chen C, Fan XL, DongY, Ge YW, WangS M. China J. Chin. Mater. Med. (E25 ) BEE, BeE, &
£, EERf, Tl HEPZRGE), 2019, 44(12): 2588-2593.

MaJ M, Wei P, XuX, Dong RJ, Deng X X, Zhang F, Sun MY, LiMX, LiuW, YaoJL, CaoY, Ying LT,
Yang Y Q, YangY Q, Wu X P, She G M. Chin. Med., 2025, 20(1): 48.

Zhang DY, Cui W Q, Hou L., YangJ, Lyu LY, WangZ Y, Linghu KG, He W B, Yu H, Hu Y J. Chin. Med.,
2023, 18(1): 64.

Chen Y H, Liu HM, Han R, Lin]J Y, YangJ Y, Guo M J, Yang Z, Song L L. Phytomedicine, 2024, 133:
155912.

Zhang Z T, LiY, Bai L, Chen P, JiangY, Qi YL, Guan HH, Liang Y X, Yuan D P, LuT L, Yan G J. Micro-
chem. J., 2024, 199: 110126.

YuX, QiAH, LiJH, QuanZH, LiK, QiuY R. Lab. Med. (F-5, BUBLT, 25N, 2/, 24, R¥EA.

FEIRPEEE), 2025, 40(3): 264-270.
FuY, FangY Y, GongS, XueT, Wang P, She L., Huang] P. Sci. Rep., 2023, 13(1): 5844.

(WAEREE. BLF)



