F 8B 2026F 108 $57% B 198  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 19 « 7899 «

BT “ENERIR” LA TP AR RSFHES A RE MR ER

FEH 23 A 123 Feak 123 £ & 123 TFELLY Aiga 123 g & L2
1 IR PR RS2y 2ERE, IR KT 410208

2. I ZG R R A R A e R, IR KT 410208

3. WIFTH R R PEAE S T SRR IR %, IR KD 410208

B E: hAGRPHER - REEL T2 R 2 Sl R R B ARE R B AR 2SR R D T
CENIEARAR BRI R 2 R AR LR ARSI R AR AR R SR T A . RO BRI
BEAR” A, LRR T AR T R A IR E DTS AN AR S K R . BACRAE . 1 7 A R B 2 R R
AFRERAE . A S LR & R ER R, B 23 MESERIL” A L, W0, SRS S BE i
PRSI AT I M o B T R AR BT AR P o SRR RE A 7 T AR S S M W] REA2 A T 2GR AR N B RS, IR 52
P R RIS R AR R R OIAR G . b, MO S R VAR A S B ) AR S VAR, TR &
VeSS B e ST o “UREE” S CORRE T JT IR R, OV ERAR rh 245 R T RO AT P SR At 1 RH AR )2 T ) AR
Big. UL b, 2PN AR TR R SR ARSI BEACRIE SR . 2T RAERR
3 8 ) 22k S LA B8R A 1 BT FU RS, IF 0T 1 RS RFAE A T b 2 5 PR A I T8 R S B e A RSP AR RALE | A4
WAL RE . S 18 ORI S AL MENT L2 S S VAN S J7 IR HIE 7T, D ) B v 245137 70 24 30000 o e i A 22 gt 42 7 DA ) e A B

%,
EHER: A A Mo NG 90K PR
hESAES: R283 XEAFRERE: A NXERS: 0253 - 2670(2026)19 - 7899 - 14

DOI: 10.7501/j.issn.0253-2670.2026.19.032

Research progress on phase-state characteristics and pharmacodynamic
material basis of traditional Chinese medicine decoctions from perspective of
supramolecular “imprinting template” theory
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Abstract: Traditional Chinese medicine (TCM) decoctions are not single true-solution systems, but complex heterogeneous and
multiphase dispersed systems formed through the self-assembly of multiple constituents via non-covalent interactions. The
supramolecular “imprinting template” theory of TCM provides an analytical perspective for interpreting multi-component
recognition, non-covalent assembly, phase-state formation, and the material forms underlying pharmacological activity in
decoctions. From this theoretical perspective, this review summarizes the formation mechanisms, physicochemical characterization,
component distribution patterns, and pharmacological relevance of different phase states in TCM decoctions, including true

solution, colloidal, suspension, and precipitate phases. Different phase states show marked physical differences in particle size,
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potential, and microscopic morphology, and chemical constituents exhibit phase-preferential distribution. Key active constituents
such as alkaloids and flavonoids are often selectively enriched in colloidal or precipitate phases. These specific supramolecular
phase-state structures may represent important material forms mediating pharmacological effects and are closely related to drug
dissolution, stability, in vivo transport, and bioavailability. Among them, colloidal phases often show potential passive targeting
characteristics and solubilization effects, whereas suspension and precipitate phases may play important roles in toxicity attenuation
and sustained release through physical encapsulation, providing a phase-state-based explanation for understanding the compatibility
of TCM formulas. In addition, this review further summarizes the main research strategies, including decoction kinetic evolution,
phase separation based on particle size differences, physicochemical characterization and pharmacological evaluation of different
phase states, and reverse assembly and mechanism verification based on characteristic constituents. The key challenges in app lying
phase-state characteristics to TCM quality evaluation are also discussed. Future studies may be deepened in terms of in situ
characterization, in vivo transformation processes, quantitative analysis of phase-state fingerprints, and quality evaluation,
providing references for elucidating the pharmacodynamic material basis of TCM decoctions and promoting the modern formulation
transformation of classical prescriptions.

Key words: traditional Chinese medicine decoction; phase state; supramolecular; imprinting template; nanophase; material basis
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Fig. 1 Characterization methods for physical properties of traditional Chinese medicine decoctions in different phases
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b, REFLEEMERTRELZEHOER A
(hydroxysafflor yellow A, HSYA) 7K¥EMERLFR,
R B os HAERAAR A T I E R E ik 68%.
HSYA £ B iP5 il 7 Fefd B O IR 22 i s
P, HEMNZ R R IR AR S F T BeE— B FE A B4
HSYA 7t B IR b e 1, He it i iz,
M BT RO

22 SEHESEEE

FEBARHIFR T2, DU AR B A0 A s e il 77
faE BB TS R, B T2k
o SR, FT ST HUHAAST RS R 7T
VERRAE “UEE” 5 OB T RA —E EHEE,
CUH Z A FE R, DU AR R U8 R
Hy 55501, G fE DU 7 o - 5 H B ARLAE B
T 7= A2 B DTUE AR D 1 B 1R 2 Sk Rl 2 23 M B o
BB AR KRS, (ARt B S AR SR B AP0 52
1/|;ﬂ§[57-58]0

R, MHEEARRPARA “UREE" KL
file M “ENEZERAR 7 BER A REHIAT, DUEAH TR
H 2R R SRR RN, A Bl i I A A T 5
RITCF YRR, A T R T 207 E
AT SRR R 7 ELO “ BEERRAR 7, T A 254
WORAETEH TS FAHS. 8 85I
“CHE-E” YN REN], LR R K
A FIRAHEAEH, TEROKEIB 5 FEIE R (T
TENRBAD . T b, IX PR R o v 35 B L
B R B A L B Ao BB VPAMIE S,
B P S PG RN SR i BoR, 1SR
A AE DR B S0 R A 1 AE IS (] B A T 0
an AR IR 7. X T 2 AT AR A AL
SEI CPREEAERT O] RS S H
(RRCATL, S B I S B 3k B R v e H B R 5
Beoy ARSI T &, FR RIS+ .
X o> A B A B B TEHEN B Wi s kAR
CRRRAER, ST 29 PR VAR I v S B R X
[y o01,

PRI R 2552 77 55 255 (M S AR AE 5 25 350K
PRI 1.
3 HAFFIESEEMRE

Rt ggingi 2 s 2 RN ERZ SRR
FEs, DA NS RERE. SRS &
TV RALHI S UE ST TH T . B I FE 27 77 A
BRI, AR R R K& Rk
YRFE PG R I T Re R AR Rk 2R e PEAN
R TR B, DR a5 B 7 ST T AR S
BRI RN IR AR AR E . AT E R B R AR
Beikcds . fERIERE b, BFFEERIRRAR 2ZE R . L
T Y R UTREAT XA FEAT ST , SRIS
WA FRAR/AURAE « TR S DA o WS
ghorkife. PDI. Zeta AL JRHPE . TSR K84y
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Table 1 Phase characteristics and pharmacological relevance of representative traditional Chinese medicine formulae or

herb pairs
R FHAFHE FH R A3 RFALE 2R T RE R HR TSR SRR

A51i7<¢ JRARARIAZRZ) 87 nm 5 LIAHESRIEANFE Pl JI 325 JRARAR A ROE A 12
B TR EAE

HIR% YUKAHZ BERTE, KRR BT R TRE . B M RIER TR YUK S AR M PVER % 46-47
#) 100 nm WREEFEAAMTH 5. R VIFRG

KAt

ZHS0W BHEREGPUORRIR AL PEERL B BIRS BB, R, BHRAKRS B FERY 23
405 nm Preaft YERHER

WHEEFNG  ZHAERAE 20~1 000 /NEEGE FOEG EANG . )0 EEREAT R E SR A 54 28
nm, AL 325nm  FS AN} Reth

A6-B BEARAR 20~1 000 nm,  HSYA. AHSYB T4y Ziifeis LR A TS L% 21
HAFHE@I0~200 A FRKAEMEG.
nm 357K R A RO GN

WAREED  IREAM 2~3um; JUEM HRER RIS MR SR B R WER AT, B BAE 24,61
30 pum KERTEHFL T HEmRE Rt AR e g A %

BA-EE LR AEVE M, WL OB NEERSE I BRI . S KBS AZ S SR M 60,62

600~800 nm ¥KJ¥
PR LP N
(RSN E NS U Sl LA A R TE S AN
U7 N PUIRY/ RS YR A
124 45 pm Gy
WA A H

500 nm Al ik R, Ca?*

2 H 5k
TR 2K R H R S

SR/ T ORI 100~ BREEER. AT HEE

P AL s B a7 RN

B 5Tt BUE RO 58,61
GEBS

PUMERE & M KRR BUORL By 32 B 2530 A 63-64
BRI KA

@FIRENTIMRIRAFPKIE A ©F R BB O 5 LB A @FSHITEE IEIERI KB A .

@represents the concentrated nanocolloidal phase of the external dialysate; ®represents the supernatant colloidal phase after ultracentrifugation,;

(®represents the nanocolloid in the filtrate from crude precipitate filtration.

IINTEET IR, BB R S A BRAL AR B AT R 7> s 4R
R, SR A ANE AN A L 25 Rk X
T SR H S 2 RO S M W A R R A A7 s
AP T AR AP R SRR DURIE R R R 2 5
G IMASTE G5 A AR (B 3). Rkt
FC BB A Bl T DA A 2 T BR A b 2537 75 b s A
FE . GERIRHIE 5 252800 B LAk 2 18] R 5% 2R o
3.1 RIBEHNFRTSHTESRENSZ
RN 150 S RTE P A A AE B A L R
BN A A A . FLBE A 8L e 6 A [R] 245 44 4k
AT AT, BCEA R E AL 40305 60,
90+ 120 min %5, 73 I WSCEEZ WO FHEAT AR A 9% 20 A
RAL. KT ZH T WA SRR,
WIE RN TA) L R . POK & RIRAERE R S R
XPRLAE 7 BORR E ME AN B i B B SE MR, T N
SE AR 3 B R SR SR AR W Mg S5 10573

HEME D 10~120 min BB E#HEITE S, K
PLAB R 53« PTVE 2 I [ 25 22 S50 B Ik 1) B 2 A2 4K
PEORVITE A 5 v RN & P i fE
Koo 1 i 5 S LT KNP IR Tz IR SO R B, B
FZ R[] A 30 min ZEK 2 120 min, FOKMHEM
it 314.7 nm P& % 170.2nm, 2LPLEZEK T H
&%, H PDIJeTt/a ks, IR 1 9Kk 78 #40K
MNAEHT “RE-ME-BEH” MAISTE, &
LTI N HARE MR 4540, H R
TR IL A B 53 1 22 F A 50 Al o Huang 5516205}
CRIE-ET 4N A R EDUE T R, R
R EIR & Y sV] B KGR R 4 4k, A
TEMI RSN, Bl B A (15, 30+ 60 min)
K, YRS TIEBEE, FHAE 60 min I
H IR L) 237 nm 3 —Fa B PR ER, PEREIT
(B3 N T SRR, LA R 4 o R 5 7 B 2B
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— B b vl
3 AW
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N J
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. 3. REHIARIELRAE . B TS 80T
NGRS FRLEFRAL o% € S R
= (W S TEM, SEM TTTIE ; .
—p| Hift. PDI —_— Al @f
- Zetafifir UECCMS ikl -
J e ;L 35 ) RS
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p 4. JE TAEAE R 038 415 S BRI i
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Fig.3 Main research approaches to different phases of traditional Chinese medicine decoctions.

BB 24 2t S I

R ATL, B RED Ba i AT K
JR o TER S R AL R 2 A AT

ISR PFHEAT I, JFLAORIAZ . PDIL Zeta
By WU TR ROy 70 AT LL S A A

REFEMZAE  REEE RS . W R RS

FAEREZR K T RS S, NAEMESSR D
BORT 2GR DO RLEE . K& IR E] L R
RREE . BRI E] L WG e 2005 B TRCE

SEVEVN 5%, FOAJRSARETR . BALRAE. B
I3 3T R ARV SR AR E R Al AR, PRI AN
FH AT AT T R A
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TERTFH S FHEA X R 2 A AR S e, ATk
—IARYERIAR ZE 5 3 BRSO 1 AU AT R 77
BARIAT TR . 253757030 A& SR VA
AR/ GRAE « TREA R UTIER S Z P BORES, A
FEAHASERARTE . MRS DTRRRAAE A A R
ITRETTHAFAEZE S FETRAR 2 57 B AR R 7 3R
W2 H AT 25 RS A R S ),
o0 BB R AR R 2R B R 775 B 2 A 2 ) 24t |
WIS B G EN BRI BETB, BRI
S RARFIREZS . 2R B T B % 71 A A
BOMHAS BHHESZ e aAn, AJE S RAE .
A & A A AT R 2 AP PAN B A it A

AR IR, SR S B O- AT B VR 5
¥ (BaihuTang, BHT) #HATHEIR 7. Joldl &4
1 A R4 B 0HL 10 000 r/min &0 30 min, B E
TEWGL 0.45 pm KIEALIE, Bl J5 R AL B S (34
NI TR 3.5 X103 BN KB G, 9
t BHT UTUEAH VU SRR A (9KARD 3 Fh
FHZES, TEM KFifRRAESS R E7R, BHT K2
BRIE, Rife FEAEPRLE 100nm /24, R
Bl BHT ANFEAHZ FIWI0 73 Ble7-681, 22 oty
SRR RS A H A A TS, R B 0vdadk
— PR RARAHAS AT IR 7, SRS A A E S
O 15 min ZFRUTIE LANE AT, SRIFIR A AR AH
(mixed colloidal, MC); 5 MC & T A[F 51
A ERHEE bEO, A SERERE R, .
/N3 P ARFRAOR B, I AR AR HERH ik 3R 15 T
R A2 A — IR AR, B SEBUAR R R ST AR 25
(508, UL R TR IR 7 SR AN o] Tz 7
BARAAIRSy, WA T RARAH A AN [FRLAR 2 55
[RIE— 2 X 53
33 AEEESHEARIE. RO ESRSABTEN

TESE A ISR G, Tt — AN FEAHA
HATEARAE . B oA R IR0, DL 25 A
ADMEFE . B s B R oTmk. Bk
fEFEAFERIfE. PDI. Zeta Hi{Z & TEM/SEM J¥
UM ELEE, A TP AN FA AR BORES . e
P SO S84 22 57 o 143 43 it W] 456 HPLC . UPLC-
MS 557772, HUBORBE R/ 72 FLVA W JRAK /4K
FH VREAR S UTUE AR A A begl . 245380 FAN AT
GES RO L SRR | A A AN OB S5
PR A ) BMARES R B e M J5 1R 24

IE ST

AR A H A —, H 2ok
WAEEZE . BHREESESIR A HPLC X BHT A A
S R E ST BN E, 45RER, BHT 9
KA R TR0 5 BHT A& &1
89.4%F1 89.9%, $71~ T B AAH I Lo AE G AKAH
W E . B ARIEAEONGE — D T e R AT X f 2
BT, KI BHT 90K B A B M HER, F
A] BRI IR A FER F--a. (tumor necrosis factor-
o, TNF-0). A4/ %-1B Cinterleukin-1B, IL-1B)
S IL-6 7K, HAE LT AR A TIE A . 2
VP& SIE S SR A H g AR oy s, iE—2 L
AN [RORLBL ) 8053 oA s IR AR RIORL B N T
PERC B F B A . AR SE U0 — 2B I, iR
BHHBHAFEASHAENLSS . T R E 5
3, Hd S-13500 AHASPUR SRR BEIRETK
MHEAEHAEREG, A S8 58 A Bl B s
NFE, eI R TRIAE EAE P AR AS 4R T RE 2 2
MFIE . Nie FETILLE HHEGA TG, 99K HH
SEHIRiAR N 104.53 nm, PDI A 0.27, Zeta HLf7 N
=5.14mV, FEVEWRSZ ERTYRME, Hulg
TR SC B A FRAA R 85 KT o BHUG AT I, BRALRAE
5 & AR5 IEVEVEAN I 45 64 B T 07 0% 24 20k %
FHAS BT Gy, oI5 S35 m) 2 e AL Be e
PR .
3.4 ETHHER S HYIEEILE R SHLHIREIE

TE5E AR 70 B & 560 B S s VI Ja
AT DU SRR R 249 5O S M R R i (1) R AIE
BT R R AR A A SR, AT IR g 2
SmHIMESIE R A3 FRIE o HIEAR %2 R A
FIARAS o B AR A ik v e 2 5 B 435 1)
KRS, TERIMENZ AR B e s, 8
SE R B EG pH AR R B TR A
B S5 26, MERHIE T RElE H R IE GIKRL . ik
R BTIE S 450 o BT AN RIRFAE B TE K I 1
Wt B AH A FH SR 55 77 THAFAE 22 7, ARAMEE AL AT AR
P 7t H M EA RN &5 771, DUERERsr 78
Gy MRS AR A, NI TRk i e 3 43¢
WG, HELEIAIREN T PSR %K
W = B T AT AH 2 TR TR AR S ART R R A 4
FH 20 2% DA Je B A AH 25 02 75 B A AR UL 1) 24 3B AR )
T P R I A ) A

RO B AR X I W, SR
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FIFE AL % i o 0] B 2B 90 K0k, S HZ T 6 Ff
REBEVER T CUNBERR . PUESH . BIREK . WEH.
ESyT. HHEERD, %1 1R ELHHRAS,
LI 5 Fl (5 2GR CNBERR-I S 1F L /NG
B-EAR R WEFH-ER R, EWEH-EEIT.
H-HER), HET 5 MUl B HBEY RN 2T
S FE (Irinotecan, CPT-11) #/N IR K TEIETE 1
ZGBAER, X 25170 R AR AR IEAT T IR NI
Fto Wei FUAEXT - X (SR-CR) A HF
TR B A (baicalin, BA) -BBR T+, X
AR A -GS V5T B 0 TS W 5 7
e SR EEES . EES BIIKETE . EUE. HTAR
FEETH, #2101 IR E B FRKIERE N 2
4. EHERA SR-CR FiH4 5 SR-CR /KGN
P . [HI L BA A1 BBR ONHF 7T G, A [H) 792
#]4 BA-BBR EILZLAl BA-BBR NN, J54E%
Fl DLS. SEM HAEMZS, ITC WAL &6ES, 4
TB I BT BN, 2B RS TR S50 A
AR R AR 2B T 2 R S
4 HESHFERTHAREIFNAIEICEM. B
HEZRS X gk
4.1 TEESEPZ “EMTER” BB F

H 2R R DL VA IR AR TRE K
DU A FE AL EIEARAR ™ TERO R
PP R S BARRIE . H5k, MHERERT
FEED 2 “EpIE” MRELIERE . @7 IS o A T
WIEERE 7R “ At . TRTE
PRI B 257 B AR il o T2 A% O F 4,
AT BRI IEER I R . fE
W E N, RIS &l sds e s T
REM . XEAE P ICIE RN — AR, TERARE T
A E B SN, Fitk, MHASREAY
AR RRRE . AT RS SR E R,
PRI T Z 7 A E G R IR TR A HZURES .
FAHBFEANTEITFM AT A &8 A
53 AT FH 24 30 BT Wk 55 7 TH) 27 A W U R 2537 5510 1) o o
JE . {H H AT A FIT 78 2 A T 3R AE
55 RS B TR 6T B, SR SR i 3 43T X A
B FAISTIERAR M By “Ek” ZR.
42 ET “ENIrRAR 7 IBILHUAES IR EIE 2L R
R

AT “ENIRAR 7 BRI, AS[FIARZS AT AL
RHFNREGEIN 25E 5 H R R FRIIE

3o H HPLC/UPLC 4540 B e e A 1 7 U 1)
A AR, B R AE A ], X 5
i b B AR AR . BB SR DA G0 Ak
BNt %, Rl ERAE . — A S S
O3 AL A . B I ] B 7 0 A3 A S R
&, CUHTH 2 Fa S o A A 2 S R0 T A A R
PERT37), Bt i i G 2 78 2 B o b At
SRR R PR B S TR X (R EAT 20 Be 5 5%, ATt — 2R )
F8 A 4 s B 49 7 A0 A B S T PRl [X 3760 4%
BB NGFIFSTIL, 7T T IR IR R
PRINKAH S VR B B DE M i Fa GBI 2 5 . @
FRAFMES DB LB B E2AR I ESH
284k, F45ERi4E . PDI. Zeta HLAT . R &
R R PTBAPN AR, 0 i A A RS fE B AR
FAY AT IR . %R BT A A R 2 T
A AN [FAHZS B AR, R AAH SRR
ANH 25770 R E VPN R AL 5%
43 FHFFIESH R ERESANE

RS RAE N T 253 70 & VP 3R 6 T 8
(R FEAA, AHAH KR S A T R I B, TR 2207
AP RE. B, MESE ARG,
B HUEIEAR R BT ). BERIR K
TSR R AT REREMAARAS A, AT B AR AS [
FEERZ AT R, MARIESEA TS
3. DLS 3&H TR — Bk R, mifz
B NZ S E R ZR; TEM Ml SEM ] i %2
TES, AEHIRE I FE AT BT AT 45 443 il — 5 S
B, WAMAESERNEREZ MR FHEE—D
. ZRdE N B G223 pH E. HILEE.
W TE RS R 2R, A R IRE TS
ATRER A MRS EABEAL, HARPNFR e 23K
fEig I FE M T B 2 RIS, BJn, MSKHMESZ
BRTTRR (B 2 FE 8 RA AT,  H A2 5t
IR E S 7 AN A e R 5 B D a2 23 YRR s [ Pl =i
Gl G R ESRIMESH. 4ihF. i
B M P 2585256, SRR R S AR 2
[ ) SRR

MR ZTE, TR AT IR R 7
PR A1 770 5 A o R A A T 2 30 R R B 4 o R At
2%, G T ARG IAH VAR DRI
SEPURHIFIN, WHELRSE . LI Bl T
KSR, WRESUE 1 A A R AR /4 KA
TR R AH BT AR PIAFAEARTAS , 330 17T 52 1 24 28000 i 1)
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