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Discriminant research on main meridians of traditional Chinese medicine based
on artificial intelligence algorithms
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Abstract: Objective To explore the construction and optimization of a discrimination model for the main meridians of medicinal
materials based on the properties of active components. Methods Collecting the meridian and active component information of
medicinal components. Using the active components of single-meridian medicinal materials as a foundation, the structural features of
the active ingredients and the classification set of physicochemical properties and the frequency classification set of the active
components were constructed. By applying the cosine similarity algorithm, quantifying the differences in properties of active
components among various meridians, calculating the similarity between the set of active components contained in medicinal materials
and the different active component categories, and constructing a set similarity matrix as the modeling dataset. Artificial intelligence
algorithms were then utilized to establish discrimination model for the main meridians of medicinal materials and to optimize and
evaluate the model. Results Collecting 209 medicinal materials and establishing a dataset comprising medicinal materials, meridians,
and active components. By categorizing the corresponding components of single-meridian medicinal materials, we obtained 34
classification sets. Calculating the cosine similarity between the components contained in each herb and different active component
categories yielded a similarity matrix with dimensions of 209 x 34. K-nearest neighbor algorithm, random forest and extreme gradient
lifting algorithm were used to construct the discrimination model for the main meridians of medicinal materials, hyperparameter tuning
was carried out and the model’s performance based on the test set under the optimal parameters was evaluated. The performance of the
random forest algorithm was found to be optimal, with balanced accuracy and area under curve (AUC) of 0.86, 0.90, respectively.
Conclusion This study successfully constructed a model for classifying the main meridians of medicinal materials, achieving

favorable and stable results. It explored the theoretical foundation of meridian entry theory, providing a new direction for understanding
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the relationship between meridian and the active components of medicinal materials, and providing a new approach for the

discrimination of meridians for medicinal materials.

Key words: traditional Chinese medicine; meridian discrimination; meridian entry theory; machine learning; properties of traditional

Chinese medicines

PEEREPHERIRESNEZHRE R, &
FEANT AERE SRS, £ PEHRRERT,
w2452 F AR VR 90 (0 29 W) B R £ T BRIl PR L
5 R R AR R0, g 254 R 25
Thae LA AR RI RS A, B8 DUk THR#
VU A2 BEVESRAR 2 07 o 254k M2 ff 52 L 4t
WHE P AINER, AT EE 3 I R 24 5 45 52
Pr i R, fERERIG RO, de TR A
2y, NATR 254 NAR Ik B e AR IS b 2
MIEZEL IGK E, BB 245 NMEm s
7 I DVER AR R, UL T 2 T Ry
SE AL I FRIEAE AW )9 28 B A 45 BRI PR
BT IR HE, A S 24 1 PR I FH 4 4k A 4
HEAEH, HEHEIR AR 24 7R,
H P 2 5 7T R AR R A L

TR RAERBRER. 280 E R R
fib, IXAEARAL ST M LR R R 25 1 R B . A
BRI K E, WHLgih B2 IR At H
mEE, AT R R SR,
SRR T, N LRGeS TR 2 I8
PERATER G T ST LLIR 5 v 24 1) o
FHE LSRR TR ] 5 DR 8] R SRR P81, A2
TR ZG 2 B LA S I PR ICARL AT 7T, N TR RERLR
WU THZIRLGHR - 294 -2 PE 2 TR P28 G &R
I MR 2 S TR R 2R AH ELAT T LA S AR TE24540)
525 2 18] AR ELAT TR E-100, [t v 2 24 78 [ B 1
SO O, 2 s DI 5 25| ABUETT
%, DMk o B 2 1 [ Pl 4

FER GG TEELR M BUCILET FE 25 IRZe
B -HE RN E AR, TN REE S
2. HERMEEZ EREE XN TTE, BRI TR
ZIHAIIRIIE L. Wang SFUfE T 646 FlihZs
S HENE S B 7> THRFAE, R i rh 2 A 2R R A
M, Yeh S0 A BB R IR TT T rh 2535 1
8o SR AR B IR &R o /N TS5 i SOk
s IRV A g€ A KR e 0 wANE B L (FAE R
I R BAT IR oGk, B S IR it —2
Zhang SEUHE LR o2 I PE R S PSS R AR

Ko SR FH B AR X 2458 AR i V4 48 0K 2 2 s PR R 2 2
SHEGHAY, XM 2 a5 BT . Sk
Kevt, ARTRIRE S B TR AR M Y i B S H 2
KVARIIBRRTTIH, ARSI PB4 45 1 E kR
A, AR IRITE A A4 V& 1 B B

Z1F B IR 28 J8 1 A A 2 DR AT LA B8 2 R TR 1)
EREMEAE R, MRS VLR T 2GR AE AL, 258415
JE& T RAKNZAKNAR, FEIET EATMZH
TEREEAG T T — 2R, FR, CAMRER
W2 I VG PR E T A, A LR G AR
AR L fEX B, AR IR 2
A2 @S 256 P S i R B RO AE oG, IF
T2 - T & SR -TEYE R B, M 1AM
IHZ L FI B AT AL . BiE . ARRAM A
ZIHEIRH . R IARE TS 25 R 8]
KA TNH 20 A4 & et %
1 BRERMERE
1.1 HHEEIRE
111 ZGMAINIRHE  AMLE T HE B — 221 2
M, ZIMIEAREEZ, O I PR R 2
R, XHUARMIVE R 2. A5 LS
ALK DI BT B A IE PR A o R, g R
— G2 I 20T L R A B TRTRR i 0 248 1 DR Ik
BGr, HXTE L CERE Ry 260, did R G 1T
KIRF BT FHIEEA RSN Z R . RALK B
5UMZEERKR. FR, AT EKRLAMTE
S JE MM ZER, AR EEME . HEm
251 5 AT B A BRI

W (R EZ588) 2020 SRR R ETIC T A 24
MEFAZEME. N TRFAAME . LM 12
S, WHIEFTHE A2 A 8 5 20 B JE AR OC 1) A
M, ABFRIEIE S E ARG EANE . HEaHA
FRAGE . FFEr2itt, MRIEHSEn AR,
WA NG, W& ZEYM. [FRF, A
HARAGHBEABIES P& (TCMSP)
(https://temsp-.com/) WAL T 25040 B i VE 715
RS, T2 a2 s YE RO (5 BHE L3R
0, I H 52 a2 0K, DRt ARt



FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

« 5575«

T WA R I 5T . A PRUEEE 2 8,
A RS AT 76 12 o
112 FHEAREIEI A EaEFi iy, AL
(1) 53~ 5 A6 30 8 HAT AR ALA IR AR i P00 AR A
FAAGE DI 25 AR AIE DA S B 0 () 3 R A & )
HfEct7/PErS O (i BUR A7/ R EAT (kS RS AR i
X RERIRE AT 03, BB R RSN
M2 5. Y & @RS (extended
connectivity fingerprints, ECFP) FR/NZ4% RN 50
ESHIRHIEDT); R Wl MRS ESER
INA R RER T B s A 22 4% SR B B 7E
2 JH2 IR 2 24 vh W 3 IR AR o v 1k 1
X T VAL S A ) 50 ) B B
1.2 HR&EF®

KIRIST SRR B R 4R R w5 . FRERR R, A

[ 22 ST FR A S U ]

TSP SRR B A R AL HEAT A R3S, BRI
JR I SRR RO AR S, AT SRR SR AT T
THE. B vE BB IE 1 . BdEE
P 1 ZER A S YRR TS . RRAIE 25 5 DL RRRHAE
FSRIER S5 A YIARUE RN A5 A R 2 U
5, HEIEm AKX (1D PR,

[E/,'I:l XJ'AXJ'B] (D

(2 () 21 (m)” — B a)

SimA’ B~

Sima, B /R T IRIFHBLEE, xas xm x> T A B IIHE /A
FHEM S, n %R ECFP RSUNRIELEE

BACPEIFURT L B8 1) Bt A T REAR 22 25
B, N TIHBRAFRIEZ (8] S AR, $2 i
R IAERR PEANSSIOE L, S U 3t RO IR 7370 2R
Ehr, XIRL. RIS 7> B VR Ak Kot 2t
177 H—ACALBE, PR AN 2 s

[ 42 ST R S B ]

s « @)= o
&

[ 228 T8 Pl 43R AR ] [ P8I R A AL A6 ]
s = < = <
[ 25 ST A L R A ] [H%éé?%ﬁ%ﬁﬁ%%ﬁ]%ﬁ%ﬁﬁi ]

Bl 1 VAL KBRS AR P PR T2

Fig. 1 Dimensionality reduction process for matrix of structural characteristics of meridian-related components
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Fig. 2 Dimensionality reduction process for matrix of physicochemical properties of meridian-related components
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Fig. 3 Workflow of machine learning
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Table 1 Number of traditional Chinese medicinal materials in lung and liver meridians and different digits
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Table 5 Performance evaluation results of different machine learning models

TIHE% et SFHTAERG 2 (bacc) ISR A e = F1 3%
fitie KNN 0.80 0.81 0.72 0.76
it KNN 0.80 0.81 0.88 0.84
fitiZt RF 0.86 0.80 0.89 0.84
iy B2 RF 0.86 0.91 0.83 0.87
fitiZt XGBoost 0.84 0.93 0.72 0.81
T XGBoost 0.84 0.82 0.96 0.88
10 4 BT R H A B
3 it
0.8 - B “—nr 7 BIIR NS0t FRE SRR
X, HA, KM, FEMNEZ N RARGYTIH2 6
ﬁ““ HIAS I S5 E1E H A, Ahskerh 25 SR 242
§OL A A AN AT BRI — 5B 4, AR RS EE KR
FEN THIINE 1. N T REfE T i stz FHAb R 24,
02 RSP ERPIE, $Em AU, 52
- KNN (ROC-AUC=0.82) . N N i
RF (ROC-AUC=0.90) AN SR P 2510 R is A 7T, S9BEE AR §
XGBoost (ROC-AUC=0.86) .
0 - hZhZitk, JLHEHEREE.
1‘.0 0.‘8 Of6 0.|4 0.‘2 6

5

12 FE&E#*% ROC HiZk
Fig. 12 ROC curves of different algorithms
BRSPS . AUC 2055 T 0.86+ 0.90,
Y] RE BERAEXS T 254 i 2 2 48 05007 10 B

AT FE LA | JFF 22 2504508 B3 P 18 7y S i
R T IJBA R L% (R 250 T &5 A7 (I 1R B (0
P AR PR AR P, (N T Rk
X & PRI A R 5 R SR AL R RAEAT 2],
ey e st = Exet S Pl R

FETPEMR R TTIE, ASHEFE AR T O RK



FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

» 5581 «

o REE S, RS & 5] A& 25 R (1
FEHF, FEEENL T BN R 4R 4% 2G04 1) (S 1 Rl 4 B
PEZE R, MR N TR RERE, YR
THMIERER S S AM A% AR 2 MR, fF6
S 2 BR (R BRAAR . R G AR, AT 7T A%
20 TR IS A B R R A £ IR %% 5
PERCAY G R NI BEIR R T M AR @ 1k
(PR TR A FUR R 1Y 3 MBS A 2R 1)
w08, IGUE T A VA HERTE, RN,
FET PR R . AUC 20 31iE 3] T 0.864 0.90,
HERA 7 AR v A M A RS e 1, BRI N T R SRR
A CASEHL 4 5 4 250 IR A 48 R 0 ), B
BRI HAMESZ R ). AT ER RF
LAY AT DR A i A B 24544 VA 22 2%, 3F HLn] DA
Ut B 2560 BT B 6 It B 5 2 M I 4 4% VA T TR A7 A
B, 290 B MRy R AIE 22 S 2 A M A 2 )
PR EEAL o RIS, AHIEFT T4 tH ) RN SR
2 H RTINS T #F F A, AR A Z 241
JBEALAE BIRELM A MRt A S5, NiE
PP 2532 J8 MR ie Bk — BOE 25 ) LR A TR
%

AHE AT AT N TR RS, i iy 3 A
SLEHGER, RERAGMAS IR IR, &
WL RILZ 258 54 25M AL, 728 G T
By IR IE RN R, S 2 M EEZRE %
KA, NS EINSKEE, SRR T
5 2 B R BSRE R X 3 TATT, PR L v A 2R A O B A o
Nl FAE R B S AR TR R AN [R] 7 FE ot T2 6
WALEBEAX A, FEEFAPHERG, AR
B Rk 2EIRIE T4 H I BR M, X AH R i 24
WEHARFEZEES RN . T RIEARTHE
MZMAZRR, AL (FFEZH) 2020 FFhk
YERZIM B4 AR KRR, NH TCMSP i
PEWCER A S I B, SREC IR B — o )R R
PR, DRG, AREAYE DL e B 5 BN R 4 45 2 1 2 )
MIRFAEZE S o BN AT FAFAE [ ), PRS2 27
Je SRR T I N TR AT 9 M B R AE B . andR
SUEIE . SEIRHGE . M. oA, AR HE
b= PR Y T N 91 i e i 1
By W FEE IR, BIMNE. 2L
WP RS, RIS Re ) NHIRE
O] IE N RS e N TR AR SRR A
WA B % G2 2 (A RIRIE 22 5. 1B D4 A 1)

HERRANZALRE ST, M A2 0T Fe IR A B 4
TR N AT U BB, 9 i B2 245 A 22 BRI B AL I T
HES 25 R B A AR A BUBe i B2 24 1) [l Bt
HES SR EA R S

FlAEAR PIAEEHFARELEF YR

S 30k

[1] ®h#k, BEF, 2, & WRAEEED A IEER
WU ISR (7], b B PR EE A, 2019,
25(1): 127-130.

[2] Chen Z, Cao Y F, He S B, et al. Development of models
for classification of action between heat-clearing herbs and
blood-activating stasis-resolving herbs based on theory of
traditional Chinese medicine [J]. Chin Med, 2018, 13: 12.

[81 HK, PRk, Zit, & b4 E RN R R
[7. HAEL A, 2011, 9(7): 789-793.

[4] kT, mfE, 0B, 55 2 Ra e iRk
Reoy AR 2 A& P BT SRS (0], T EEERE
259 540 #, 2019, 19(12): 1518-1520.

[5]1 <8t KiK. SRR FAE TR 22 e —2
PR R 2R (7], PR AS & 22k, 2012, 10(11):
1198-1205.

[6] ShenQ,WuY,LiZ, et al. Quality assessment of traditional
Chinese medicine using quality biomarkers: Compound
Danshen dripping pills as an example [J]. Phytochem Anal,
2023, 34(5): 580-593.

[7] LiuS,LiangY Z, Liu H T. Chemometrics applied to quality
control and metabolomics for traditional Chinese
medicines [J]. J Chromatogr B Analyt Technol Biomed Life
Sci, 2016, 1015/1016: 82-91.

[8] Zhuo L M, Peng J J, Zhao Y L, et al. Screening bioactive
quality control markers of Qishen Yiqi dripping pills based
on the relationship between the ultra-high performance
liquid chromatography fingerprint and vascular protective
activity [J]. J Sep Sci, 2017, 40(20): 4076-4084.

[9] Jin M L, Ren W W, Zhang W G, et al. Exploring the
underlying mechanism of shenyankangfu tablet in the
treatment of glomerulonephritis through network
pharmacology, machine learning, molecular docking, and
experimental validation [J]. Drug Des Devel Ther, 2021,
15: 4585-4601.

[10] Yang S L, Shen Y J, Lu W D, et al. Evaluation and
identification of the neuroprotective compounds of
xiaoxuming decoction by machine learning: A novel mode
to explore the combination rules in traditional Chinese
medicine prescription [J]. Biomed Res Int, 2019, 2019:
6847685.

[11] Wang Y'Y, Jafari M, Tang Y, et al. Predicting Meridian in



« 5582 «

FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

[12]

[13]

[14]

[15]

[16]

[17]

Chinese traditional medicine using machine learning
approaches [J]. PLoS Comput Biol, 2019, 15(11):
€1007249.

Yeh H Y, Chao C T, Lai Y P, er al. Predicting the
associations between meridians and Chinese traditional
medicine using a cost-sensitive graph convolutional neural
network [J]. Int J Environ Res Public Health, 2020, 17(3):
740.

TANE, FAZ, RN, & BEP AR 2
P F Bl PR B2 F B SEE 43 B (7], T RS R,
2018, 33(11): 5193-5197.

Zhang S, Zhang X W, Du JY, et al. Multi-target meridians
classification based on the topological structure of anti-
cancer phytochemicals using deep
Ethnopharmacol, 2024, 319(Pt 2): 117244.

Ru J L, Li P, Wang J N, et al. TCMSP: A database of
systems pharmacology for drug discovery from herbal
medicines [J]. J Cheminform, 2014, 6: 13.

Muegge I, Mukherjee P. An overview of molecular

learning [J]. J

fingerprint similarity search in virtual screening [J]. Expert
Opin Drug Discov, 2016, 11(2): 137-148.
Rogers D, Hahn M. Extended-connectivity fingerprints [J].
J Chem Inf Model, 2010, 50(5): 742-754.

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

Willett P. Similarity-based virtual screening using 2D
fingerprints [J]. Drug Discov Today, 2006, 11(23/24):
1046-1053.

Ikotun A M, Ezugwu A E. Boosting k-means clustering
with symbiotic organisms search for automatic clustering
problems [J]. PLoS One, 2022, 17(8): €0272861.

Bajusz D, Racz A, Héberger K. Why is Tanimoto index an
appropriate  choice for
calculations? [J]. J Cheminform, 2015, 7: 20.

Deng Z Y, Zhu X S, Cheng D B, et al. Efficient kNN
classification algorithm for big data [J]. Neurocomputing,
2016, 195: 143-148.

Fralick M, Colak E, Mamdani M. Machine learning in
medicine [J]. N Engl J Med, 2019, 380(26): 2588-2589.
Breiman L. Random forests [J]. Mach Learn, 2001, 45: 5-
32.

Yuan K C, Tsai L W, Lee K H, et al. The development an
artificial intelligence algorithm for early sepsis diagnosis
in the intensive care unit [J]. Int J Med Inform, 2020, 141:
104176.

Jiang M, Lu C, Zhang C, et al. Syndrome differentiation in

fingerprint-based ~ similarity

modern research of traditional Chinese medicine [J]. J
Ethnopharmacol, 2012, 140(3): 634-42.

[Friesmit & o]



