« 4914 F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

R B LR KRI BT SSIN A & eI =

REATL W, R oml, o KR, ARE, THEALY
1. W ERZRE:, T FM 450046

2. TR RFEE—WBEERL, W MM 450000

3. HPVEER BV E ORI RS A Y AR L, RS M 450046

8 OE: RVIKEROREET M. =ik, BMZE. Aol Sl eS8 M Ry F LS T L T ek R . Uk
KRR A HRA PR IESS ), BB AKIER . on HERL L A RO S FIRER 71, T RHAEE g =
YEML LR o RARFEMI KRR “ 293 — 167 AR OREYE, TEZ5Ws % 5 s 1a 7 USRI ARe R 35, BAR 4G A B
BEdE S R AL RE D RS A R B S g e Ak S L 24 3 2 5 P T T T SR SRR R R, T RS U % 25 B T
PERIAIT ROR . SR, M RTARSCHIE SO G 1 2 B ZERRAR, V72 RARF=PIIM E AL 42 5 2 AR MU R SE A I B, B4z
PR T ThEEARH RS HERI S RIS, A VPN A R e LA AT S AR I 255k, 5 UG PREE G 7 W B IS o AR ORI FT 35 B
TZEREHBENHIE RGN, IRNRR D FE5H . HALB) 1% 5 W RE IR W W TE ORI, & TR R 25 ik 1 5 0 v
JTHIIRIH, DA KRR GBI E M BT SR BRI AR, Dy b 2 018 1 FIRIE R 5 50090 s v Y 7 B (0T 140 R 8 5 7)o
KR KR KRR FASE: Z9MRRRILIE: Wb

FESES: R283 XHEkARERS: A YEHS: 0253 -2670(2026)12 - 4914 - 12

DOI: 10.7501/j.issn.0253-2670.2026.12.032

Regulation of natural product self-assembled hydrogels for intelligent drug delivery

ZHAO Mengke!, LU Yanyan', ZHAO Xuan', YANG Kang? 3, ZHU Yanhui', WANG Zhenzhen'-3

1. Henan University of Chinese Medicine, Zhengzhou 450046, China

2. The First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000, China

3. Henan Collaborative Innovation Center for Prevention and Treatment of Major Diseases with Integrated Traditional Chinese and
Western Medicine, Zhengzhou 450046, China

Abstract: Natural product hydrogels, self-assembled from active components of traditional Chinese medicine (TCM) such as steroids,
triterpenoids, flavonoids, alkaloids, and quinones, represent a significant class of functional systems. Leveraging their intrinsic
amphiphilic structures, these compounds spontaneously form stable three-dimensional networks through intermolecular interactions
including hydrophobic effects, n-n stacking, hydrogen bonding, and coordination bonds. These hydrogels possess the core “drug-carrier
integration” feature, offering unique advantages for drug delivery and disease therapy. Key properties such as bioadhesion, targeted
localization, stimuli-responsive release, and in situ gelation enable precise drug delivery and enhanced therapeutic efficacy. However,
significant challenges persist in this field: the self-assembly pathways and dynamic evolution mechanisms of many natural products
remain incompletely elucidated, hindering the precise construction of functional materials. Furthermore, existing evaluation systems
often fail to comprehensively reflect their in vivo pharmacological effects, resulting in a notable lag in clinical translation. Future
research should, therefore, prioritize the systematic analysis of multi-level self-assembly mechanisms. This involves exploring the
intrinsic relationships between molecular structure, assembly kinetics, and macroscopic properties, alongside their applications in
intelligent drug delivery and therapy. Such efforts are expected to provide a theoretical basis for the rational design of natural product-
based functional materials and to inform new directions for developing innovative TCM formulations and precision medicine.

Key words: natural products; hydrogel; self-assembly; intelligent drug delivery; amphiphilicity

WiEEER: 2026-02-02

03); JFEH AR HERE K P EGART I HBIFE I (2022JDZX109); i F5H HARI S (252300423816, 242300421522)
RN BN, WLwFsd, W57 FoAZE%: . E-mail: zhaomengk@126.com
HBIEEE: THEE, i, B S, AFHZEMT. E-mail: wzlinxi@163.com



F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

* 4915 -

TR A2 45 JB2 DR £ A0 WL 2 T TR 7l = 448 R
BRI EAR D TR Bk R, &M
IR IhRERRL, G IR, AR TREMZY)
83 S AT R R EN - T, A
Ik T AR S WK BN, XA E A R
G A RE, (HRTH IR A A VE R e A ™
PR AAERAE G, HELZ T, BN TR EIK
B, ROLESMIIRA . BV et e S R 4 IR
FSRR NS RTIE 7 # Ri15-00,

N FIREEE R non HES L BOKSEARI A B
71, AR AT T FRHE AU i =4 R 2% 2K
TS, TBRE KL IR IR 4
W rE. BREHIFE, 2l B ARKER 24
WEYIEE . RIRF B HEKER S0 5, 85
T SININREARREE, - M ARG G 1 e AN
S TR M AT R R, B e 1Y
AR, R, 2 2k I T 2 S R AR
PRI AR SRR E TR, IR RSN R (n
pH. M. SALIEIEEE) 1R REMT N RE /U0, SEELZG
VIR AT PRI S KRGS IE, BRI, R H 4
KB O B RS HE 250 335 22 48— AR H i 5
RIBETETT 1] KRR IDANmE R SIS . TR
ZHER. VRS, A B RO AT oK
HZHIBET T, HOMRR A2 K AP SR FLAE JERE TR
Wi BN IHE K AT R S5 U R I H K AR B T
T3 AHFRIRFIMESN MRS B B ALEAT NI R k1
AT BRI IR 1 A2 AR PR 2% 11 = B
Rl R G0 R A5 R B LB L, DR
HAENSHELGYEIE TP ROV B, R se Bl s 2 20
REAL R AR 7= ) B AL 2R 7K RIS ) T A B BB 5
£, MO R AP 245 0 I FH B3 5E LA
1 ETERNRAFYIBE KRR S FIR TR
L1 B =653 B A RIKER

VR K =S o I T R, BTE
30 M IT, JEE WA IR 2 A AE R, KT
BRI 507 SN BELE AT 702 AR S =
R RILIE A PSR4 R, 75 B 43T Bk
R B U B E Mg LS Stz R, it

SOMHAR N B AR B IEIRVERE . WSS Btk
o AR AR S R A T R
FRIBR K HER,  FTA5-BRE I 1 2% 3 ) 2 0k L AN S5 K A
FEMERL R, =Ry (TH R TR
S5 U EA AL R TR e R B, AT

NEHZ TG, TRAKE Y. IRRBERGE
HXF pH. BT 5 SR R R B R R e
q:%:ri[B—M]o

BARM S, H R HEZE N BK-SEKF
i, gy Tk KR RS ST SO 1) 40K R
BRATYEM 4, BRI RS e PR B2 E05), 3]
i, Wu ZEUOR | R /Cu /R AR R 3 Ay
KR, B 4 A 5 S AL DU 2 e, 3
TR IR ) 2 R R I, SREL T 2 T 4
RIS O JRR 8 Bl i S5 /7 FE A FH A 22 11 UL
FE-pH XU SLEE R , T REAKHE MR 85845 5 R R 2417
AT - BRI I - bR 5 A [ 4L T K
() =4EnyE S LS, FHeEGHTEMES RIGFHIAY)
FHASPEDS], R R R A H B R T, M -
n HEREVE R T R 2 FLAT 4E M 25 B, LA T i
PES R T B Dy Rl

=AY, Z2IR=L%2H RI1 (zingibroside
R1, ZR1) 0] 343 2516 B I g oK £F 4K B
FLBR 7K P9 A% -5 /K SR THT FRREAIE 28 74 VR FHLBR IF S g Y
E IR P WIS MR B2 A Csodium
aescinate, SA) WMIREM B K H G AL IR A, AT
FEQ PRI B K B B b, Sealblod b,  Hgk
e 2 BLAT shAS KR RE 1, IRZE IR A 55 =ik oy
1E LE-7K AR Z2 i@ e i /KA e S 7 i P
TN R I R4 1) B A S SRR D

gi b, SR SKE AT S 5 TR K
EREMIM L, 1E T RG] =i K& )
EAE TR PSR M ] T BUEAS 26 T SV
R R 4%, TE 253 mTH50RE T8O TH B8 2 R
PES I XS A B R e g5 ik
RE AR 1% R T B B RN 7T 2EA
1.2 =EREBHEE KRR

TR AW AR DL 2- 2 5 60 JE R A 2R AT
EREY), BZEE 2 NRIRIET 3 ANk T E R
TR Co-Cs-Co S5 HB WAL G, IREE 20 S
. SEEEEASEE MR, IR A B H UL
TERKEE I RE ST, MBI Rt 24T
N FE B a5 AR R IR R 4% ik Bk
WA n-m ERR R KAVE IR BN SR AR, MR kAo
KL N E S S R AR P SRR . K
WA SIERNNES, ZRERIRREE S N3
PorELER . &RiAs gt Ak 2 A EE
BB, & HASE B A5 R ik P RE


https://synapse.zhihuiya.com/drug/6748a03f017a4ac1b68f140be6980372
https://synapse.zhihuiya.com/drug/6748a03f017a4ac1b68f140be6980372

* 4916 »

F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

121 RANYHEER DS EMEREONMC
Ko WA B A A R 0K B AR gl
KRBT, RRB—FeR2 2, BN ik
TR = AR AR N 2%, 1% B LA TR T i,
RE 2 25 52 w29 WO I S AR A R 4230, R iR
HY - HERURIZUBE AN (11X 2% B8 w] 38, SR
SIS BRI U
122 eEiigsnke  ElmRE S eEE
T IECALAE B AT P R] e HERR RG22 ) 2 1 H R A
PRBE R PE R RER 2T, B0, HEH S Zn? TR
(K17 5 KB BAT R AT B AL E S P e i P8,
WEHH S AP R pH Wi BVEEE 7> TR, e
FE R TEA BT 25D I A B R R b B 28
JRIFRATE P E] 1280 < Jem P 67 B P 5] NI 5 T R4 52
BE, W PRTT TR USRS R RE R 2 e
123 ZHUSPREER  EEHUK-SRK AN E
FARAL G SN AW 2 W S SR R R S A R T A
S IR FEME SR B, sKEDEHEE
55 2R 7K A B MR 2 Bl [ 2L T2 B 0 oK 525 B S A
SEPERE P, SERME- R AR AR R E L B e
Jo m-m HERIE B B AZIRIM 213031, SR HH A
B2\ WUIAE Zn? 355 T B4R TE OB 7> T 9K 2 4
KEER: W REHEREAMEME S, SR
WEE Zn?-H AL . WIIR-H MR T2
FUB AL, FERE PRI K BB TR o aT A R e gt 6 T
BHEPA, HRAGH BATEUH 12 EARILH S
2%, FUETESIREVE R 5.
1.2.4 S5 A AT YR T R AR W 2 AR AT C
NI BB U E /B2 b adiis EliS 7l I WA 7R/ e
2R E SR, HMEHRINSIE N 2R
FEVREES . ZMERERIGE TR REHY TR
RO IO S R AR B I e PR PSS DT THI A
R EIAGHER > T ST, sk
i SN NIEAE k= LS = Al VAL Be
GUNEAR, OUEPXTEIEMERE . EEE . PLREA
RISt HEIR T St 1 B AR AL
1.3 ZEPE A RKEER

LA E DR T — USRI Z IR I AU
NEERFFIER) 2 R 2R, How & etk 555 &
PRI S | e HERR K < M (6 S5 P A sl
THARE, RS RES S KB A 2
By 2oy N Loy T af 22 57, TR I AOTRE B LE I 208 20
R A EREARRE VT TR LR A

Ty 2 2 e o P S A R R B E AL, E
TR F MR R I 1) IR 245 5 B RSB AL RE s 55 B R TRI Y
nn HERRN S T BK S R AK R T .
wi, AEXTFRRER. MREEE TR, RE]
TILFREETREAES TRELZH TEL 2
HABE YR T T B 1 5 5 B X 45 34351,
SINEEE T (nFe*) J5, @il 2 MmAEam
& JE -1y 0 4% i S 25 B THIBR A RO UA R A M I
IREEM R, ] AR -Fed Ak 2 n] 75 B A 858 v s
DA S T T ER AP S 45 RO

ANEZ BT A B R &S . TR
TGRSR, T ST R AR 4R 45
BRI R IR g 5 AE S HRERT; KBS
KR RYPKFRE A, THEZ IR F =
TLIN, BRI RECS TR S T IES B
5 SRR AR A K n-m HERMEFT, AT T L
HHEE RSN TR,

% WS /K AR A P e T ad e L 73 5 F SE TR
A, B R R BB S IR, Es
Pk B, SR mC A N B3 5 0 S M RE 5
N R o IR SRR A AR A IE S L AL
ST R R 2 et ik S AR R T R R AR
1.4 ERABERKERR

FRBA M B A FHEMI O G g i,
SLHORE AT 1 B RE R T IR B AL A2, B
SERIZFERKEERS o 21 P BRI AE T3R50 F [ )
(P58 m-m MEAR, AR A A ) Gk [
i, YRS E R sl A RIS 5
e, HEmRE L A e M SRR . kil 32 T
YER DA R AT T BOEE 50 5 1t g B B 22 R i)
B -

Hrp, IR ERSZ I (i RVDV16-DD L3
AR B R BRI KA 5 S B IR 3010, 1t
KR BB B 0 = K T A R S50, B
T SEI A S8R — R4, & T 75 PRI

fismste MAh, I 51N &R O AE 2 25 4 SR
fI7i2aERe. B, KERS Aghlid Byt mifr

TR 4, DR O A28 (0 51N T2 2 520 1 AL
FESRaEE, HH RIFMER 53R, 5—
JrT, KERSRI T RAT PR VRS B AT R Th
REMFE BEI 1A 2. NIRRT 2 IR A4
Yo, T R AZ 1) g K HE AR 5 DR i P S B [ A
W, GAZHRE T REUE I K L 4EM 2%, 245K fE



F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

* 4917 »

LIV R3S SR,

B 2 /K B (1) P R bl 32 S I AR S 00 1 A A%
RGE . YA m-n HER S SV TR ) A5 vT 1005
Ry idik; 4@ mAr /R F BE I 2 1 0 I 24 11
BUREE S 5 2B MERE s oW B 2R o Pl AT s vEAs
R ) T ) 25 AL B0 HL AR E AR D RE RIS .
1.5 SR B E R AR

AR A E AR TR — RS A BB PE A L
WA, &R G MRE IR T R (1) 737 (8]
TERRE 1. 2R TFHEBRRPPITE. ZE 78
H fr RS S PR B B [ 40 A 2 e 20 2 B I
BRIV R M ST AT NI O S5 S 4

BETARFM S FRAE, SREDR T EEA
ZE AU R IR Z o g, /NBERR ST
HESGMEWIERNEE T ORE TERET o
HERA K FR AR FHZE G TR LR TR B REIE () 4K
LRYE L) T RRRRT) 75 A 4 285 Ik A )
I KR KA S H RS, RS taE
MIRERRR, AT A 25 MR T B T 5 5 A= Wk
B T BT LR I ) 2R I S 2 A e
Can ARG, oA U 5 P it 2 4k
MM EER SESHSES, WETHAEAaBE.
i 2% N AT SR A A IR N 4 o 1% Bh AT R A
FRAE B VI F R AT S8 2% ) TR S A,

VI KB A S ThRE R &AM G, T EF
T J LIRS £ S YUK 5 3R R RivE, ARk
B By S A PR N B Sh s S Bk ShaE e, ik
Ptk g 9%« RGO 557 s R Ik R gt
PR TR0 JE
1.6 ZHEXBEIRKER

HH 24 22 W R EH 22 ol PR 45 R R O B T R 1T
B TREY, BA 2R RMES 55T
JR AR S R RFAEL) . A 2 2R L E 1R
B, RIEEEREH, EBhER. FHAEERKE
FHCALSE ZFHAEILN D IREh B, TR AT
e 25 B 7K IR, DR rh 24535 1 22 i ) AH e /KB IR
PSS R o S PR 2 i 5 S =45 AT [ B3It
IS e i P S5 22 S ELAE TR T BT U R
I 2P b ) Re e e B s vk, 3k i s
HAYEIET AN

AN TR 22 8 Ak 1 DR FL o s 1 A2 1 o mT e o
AEAM S () X 28 25 o B, 3 R TR N ot L R
IRIREES Ca¥ T TR, WA AT e =4

FLIE S5 W BRI, WLAR R B e i 480 i B B 22
GP1-2 [AFFAME A S Ca BT ALY A
i A By A 2% 22 B 0 3 AR 3 | IR L S R R
BT AU IR 25, 2% B B AR AR e R AT e v
Jie, FHRRAS W] BEIRLEE AR AR 0 R Z R
FH k76 SO T8 S B R T A R IR U R T S R
U AR A T S A RE 01,

IEAb, s K P RE 4 o R R T
IR R R 2 WE S FAIIR H BR 5 T i KA
F U RIS RE T L B BRI R G, S
BN, AR eI S M2 -1
BRIGTC AL A FH T 74 R B A J5 A AR A0 1 4 e
RIS, Tk B 2 W 5 R AR TS M T e KA FH A
LSS N T RS AR R S AR R B,

H 245 22 Wl K Bk T TR 1 i 5 L 8 ) kAl D) AH
Ko BEBTFEALAF T EETIFRE MY, EHT
K Re; SV SIS N E BHahsnlwite, 6
iy R e RIS TR T KA B 4 5 B
IFi) P 2L 2% 5% s ) AT SO T e P 4 RS RE AT A I
BRe I YR

B KL F 42568 1 IR SR = as ¥ oy 95
RFMERIRF=W/ Ny T EAHZEAE R 1 LB 1 R 1
2 RAFYBHERKERERFEITTEARS
BIE AL
2.1 ARSI fRAL RS
211 PRAMNEERAL R 2 E 2 2R KB I A Y
B 2 S e R 5 TR R 2 1 B o 2 TR
THEUR S AR g i S KA TR
M2 EAHEAER, [FHERR%. FAMKE TH
. QIR REFERE, A BT R IR S5
AHRIES), MR K 2P SR B B TR
s AR

TEARR S, 245 5 Gemm R U
by, SEOLTREEILIE. fEBELIET, ETA
5 S Jm A B R Y R 3R B, P -AEEE A K
FE 38 i X E L SE I T LR R B . — 0T, B
TR, PSR E AP R RS A
—J5T, APTSEE AR SR ARALER,
L[] 2 K LA W T8 1 B B IR] 281, ) T A 3
B, HRIRER 42T B AR T A5
M ERGRIE, BE, 500k E. #rk
07 B R non R 54EEBE NS
RN 2, AT ST ZE [ R B S5 2 28k, LA



« 4918 « F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

g [ES

. Rk '\ %Hg;; @’
gﬁ’ BETR Q'g Hgrgy & '*i%g@ t@\
& /e AT

g “ _):f: g 24 %

| o AR e

L5 5% A
B L N y,
HELHGPL-2 ‘
R
EUE

1 B&KERBERENHRARFMER 2

Fig. 1 Structural classification of natural products with hydrogel self-assembly capability

®1 RRUXR= NS FEARERD

Table 1 Self-assembly forces of representative small-molecule natural products
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