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Chinese medicine
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Abstract: During the decoction process of traditional Chinese medicine (TCM), not only do chemical bonds

interact, but non-covalent interactions also occur. In recent years, studies have discovered the presence of

aggregates connected by non-covalent bonds in TCM decoctions, collectively referred to as supramolecules of

traditional Chinese medicine (STCM). This review summarizes the literature on STCM, discussing research

methods, formation mechanisms, and research significance from four perspectives: individual components, single

herbs, medicinal pairs and compound prescriptions. The aim is to provide a reference for future research on STCM.

Due to the complexity and diversity of TCM components, the research on the formation mechanism of STCM in

compound formulas, drug pairs and single herb decoction liquids is not perfect, which is also a key and difficult

point in future STCM research. The perspective of self-assembled supramolecular chemistry provides a new idea

for the study of the pharmacodynamic material basis of TCM, and pushes the research in the field of TCM to a new

height.
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Table 1 STCM in TCM components. UV: Ultraviolet-visible spectrophotometry; IR: Infrared spectrophotometry; NMR: Nuclear magnetic

resonance spectroscopy; FS: Fluorescence spectrophotometry; MS: Mass spectrometry; ITC: Isothermal titration calorimetry; XRD: X-ray

diffraction; MD: Molecular dynamics; CD: Circular dichroism; DSC: Differential scanning calorimetry; TGA: Thermogravimetric analysis;

EDX: Energy dispersive X-ray spectroscopy; DLS: Dynamic light scattering; SEM: Scanning electron microscope; TEM: Transmission

electron microscope; AFM: Atomic force microscope; NTA: Nanoparticle tracking analysis

Extraction and

Microscopic Non-covalent

Method to

Morphological

Pharmacological

Component . determine non- L Value Ref.
separation morphology bond characterization effect
covalent bond
Curcumin, arecoline Membrane Spherical UV, IR, XRD, SEM Antitumor Reduced [25]
filtration, high- NMR, ITC toxicity and
speed enhanced
centrifugation efficacy
Ursodeoxycholic Heating, stirring,  Tetrahedral  Electrostatic, UV, IR, NMR, DLS, SEM Ulcerative colitis Sustained [26]
acid, berberine vacuum filtration, hydrophobic  FS, MS release, pH
centrifugation interactions sensitivity,
(8 000 r'min”" for intestinal
10 min) retention
Berberine, baicalin ~ Heating, stirring,  Spherical Electrostatic, UV, IR, FS, SEM, TEM, Antibacterial Selective [13,
centrifugation hydrophobic MS, NMR, DLS antibacterial 23,
(9 000 r'min”" for interactions, XRD, CD activity 27,
10 min) 7-7r stacking 28]
Ursolic acid, Emulsion solvent  Spherical Hydrogen UV, MD, IR SEM, DLS, Antitumor Drug delivery,  [29,
paclitaxel evaporation bonds, 7-7 TEM reduced 30]
stacking, toxicity, and
hydrophobic enhanced
interactions efficacy
Ursolic acid Solvent exchange Spherical Hydrophobic UV, FS, MD, XRD, TEM, Antitumor Sustained [31]
interactions,  inhibitors AFM release
hydrogen
bonds
Tanshinone I1A, Membrane Spherical DLS, TEM Anti-glioma Sustained [32]
glycyrrhizin filtration (0.8 pm) release
Astragalus High-speed Hollow, Hydrogen MD, XRD, IR, DLS, SEM, Improved [33]
polysaccharides, centrifugation layered bonds DSC TEM solubility and
ononin, calycosin, (12 000 r-min” for absorption
calycosin-7-O-f-D- 5 min)
glucoside,
formononetin
Glycyrrhetic acid Freeze-drying Fibrous Hydrogen IR, NMR SEM, AFM, Antibacterial, [14]
bonds, TEM, CD anti-inflammatory
electrostatic
interactions,
n- stacking
Trans-2,3,5,4'- Mixing (stored in  Smooth n-r stacking UV, FS, MD, SEM, AFM Improved [24]
tetrahydroxystilbene- the dark for glassy XRD, NMR stability
2-0-f-D-glucoside, 30 min) lamellar

anthocyanin-3-0O-
f-glucoside
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Continued
. R R Method to . .
Extraction and ~ Microscopic Non-covalent . Morphological Pharmacological
Component . determine non- . Value Ref.
separation morphology bond characterization effect
covalent bond
Berberine, curcumin Dialysis (500 Da) Spherical Electrostatic UV, IR, NMR  TEM, LPSA Antibacterial [34]
interactions,
7- stacking,
hydrophobic
interactions
Ursolic acid, lentinan Nanoprecipitation Spherical Hydrogen IR TEM, SEM, Colorectal cancer Improved [35]
bonds, van DLS solubility and
der Waals efficacy
forces
Gallic acid Heating (70 °C)  Rod-like Hydrogen FS, IR, CD, AFM, SEM Antibacterial, Sustained [36]
fibers bonds, 7-7 XRD, NMR wound healing release, non-
stacking cytotoxic, good
biocompatibility
Berberine, tannic Heating, stirring,  Spherical Hydrophobic UV, IR, XRD, DLS, TEM Colitis [37]
acid dialysis (2 000 Da) interactions  ITC
Berberine, Heating, stirring,  Cross-linked Electrostatic UV, IR, ITC, SEM, TEM Detoxification Neutralizes [38]
aristolochic acid centrifugation network interactions, NMR, XRD, acute
(4 500 xg for structure n-m stacking  MS nephrotoxicity
20 min) of aristolochic
acid
Glycyrrhizic acid, Ultrasonic Near- DLS, TEM Solubilization,  [39]
paeoniflorin dispersion spherical absorption
enhancement
Berberine, 3,4,5- Dialysis Spherical Hydrogen UV, IR, FS, DLS, TEM, Antibacterial [40]
trimethoxycinnamic (3 500 Da) bonds, 7-7 NMR, XRD, SEM
acid stacking
Berberine, rhein Dialysis Spherical Electrostatic UV, IR, FS, DLS, TEM, Antibacterial Good [41]
(2 500 Da) interactions, NMR, ITC, SEM biocompatibility
n-7 stacking, XRD
hydrogen
bonds
Walnut polyphenols, Stirring Spherical Hydrogen IR, XRD SEM, TEM Sustained [42]
yellow mushroom (1 000 r-min™ for bonds, release
polysaccharides 2 h), centrifugation hydrophobic
(10 000 xg for interactions
15 min)
Paclitaxel, betulinic High-speed Spherical Hydrogen UV, IR, MD DLS, SEM Antitumor Reduced [43]
acid centrifugation bonds, toxicity,
(11 000 r-min™ for hydrophobic enhanced
40 min) interactions efficacy,
extended half-
life
Glycyrrhizin protein Spherical DLS, SEM Drug delivery  [44]
Bitter almond protein Spherical Electrostatic DLS, TEM Drug delivery  [16]
interactions,
hydrophobic
interactions,
hydrogen
bonds
Berberine, paclitaxel Nanoprecipitation Spherical n-m stacking, MD DLS, TEM Antitumor, Synergistic [45]
hydrophobic antibacterial enhancement
interactions
Oleanolic acid, Emulsion solvent  Spherical Hydrogen UV, IR, MD DLS, SEM, Antitumor Drug delivery,  [46]
glycyrrhetic acid, evaporation bonds, TEM reduced
paclitaxel hydrophobic toxicity,
interactions enhanced

efficacy
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Continued
. . . Method to . .
Extraction and ~ Microscopic Non-covalent . Morphological Pharmacological
Component . determine non- . Value Ref.
separation morphology bond characterization effect
covalent bond
Rhein Fibrous, Hydrogen UV, IR, FS, SEM, TEM, Alleviates Sustained [47]
bonds, 7-7 MS, CD, XRD AFM neuroinflammation release
stacking,
electrostatic
interactions
Pseudostellaria Centrifugation Spherical Hydrophobic FS, XRD DLS, TEM Drug delivery [48]
heterophylla protein, (7 000 xg for interactions
curcumin 20 min)
Berberine, cinnamic ~ Stirring, dialysis ~ Spherical Hydrogen UV, IR, XRD, TEM, DLS, Antibacterial Controlled [49]
acid (3 500 Da) bonds, 7-7 NMR SEM release
stacking
1.2 BIRZ FE B K B T R I STCM B A I i3k /)N B w7 i i

M BRI ERZRE, KR P AR R A, ANE AR, G 1 T8 RO A . T ik 259
R RS RS T, WAL B 2E IRIRAE N G STCMF F 1 2R A T dh L 4Lk % T

To MR EA BT TR IE vk 25 K B

W AEAE  ZHERIRZG STCM BT RN N 25 W3 2870,

STCM, 2 F I 7T . 7~ 15 AR 5 AR 7K B A7 7E STCM, 1.3 zZ5%t
HEAPORFERS, EREF/KENR R R T Bk ZF SURRERT 2457 Uk 257 R T 27, iRt 2
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Table 2 STCM in TCM single herbs

Method to
. . . determine . .
Extraction and ~ Microscopic Non-covalent Morphological Pharmacological
Source Component . non- . Value  Ref.
separation morphology bond characterization effect
covalent
bond
Isatis tinctoria L. Proteins, Dynamic light Spherical Hydrophobic DLS, TEM, Antiviral [53]
polysaccharides scattering and gel interaction, SEM
chromatography electrostatic
interaction
Chrysanthemum  Polyphenols, dialysis Spherical ~ Hydrophobic UV, IR DLS, TEM [54]
x morifolium polysaccharides (3 500 Da) interactions,
(Ramat.) Hemsl. hydrogen
bonding
Herpetospermum Dehydrobruceol, Water extract, Spherical UV, IR, DLS, TEM Drug [55]
pedunculosum bruceine A, alcohol extract XRD, delivery
(Ser.) C. B. bruceantin DSC, TGA
Clarke
Turkish gall Gallic acid, Differential Spherical Hydrogen UV, IR, SEM, TEM, Antibacterial, [51]
digallic acid, centrifugation bonding, EDX DLS antioxidant
mono-0O-galloyl- (1 000 xg for hydrophobic
p-D-glucose, 10 min; 6 577 xg interaction,
proteins for 10 min; ionic
9500 xg for interaction
10 min)
Coptis chinensis Berberine, Centrifugation Spherical DLS, SEM, Increased [52]
Franch. coptisine, (3 000 r'min”" for DSC, XRD solubility
proteins 10 min), dialysis and
(3 500 Da) absorption
Isodon rubescens Rosmarinic acid Centrifugation Spherical TEM, AFM Antithrombotic [56]
(Hemsl.) H. Hara (2 000 xg for
10 min)
Pueraria lobata Solution Clustered SEM Treatment of [57]

(Willd.) Ohwi

blood stasis
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Table 3 STCM in TCM herbal pairs
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Method to
. . . Non- determine . .
Extraction and  Microscopic Morphological Pharmacological
Source Component . covalent non- . Value Ref.
separation morphology characterization effect
bond covalent
bond
Glycyrrhiza Solution Spherical IR, ETC  SEM, DLS [66]
uralensis
Fisch.-Gypsum
fibrosum
Rheum Epicatechin,  Dialysis Spherical ~ Electrostatic ITC, UV, TEM, DLS, Alleviates Sustained [63,
palmatum rhein, emodin, (3 500 Da) interaction, IR, NMR SEM intestinal release, taste 67,
L.-Coptis berberine, efc. hydrogen microbiota masking, 68]
chinensis bonding, 7-7 damage neutralization
Franch. stacking of bitterness,
and cold nature

Glycyrrhiza Licochalcone Centrifugation  Spherical  Electrostatic UV, IR, SEM, DLS Antimicrobial ~ Taste masking, [8,
uralensis A, liquiritin, (3 000 r'min” interaction, FS, ITC toxicity 69,
Fisch.-Coptis  berberine, for min), hydrophobic reduction, 70]
chinensis glycyrrhetinic  dialysis interaction efficacy
Franch. acid, efc. (3 000 Da) enhancement
Astragalus Formononetin, Centrifugation  Spherical UV, IR, SEM, TEM, Sustained [71]
membranaceus Z-ligustilide, (4 000 r-min” NMR DLS release
(Fisch.) Bunge- astragaloside  for 10 min),
Angelica 1V, etc. Dialysis
sinensis (Oliv.) (3 500 Da), high-
Diels speed

centrifugation
(12 000 r-min™
for 40 min)
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Table 4 STCM in TCM herbal formulas

. . . Non- Method to . .
Extraction and ~ Microscopic . Morphological Pharmacological
Source Component . covalent  determine non- A Value  Ref.
separation morphology characterization effect
bond covalent bond
Huanglian Baicalin, Centrifugation Spherical Hydrogen MS, UV, SEM, DLS, Neuroprotection [72,
Jiedu berberine, (3 000 r'min” for bonds, NMR, IR, FS, TEM 73,
Decoction coptisine, efc. 30 min) hydrophobic ITC 78,
interactions 79]
Shaoyao  Paeoniflorin, Ultrafiltration Spherical DLS, TEM Analgesic [15]
Gancao  glycyrrhizin, (30 000 Da),
Decoction glycyrrhizic acid, centrifugation
etc. (4 000 r'min for
40 min)
Shaoyao High speed Spherical DLS, TEM Sustained  [75,
Gancao centrifugation release 77]
Decoction (15 000 r-min” for and
60 min) enhanced
absorption
Shaoyao Centrifugation Spherical DLS, TEM Psoriasis [76]
Gancao (5 000 r'min for
Decoction 30 min), dialysis
(100 Da), high
speed
centrifugation
(13 000 r-min”" for
30 min)
Maxing  Ephedrine, Gel filtration Spherical DLS, SEM, Antiviral [7,
Shigan pseudoephedrine, chromatography AFM 80]
Decoction etc.
Maxing  Ephedrine, Centrifugation Spherical Hydrophobic Interferometers TEM, NTA Antibacterial [81]
Shigan amygdalin, (5000 xg for interactions,
Decoction glycyrrhizic acid, 10 min; 13 500 xg hydrogen
etc. for 10 min) bonds
Maxing Centrifugation Spherical ETC SEM, DLS Allay a fever [82]
Shigan (9 500 r'min™ for
Decoction 30 min)
Bai-hu Neomangiferin, Centrifugation Spherical TEM, DLS Allay a fever [83-
Decoction mangiferin, (4 000 r'min for 85]
glycyrrhizin, 30 min), filter
ammonium membrane
glycyrrhizinate, (0.45 um),
efc. dialysis, high-
speed
centrifugation
(10 000 r-min™ for
30 min)
Gegen High-speed DLS Hypoglycemic  Promotes [74,
Qinlian centrifugation absorption  86]
Decoction (15 600 r-min” for of baicalin
15 min)
Nao-luo- Ginsenoside Rgl, Centrifugation Clustered TEM, DLS, Brain protection [87]
xin-tong  ginsenoside Rb1, (3 500 r-min™ for SEM
Decoction astragaloside IV, 10 min), high-

efc.

speed
centrifugation

(13 000 r'min™" for
30 min), dialysis
(3 500 Da)




A RIS g B AL T Tt

- 2759 -

FRFAE, T2 ZEMA R KA P 9Bl B 212 SRR 5 10
H AT N B 2R T A AR AR KPR . e b, R
SRW o AR T S A - HEARE (B 3)

AR T E AR IR, R A
A LU R 5 R HESTE RO SR A R 3 AN [ i 2R
Fi R A SRR VE B K P, 24 55 28 8 1 5 R I B oA 2R
TR I P AR /K 3 DA I, SR 2 4, W] DA R i K A
FI B T8 pak A B BE™ . 3T bR R AT BLE D
AU T S A g KR S A gy AT
H 2%

ZHER - REARF T ZAEN Ky THE
Y, BA T Ge e DU S5 25 B PR, 2R 10
A DA B PR B 7 1 30 o R 2R A 1, T R R
K, & T 232 E20KA G, AT DI 2 5 1 il e ik
TEALE. B P Ae S I AL A SR T,
T JZARHR N 1) Z5 4, AT B2 T 3 P 588 Rl 23 76 A P4 1)
e s Ik VAR L BB AR . PF e 20 A B T LA
i i () SR A AL RO 45 R . R WE A K
AT DA 4L RRER T, A IR R 1 T e AT DLk S 2
JR R FE T B R s T DL B T4 A, AT DAHE D 22 H
KRR T A AE I T A SC B B 5 i A 415, ik hE
fi 3t 1o B B K AR T H A By 3R 4T B L3, TR AR
THRETERIHE 7 1 JE Ak

PR SR I A R R ZKOBE AT — A £ A B = PR
IKEHZ LB, G5 A0 TP A AE BUK 8, A e HR 2 il
HEEKAERIREAT B H AR 5 AT 25 rladd wi K
1B 43 T8 5 STCM R 2 i A7 245 1 19 4= A1

JEP L B AN FE 2 1A i SR K A R R
IKEERE, AR O BRI AE RS, AZ B8 dhTH
PSR B RS P W] DUPE D B B BB PR 250, 4R
A8 DA L B0 7 R0 S o A 1) T o B A
TR AT A5 HLAt R 7 226 S 731

R B A K B, A S KR S
R A F e . SRR AT DAE I S A K AR
R R AR e H RS R AN S SR R AT LAE I
SERBE KA B AL ERTE a5t BT DL LB Teas
SR, AT LA i S S5 A A e % e oL g K A P AN B
SKHLE B B A%, A RE S H Al o R 2
AR AESEAN B P D BE P 7 1 IR AR

H AR TR AT AE RIS (NG| WS S AR e,
HH R SR A AR SIS 1) /) B Uy ) 54 T 6 52 5K
T, ANBEWRCRAT 22 95 PR A M AN T S 1 TR AT AL
e, T2 T AR AE, AN 2 AR A 1 2>
it A L R AT B L, N BREBRR K B IR I I
VER VAR - SR ARY USRI 46 005 /N BB AN T S 4%
12 A] LA L i FLAE Y - MERPUR BRET 4R S5 R 0540, /)
BEmgAE REANIRVEF B 4L, WA H R T MM H Hoy
A FERERR Y, W] LA /N BER b ) N a0 i A
FIAN B KAE FHHEAT F A2 Beabh, B T2 05 B4 1),
/NBERL AT LA S A 22 57 34 G5 i - HER 9 412,
EE B/ BE A RE I 1 S B A - HEAR 55 A RE R S HLAT
PP REAT B AR T R R, F TR S
R TAEYS R YEY s AR AT A A
Beo ULAL, AEMII Y T E IR R, e B AL

F g2
~ - A
Sy - a3 o
\ it &5 ydrogen bonds
- ‘gﬁ % ¢ @
i o
Protein ® O-.. Alkaloids
e -0 -
660 o6 @
© 0 n-w stacking (@) ©
Polysaccharides Steroidal
B
—@-6— 7%
J Electrostatic interactions O'QO'O O,O o
) N (] O,O; C‘)'O

Saponins

mfrﬁ

Terpenoids
Figure 3 The non-covalent bonds in STCM

p o
= Ce Flavonoids
) ©
9-9
o= 9-0
o0

Hydrophobic interactions

Quinones



- 2760 - 242224 Acta Pharmaceutica Sinica 2025, 60(9): 2752-2767

B FE L ] e AR AE m-m MEARAE H, X PR RS 0
PER LR 78> TR RITE S R E .

$8 AR B A B KB B AN K e N %, mT DLadE
B KAE SRl E A3 85 FUIHBR AN /N BER AT LIS
T A R B KA F B O K R B TS5 1
FEERIE, SRR R 2 08 i i KA 5 H Al 28 o) K
AR

WK EMRT ZHAETHRI MEEZH
BATZAEMEER — R EY. Wik EamAE
2- R B0 JE R ) B R BE AL, ILAEIZ $8 BT C-C,-C, 4
ML G g v Lol i S A g K E R 5 4
VIR I AL T S kAT B AL e, AT 5 BT RS
PEPT. DR, B R S AL A nT DL i SR A K A H
55 1 WS A HAh B 53 T R 73 T SR R A

rh 2 R SR AL S P RT DA N AR IR 2R SRR AN
RERA, Kb DR E R NE N BRELEVMHRA
U PO b S5 AR IS 1S R B RR v) DLd i
AN - MEAR B 2H e B K A 4, K B R R /) BE i
AJ DL S - HERRURT 3 AL B 2H 2 R RO &6
FRULAT B DA I R T SRR SR A S WA AR 2RI, ] B
SRt m-n AE ., P DA HoAth A7 7 55 34 45 74 1) ) ot ] DA
3 r-n HERBEAT H 236
22 PHBEHFRIEEAR

FEAR FT STCM J& L il it 72 o 22 A48 F 45 o0 e i
(ultraviolet-visible spectrophotometry, UV). IR %% ¢
W (fluorescence spectrophotometry, FS). NMR. Jii %
(mass spectrometry, MS). XRD. %5 Ji & # % & H R
(isothermal titration calorimetry, ITC) Il MD % i 17
3K .

UV s % 5 L9 45 0 1) A 20T By, HAE 7y 74
PARRRAL P BA EEAE . WHEERY], NS S
TR TR 73 4 2 0] ISR 1R AR AE
b, FE/INBERR 214K 2R R LS £ 227,262 A1342 nm
Ak YRR AR R YT DAY, FE N BB - T SR AR TR M A TR R
Hh, TR IR A7 £E 228 nm AL 1 B G2 TR AR IR UACUEE [ 238
F1349 nm &b (1) /N BERRURRAE OIS RS . AL th, 76 /N BE
Tl — AR R AT A 08 4 14 22 b, T[] NG 380 /)N BRE A
(230.266.350.428 nm) I RIFEFR A7 £ 4 (228297 nm)
FRVRRAE R SO0, IR S T 126 531 PR R D AL ) gk — 2B
WETC R I, /INBETR— K B R 73 1 & [F] I 2 I 428 nm
Ak 11 /) BE B AR A1 T WA U6 AT 230 nm Ak ) K B TR AR AIE T
Wb, UESE TR A TR R o LR /N BT R R TR 43
TR R, e KR H BLTE 267 nm &k, A T /NBEBR
(264 nm) A FERE (273 nm) B9 & KR K2 6], %
HAZER 70 1 RIS X P AR 2 0™ 7 H -3 SR

TR IR 5 T4 8 v, AT [ B 00 % 380 5 328 1140 R A I
YU (424,342 nm) FIH B R AE IR I (262 nm)7Y,
BEAh, PR TR TR R IO BE A T R, 5K
PR B SR AR L, LR AL U 43 ) % AE 4 20 F1 80 nm
208, ELWR O B 55 35 3 0, 3 3R BH 7K B2 900RT B $2 i)
HORAE T o TIRIAH EAE IR R T 8 5r F 25> 78
P T OK BB 78, 270 nm ALK I B8 & 7L EE
Py 1) AR I W AL U, T B 3 - 2 R TS A VR AH R IR
Vg 5 B T RS, IESE TR B FILA M S S T AT
LR 2ECY, T FIRmE e g FnT LI 458 M2
2 5y T BRI HR 43 TR R AE UV b ] B 2 B4 41 )
o) AR A W AT U B, RT R DA 43 R B 4 2 )
EHE -

TR & i 43 BT B 8 AR A1 R AL 06 1 A8 Ak, A F 908
Oy F AL IR RO A g A AL AR A T K
o WHARM, 15/ B -RE L E IR o TR R,
TR [) I 522 0L 9 2 43 0 AR 1 TR A e, G vl e 2 SR ELR 1)
2 R B L R AT 06 A A 149 em (RS BN, HA BRI
ZHE Y T R SRR S AL AL, E /N BERR -
PIFERRIEE 7 TR R, 50 S R AR LE, 85y 7 iR
B B 48 % 3 5 AR I B0RE 3 135 em, 2B IR S
BEESE T Pl EAERY . TEFR—/INEERR K B i
PR, LLAM T R /N BEB Y 22 B HE IR AT 9 2K,
H.2 926 om™ A fty W Wiz i v o 3 £ R B A2 2 930 em,
BN BEB A AR e KB, B SRR R T
Sy TR ELAE S A% T8 53 7 I 2040 6t 43 bt
SLTR, A 2 HR [ S A7 A 7K B R R T AR ) AR I PR WA U,
It T (0 IR AT U AR 3 e F) 9 2, o 1 544 em! Ak
I e 5 T 10 25 o e 20 PR A e 2, A SIS IR i i T 2
Y% AR AL S, BT TR R,
1720 em™ &b 1) 75 7 B A 446 B 2 TR WAL D4 HIE S T BT
JLAST RAFAE, T 1 658 e A [ 11 R WA 16 1 2 1A
JE3e 25 7 4 F IR EAE AP, b, Kigm |4
BB B LT AP 1 R, SRR AEVE A 3 436 em™ 5
% 3429 em’, UE LA 1Z AR R R AL RE R R
T EBEAERY. g ERTR, 4060 o Ml @ ik
B 1 5 A0 PR AT Ve P 7 8 6 0 i P AR AL BT R S LR,
P 7 2R 2 R v 23 1 TR FH 0 RN DGk 45 B
R, NS PR R IO LA FC B AL T E Y S
A -

FS A DL 5o 5% 56 5 75 A0 U6 ffw £% 2K 23 4 #2012
] AH BAEF . 0 9 R W, 3825 — /N BERGER 40 1 14
FH WIS AR T /N BB LR R AE T 30 nm A
B, XG4 F IR A EAEF S B R S 5 RS20
RES 22 S T a0, /N BEm - RE 2 EIH R R 4y



A RIS g B AL T Tt - 2761 -

T R BRI AR EE RS T 13 nm, 1IX — IR
HESE T85> T I D 20 2600, 70 /N BE B — K3 R )
THRRMBEFLH, FS LA RHIES UV I 45 - — 2L,
PRIESE T H AR sh L 39, ghab, @it b B
Bl 5 5 25 VDB S AL AR T R T 43 T I RO
KK, ROUH# 5 AENEERL A R A T 13 A1S nm
55 W A%, 2% BH /N B S50 P R 4E 40 11 B 2H 3 A
AR Z R 8 TR, FS 5 UV i@ 4 #r ik
U IR AL, BERE AT RUIRIE B 70 Tk R I LT 4 2%, N
W85 [0 AH TR F LA SR it 7 28 B i 2 Ak -

NMR S = 00 # AR AL, BB A AR UEZL 40 %
T A ) 43 IR B RS A 7 A, R AL L
WO TSR T E B SIS . AR, FEE
R > TR R, il o -CH B 5 (EEER
FVE R BRI %5 2 /N-CH,) AT AN, B LA 1211
FLB R4 . Bhah, FREE R ARG K T 0.06, T HUZ
FAE5 (0=10.02) MUETEH K, XEegh 50418
HEM PR E NG B A — 8™, 75 R IKIRE
PR RBIRE T, B TR B 3G, 2 5 3
iR, X IR T a-n HERE I AE 5 43
IR R T AR U, S, N BERE - P AR R T
WSy TR R I NMR 3 B SR, (A Mo =
7.52.7.02 F16.53 73 7 4k %2 5 = 6.98.6.75 F 6.34, &
HRE S HERIANGRE S S T4 7R EAE
F, 320 SR T LD [ 53 T 45 SR

MS i it 2 AT 1% P R 1 o T I R S U,
9y TR R A 27 B A L) A s — EH A
BRI o o T IR T B B, N o T 2E AL
M TP 4L T B B SRR HE . WAL R I, TERE L
JIE R — /N BEBRREE 40 7 A AR S E H, B R R
BTy 728.408 7 A1336.119 8, HL 9 2 [ U4 5 B AHLT,
T UIZHB 5y T2t RE L A IR AN BEBR LA 121 (1 EL 43
YT R AN, TR B ER B A BT I 7K R I A
F, U S AR I B K B R BRAA (m/z 283.024 9) A
KB AN R (m/z 305.006 1) FITE B -0, HE DX P
i 7 KR TR AN K 2T 4 1) S A &5 b B 67

XRD AR AL AT F T #f 2 H r TAR R I s B, ik
Re 3 L 43 s A BE (dME) B T IREF D1, il
PN P IR T EENSWER . AR
B, 76 2238 32— MEMPIGE 70 TR R, XRD i B IR
BUAT STV R I A N AL ALE, R ZHE T 2
DL M 45 S PR R S RRE . 455 XRD BFFi /N BE
Tl — AL BR BT AE W HE o TR &, 1% B R HER AR B
TR, 3R B GROK ORL B A R I 1 45 SR 1R R, b Ahad i 4y
BT d B 0 A, RIAE d = 3.9.3.2 A b B H 250 11

UV, UE SEAFAE m-n HERRPE R fEd =2.2.2.0 F11.9 A
Aab 1 U U)ot N S B Y M TR PR RS X RSB S S T
H 2 2% 5 FE

ITC 3 i 2 #4228, bein 35 1 i 3 HBEAG,
AT LA € F A3 18] ) B 75 B B R YE, H H S e
AT DL 7~ 23 T [ 0, S o 1 20 2 L0 ) it 7 4
BT BB IR . SRR, A E-EER
TR R BB, ITC W 45 R WIRAG < 0, R 1%
SN N, R OB SRR H R AT BT R A
T B RO 43 ) R R R B 0 R, i R L e o I
W R TR FR, DR] IR HE DU 9 2 2 (8] ] B A7 A A T
PEFS, Beah, B % & FIFITCED T T K- %8
IR RIITER 11, RILAG < 0, 3 B1i% [ 80 A 48 3R )
1B RIS RE; 5 RIS SH0 , HEINOK B RO 1)
T 1 R 73 e ot S R AR A A S 0 A AR
%%[68]0

MD Jd i 5 R % B R R o T AR B 2R A
K EBNAAT N TEBIIE AR A, 8 o i 5 T e 3%
AR AL B Re S5 5 BE S AE DG 28, T DAHE T 7
FIRVAH ELAE I AR B . 2R 5 A2 4k 2 TR i
INF4.0 A CF LTSN 2.5~3.5 A) HAHN M KT
12000, AT A B AR S BEVE F o bAb, VAR mT R e T AR
)5 /) 08 % BH 43 - 5 R AR 45 T N R 2R, X T RE 2 H
TABEEH R T o B A5, Nk REH
T RE . B, A5 T 3 1 A AR E
S, B 20 ST 2R 2 A 2 AR T A
BEAER,

T A R B 4%, BOR HaTH AR T B ek, (847)
Xt 4y T RIAETE I F 0 B FE T8 BL i 23 B AN 8 3249
3 HHBYFHARNE

O WL R B, STCM 1 TF B RE % 349 I A 2 1% 43
()5 HE IR AR 8k w24 B0 1 R 1 W e TRD B T o L B
BE AL AT T R = 4 5 1) 45 0 1) T 2R 3 080 1 AU
B, tBAT BF 50 R B STCM A& — Rl 76 1) 1 4 2 254
Ik R G, AT R R A B o B 2B 1 AT N (] 4),
A 1 STCM E A BRI 50 E
3.1 HEEERK

- E A B2 T R 51 RO BORL, &
HLJG I B v T 35 R B RV A ) 3 & AL, i A
HED P 5 G BUTE BGHE 23— 23 (I8 1R 407 I s 2 TR 9 1R 1O
5 5 /N BEBRAE EL, Eh AR 5 N BE R ) 2 . Rk
1) 7K o 5 S 2 AR T ST A R, GOk B P4 B 7 B U
IR B2l /N BERR I 1/8; b Ab, 7K i A 2 v /1N BE Bk 1)
S5/ IT H R B 24 Dy LAl /N B 1) 2 i, R B LR IV
FZERE 7 A BRI RE, A Bh T 48 /N BE B 0 A e



- 2762 - 242224 Acta Pharmaceutica Sinica 2025, 60(9): 2752-2767

T

T e TN

Promoting drug absorption,

Sustained-releasing drug

Drug delivery

Figure 4 The research value of STCM
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Classification Objective General methodology Specific application
Preparation and Separation and preparation of Centrifugal dialysis Separation and preparation of supramolecular
separation supramolecular components components in TCM decoction
Topography Observe the morphology, particle size, DLS, SEM, TEM, AFM Measure particle size and verify morphology
characterization and surface properties
Qualitative and Determine the chemical composition LC-MS Qualitative quantification of supramolecular
quantitative analysis and content composition

Formation mechanism The assembly forces and thermodynamic
analysis behavior are studied

UV, IR, FS, NMR, XRD, The binding sites, force types and assembly
ITC, MD mechanisms were analyzed
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