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Prediction of traditional Chinese medicine component interactions via cross-
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Abstract: Objective Given the complexity of traditional Chinese medicine (TCM) formula constituents and their unclear interactions, a
deep learning-based molecular interaction prediction model is constructed taking the prediction of interactions among constituents as the
entry point, providing methodological support for identifying potential constituent interactions and subsequent studies on formula
compatibility mechanisms. Methods We propose a molecule-molecule interaction prediction model based on molecular 3D structural
features and Extended Connectivity Fingerprints, designated as 3D structure and extended connectivity fingerprints molecule-molecule
interaction (3DFPMMI). The model employs the SchNet network to extract deep features from the 3D graph structure of molecules while
simultaneously acquiring Extended Connectivity Fingerprints, and achieves effective fusion of multi-source features through a contrastive
learning strategy. The model is trained on the DrugBank drug-drug interaction dataset, and cross-domain generalization is implemented to
realize the prediction of interactions among TCM constituents. Results The 3DFPMMI model achieves an accuracy 0o 0.921 and an area
under the precision-recall curve of 0.972 on the DrugBank dataset, both outperforming other benchmark models. Ablation studies confirm
that molecular 3D structural features, extended connectivity fingerprint features, and the contrastive learning-based feature fusion strategy
are all core effective modules for improving model performance. When applied to predict component interactions in the classic TCM
formulas Buyang Huanwu Decoction and Banxia Xiexin Decoction, some of the prediction results are highly consistent with the

conclusions from existing experimental studies. Conclusion This study establishes a novel method for predicting interactions among
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TCM ingredients and preliminarily validates its application potential. This work offers new technical tools and methodological references

for interpreting the compatibility mechanisms of TCM formulas at the molecular level.

Key words: traditional Chinese medicine components; molecular interaction; deep learning; cross-domain generalization; molecular

structure; compatibility mechanism
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Fig.1 Architecture of 3DFPMMI molecular interaction prediction model
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1074, BEANLF4 42,

AFEAAE DrugBank (1] DDI #rESHEEE L1
TR N 6. MERFEIRREETEMHE 1, A0
FHEH I 3DFPMMI #5847E DDI brifeZdi4E - Bl
T RACH TSRS, Acc iAF] 0.921, AUPR N
0.972, AHEL T HAWBRY R B AL [EERMIZ, L

PRI A T EO 0 B4 7E 0.9 UL, Efr it &
L 0.97, X4 RRY, T AL
BT AT, Cameisil 2] — MOy BRI
REZKT, [ tHAGIE A FERE AL Je BTt BUAS A T
TGS R R ATAE 5, D mb 24 7870 AH ELA'E P S0 50
HARBEFLERAE T RS BIR R 5 L B %

# 6 DrugBank HIEETHRSHEEIERTUNER

Table 6 Prediction results of ingredient interactions under DrugBank dataset

TR Acc AUC AUPR A =] b ES F1
3DFPMMI 0.921 (0.005) 0.972 (0.017) 0.954 (0.014) 0.976 (0.007) 0.955 (0.004) 0.965 (0.011)
DeepDDI 0.914 (0.021) 0.951 (0.012) 0.938 (0.006) 0.941 (0.019) 0.934 (0.004) 0.937 (0.025)
DeepDrug 0.917 (0.005) 0.961 (0.014) 0.944 (0.018) 0.957 (0.013) 0.944 (0.007) 0.950 (0.019)
MHAFR-DDI  0.919 (0.003) 0.963 (0.022) 0.944 (0.015) 0.967 (0.021) 0.947 (0.005) 0.955 (0.009)

59 10 P8 IRERIbREZE , £ 7 [,

Values in parentheses are standard deviations of 10-fold cross-validation, same as table 7.

22 BEHIERLER
AFRSHRE TN EGERIE 2 FioR.
M 2 AIEAEAE HY, 24 ECFP $HE4EE )y 384, 3D
I THRHELERE N 192, FagReps oA Eoh 128 H
>1#54 0.000 5 BF, HREAIPERERAR .
2.3 HRRSCIOLER
T AR SEI6 ) B AR SE RanER 7 fioR, ASFEREAY AR
R ERE I T —ERREN TR, 5E

wAcc wAUC "AUPR =4 [m] Fm f5ffi . w Fl
1.00+
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3DFPMMI #RAIAHEL, 3 Ffod R AR 44 fr 4% T 1 RE T
WriEbR I LA FEFE R R N %, R uE s 7 A
FRE SR B S R R Al S AR v . o,
3DFPMMI-T #ERIMERE NN EE, X —4R
KW, 7 3D SSHRHESREUT L A S SR 1 RRAE
RAERE 1, GO TR N HIZHE 7 1 1 = I R AE S
B B0 FRAFRIGE R, mMRHEEfZE S E
s Yaitg. AR FEE HEIRPREE R,

w Acc ® AUCFAUPR «# [a]Fm f§ifi% m F1
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Fig. 2 Results of hyperparameter tuning experiments
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Table 7 Results of ablation experiments
Y Acc AUC AUPR (EIEES UES F1
3DFPMMI 0.921 (0.005) 0.972 (0.017) 0.954 (0.014) 0.976 (0.007) 0.955 (0.004) 0.965 (0.011)
3DFPMMI-T 0.894 (0.003) 0.949 (0.006) 0.943 (0.001) 0.955 (0.015) 0.923 (0.016) 0.939 (0.023)
3DFPMMI-E 0.901 (0.019) 0.955 (0.007) 0.951 (0.017) 0.966 (0.003) 0.941 (0.004) 0.953 (0.009)
3DFPMMI-C 0.899 (0.006) 0.952 (0.009) 0.942 (0.006) 0.969 (0.009) 0.934 (0.021) 0.951 (0.016)

T UERARENT 70 FHREPE . & AH ELAE TIOR8
HEE, A, 3DFPMMI-E A=A P et H B IH
T, XS5 RIGAE T ECFP #5HEAE 7> TR EL
T R . ECFP B I X o 45 /3T R 4¢
atd, RERSA R 0T 1 RIS RHIE 5 4 R RE
TEAZ IR, AT At T BRI S 8, 2o
F A ELAE O O B N IE 2 — o TR,
3DFPMMI-C A8 8 TN Fabm ta5 R FE, 42
TR LG ST PR A S A A . 7R T
M EAERTRNATSS H, ZAFIER G AR T4
R IEPHE T R I BAR S A R EPHE T %
A f7 OB AN [FRIR AR AT 4L, R AETE 290
FRFHEZ M TE RS BAME, 5 S BURFIEIC
REAFEEER; W0 T X 2 ST e R & ik,
AL I L 2 S AN [ R RURRAE 2 R] PR AR 5 22 S 1k
LIS RRHEE B MmO S, A SARTHRRE MR
TIERE 7, 30 T3 SAR L 7 Hh 24 R 53 AH ELAE FH TR0
(1t BE R I o
24 RIS

NHE— 5 EAIE 3SDFPMMI A5 74 F0 1 v 24 B 2
FEAR R RS E S 5, (ET 5246/
W FIE ], AW 4% B AE 7 B 1 BHE 4 i
20 i CRALIES, 3621 %) AEMENIKE, IR
8o AWFITILIE 8 il = BAS ML R, 45
i R YT 8B SR 7T, % HL T SE MR T R 4%
Flo MWIGUEZE SRR, 3 8 A 43 Tl i+ 245 1 oy
FHEAEFH 26 55 2410 v 2= 245 S0 3 ) ot T dk Je A —
E G, BAREHI ST

BRSO R~ B 56 S 20 ) 25 W RIS B IR
WA EAEHRR, Ja# ST arH fPust g .
Zheng SE3@ I SLIGUERT, R MR AGE R,
B BRI e % 18 0 B 88 e R ) B B, TR B
G ILAE 7, X SRR &5 RAR & . Bhak,
ROFGI Ly 25 R % 1 5 2 B P VS 1%, Ren 5504
I 3R SRIRUE B, FEBTRHLE] S

R8 MWHEIAFMFEBLAPARSEEERIBS
MEER
Table 8 Partial prediction results of ingredient interactions

in Buyang Huanwu Decoction and Banxia Xiexin Decoction

By 1 B4y 2 ZH BESHK
BEREIEEEE FER type 46  0.999 9
e R ZH R type46  0.9999
1L 25Ty TEAE type 46 0.999 9
ITE:S7i3 I E g type 46  0.999 9
TEMAE I E g type 46 0.999 8
IINEETR 6-Z W} type 6 0.999 8
IS EHEREE  typedb  0.999 8
BEREIWEEEY LR type15  0.9997
6-Z M) HHER type 17  0.999 6
RN e /INBET, type46  0.9995
RN ES JRR TR type 46  0.9995
TS Ll 25 type 10  0.9995
TS ISELR:] type 13 0.9995
TRIE R Ll 25 type 46  0.9995
6-2 M) /INBET, type 26 0.9995
BR85S A R 2 R type 46  0.9994
/INBETR FI R type 6 0.999 5
TS NI B type 10  0.9994
/NEEBH HHER type 17 0.999 4
(B TEWAE R type 26 0.999 3
/INBET A 21 Rb1  type 6 0.999 3

L Sy Re % S5 R ISR R - Toll FEAZAK 4 F 41
i &-10 S m s A, BSOS RME,
TX A SRR T 25 A AR A o AR T B
A E B B A P EER, Rao ZPSHE I sLI6HIE
B 3 1 R 1 S @ e /E A T OIPS-/ L RNAL
(OIPS antisense RNA 1, OIP5-AS1) /f#/s RNA-34a
( microRNA-34a, miR-34a) /UG RATE T 1
(sirtuin 1, Sirtl) @, 7EJRER A 5 T EA W) [H
1R, ZWF R EE R SR 4 R e e — 8, it —
ABSE TSI HERA T . A, AR T S
WUEH 6-EM R I H B SRR IEH B E T 2
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IR FE /INBERRE B AT tHBO . AR R LT A
FHEALT, BEEHEAER R, 6-EMm S EA T
TRFEDT, X 0 Ah F A F AT BRI 6-2E 1
RIS R —3 ARSI DR SERu A S
T Rby 0SS AL W) B A4 58 5E ) WO ARy
(peroxisome proliferator activated receptor y, PPARy)
e i3k R s 40 L ) 2 A 381, T /NBERATI ] PPARy 1)
HIRRIDT IR, PRk, 38 AT ReAEAEAR BT 4| 29
LR -

gi b, She R e EAE R T 45 R S A SO
WFFE AT 50, AT 3SDFPMMI A2 T H )35 4
i M EAERI R RS OF B SEI AT 7T Sl R A
KW FAFAE — R & . X451 EK0,
AR B SEHAME, BN 9 B2 24 U b 24
o AH AR R 5 2Rt TR AR S B iR i & S
EZ% .
3 #hip

MR TR 2 . 2R 2B IR
FERE A FE— SRR B VR YT Hh R I H s 1Y)
e RO H SR A2 7 v e g TE)AH LA F 9% AN,
Ji i) 249 v 24 T ATL AL o % A AT 5 BIARAL R )
R Frxf Bk R, A SR iz A 5
WEF R T — R EET 01 3D SSMRHIE ST R IEE T
FREL 7> T A EAE FI AR 3DFPMMI, A2y
FS T AR LA PR TSR Bt T 48 R TT %,
N I3 T AT v 24 2 T BEARLAL R T R T T
W 7T B8

A FUIR IR T T S5 R R 4y 1A AR H
TR 2E ST 7 3DFPMMIL LAy 1 H B 45 K15
BONME—HIN, BAIEIT SchNet JRFE % SJHESE M
731 3D KIS TR IR BRI S R S5 A, 2R
H1 ECFP %ty 7T Hidh b dity S A AR 2, 4
IS e AE 2 T VE SR 2 KR AR IR R
AT T 2 R B 7 FE TSR, SEBL 7
AR ELAE F A28 T . FF 78 R A DrugBank %4
PErpifE: 1 707 FiibA25%. 191 807 2 DDI ik
PR HEROE S C RN ZR S 10 Fra8 IR, 45
R &7, SDFPMMI BRI Ace % 0.921, AUPR
X 0.972, FWUWFANFEbR A LT RIFE L7y 745
R gt N B FEHERA Y, ESE | RO B A0 1 1
FHEAE P e 52 A Re 7. i Rl S aer 6 gk —
AR 7R AL ORI Rk £BR7> T 3D
SERRAE SRS SRR VE R N [ d oy 3, IR SK

3D (A S5 M RFAEXS 73 DR AH SC I =i B 15 24 HL
BAHZOAER; ECFP FHIERI 5 N AT A AN 5+
WINENE R, 5 3D S5HRHETE AR R 4F oAb o

RIS UEA R SE PR S M, A A I 2R 58
J8 ) 3SDFPMMI A5 28 5 3800 A% N FH 48 mh 24 1840 AH L
YER T 5, ERRMNHE R FEEMH2 &
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OAEHBI RGN, 42 B A 7 8% ik R4 R
20 7 () 45 SR FAT A5 3 B o 25 S A B T (1) 2
HIZ O HEAEHZER, W358 ol
R it s e RVE A . S 510 &M it
RO RV EIAON B F 51155 R (1Y) 9% A %
FE VR 6-22 15 /NBERR 1) B 23 ¥ HEAH B S
%, YWHURENENINERF TG R SEE,
I UE SAZ B R R 45 R B — e nT S5 N A
71, "R 2557 ECARATL BT T Ak 10k 4 - AT
HiEF¥Z%, [FR DANHIE Fz A B V5 0N
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(13535 FH EAE PR, A12B B0 AE 1 3 ) 2 Rk
I3 AHEAE T 50T 8 N AT AT 1 A TN
fife R R 24 B O3 AE AR R s S Ak . B DDI AR AY
M LG IC H 255 Fi s s () i), R4 1R I EOR %
BYIAECRE, AN T IE TR 2577 2 85
MRS E 1 7k, Wb 25277
FACH FE 5 BT 25900 R AR AL 138 A A 5 07V
4 RE

A FAYE ) 3DFPMMI A5 Y 7E b 24 jli 43 A
ARy s T AT S M T, Arh
25 T7BUARALHIB FEER AL T8 R BB AT, (HAH T
PIAFEAE — 38 1Y BRAE, ARSKRAT LR Z2AN 7 TH T &
H—PHIRANR R S TEE . (D RFFHETE
BLE I O R SRR A E TN 25 SR S B, =
Z GNP AR S 56 56 IR RIS 74K o 24 5 o) 4 L
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