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Preparation, characterization, and in vitro antitumor activity of Gambogic acid-loaded intelligent
responsive liposome-hydrogel nanopreparation

CHEN Yu', HUANG Shengnan®, WANG Ziang', ZHAO Yunlong', WEI Gaojian', WU Sinan', GUAN Yanbin',
ZHU Xiali' (1. Pharmacy College, Henan University of Chinese Medicine, Zhengzhou 450046, China; 2.
Academy of Chinese Medical Science, Henan University of Chinese Medicine, Zhengzhou 450046, China)

ABSTRACT OBJECTIVE To prepare an intelligent responsive liposome-hydrogel nanopreparation co-loaded with gambogic acid
(GA), and characterize its antitumor activity in vitro. METHODS GA-ICG-Lip-gel was prepared by ethanol injection and cold
dissolution, incorporating GA and the photosensitizer indocyanine green (ICG). The appearance and microscopic morphology of
GA-ICG-Lip-gel were observed, its encapsulation efficiency and drug loading capacity were measured, and its photothermal
conversion performance, photothermal stability, and infrared imaging properties were investigated, along with the determination of
its in vitro release profile. Human breast cancer MCF-7 cells were used as objects to investigate the effects of GA-ICG-Lip-gel (or
with near-infrared light irradiation) on cell viability, migration ability, and the cellular uptake capacity of GA-ICG-Lip-gel.
RESULTS GA-ICG-Lip-gel existed in a solution state at room temperature and transformed into a gel state at 37 °C. Its
microstructure was dense with small pores, and its encapsulation efficiency and drug loading were (96.07 £0.86) % and (6.28 +
1.16) % , respectively. After exposure to near-infrared light, the temperature of GA-ICG-Lip-gel rose above 42 °C, with no
significant attenuation observed in the heating curve. The heating efficiency was dependent on both the irradiation time and drug
concentration. Compared to media without gelatinase, the cumulative release rate of GA-ICG-Lip-gel increased in media containing
gelatinase. In vitro studies showed that GA-ICG-Lip-gel could be efficiently taken up by MCF-7 cells; GA-ICG-Lip-gel significantly
inhibited the viability and migration ability of MCF-7 cells
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demonstrates significant inhibitory effects on the proliferation and migration of breast cancer cells.

KEYWORDS gambogic acid; photosensitizer; breast cancer; liposome-hydrogel; photothermal therapy
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3] ) \MW-GX-808/3000 mW HU 3 21 Aot 5 (K B4
HOGH R AT BR 2 7)) | Fluke Ti-400 4 21 S $4 i 1A%
(3 [ Fluke 23 7] ) . e2695 T 12 &40 i A €63 R 45 (3£ [

- 614 - China Pharmacy 2026 Vol. 37 No. 5

Waters 23 7] ) \NDJ-5S U F e e 5 B F (i B A%
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2 VR AE YRR B2 A5 ICG IR [ st (it 5 4351 o
MI18HS175212,S181S226039) 1 A I i J5M-A4= ¥Rl A
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2.1 GA-ICG-Lip-gel )& &
2.1.1 GA-ICG-Lip 14

K Z R AR GA FNICG A il B AR 54 (Hp
GA-ICG-Lip) . & %5 FR B Ak 75 £ 1 £ v B9 W g R T[]
B, % T 7 20 mg/mL GA B Jo/K LB VAT HLAH
¥ 1.5 mg/mL [ ICG IR /KR RE AR KAH . £E40 °C |
200 r/min BEPEARA T KA HUAH PR i AK AR, R34k
Pt 2 min, #5740 °CFiEZE 1 h AR L BR S 5 ok
W TANE 5 mL, HAHK UK 0.45.0.22 wm fHALIE IR 1
& 3K, FEAE R TR BT 25T 5 U, EI1S GA-ICG-
Lip. [A] Fi&7J5, A GA 45 ICG-Lip.
2.1.2  GA-ICG-Lip-gel f il 45

K F8 i il % GA-1ICG-Lip-gel, TEVKIE 51477
BEFESA T, 1] 3 mL 2.2% 5¢ BRI R N 0.5% W i
B 0.5 mL, FFZEA 1 20 min; b5 PR i A 0.5 mL
359%B-H M BETR BV UL, Ak ZE i+ 10 min; FRATA 1 mL
GA-ICG-Lip, #6451 T #2249 $F 10 min, B 15 GA-
ICG-Lip-gel,
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(n=3). VAEHFFE48 S R NAECEDKR
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TR e 10
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2.3.2  OWIE UL

BL“2.1.1” 31 K ICG-Lip . GA-ICG-Lip i& & , F /K #i
FE 1045 IF-E 7 3 min J& , T N T ISR I I, 28 29 W45
Rt gL, R B S B L ROIIE A . ShH2.1.27
TR GA-ICG-Lip-gel ifi it , & FH 4 H B LA LU
Ao R (F 3) BoR,ICG-Lip S EBRIE[Rifeh (189.6 +
0.72)nm], HLAT 75 i 9 BUZ 52544 s 4824 )5 (B GA-ICG-
Lip ) T3 PR 56 2 10 e A0 45 F4 R4z (180.6 £ 0.65)nm]
W GA BT 28 T 15 AR P93 ; GA-ICG-Lip-gel ()
SEFECE R FLBES DN AR EEBCN R E .
2.3.3 ARG EAENE

K FH A g - B0 I . BUU2.1. 17 IR GA-ICG-
Lip 1.0 mL, & F 30 kDa #8 €45 1, F 4 °C .5 000 r/min
5 B0 20 min, WO AR B T 1M 46 i i . B,
3 A % e O 4 g 53 1R I GA-ICG-Lip 16 & , i 8h
AR BT R LG % 2.2.37 T T (1% & 1 #ERE 4
BT AR AR 2 TSR 4 I BT 1A FD GA-ICG-Lip ' GA
T hich WeM W s, 535 GA-ICG-Lip HER GA Z
SMEPELEELICA W) s FRRAE A ST B R 2y

China Pharmacy 2026 Vol. 37 No. 5 + 615 -



R d - B
s :
b

L
e 2

A. ICG-Lip {5 L

C. GA-IC-Lip-gel <Ja"j}*nﬁ
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WA ENEER
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Wiy )] X100%., 455 5K, GA #4135 5 (96.07 +
0.86)%, #2541 (6.28 +1.16) %,
2.3.4 LR EREE S

73 A BE ) ICG Jot & ¥k B2 1424 0.06 mg/mL ) ICG .
GA-ICG-Lip .GA-ICG-Lip-gel /545 1 mL, # T 1.5 mL
BT DUREAKAE A2 s IR SR F NIR (808 nm,
2.5 W/em”) BEGS FRFE S, B 10 si0 5% LIRS , S8
Ji DA BRI R] Co/s) St A A, TRLEE (T7°C ) S AR bR 2 1l
ST , IPFA 450 i e B 31T R o 25 2R
(B 4A) 7R, 76 NIR FRGT T, 3 R v i T i e AR L,
HAENIR FASS 80 s Ji5 3 TP v (i B2 35 7 %8 42 °CLA I,
F W] GA-ICG-Lip-gel E A R HEHGEPERE
2.3.5 JtRRENEE

B“2.1.2” B F GA-ICG-Lip-gel 1 mL, # F 1.5 mL
BT, R HINIR (808 nm, 2.5 W/em”) BREFZAE
10 siC 5% 1 YRR JE ; BEET 3 min 5 SEHGTR , 1EFES, H 4R
BRI MR S IE PR 5k . LA BB SRTE ] (2/s)
SRR A AR R BE (T/°C ) SR PN A bR 4 5t BRI 25
2k, 45 (K 4B) R, fENIR BB S T, GA-ICG-Lip-gel
Y TR 2o BT 50, K W] GA-ICG-Lip-gel
PRETE R AT
2.3.6  ZLAMASURME TS 5

BCHl ICG o v B 35124 3.6 12,60 pg/mL i GA-
ICG-Lip-gel #£ ity , LA 4li 7K 7E S 25 11 %) B, 2R HI NIR
(808 nm, 2.5 W/em®) BT L3RR 5 FEA AL AP U815
R 30 s SRAE 1 UK b i B AR AR MG, FR 2R 4K 180 s,
ER(E4C) Bow R FE B AK IR B AR R K
(fH 25.1 °CTFt & 25.8 °C) ; ANV £ 1) GA-ICG-Lip-gel
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GA-ICG-Lip-gel 11 1CG 209 C
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4 GA-ICG-Lip-gel B3 Fr i B8 LI E M
MAR B ERERER

Bifi 5 TICG o f Ve J3 RS [B] 9 16 00, Y38 4 i 14 o, 2
SR S IR 43 1) 4 36.5.40.2,45.4.50.9 °C ., iX % B
GA-ICG-Lip-gel 1 il 550 2% ] B A6t T R S5 Bk ] 5 24
v
2.3.7 RSN RE I

B 1.0 mL GA-ICG-Lip-gel (GA Jii & ¥ J¥ 5 0.4
mg/mL) B T B4 B LR 2 20 mL A & a5 W]
IS¢ il ( J5 i e J3E 9 100 wg/mL , LA $00 b 98 S0 B 355 ) Y
40% 2 BE-WERREL 2% vh (2:3, VIV, pHB.0) A i SR
W LIRS HE T 37 °C (R85 AT ) 5k 42 °C
CRAD) H 2 iR 30 037 28 NIR [ 55 AR TR ) 45148 F kAT
RSB RE 558 B R A 100 r/min, T 0.25~72
h A 22/ I ) A5, 43 50 0.2 mL A J5 (A Y BURE S M
SRR ) , YR IR S 442 2.2.37 T Dy kAR
W& 5 BB BB R ="V, C+ V,C, )
My X 100% (K1, 7, =20 mL, ¥,=0.2 mL, C. 4 i I 8] 25
() GAVRIE , C, A HUREEE n I (1 GAYRIE , mg, N GA-
ICG-Lip-gel H' 1) GA & i i )], I Hil (R SR 25 il £k .
S5 5L (& 5) s, AH E A 75 BH Sl 19 4 5T, GA-ICG-
Lip-gel 76 & BBl A9 A J 7 (37 °Cak 42 °C) (1) RFRRE L
TN, X W GA-ICG-Lip-gel ELA W iz e 10 E B 24
FiE
2.4  GA-ICG-Lip-gel Y& 5 BpygiE 1R 3%
2.4.1 ME¥ESE

4 MCF-7 40 i B T 37 °C . 5%CO. 55 F2 4 v H MBS
F5, PR MG BE | A 24 h O R SR I | 2 40 it 4 BIE Gk
80% HFHEA T 5 4L 50 .
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2.4.2  GA-ICG-Lip-gel X+ 4H 3% 77 5200

O 0 K 99 1 MCF-7 41 58 f: , LA 5 X 10°A4~/AL
1 5 B AP T 96 FL AR L BE 3% 24 WL A3 A TR e
GA #H . GA-ICG-Lip 4 . GA-ICG-Lip-gel ZH (GA Jfi & #k
FE 7 0.5.0.6,0.8, 1.0 wg/mL, ¥ B AR 45 7 52 56 2% R %
B, oy E A N R OR S 4 M, % CCK-8 () L[]
PEXTHRZH (5 AN e G R 0k ik 6 M E AL, 45
LA R, 25 /5 97 4k, AR 215 57 24 h, SR A 100
pL 10% CCK-8 7], Ak 2455 5% 2 h SR 5 R BEAR AL T
450 nm P T AR 25 FL O % (optical density, OD)H,
I 11 5A 41 B 4 i R 20 B B0 R = (OD g —
OD s34 )/ (OD gissinan — OD sspagman ) X 100% . [7] 3% % 58 2}
YT Hi48 .72 h )5 LR . 2K H GraphPad Prism 9.5.0 %
AT GE AT, B LA x + 5 o 5 224 18] FL AR o
PRI Ty 225307, E— 25 W G L AR FH LSD-¢ R 56 5 K 7K
Ea=0.05, Z5R (K 6)WR, T7124.48.72 h 5, 7EAN
[F] GAYE R, 5 GA 41 b, GA-ICG-Lip 4 . GA-ICG-
Lip-gel ZH MCF-7 2 Jfd 41 i 52 12 | 2 4 1= (P<<0.05) 5 75
A, 5 GA-ICG-Lip 4 Fb# , GA-ICG-Lip-gel £ MCF-7 4|
JRLAN I F A TRk #, iX # B GA-ICG-Lip-gel il 4744
0] LA A P 5

1201 =gaan 120
GA-ICG-Lip 4l E (‘A ICG Lip 4l
100 GA-ICG-Lip-gel 41 100 GA-ICG-Lip-gel 4
& &
ol 80 5 80
Z 60 2 = 60
E 40 2 : E 40
a
F aa a F
20 20
0 0
0.5 0.6 0.8 1.0 0.5 0.6 0.8 1.0
GA ST/ (pg/mL) GA T/ (pg/mL)

A. 24 h B.1-Hil48 h

AR A%

0.5 0.6 0.8 1.0
GA JR e/ (ug/mL)
C. THi72h

a: SHN S GAZ L, P<<0.05,
E6 SHMPAIMFIRILEL (x+s5,n=6)
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2.4.3  NIR FES}HF GA-ICG-Lip-gel X+ 4H M35 71 5200
HRORE4 £E K 191 Y MCF-7 4 ffa 3 & , LA 5 X 10° /AL
() 2 B H R T 96 FLAR L K5 3R 24 h )R, A WA TR
GA-ICG-Lip #H . GA-ICG-Lip+NIR £ . GA-ICG-Lip-gel
2 .GA-ICG-Lip-gel+NIR 41 (GA Jii s & JE 4143514 0.5,
0.6.0.8.1.0 pg/mL, MR EEARE “2.4.27 10 F 45 SRk ) , &
2H % 6 AL A AN AN 253597 4 h )5, GA-ICG-
Lip+NIR 4 I GA-ICG-Lip-gel+NIR 41 % ] NIR (808
nm, 2.5 W/em®) B4} 3 min, 4kSER5 9% 2 24 h; 6] “2.4.27
U )5 A 1, S A i 5 . 25 R (7)) s, A\
GAVKIEZ T , 5 NIR B ETAH L, NIR RS /5 GA-ICG-Lip
1 GA-ICG-Lip-gel XF 4H Jifd iy 411 il 3 34 18 3% T i (P<
0.05), H5 GA-ICG-Lip+NIR 41 #f k. , GA-ICG-Lip-gel+
NIR ZH 241 L 400 ) 2247 Fh i #a B, 3X 3 W] NIR FR A 6B
B % GA-ICG-Lip-gel BEH R FIHTAH R0 o
1 B,
100{ EovIcotetn
801

601 2

A 2%

404 b

20

0-

0.5 0.6 0.8 1.0
GA JFi i i %/ (pg/mL)

a: 5 GA-ICG-LipZl lo ¢ , P<<0.05;b: 15 GA-ICG-Lip-gel 41 lL 5%,
P<0.05,

E7 NIRRBRSEEAMBINFIRLER (x+s5,n=6)

2.4.4 MR GA-ICG-Lip-gel (8 AT Jy % 5%
X 5 A K 09 9 MCF-7 4158 i, LA 5 X 10°A4~/FL
1Y) %% B2 45 T 96 FLAR P, B 57 24 h S 43 ICG 4 (
GA Joue eHi 1, B L ICG 25 3010 B GA, i B ik JE
0.09 pg/mL) Al GA-ICG-Lip 2 . GA-ICG-Lip-gel £ (GA
Jra R 358 0.6 wg/mL) , B4 3 E AL, 440
TAAHR 2535 55 J5 , 53 3 T A [E] ] 250 (0.5.1.2.4 h)
WA A, IR AR 2 v RIS RS L DA 4% 2 B W ]
E , P FH DAPLIFA T2 A% e (0, SR FH 9O B
(FEHUG 2ELLA5D0) I 258 (K18) s, A
AfIE] SR, 5 1CG 4 H %, GA-ICG-Lip 24 . GA-ICG-Lip-
gel 21 4 i i B 2T (8 96 4 15 5% , H GA-ICG-Lip-gel 41
] X R MCF-7 4 i X GA-ICG-Lip-gel 145 X
B L.
2.4.5  GA-ICG-Lip-gel X 41l 3T i 520
X %5 A K 09 9 MCF-7 41 58 i, LA 5 X 10°A4~/FL
B9 BERERR T 6 fLAk P K 9% 24 h S 7E AR R TR .
KR SE R , R Image TR SRR AL GE A Sw)
TR 40 M 43 R 25 2H AT GA 4H . GA-ICG-Lip 4 . GA-
ICG-Lip-gel 41 . GA-ICG-Lip+NIR #H . GA-ICG-Lip-gel+
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GA-ICG-Lip-gel 41

2h

8 AEIRTE =& EHMMEREIT AR ERE

NIR 20 (GA JF ¥ JE 8 0.6 wg/mL, M2 38 752 56 45 SR %
B BRI 3N AL A R 253 5% LA NIR (808 nm,
2.5 W/em®) G )5 , 4R 2215 5% 24 h; >Rk A Image J 3/
T M SRR T AR (S ), I 1 40 M AT B R [ 40 ST B
F=(Syu—S#)/SuX100%], FHR (K Ex~, 5FHA
LA, 45 45 24 20 240 I 78 28 34 Wl 35 R AR (P<<0.05) 3 5
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