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Abstract: The self-assembly of active components of traditional Chinese medicine has been confirmed to exist in decoctions, which
ensures the effectiveness of active components of traditional decoctions, improves bioavailability, and has the effect of enhancing efficacy
and reducing toxicity. As an important pharmacodynamic component, essential oil is widely used in traditional Chinese medicine
prescriptions such as relieving exterior syndrome, resolving dampness, inducing resuscitation and regulating gi. Although essential oil has
the characteristics of easy volatilization, it does not completely volatilize during the decoction process and continues to exert its efficacy.
This phenomenon suggests that essential oil may form an “oil-active molecule” complex through self-assembly with other components in
a complex decoction system to achieve the stabilization of essential oil molecules. Based on the theory of molecular self-assembly of
traditional Chinese medicine, it is speculated that the stable state of “compatible combination” may be related to the structure of essential
oil, the interaction of multiple components and the solution state. Based on the research status and challenges in the field of self-assembly
of traditional Chinese medicine, this paper focuses on the “oil-active molecule” complexes existing in the decoction co-decoction system,

aiming to clarify the active components, forces and regulatory strategies of self-assembly, and systematically explore the potential and
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progress of self-assembly technology applied to the stabilization of essential oil of traditional Chinese medicine.

Key words: volatile oil; stability; decoction; self-assembly; nano-phase state; “oil-active molecule” complex
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Fig. 1 Schematic diagram of self-assembly system and stabilization principle of volatile oil
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Fig.2 Schematic diagram of volatile oil self-assembly system formation during decoction process of classic famous

prescriptions
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Fig. 3 Self-assembly forces of decoction
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Fig. 4 Research technical route for self-assembly systems of classic decoctions containing volatile oils

LSRR A N ) B AN, TR A R
MR TE 7> B AR K B2 L . AR
AR Z A P FE R, EARAT.
AR FHEIAH 3 RIS . 2 70 R B e A
ER-ASHE THERAPREFEAHERS, FH=
YEAS A RS, SO0 1 AR AR RO RS E VEAIAE AR
A4, DR R R R A R A 4 R 1 2 B 77
SRR R PSS A, R RIRPT B s A
e, RIERRY BOS KR R I ZE
SR RE TR pH Vu, PRI Z RIS
B AL T35 L IR R FA 22 A I 9K 3L
B AR T < T R SRR G FEE 2 M R R
2 IR H 41RO, AR 1 IABE RTINS R
R RS TR R AR LB R & T E N B
B T AR (K RFAIL o

BRI AP LA, IKIR 2550 & — B Sk A
R B BB A AE S TR, I hE . &
FBI5E, DURBIE A B 4%, RN R ER A 54
P AR SRR EAE A T LA M (1 AR TE
B4R RIS, H AR S SO B
[R5 B 11 6L, PG 2 B 5 2 A% R i SR 43 0
J ) Pickering FLIl, ZHEERASE S, H AT
W S D o IX YRR 73 1 DA
SERFIRA/AN T, TR A YA A A R
PER 2 IR R T SR R EE R )
bb, FEE R A B4R R, BRI HARE R

WA, AT AR B VR S L AR AT, SRR
ERMEAR. ZHEERE 7%, ERfHLHE
JE HEAT AT AR AR K I B A 2eR R Rk
2 HEE, MR R E AR R IR,
5 HEERE

W24 AR T 0T IRI 0 2 A S5 AH LR R ),
i o 25 153 R R SR M 4 T B B A 3 T
RICHA PR R . X R0 E 2 R e
IR R TIZAFAE, AMUAT DS I va v 254
WIAMREE . S BRI RS . SsmEE R, R
EBIERE . VRRIE AR, R A RIE N
WO A 2 — o FERIMAE AR Z 25 I R B 3K
J 5y TE 25 1) 24 BRAE b R 4% 35 AN W] SR (1 4
Mo BT ZFETZMBdM Ty, B2
HEAER, Wik TRG . PUETE % P KT
S FH A5 08700, SRy T 4 i R i s e MR DA AR )
FIFR, MWHZAYLRESAASEMER R, @il
BT EVEHZE AL, BT 24505 S5 M I R 1 4H.
BARR, WRFEHA B A BEAN S5 M 51 ML)
A SEIAE AOMARE PR . TEAE FIMLSIZ T, A
T A B TR AR L, RS R R
O QA G T M RS R R S 29 M R
oy ZiFARMEE HAR AR, IR
T HABERERI N ES, B AR AT . 7E ]
IR, JEAE R RIR TR ES, AR R
FIRREFAAR R, R 2 Fh A UL 38 R R B A E
NAZOZRUR Sy, FRIE AT S 2 A AR AR



F8 B 2026528 $57% B4 Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 4 - 1567 *

B HAERC A, SEIARE B R4 2 Fh 24 350 il ) i 114120.

HBbr. [N, 542554 —F8, 1HE RN [4] CaiDS, Yang Y Q, Lu J H, ef al. Injectable carrier-free

ZrhE W E MG, AMUENEERS RIS 525 hydrogel  dressing  with  anti-multidrug-resistant

B, FLEE M AN G R TR B 2k R Staphylococcus aureus and anti-inflammatory capabilities

Fife . REBHS, e S mk It . 4ty asse oo,

%EE/\’ ﬁﬂﬁﬁk*ﬁﬁfﬁﬁﬁEﬁiﬂﬁﬁlﬂﬂ’@.ﬁﬂ:éﬂﬁﬁi [5] x1H, B, Bz, . AR S R B R

R K N AZ, T i EE A P R0 S e PR 285 D) ot [ 34 55 2. PRV R 2R I LLBRT AT ()], 2, 2022,

SRR E M XML T 2 2 2 P IR E AR 53(10): 2991-2999.

“YPRREA” RIS AT R A BRI TS [6] AMRIRER, HZ, wSH, & T P28 s TSR

HIBUA R 2R T FIE R, HR O TE T S SR A5 9 2 VMR AER (7).

(1 FRIGRIRALY 580, T SSIBRAT Skt HEIARGE, 2022, 47(22): 6066-6075.

]:)’:E: (2) Efﬁﬁﬁﬁ?ﬂﬂ }E,T/t,l\ifjfri _\L&_H_U%%g g Zﬂ%?}i [7] Re;n G ];, KT G; Hu.a;ng IZ, e‘li al. Stu(.iy (()lfthle VOlatifl‘fi‘ZEltiOl;
. KoL [o] o e Gt s A A A rules of volatile oil and the sustained-release effect o

géiiﬁii riéfi;;jijﬂ? ; @;E;g;;ﬁz%iiig volatile oil solidified by porous starch [J]. Sci Rep, 2022,
- R bR 12(1): 8153.

FURPE. REZ ARSI T 00 o syt M, %5 b S kIR

Wrigie, BEAMEAEZ TR, (1D ik RE R SN % RAERFEERR (1. &5 5L,

PEFRASHURIRS s fdT: Sz s R 5 B 4A 2024, 40(3): 203-209.

BERRAAN, B EH LR IEE IO RS, XS [91 Mao Q Q,Min J, Zeng R, et al. Self-assembled traditional

TR =S TR ESE 0 S RS EAEH T Chinese nanomedicine modulating tumor

LR, (2) Mtk RS a4 E S immunosuppressive microenvironment for colorectal

M 2 AR R PR . R S e cancer immunotherapy [J]. Theranostics, 2022, 12(14):

‘ e et e - 6088-6105.

ﬁ%\ %Héﬁgmiﬁigfﬂ;ﬁ: \Lﬁ?ﬁf‘ﬁ@}_ﬁ:iﬂ%mq& [10] Xing C Y, Sheng Y'Y, Wu Y, et al. Carrier-free small

WL M T2 e BE U B R, S S molecule-assembled nanoparticles for treatment of sepsis

[ 228 s 1 SR IRV 3 IO ) LK B A e A e e e [J]. ACS Appl Nano Mater, 2024, 7(20): 24049-24060.

PAFE o [11] Chen Q Z, Jiang Y W, Yuan L L, et al. Preparation,
AR TE I ST« -5 M-I RE 7 R characterization, and antioxidant properties of self-

TR, TR R IME S 50T RIVER 1, HRIE assembled nanomicelles of curcumin-loaded amphiphilic

A4, T I S T TR, TS o ) R modified chitosan [J]. Molecules, 2024, 29(11): 2693.

A — B A S R TR R Ak R, DL [12] Palacios-Hernandez T, Luo H Y, Garcia E A, et al.

HEG AR VE RS T4, 2 Gt e o v % Ha ek Nanoparticles from amphiphilic heterografted

SR R L4610, LCIKIE RS e e sy

HADife [13] BB, RS, FI0F, 5 (41 S AR E
RBIHR POAARA S F LA ER G R L IR T 4R R A SR AE A

L&k [7]. friiBlEE, 2020, 41(15): 8-14.

[1] Dosoky N S, Setzer W N. Chemical composition and [14] PRRedE, $HFE, KRER, % 4 HREGPURRITE L
biological activities of essential oils of Curcuma species KM R [J]. T E 2R E, 2021, 46(19):
[J]. Nutrients, 2018, 10(9): 1196. 4875-48380.

[2] Wei Q, Zhang Y H. Composition and antioxidative and [15] FlUFE, BWesr, musisd, . S5 R R H 4
antibacterial activities of the essential oil from Farfugium B YRR SR L& RS R AR R AT (3],
Jjaponicum [J]. Molecules, 2023, 28(6): 2774. %2}, 2024, 55(12): 3987-3997.

[3] Lin X Y, Huang X M, Pi W M, et al. Self-assembly [16] XUMR. HHER B 4 Rk F0F v 24 BRAR il o3 (R BV R B
variation of glycyrrhetinic acid epimers: Assembly VB R HBCARHLAIET5E [D]. REE: REEHEARY,
mechanism and antibacterial efficacy between 18 a-GA 2020.
and 18B-GA [J]. Colloids Surf B Biointerfaces, 2024, 242: [17] REIE. HE RS pH BUR 2 8 3R G A



* 1568 »

F8 B 2026528 $£57% B4 Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 4

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

EE5HHEMMATE D] o o E P ER R,
2020.

TR, EERM, XE, S H R A ARG
T AT HRAE VAN [7]. B2, 2024, 55(9): 2912-
2922.

Zhong C P, Luo S J, Xiong R 'Y, ef al. A new green self-
assembly strategy for preparing curcumin-loaded starch
nanoparticles based on natural deep eutectic solvent:
Development, characterization and stability [J]. Food
Hydrocoll, 2024, 151: 109878.

Bz, OSA TEM FEGUKRBARRIR K HR 2R
RIS [D]. B8 IR, 2021.

RAAEIR. FETH R [ e A R ) H B RE SR RE AT
AERRTFC [D]. R RiEHEZ R, 2023,
Sk, sCENRE, 2E0EM8, & BIRBMHET S A
AT EZRO & BNE (1], o E 29875 75 2%
&, 2020, 26(11): 154-160.

B MR W 073 Wl (1 X0 ) 8 4 4 R Y8 A0E
2 [7]. HERFIE, 2011, 24(6): 59-61.

HJ5, M, ZRHE. 93T 8 A AT T R R IR R i
KPR 8 B EE MR [J]. b R A AR,
2024, 35(3): 415-421.

Zhang T D, Chen L L, Lin W J, et al. Searching for
conditions

of protein self-assembly by protein

crystallization screening method [J]. Appl Microbiol
Biotechnol, 2021, 105(7): 2759-2773.

BEAH, B, WO, & B4UEEMS TR R MR K
HApHAFE (7] PSR, 2024, 73(17): 277-290.

Jain A, Singh S K, Arya S K, ef al. Protein nanoparticles:
Promising platforms for drug delivery applications [J].
ACS Biomater Sci Eng, 2018, 4(12): 3939-3961.

Eweje F, Ibrahim V, Shajii A, et al. Self-assembling protein
nanoparticles for cytosolic delivery of nucleic acids and
proteins [J]. Nat Biotechnol, 2025, doi: 10.1038/s41587-
025-02664-2.

Liu B, Liu B X, Wang R, et al. a-Lactalbumin self-
assembled nanoparticles with various morphologies,
stiffnesses, and sizes as Pickering stabilizers for oil-in-
water emulsions and delivery of curcumin [J]. J Agric
Food Chem, 2021, 69(8): 2485-2492.

Salgado E N, Radford R J, Tezcan F A. Metal-directed
protein self-assembly [J]. Acc Chem Res, 2010, 43(5): 661-
672.

Stevens C A, Kaur K, Klok H A. Self-assembly of protein-
polymer conjugates for drug delivery [J]. Adv Drug Deliv
Rev, 2021, 174: 447-460.

WZE . T RmEAMRARZENEY Ry THA
% [D]. Lifg: 5 HE K2, 2005.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

XFH, ARSEC, I, . P R-Bm AN
AN ARE (1 1) 25 S H RS HL BT T (0], T R
Z&&, 2025, 50(2): 404-411.

BAEM. TR0/ R B ARG T Kk
GIEIRITIORTFE [D]. A& AR PR 2K %, 2022.

Li SQ, SunJL, Yan J, ef al. Development of antibacterial
nanoemulsions incorporating thyme oil: Layer-by-layer
self-assembly of whey protein isolate and chitosan
hydrochloride [J]. Food Chem, 2021, 339: 128016.
Terashima T. Controlled self-assembly of amphiphilic
random copolymers into folded micelles and nanostructure
materials [J]. J Oleo Sci, 2020, 69(6): 529-538.

Yang B, Wu X C, Zeng J Q, et al. A multi-component nano-
co-delivery system utilizing Astragalus polysaccharides as
carriers for improving biopharmaceutical properties of
Astragalus flavonoids [J]. Int J Nanomedicine, 2023, 18:
6705-6724.

Gelain F, Luo Z L, Zhang S G. Self-assembling peptide
EAK16 and RADA16 nanofiber scaffold hydrogel [J].
Chem Rev, 2020, 120(24): 13434-13460.

Yu Z Q, Xu Q, Dong C B, et al. Self-assembling peptide
nanofibrous hydrogel as a versatile drug delivery platform
[J]. Curr Pharm Des, 2015, 21(29): 4342-4354.

S, A, BRI, S5 B AR MR T 2 2R
AR AR [J]. L2, 2025, 56(21): 8033-8042.
Wang J, Li B T, Song X X, et al. One-step preparation of
photoresponsive microcapsules based on the interfacial
self-assembly of an azopyridine coordination polymer [J].
Chem Eng J, 2023, 463: 142403.

T, BTG, J7 RGNS Mos# < JRER T (1],
E 2554, 2007, 13(7): 89-91.

BB, Mt TkEHa, & BT HEEHRN AE
T3 2O 35 - BB 43 T ) AL AR <RI ML
s [J]. sREZ, 2024, 55(24): 8366-8378.

Lei CY, Wen J J, Sun Y H, et al. Self-assembled herbal
hydrogel for rectal administration therapy in ulcerative
colitis [J]. Chem Eng J, 2025, 503: 158477.

M, REEM, AR, S 2R R B G
BEROR: Ao BRI SHEE ORI (], S E
278k, 2022, 47(12): 3166-3174.

KA. AZ-TURT 2B A 7« RAE LS 1
Wt [D]. K&F: KFEPEE K, 2023

Sethi V, Cohen-Gerassi D, Meir S, et al. Modulating
hierarchical =~ self-assembly in  thermoresponsive
intrinsically disordered proteins through high-temperature
incubation time [J]. Sci Rep, 2023, 13(1): 21688.
Miyazaki R, Nargis M, Bin Thsan A, et al. Effects of glycon

and temperature on self-assembly behaviors of o-



F8 B 2026528 $57% B4 Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 4

* 1569 »

[49]

[50]

[51]

(52]

(53]

(54]

[55]

[56]

[57]

[58]

[59]

[60]

galactosyl ceramide in water [J]. Langmuir, 2021, 37(26):
7936-7944.

Feng J L, Qi J R, Yin S W, er al. Fabrication and
characterization of stable soy f-conglycinin-dextran core-
shell nanogels prepared via a self-assembly approach at the
isoelectric point [J]. J Agric Food Chem, 2015, 63(26):
6075-6083.

Wang W J, Yu S, Huang S, ef al. Bioapplications of DNA
nanotechnology at the solid-liquid interface [J]. Chem Soc
Rev, 2019, 48(18): 4892-4920.

WaE, RE, R0, & ETETREN R ZEER
T FIH AR S WA [0, 2528, 2023,
48(5): 1194-1202.

Frost D S, Nofen E M, Dai L L. Particle self-assembly at
ionic liquid-based interfaces [J]. Adv Colloid Interface Sci,
2014, 206: 92-105.

JReme s, FLULER, RISINE, . B 1R A B K 3R
SO TR KBy i (3], TR TR
AP EEAR K22 244R, 2024, 23(5): 19-25.

IR, BB B TIR[BMIMIPFG BEIX A BRI
LR T EMA BT 3 [0, frihfkE, 2017,
38(10): 264-271.

ez, skigde, TEhka. SeRdiE R D3 B0 A
FIRSEMN S S B R AR SR (1] PEEZ
Tk Zei, 2021, 52(10): 1269-1277.

MREZE, TREH, TRANK, 252020 ERR (R EZ L)
IS R A v 4 T A ) 7R 4 9 D8 R LA A i o
BT [7]. HZY, 2023, 45(7): 2275-2280.
HIEAE. R it £ oK B - R R 25 RS )
#®MHENERERT S [D]. ] SR TR, 2021,
BZR g, B, X0, 5. o2l GoE AR R A
FIBLRHT [0]. REETTER SEERITT, 2017, 34(2): 40-
42.

g W BR9K IR BT 44 (1 il 26 S VR JSE 78 [D). FE
B MEKF, 2011

FRMITE, E, #ON, & BT HSEMIRARE T
225 Al 200 48 M AL T SR 2R B 25 W A 34 1 B )
[J]. FPELZ, 2025, 56(2): 430-440.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

HFL, ZEAR5E. AR 2 B SR A AR A 0T 2 e AL 7K EL
PIRLE LRI [J]. BHEAEOR S TR, 2025, 25(4):
1428-1437.

Li K, Wong D K, Hong K Y, et al. Cushioned-density
gradient ultracentrifugation (C-DGUC): A refined and
high method  for  the
characterization, and use of exosomes [J]. Methods Mol
Biol, 2018, 1740: 69-83.

Kong J L, Yu S N. Fourier transform infrared spectroscopic

performance isolation,

analysis of protein secondary structures [J]. Acta Biochim
Biophys Sin, 2007, 39(8): 549-559.

Huang X M, Liu X J, Lin X Y, et al. Thermodynamics
driving phytochemical self-assembly morphological
change and efficacy enhancement originated from single
and co-decoction of traditional Chinese medicine [J]. J
Nanobiotechnology, 2022, 20(1): 527.

Bhavya P V, Soundarajan K, Malecki J G, ef al. Sugar-
based phase-selective supramolecular self-assembly
system for dye removal and selective detection of Cu?*
ions [J]. ACS Omega, 2022, 7(43): 39310-39324.
Tritkovi¢ K T, Milasinovi¢ N Z, Djordjevi¢ V B, et al.
Chitosan microbeads for encapsulation of thyme (Thymus
serpyllum L.) polyphenols [J]. Carbohydr Polym, 2014,
111: 901-907.

T YN, AR, FhAREE. §5AH AR R I R EE T
HA%E (V): EYKAPREI TR (. H A
2210k, 2019, 49(5): 286-292.

Wang B, Yan S X, Gao W, et al. Antibacterial activity,
optical, and functional properties of corn starch-based
films impregnated with bamboo leaf volatile oil [J]. Food
Chem, 2021, 357: 129743.

Yu L P, Cheng W, Tian M F, et al. Antioxidant activity and
volatile oil analysis of ethanol extract of Phoebe zhennan
S. lee et F. N. Wei leaves [J]. Forests, 2024, 15(2): 236.
Ashour H M. Antibacterial, antifungal, and anticancer
activities of volatile oils and extracts from stems, leaves,
and flowers of Eucalyptus sideroxylon and Eucalyptus
torquata [J]. Cancer Biol Ther, 2008, 7(3): 399-403.

[T &y4E]



