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Abstract: Decoction is the most commonly used dosage form in the clinical treatment of traditional Chinese
medicine (TCM). During boiling, the violent movement of various active ingredients in TCM creates molecular
forces such as hydrogen bonding, z-7 stacking, hydrophobic interactions and electrostatic interactions, which results
in the formation of self-assembled aggregates in decoction (SADs), including particles, gels, fibers, etc. It was
found that SADs widely existed in decoction with biological activities superior to both effective monomers and
their physical mixtures, providing a new idea to reveal the pharmacodynamic material basis of Chinese herbal
medicine from the perspective of component interactions-phase structure. Recently, SADs have become a novel
focus of research in TCM. This paper reviewed their relevant studies in recent years and found some issues to be
concerned in the research, such as the polydispersity of decoction system, instability of active ingredient interactions
during boiling, uncertainty of the aggregates self-assembly rules, and stability, purity, yield of the products. In this
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regard, some solutions and new ideas were presented for the integrated development and clinical application of

SADs.
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Table 1

scattering; MALLS: Multi angle laser light scattering; HPLC: High-performance liquid chromatography

Existing studies of self-assembled aggregates in decoction (SADs). SEC: Size-exclusive chromatography; DLS: Dynamic light

Source Isolation method Size/nm Function Constituent Ref.
Aqueous extract Differential Size decreased with the Potent pH responsiveness, ~ Galli cactechol oligomers [24]
of Turkish gall centrifugation increasing centrifugal force, free radical scavenging,

6 577 (x2)=9 500 (xg) and antibacterial effects
TG-LP NPs: 413.89 +202.95
TG-HP NPs: 230.34 + 59.48
Black tea infusion SEC 187+7 Antioxidant activity Protein, polysaccharides, [25-27]
caffeine, gallic acid and
catechins
Freshwater clam  Centrifugation, SEC- Clam soup: 74.82 + 0.68; Hypolipidemic effect and ~ Taurine, ornithine and [10,28]
(Corbicula DLS fractions isolated by SEC improve nonalcoholic phytosterols; protein,
Sfluminea Muller) F1:70.86 +1.82 fatty liver disease carbohydrate and lipid
soup F2:45.88 +4.16
F3:50.35+9.67
Centrifugation, Clam soup: 77.52 + 1.50
ultrafiltration
Aqueous extract  Centrifugation, dialysis, 92 Encapsulate paclitaxel Polypeptides [13]
of Armeniacae anion exchange and gel
Semen Amarum filtration
chromatography, thermal
induction
Coptidis Ultra-centrifugation and  Fractions obtained by elution: Promote intestinal Mannose, thamnose, [15]
Rhizoma anion exchange CCD-P1:272.7+25.2 berberine absorption glucose, galactose,
decoction chromatography CCD-P2:264.8 +21.4 arabinose and other sugars;
CCD-P3:427.4+41.8 galacturonic acid and little
Centrifugation, alcohol Size increased with the Promote intestinal protein [15,29]
precipitation and Sevage  increase of concentration berberine absorption;
method (20-80 ug-mL™) inhibit advanced glycation
CCP-P1: ~200 end product formation
CCP-P2: ~380
CCP-P3: ~415
Aqueous extract  Precipitation with 50% 74.1+0.7 Promote cellular uptake of ~ Protein [11]
of Glycyrrhizae ethanol-water solution, Caco-2, L02, Hep-G2,
Radix et Rhizoma purified with anionic macrophage NR8383 and
exchange proliferation of normal
chromatography hepatocytes; solubilize the
followed by hydrophobic insoluble astragaloside IV
interaction by encapsulation
chromatography, thermal
induction
Isatidis Radix SEC-MALLS ~120 Promote the growth of Protein [14]
decoction normal cells but suppress
that of cancerogenic cells
and macrophages
Centrifugation, SEC- 57-300 Antiviral effects Polysaccharides [16]
DLS
Puerariae Preparation of different Size increased with the Promote the absorption of - [30]
thomsonii Radix ~ concentrations of Fenge  increase of concentration ingredients in decoction
decoction water decoction (0.07-0.35 g'mL™) and reduce Angll level in
0.07 g'mL™" (F-1): 120 acute blood stasis model
0.10 g'mL™" (F-2): 195 rats
0.17 g'mL™" (F-3): 256
0.35 g'mL™" (F-4): 480
Aqueous extract Centrifugation Size increased with the Inhibit thrombosis and Nucleotides, diterpenoids, [31]

of Rabdosia

rubescentis leaves

decrease of concentration
(1.0-0.12 mg-mL™")
4.5-234.3

antiplatelet aggregation

rosmarinic acid and other
phenolic acids
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Continued
Source Isolation method Size/nm Function Constituent Ref.
Green tea infusion Centrifugation, dialysis, ~ 100-300 Immunostimulatory Protein, polysaccharides [32]
SEC-HPLC effect; load doxorubicin
for drug delivery
Puerariae Ultra-centrifugation and ~ 200-351 Improve tiny circulation Puerarin, daidzein, daidzin,  [33]
lobatae Radix filtration genistein
decoction
Coptidis Water extract and 185.5 Antibacterial activity Protein, berberine [34]
Rhizoma and acetone precipitation
Glycyrrhizae
Radix et
Rhizoma
decoction
Glycyrrhizae Ethanol precipitation Licorice root protein Reduce the toxicity of Protein, aconitine [35]
Radix et (40%-60%), anionic nanoparticles (GP NPs): aconitine
Rhizoma and exchange 206.20 + 2.02;
Aconiti lateralis chromatography and GP-aconitine nanoparticles
Radix Praeparata  hydrophobic (GP-AC NPs): 238.20 = 1.23
decoction chromatography, adjust
pH to 5 with HCI
Naoluo Xintong Differential 200 Play an essential role in Ginsenoside Rg, [36]
decoction centrifugation and the brain-protective effect  ginsenoside Rb,,
dialysis of decoction astragaloside 1V, protein,
polysaccharides
Shaoyao Gancao  Ultra-centrifugation 200 Encapsulate the Albiflorin, paeoniflorin [37,38]
decoction components of Baishao and benzoylpaeoniflorin
and facilitate the
absorption of drugs in the
ileum
Shengmai Yin Centrifugation and Decoction: 450.80 + 113.61;  Alleviate the symptoms of - [39]
(pulse-activating  dialysis colloidal phase: 87.53 + 1.57;  heart failure in SD rats
decoction) suspension phase: 2 938.67 =  with deficiency of both gi
168.15 and yin
Baihu decoction ~ Differential 100 Antipyretic effect Neomangiferin, [40,41]
centrifugation and mangiferin, glycyrrhizic
dialysis acid and ammonium
glycyrrhizinate; C, O, Mg,
Al, Si, Ca, Zn and other
elements
Ge-Gen-Qin-Lian  Ultra-centrifugation Microaggregates (MA): Antioxidant cellular - [42]
decoction 2775+ 712; protection and improve
micro/nanoaggregates the bioavailability of
(MNA): 531 +23 baicalin
Ma-Xing-Shi- Centrifugation, SEC- 50-150 Influence cell viability Ephedrine, [43]
Gan decoction MALLS pseudoephedrine
Centrifugation S-13500: 170 Antibacterial activity Ephedrine, amygdalin, [44]

glycyrrhizic acid and
inorganic components Ca,
K, Mg, etc
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Figure 1 Common technologies used in SADs. LC-MS/MS: Liquid chromatography tandem mass spectrometry; TEM: Transmission elec-

tron microscope; SEM: Scanning electron microscope; AFM: Atomic force microscope; FESEM: Field emission scanning electron micros-

copy; NTA: Nanoparticle tracking analysis; NMR: Nuclear magnetic resonance; UV-vis: Ultraviolet-visible; FT-IR: Fourier transform infra-

red spectroscopy; XRD: X-ray diffraction; CD: Circular dichroism spectroscopy; ITC: Isothermal titration calorimetry; TLC: Thin layer

chromatography; SDS-PAGE: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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Figure 2 Main issues need to pay attention in SADs study
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13 SADs A A TEY AL F Fam R Z kPG . I
A, il 2 RCE IR 0 B AT [A] cpH SR R 4
250 SADs I FRE , 1EAN [F] 56 1R T AR AR E A
AN TE] o A0S AE 28 PRI L 3 v R T SRR, T 7
S U] 1D 74 7K B B B V8 K B B 11 28 3 T A R 38 AR
I, X 3R BT 0 U R 5 T 4 KR T T O i IR R
2 Ak 3 B R SN AR a0 2H R TR AR
A4, AT S K VS A a3 B A KR $E 45 5 AR IR 4
A, AHEE P B2 L P e il T BT ISR ) SR AR A
AR R AE PSS X . 10 Huang Z58F 78 R BLIA
22 SR T S /N B - 3 55 LB AT N, /N BEBRURN 3
LAY EIR B ) 2 SR T O R ST 9K 47 4, St
LS5 MK £F 4 ] 5 A0 RD 20 25 1 38 — e I gl Ko

Zhou SR T H B iz R A AR K B ) B 4H
%% TR R 5 M 52 B 0 AR AT pH RS AN [R] .
R R, R A RN OK, AR AR B
RN BPRAR R DD, H B % 1E pH 1.8.2.1.7.9 f
8.9 T il £ 1) JEAE AR T ¥ K42 /N T 100 nm, 1 7E HAth
pH E T il % 1 RE i AL A2 KT 600 nm, A 7] WITIE;
R AR 7K BB AE pH R 5 I, SRS AR T S R0 42 e /)s,
R (pH 2~3) st Bl (pH 8~10) # 1] fit 5 BORL 12 1
K2~3 1. Lin SR I & pH B R EE A N #4085
JEE 356 ) T8 A A B KO B TR A, AR T 56 4
KL [T BRI /)N

HAR B Z R TIREG A, A FKBHE A
[) 1] & 77 3T A3 /K BV [R] — 7K BV A [R) AR S A7 AE
72 5%, ANFEPE o AT REAETE T A FARAS H, TE#
FAEIL AN A BAE FH B AL E KB, 3 h o P
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238200 nm /£ 4, % 43 B0 R L (polydispersity index,
PDI) 458 0.14 10.21, Bl 2500 B 8] (1) 4E K, R 4%
AT PDI 4 5 25 386 0, 290> 60 min J5, % 0 (1) B KR A2 A
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%, FLZBN A BIAFAE TR 35 RS O A7 A B i, T
w25 25 38 o R A T AR N TR AT R B IR
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A EAE B AT NS h AR IR AR S,
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B 5 R A% 42 7 77 AR 22 iR At 7 ik . it
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B, DURA & IS A AL IR i 28 77k, B A&
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FEMIR: ATA VR S A EER SR .
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