1072 - 2554k  Acta Pharmaceutica Sinica 2026, 61(4): 1072-1084

PHRSSH: “— IS P AREFRSIM R

Bk, HRE, XAK FET, EXE, £TH

G

(UL PR 2 R 25 BUACHIE FT A, Ll PG K22 17 rh 24 D W ST 70 -5 R T Ll G 4 B R SR BR , (ivE OK R 030006)

TEE: PUAT o 25 ST 45 bR v F bR AR X B —, (S I 27 Bl oy 2 B DAVR 034 R — 0 22 20 245 1) 5 2 PR, T R
LI IV ERAELE IR AR S W N R 25 25 30U R T SR L A o A SO R L 3 h 2 R P I B2, R G0
AT IR s Bt 7 S5 Pl w245 22 T 288 TR 11 3 B, 4538 M A5 7 v 245 240 250 R s R0 AT 9 L -5 BT, o8 A A it 2
A 1 AL TR B L) B S5 M-S RS T R 0% &%, FE L3R AE B $R0“A BT~ -8 i MG &7 10 £ 20h 25 s A
FURHENE, B P2 R AR, 485 A BUE 2, AR TG R 250 s N R VRN R R PR RL AR

KRR — 2P A, TR Y T SRR AU TEA; T A AR S

FE 5SS RI17 RRFRINED: A N EHE: 0513-4870(2026)04-1072-13

TCM phase states and pharmacodynamic effects: research strategy
on quality markers of "one substance with multiple effects' in
traditional Chinese medicine
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(Modern Research Center for Traditional Chinese Medicine, Shanxi University, Key Laboratory of Effective Substances
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Abstract: The current quality control standards for traditional Chinese medicine (TCM) are relatively
simplistic, as relying solely on the quantification of chemical components fails to fully interpret the quality
connotation of multi-effect medicinal substances. In contrast, phase-state analysis, which focuses on the physical
forms of multiple components, is considered to provide a new perspective for researching the material basis of the
efficacy of TCM. This article focuses on the challenges in quality control of multi-efficacy TCM, systematically
analyzes the limitations of current standards in reflecting its multi-functional nature, and reviews research
approaches and current progress on the role of physicochemical state in the material basis of TCM efficacy. It
elaborates on the mechanism of self-assembly via non-covalent bonds and the structure-function synergy. Building
on this, a new "top-down and bottom-up" integrated strategy for quality control research of multi-efficacy TCM is
proposed. This aims to promote innovation in TCM quality control models, guide rational drug selection, and
provide a scientific basis for constructing a quality evaluation system that aligns with the characteristics of TCM.
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Research progress on phase states of Chinese herbal medicine



TR R PSS R0 R R 2 TR AR ST S S -+ 1075 -

/ @ ________ Vesicle-like \‘\‘

Nanoparticles |

EA faY pmm— Nanoparticles
(/j/@ 7 = o

) 5 N Micelles |

Saponins Flavonoids
%

N e ‘r'l‘:' H  ---- Hydrogen bonds
w e I g TR Hydrophobic effect E
Proteins Polysaccharides ® ©--—Van dor waals forces |

0 H
R ﬂ_ o~~~ Coordinate bonds :

__  Electrostatic
interactions

Figure 2
Created with BioGDP.com

Phase state formation diagram of TCM decoction.
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Table 1 Research progress on the relationship between phase states and function of traditional Chinese medicine (TCM)

Source Phase disassembly Phase

Principal active

Mechanism Supramolecular Literature

constituents
Herbal pair Glycyrrhizae ~ Sediment, 10 000 r-min” Sediment Attenuation, Glycyrrhizic acid,  Glycyrrhizic acid-  [42,43]
Radix et centrifuge for 30 min — sustained- glycyrrhetinic acid, strychnine (1:1)
Rhizoma, Suspension (600 nm), release brucine, strychnine,
Strychni Semen dialysis — Colloidal solution etc.
(350 nm)
Carthami Flos, Safflower and Peach Kernel - - - - [44]

Persicae Semen Decoction, 4 000 xg, centrifuge
for 10 min — Phase 1, n-
butanol extraction — Phase 2,
100 000 xg, centrifuge for
90 min — Phase 4; Phase 1,
dialysis concentration — Phase
3,200 000 xg centrifuge for
120 min — Phase 5 and 6




5 .

1076 2424} Acta Pharmaceutica Sinica 2026, 61(4): 1072-1084
Continued
. . Principal active .
Source Phase disassembly Phase Mechanism . Supramolecular  Literature
constituents
Ginseng Radix Co-decocted solution, Nanoscale Solubilization ~ Ginsenosides Ro, - [45]
et Rhizoma, centrifugation, filtration aggregates Rgl, Rb2, Re, Rg2,
Schisandrae membrane and dialysis — (100 nm) Rd and schisandrin
Chinensis Nanoscale aggregates (100 nm)
Fructus
Lonicerae Co-decocted solution, Nanophase - Chlorogenic acid, - [46]
Japonicae, 10 000 r-min™' centrifuge for cichoric acid,
Taraxaci Herba 30 min — Precipitated phase isochlorogenic acid
(1 489 nm), dialysis and A, and
13 000 r-min™' centrifuge for isochlorogenic acid
30 min — Nanophase (38.5) C
and true-solution phase
Glycyrrhizae ~ Co-decocted solution, Nanophase Toxicity Glycyrrhiza protein, Glycyrrhiza- [47]
Radix et 12 000 xg, 25 °C centrifuge for reduction aconitine protein, Aconitie
Rhizoma, 30 min — Nanoparticles
Aconiti Radix
Glycyrrhizae ~ Co-decocted solution, Precipitated - Glycyrrhiza protein, Glycyrrhiza [48,49]
Radix et 4000 r-min” centrifuge for phase berberine protein-Berberine
Rhizoma, 30 min — Precipitated phase (185 nm)
Coptidis
Rhizoma
Glycyrrhizae ~ Co-decocted solution (395.8 nm) Co-decocted ~ Solubilization — Glycyrrhizic acid,  Glycyrrhizic [50]
Radix et solution liquiritin, acid -Ca”"
Rhizoma, Ca®
Gypsum
Fibrosum
Compound Baihu Baihu decoction, 4 000 r-min”  Nanophase Solubilization =~ Mangiferin, Neomangiferin- [51]
formula Decoction centrifuge for 30 min — (50 nm) neomangiferin, Glycyrrhizic acid
Precipitated phase, dialysis and liquiritin, (1:1)
10 000 r-min’ centrifuge for ammonium
30 min — Nanophase and true- glycyrrhizinate
solution phase
Shengmai Yin ~ Shengmai Yin, 3 000 r-min™ Colloidal - - - [52]
centrifuge for 10 min — phase
Suspension phase, filtered
through a 0.22 pm membrane
and dialysis — True solution,
12 000 r-min™' centrifuge for
30 min — Colloidal phase
Liujunzi Liujunzi Decoction, - - - - [53]
Decoction 6 000 r'min” centrifuge for
30 min — Precipitated phase,
dialysis and 10 000 r-min’'
centrifuge for 30 min —
Nanophase and true-solution
phase
Shaoyao Shaoyao Gancao Decoction, Nanophase Solubilization,  Albiflorin, Glycyrrhizic acid-  [54,55]
Gancao 150 r'min” centrifuge for (250 nm) potentiation paconiflorin, flavone
Decoction 60 min — Precipitated phase, liquiritin apioside,
filtered through a 50 nm liquiritin,
membrane — True-solution glycyrrhizic acid
phase, dispersed — Nanophase
Huangqin Huanggin Decoction, Nanophase Solubilization ~ Paeoniflorin, - [56]
Decoction 13 000 r-min”' centrifuge for liquiritin apioside,

30 min — Precipitated phase
(4 um), 13 000 r-min" —
Nanophase (129 nm) and true-
solution phase

baicalin, and seven
additional
constituents
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Continued
Source Phase disassembly Phase Mechanism Prmcnpz.il active Supramolecular  Literature
constituents

Qixue Qixue Shuangbu Prescription, - Potentiation - - [57]
Shuangbu 6 000 r'min' centrifuge for
Prescription 15 min — Suspension phase,

filtered through a 0.45 pm

membrane and membrane

dialysis — True-solution phase,

12 000 r-min™' centrifuge for

30 min — Nanophase
Maxing Shigan Maxing Shigan Decoction, Large - Ephedrine, - [58-60]
Decoction 12 000 r'min” centrifuge for colloidal amygdalin,

15 min — Colloidal phase, particles glycyrrhizic acid

10 kDa ultrafiltration tube at

6 000 r-min” and centrifuged

for 15 min, repeated three

times — large colloidal particles

(1 108 nm), 3 kDa ultrafiltration

tube, centrifuged — medium

colloidal particles (473.9 nm)

and small colloidal particles

(371.9 nm)
Dahuang Dahuang Gancao Decoction, Nanophase Enhancement of SennosideA, - [61]
Gancao 8 000 r'min”’' centrifuge for stability sennosideB, aloe-
Decoction 10 min — Precipitated phase, emodin

dialysis and 12 000 r-min

centrifuge for 30 min —

Nanophase and true-solution

phase
Banxia Xiexin Banxia Xiexin Decoction, Colloidal The precipitated Baicalin, Baicalin-Berberine ~ [62]
Decoction 8 000 r-min” centrifuge for phase phase exhibits a wogonoside,

30 min — Precipitated phase, sustained- wogonin, berberine,

dialysis and 12 000 r-min release effect.  palmatine,

centrifuge for 30 min — ammonium

Nanophase and true-solution glycyrrhizinate, and

phase isoliquiritin
Linggui Linggui Zhugan Decoction, Colloidal - Cinnamaldehyde, - [63]
Zhugan 600 xg centrifuge for 10 min — phase liquiritin, cinnamic
Decoction Suspension phase, 3 kDa acid, glycyrrhizic

ultrafiltration membrane and acid

ultrafiltered for 30 min — True-

solution phase, 10 000 xg

centrifuge for 30 min —

Colloidal phase
Huanglian Huanglian Houpu Decoction, True solution - Epiberberine, Berberine- [64]
Houpo 4 000 xg centrifuge for and colloid coptisine, Magnolol
Decoction 10 min — Phase 1 (219.2 nm), palmatine,

dialysis — Phase 2 (164 nm), berberine, magnolol

100 000 xg centrifuge for and honokio

60 min — Phase 3 (191.5 nm),

150 000 xg centrifuge for

90 min — Phase 4 (173.6 nm)

and Phase 5 (325.4 nm)
Danggui Buxue Danggui Buxue Decoction, Nanophase Sustained- Baicalin, calycosin- Astragaloside IV- [47]
Decoction 400 r-min™ centrifuge for (150 nm) release 7-glucoside, ferulic ligustilide (1:2)

10 min — Crude product,
supernatant, 12 000 r-min”
centrifuge for 40 min —
Astragalus membranaceus-
Angelica sinensis nanoparticles

acid, formononetin,
ononin, Z-ligustilide
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Continued
. . Principal active .
Source Phase disassembly Phase Mechanism . Supramolecular  Literature
constituents

Gegen Qinlian  Gegen Qinlian Decoction, Micro-nano  Solubilization, Puerarin, berberine, Berberine- [65]
Decoction 400 xg, resuspended and aggregates enhancement of wogonoside, wogonoside,

centrifuge for 15 min — bioavailability  baicalin, baicalin-

Micron-sized aggregates glycyrrhizic acid,  palmatine,

(2-3 pum) and the 400 g palmatine baicalin-

supernatant, 15 000 g-min™' glycyrrhizic acid

centrifuge for 15 min — Micro-

nano aggregates (530 nm)
Huang-Lian- Huang-Lian-Jie-Du-Tang, Precipitated ~ Potentiation Geniposide, Baicalin-berberine [66]
Jie-du-Tang 4000 r-min” centrifuge for phase coptisine, (1:1)

15 min — Precipitated phase berberine,

palmatine, baicalin,
wogonoside

Siwu Decoction Siwu Decotion, 4 000 xg Nanoparticles - Protein, Protein, [67]

centrifuge for 30 min — 20000 polysaccharide, polysaccharide,

Supernate, 8 000 xg centrifuge trace DNA DNA

for 30 min — Nanoparticles,

20 000 xg centrifuged for 2 h —

Nanoparticles 20000 (423 nm),

100 000 xg centrifuged for

2 h — Nanoparticles 100000

(298 nm)
Naoluo Naoluo Xintong Decoction, Nanophase Potentiation Astragaloside 1V, Polysaccharide, [68]
Xintong 3500 r'min” centrifuge for Panax notoginseng protein, saponins
Decoction 10 min — Supernatant, dialysis, saponins, citric

and 13 000 r-min™ centrifuge
for 30 min — Nano-solution

acid, hydroxysafflor
yellow A, etc
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Figure 3 Research strategies for TCM phase states. Created with
BioGDP.com
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Table 2 Methods for phase separation of Chinese herbal decoction
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Method Advantage

Disadvantage

Application Ref.

Differential
centrifugation

Simple operation, high Resolution limited

throughput

Membrane dialysis Favorable for removing small Significant loss and inability

3000-5 000 r-min™': Precipitated phase; [85,86]
13 000-20 000 r-min"': Nanophase or colloidal phase;

20 000-100 000 r-min™": Vesicles and other medium to

small nanoparticles

200-3 500 Da: True solution; for the purification of [47]

molecules to produce in large quantities supramolecules or vesicles, removing small molecules
Size-exclusion High separation degree, High loss, high cost, and For further separation and analysis of colloidal and [87-89]
chromatography maintaining particle activity =~ complex operation nanophase
Organic solvent Effectively separate the Chemical contamination and ~ Enrichment of lipophilic active ingredients [90,91]
extraction hydrophobic and hydrophilic ~ destruction of phase structure
phases
Density-gradient High resolution, mild Low sample capacity, requires Separation of vesicles, herbal carbon dots, etc. [92-94]
centrifugation conditions gradient medium
Ultrafiltration High efficiency with excellent Easy clogging, low resolution Separation of colloidal phase, purification of [95]
retention of biological activity macromolecules
Microporous High efficiency, simple Easy fouling or clogging, low Routine pretreatment of colloidal and nanophases [7,55]

membrane filtration equipment resolution
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