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Constructing a trinitarian theoretical system of "element structure-
quantity ratio structure-phase structure" for component composition
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Abstract: This review focuses on recent advances in the component structure theory and associated research
technologies for exploring the material basis of traditional Chinese medicine (TCM) preparations. The study first
outlines the conceptual evolution of TCM "components" across three levels: individual compounds, synergistic
groups, and integrated systems. It then introduces the development of the "component structure" theory from its
initial three-tier structural framework (version 1.0), through quantitative proportionality modeling (version 2.0), to
the current integration of in vivo phase states and biopharmaceutical disposition (version 3.0), which together form
a unified theoretical system of element structure, quantity ratio structure, and phase structure. Furthermore, the
technological progress of the fundamental research of Chinese medicine under the guidance of this theory is
systematically summarized, covering the techniques of fine analysis of small molecules and macromolecules, the
analysis and optimization of the component-volume ratio relationship and the analysis of the component-phase
structure. Finally, it emphasizes the need for future research to build multidimensional analytical systems, integrate
artificial intelligence and big data technologies, and promote standardization, in order to support the modernization

and innovation of TCM.
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Figure 1 The course of understanding the material basis of

Chinese medicine. TCM: Traditional Chinese medicine
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Table 1 Multivariate exploration of TCM components by teams
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Figure2 Component structure theory (version 3.0)
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Term/concept

Core definition

Research team

Component-based Chinese
medicine

Modern TCM formulations designed via compatibility of effective components based on TCM

Zhang BL!™

theory. Features a "two clarities" principle: Relatively clear material basis and mechanism of

action, ensuring quality control, safety, and efficacy

Science of component-based
Chinese medicine
Standardized components

A discipline studying the composition of herbs, including effective (e.g., glycosides, alkaloids)

Repeatably separable and systematically characterized molecular groups from herbal materials,

Fu JH"™

and ineffective components (e.g., tannins, proteins), from whole herbs to specific compounds

Liang XM!'>1!

adhering to principles of systematicness, repeatability, and universality

Theory of efficacy-specific
components
polysaccharides)

Macroscopic property hypothesis Proposes that an herb's overall property (e.g., hot/cold) is the sum of the contributory forces

& digital simulation

Posits that efficacy arises from the ordered integration of components, categorized by

Zhang GJ'"

compatibility rules, chemical class (e.g., flavonoids), or informational role (e.g., proteins,

Wang HW!*!

from its components, which may have opposing properties
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D 5E B2 53 [ AR ELAE 20 4 07 T AR AL T R A S ¥, H
BB VZ B T AH S5 K 3R AE . SR, B P 2 40
GBI TR IR B2 AR AR R I AR BRI A AT R E IR Z IR
] FLA JE, 0 WA S5 R AT BOR AR T B i R

AR LB (cryo-electron microscopy, Cryo-EM) il
T PR Y VR AR G BEIE A, Gia w0 PR S e e
AR E M RE, W E R R AR AR S KORE T
TR YR S N B A AT (s
Iy AT ), 2 B AR 2], i T
548 TEM ) —4EH52 JR BRI, X — 3 K Ag BT e
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ERRTY B AR TP R e, 4
11, Peng 258 F Cryo-EM 5 [t 24 = -5 i35 12 B
7 =-BE 2 F R1 (notoginsenoside R1, ZR1) [ & 20 47
NIEAT TR, Z B AR R T 70 P3N D
it 1 ZR1 5y 1 B A TE ) 72 TR TR 9K £F 4L =
Ye2h K. Cryo-EMIEMI 87~ 1 1% B 43K 1R 40 1)
FHEE R RRAE: A AR R TS WA ZR1 701, IX
A 7 - 30 R R 1) B I % A LA FH O R e A it
— BB, GOK A4 2 IR A% - 587 o IR 4
4, PR EH R 7K ) =l L T A O, T 5 B PR U
LT R KRR . BEAb, 85K Bl 1
R B O B L AR S 4 (BLHE MR PR | ) b A B S R
), TR T X P T AR A YA =4 A
BRGS0 PR I 1) 3 AT R AR, D9 B b 25
By A2 R RUOK 2R BT D Bt 7K Bk RS 1 K R 4t
PRt T RB K

Ji A2 R AH 3% B LT (in situ liquid-phase transmis-
sion electron microscopy, LP-TEM) & — fft GE % 7 7 14
PR SIS WL 5 B A G A 5 I B R ) v R
RAEFEAR o FAZ o 5L 35 2 38 5 R 1) 000 Y00 A o A5 o
FEAE L35 W I B R v T T 1 ), R A 4 AR 3R
58 DABE A A 2] B S 8 2% A, S0 VL OR 03 DA SR IR
o 2 () 70 W R R v I TR) 7 R AR o AR A T A%
2t TEM X T4 30208 BR5E B HO, T Bl R 2 4 K R
FE R W0 B Bh AT AL, 0 B 2H e A AR ST e B S I
T, JCHOE F T 58 v 25 35 0k i Jy 72 3 AR BE AR AT TR 1
WIAH G5 R AR A B R 2ok R Xia SEUORG A 24 2 R E
5 AqE ke & B E 7 B0 T, R T 1 A B
B 25 40 B 35 %57 (scutellarin, STR) 5 P4 Bk i 25 448
T B2 (geniposidic acid, GPA) [ ZH %% T Bl 44 K i 1)
JR R, 1% BRI FH LP-TEM #E47 S S0, 77 i i 38 1
YARLF T B 3 N BIAS B B WG 70 15T 1 44
KPR A A, DL R 280 08 9K S5 R IR AR 1
X TR %% HL R SE T STR 5 GPA 43 1 ] il i &4
- YERA SR 43 1 1E FH D AE UM v B R KB A 4 2%,
NGk g7 BRI B S R R AL T B OO
I ZH A UEDE -

N X B 28BS (small-angle X-ray scattering,
SAXS) & — Pl i XA E AR /N A RE Y T P B R X
S 2 E AT RN AN 23 AT, SRR EU) 5T AE 9 oK R i
W5 FE B R RAEBOR . SAXS X HiL 1% & %
UK, BE IR AL R T YR RS A VRN 7
AR SRRV SR 7 450 1 AR5 R, JCHE Tt
FOR M SR R (WBR E KT EE5) 1
VAR 28 K, R B A5 R O A i T AR B G £ A

AT RE A SR M &5 MR 3 1 R BRYET . 75 R 2R YR
2 5y KB 78, SAXS JE B H AR AR 34 . 49
Ji ZP Ll H B (glycyrrhizic acid, GA) Il & R &
(puerarin, PUE) Pl of 24 355 % J 43 9 BF 506 G p)
TCIKEE AR R, B SAXS HARENIRA T P 10
JLAH B . R AR BN B, K GA 5 PUE 3
A BT TR S 2T 2 4 2%, T o TR e B A LA A
[F) 2H 2%, 3% Bl 5 M RRAE S5 3 R B 2 B M 4T e TR
A3, B 55530 7 S AL b e 45 4 1R TR i
FEAH ELEDE, S ER R % e /KB I B8 E PR RE ik
BEE DU G PR AL T OB B S IR
4 REERZE

TE R & K EE R E T, P A AR
CVI T 2 4R HESE, 75 T 2 b5 #E A0 F0 24 2040
SIENTE T B B . AR, MR AR
F TG AT G —, B ] B H (1 20 43 45 4 7 2
WA =N RIEM B, QU & T B R -&
Lo 25 R - AR G5 87 =L — AR R AR R, e B 24
%2 W5 W RIVE AL P2 B T RESE

2 HT B T AE D R 1 S Th B R AE JZE TH AR R,
ELATHTHD I = K B Ao} 25 ) i AR AR : (O 20 43 AR ol 1
SERJERE (b 2F S50 RS R VI A6) 1 R 4
PEREAT R 2 v R 5, @ 1 N Sh A HLHE T 5, B
Z % 41 75 M AR I R R 5] R A 45 4 7 A TR
FERRAT, @ B R AR S AR, N TR KRS
2 40 43 B LR R AT A T WD I B, A itk AE S [ BR
HVEAN A 2 R 52 35

R w25 443 B 7T T DA AL oy 5 R T B % 0,
i) DL J7 100 R0l : (O 2193 45 04 10 22 4 R AT Ak R AL 22
SR i FH e 0RO B - ot 15 56 A (UPLC-Q/TOF-
MS) ZAAE B SRR, 45650 13 1 5P %
3, BRI RE - — R &, RS
BZH 2 (AL 2 25 0 VR B S R VA S M, @ N LA R
SRR R AL Bh 25 it HoA, itk 49y
Bc A1 L5, T B 2L R 7 A A, in e v 24 ) 5 AT
R @ B ERIE X5 N AL B PRREE EY T
FREEGUIRE A, TP 5T 25 4 4 B 2H 235 RE M R 2
WU RS, SCEMIETER S AR . HEBSh A
SER SR & L4 7 ZIRTIT R 25 8 eI v ) B
FH, Ha g B —H AR -k — R A 6 BT i

N SEI IR FER I B 1% B R R R AL S
Rtk B, 2[R 0 40 i 5 2 e 8 B HE AL 1R 2R 5 BH
S O T RSN -E - =
Pr—AREEE, # 5 P 25“d 07 IR IER R 5 5 E Rk,
HF R “ G5 R AP 7 5 < 1 I A ALL I ) S A F b, 357
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AR T RE R T R VAR TR S AT R G A EM
oy oy Febntte, MUk BV BRBE IR @ #Hxt /N7y
TIRIy T W53 73 M L LA WA S5 4 R A 55
KA, g — Bl RE S M. sy
SERIBRHEI S, R 04 B — 2 ) IR A R b A Y
PIAR S A (2 2 4 oK UKL X L k) 72 9 1) 2R 51
HEPD o, A DRAS 00 &5 SR A T SR AR 5 T B )
TR [ e o4 1) v 245 4 7 65 K Bt R, B U 2 )
FE B G5 R LU S M SRR 45 K 55 D7 T TR i, JF IZ
SN 5 [ A OCHOHE P 1 e 7 S 0, TR
& Bk ]

& SURk: SRR 11 5T 885 V0 SO SCIR I I 22l g
TUE BRI 0 R AT BR 11 5T B A O U BB
U NG

FUZEMR: ASOTAEE B AR IR KR
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