2134 B 475 R K224, 2025,47(17) http : //aammt. tmmu. edu. cn

o8 Y/ e N

P B 2= B B2 F A8 B ) & B B AR S i B e A /)N 28 e i 8 B 7 TR A 3R

kT AXAET,EFS N, B, A LR, ZFMRLAR OB, ERE T B BRI
LS LEERE T A EERE, P RRE, 1T TR R L T LA E B 2GR RE I T R X A
B 25 50RE, 1T T B

(E] HM DAEM R H(polyphyllin H, ppH) R AH [ EE R A T AARRE AL , il 25 HA 3 280 i e
iz 5 H 1 (glucose transporter 1, Glutl) # [a] P4 Y 2% B 25 2 (doxorubicin, DOX) i§ it & (doxorubicin/
polyphyllin H-liposomes, DOX/ppH-LPs) , I % HA& &1 P3 [7] 477 E /)N 41 Jfd Bl %8 (non-small cell lung cancer,
NSCLC) W VAT WY . D5t R IR 43 B il % DOX/ppH-LPs, IR FI FL A R % 8k Ak Uy .
SR A5 ST BT L sh O UM S F B, XHE AR S B9 DOX/ppH-LPs g J5 1R B IE 25 ki 48 B 4 A
(polydispersity index, PDI) f Zeta FL A 4T HAE . SR HPLC 10 5 2 24 & (drug loading, DL) . [m] i 2%
T HRIFRAE 4 °C PBS Y 7 d A7 R e M S AE 37 °CH5 10% Jifi 2R 1fiL 375 (fetal bovine serum, FBS) DMEM
WA 48 h I R 5 R0 X AR pH 7. 4 F1pH 5. 0 19 PBS H A B2 MEEAT T HRAMIFTE . LA AR/
200 6 i s 200 FEL AS49 Sy 4 BB RY R T MTT L €8 75 A6 0 AN (] 9 B (0. 5..5. 0. 15. 0 wg/mL) /% DOX/ppH-
LPs K HEZH (ppH+DOX/LPs , RIFiF 25 ppH 5 /35 ppH B DOX g B A BRI & ) 6 Fif 8 40 g 1 384 B 10
i 5 0t 2 BB PE AS49 40 i X5 25 HE DOX (5 pg/mL) () DOX/ppH-LPs Al DOX/LPs £E 15 min
A2 h BRI O, 0 1 7 T A0 Y 1Al 45 i DOX (15 we/mL) Al 507 & 48 hifs 40 i 1 /58
T AR 5 38 43 Transwell SE56G PAl AT ] 40 M i F2 1R 22 A B 7, NI 255 3T DOX/ppH-LPs [ [a] P4
R ARSMIFFEHE NSCLC 1936 . S50 DOX/ppH-LPs e Ak J5 A /K AL BE 50 °C,DOX 4 6 mg, ppH A
2 mg, GIBENG A 24 mg. il %15 29 DOX/ppH-LPs S L [RIERTE , 4341 #4747 , oS- 3467 42 F1 PDI 4351 Ry
(145. 13+22. 14) nm #1 0. 15£0. 05, B {37 4 (=23. 92+1. 73) mV, DOX 1 ppH [ #% 24 5 43 % Ky (10. 13+
0. 71)%AF1(1. 22+0. 21)%., DOX/ppH-LPsfE 4 °C PBS Hif177 d J2AE 37 ‘CH 10%FBS DMEM Hii# 75 48 h,
HRAR (PDIN Zeta ALY R & AR W 3 70 Ak, 3R B0 R 47 A ) 3R P Il v A 1k o PRI G B AR 7
pH 7. 4 TR, iAE pH 5. 0 F B M3 (P<0. 05) , 80 H pH ABUBOR CER I . MTT 45 SR 0 .
DOX/ppH-LPs % A549 41 ffd i) % 7 . % 3% T ppH+DOX/LPs £ (P<0. 05) . #H# F DOX/LPs, DOX/ppH-
LPs 7£ A549 241 it i $5 ROV FH B 2815588 (P<0. 05) , HHE 22 DOX A2 v AE AN MIAZ I, I /AE A0 i G 0 25 1
/8, 7E M [A] DOX %6 FE (15 pg/mL) K, DOX/ppH-LPs 4b 3 28 75 S (9 40 Mo U6 /36 T~ L 91 (8. 3% &5 T ppH+
DOX/LPs £, Transwell /N2 525625 . 1 7%, DOX/ppH-LPs 2H %% i3 I I (1) 40 i 50 (T R R 28 ) 1 Wk /0
T ppH+DOX/LPs 4 . 8518  ppH & ARIH [ fAly A 1Y Glud B 1] 28 Br 85 2 i Jo 4 T 2 1] NSCILC 4,
F 58 DOX 5 ppH ARSI R R HT NSCLC 1 1 .

(SR ) BUag 2 s BRI A AR /DN i it

[HHEESES] R734.2;R944. 9;R979. 14 [ XEkPRERD] A

(BB LTERERIBPA T (2023]H2/101700113) 510 545 H RBHF 34 1 130 H (2024-MS-249)
) A DT
[BEMEHE] W 5, E-mail: peterbird88@163. com
R IGEUE | E-mail : xiaofeng012345@163. com

2097-0927/Copyright © 2025, A% K2 (5 =2 K %%) o X RIFHORICCE#EAG CC BY ¥ 7] P (https: //ereativecommons. org/licenses/by/4. 0/)
SIARESC XN T IR, 3557 B, 45 T 2R 0 Tk BT B A ) 4 B LR SN IR B AR /N A s s PEBIF ST (T ). Bl 4522 B2 R 241, 2025,
47(17) :2134-2144. DOI: 10. 16016/5. 2097-0927. 202504089.

Citation: LIU Y N,ZHOU D W, GAI S C, et al. Preparation of doxorubicin-loaded polyphyllin H liposomes and their synergistic anti-tumor activity against
non-small cell lung cancer in vitro[ ] 1. ] Army Med Univ,2025,47(17):2134-2144. DOI: 10. 16016/j. 2097-0927. 202504089.



http://aammt. tmmu. edu. cn Bl 7224 155 R mi 4R, 2025,47(17) 2135

Preparation of doxorubicin-loaded polyphyllin H liposomes and synergistic anti-

tumor activity against non-small cell lung cancer in vitro

LIU Yining', ZHOU Dawei’, GAI Shouchang®, SUI Lu*, SUN Xue*, TONG Zhenhua*, WANG Yuhang', ZHAO Jing®,
YUAN Xiaofeng ° , XIANG Yong’ '"Department of Medical Service, ‘Department of Emergency Medicine,
*Department of Pharmacy, No. 967 Hospital of Joint Logistics Support Force, Dalian, Liaoning; ‘Department of
Pharmacy, Hospital of PLA 79th Group Army, Liaoyang, Liaoning; 'Department of Pharmacy, General Hospital of
Northern Theater Command, Shenyang, Liaoning, China

[Abstract] Objective To prepare glucose transporter 1 (Glutl) -targeted doxorubicin (DOX)-loaded
liposomes (doxorubicin/polyphyllin H-liposomes, DOX/ppH-LPs) using polyphyllin H (ppH) instead of
cholesterol as the liposomal membrane material, and to investigate their in vitro synergistic anti-tumor activity
against non-small cell lung cancer (NSCLC). Methods DOX/ppH-LPs were prepared using thin-film
hydration, and the formulation was optimized by single-factor investigation. The optimized DOX/ppH-LPs were
characterized for morphology, particle size, polydispersity index (PDI), and zeta potential with transmission
electron microscopy (TEM) and dynamic light scattering (DLS). Drug loading DL% was determined by high-
performance liquid chromatography (HPLC). The storage stability was evaluated by observing in PBS at 4 C
for 7 d, and the serum stability was observed in DMEM containing 10% fetal bovine serum (FBS) at 37 °C for
48 h. In vitro drug release was studied in PBS at pH 7.4 and pH 5. 0 values, respectively. Human NSCLC
A549 cells were subjected as the model, MTT assay was performed to detect the proliferation inhibition by
DOX/ppH-LPs at different concentrations (0.5, 5.0, 15. 0 wg/mL) and the control group (ppH + DOX/LPs, a
physical mixture of free ppH and DOX-loaded liposomes). Fluorescence microscopy was used to observe
cellular uptake of DOX/ppH-LPs and DOX/LPs (containing 5 pg/mL DOX) at 15 min and 2 h. Live/dead cell
staining was applied to assess apoptosis/necrosis induced by formulations (15 pg/mL DOX) after 48 h
incubation. Transwell assay was conducted to evaluate inhibitory effect on cell migration and invasion, and
the targeting property and in wvitro synergistic anti-NSCLC activity of DOX/ppH-LPs were then
comprehensively evaluated. Results The optimal formulation of DOX/ppH-LPs was determined as
hydration temperature at 50 C, 6 mg DOX, 2 mg ppH, and 24 mg lecithin. The prepared DOX/ppH-LPs were
in spherical shape, uniform distribution, and at an average particle size of 145. 13£22. 14 nm, a PDI of 0. 15+
0. 05, a zeta potential of =23. 92+1. 73 mV, and a DL of 10. 1320. 71 % for DOX and (1. 22+0. 21)% for ppH.
DOX/ppH-LPs maintained stable particle size, PDI, and exhibited significantly unchanged zeta potential after
storage in PBS at 4 °C for 7 d or incubation in DMEM containing 10% FBS at 37 “C for 48 h, demonstrating
excellent physical and serum stability. Both liposomes showed slow release at pH 7.4 value, while drug
release was significantly accelerated at pH 5.0 value (P<0.05), indicating pH-sensitive release
characteristics. MTT assay revealed that DOX/ppH-LPs exerted significantly stronger cytotoxicity against
A549 cells than the ppH+DOX/LPs control group (P<0. 05). Compared with ppH+DOX/LPs, DOX/ppH-LPs
showed remarkably enhanced cellular uptake in A549 cells (P<0.05), with more DOX localized in the
nucleus. Live/dead cell staining showed that at the same DOX concentration (15 wg/mL), the proportion of
apoptotic/necrotic cells induced by DOX/ppH-LPs was significantly higher than that of the DOX/LPs control
group. Transwell assay demonstrated that there were significantly less cells migrating and invading through
the membrane in the DOX/ppH-LPs group than the ppH+DOX/LPs group. Conclusion Glutl-targeted
doxorubicin-loaded liposomes (DOX/ppH-LPs) constructed by substituting cholesterol with ppH can target
NSCLC cells, significantly enhance the in vitro synergistic anti-NSCLC activity of DOX and ppH.
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LPs 5 DOX/LPs, DOX Z ¥ J& 5 5 pg/mL, DOX/LPs 44
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Figure 1 Average particle size, PDI, and DL of DOX/ppH-
LPs with different hydration temperatures (n=3,%s)
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Figure 2 Average particle size, PDI, and DL of DOX/ppH-
LPs with different drug-to-lipid ratio condition
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Figure 3 Average particle size, pPDI, and DL of DOX/ppH-
LPs with different glycoside-to-lipid ratio conditions
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0.2, PRI G BRI A RAFI 511 . Zeta il
(AT A e SR TR NN o (1 YA o WA ER G I o8
FARbRZ — o S5 ER, DOX/ppH-LPs [ Zeta HL{ Ky
(=23.92+1.73)mV, DOX/LPs ) Zeta HL {37 A (=21. 21+
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Particle size distribution diagrams (A .B) and zeta potential diagrams (C.D) of DOX/LPs and DOX/ppH-LPs
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Figure 7 Stability of particle size (A) and zeta potential (B) of DOX/LPs and DOX/ppH-LPs at 4 °C
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Figure 9 In vitro drug release profiles of DOX/LPs and DOX/ppH-LPs in different release media (n=3)
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the viability of A549 cells (n=5)

DAPI

2.7 DOX/ppH-LPs % % A549 % it 8 £ 64 2 5

K H Annexinv-FITC/PURUSL T X 28 AN [R] 25 4 b B
(1) AS49 A FEA TG AL ARG (. SER A5 IR W FEAH
[f DOX ¥ & (15 wg/mL) T, DOX/ppH-LPs i 5 41 it I
TR ) B 2 55 T ppH+DOX/LPs (8 12) . X — 45
W {2715, Dox/ppH-LPs 155 A549 411 it 4 T- U AE J) 5
5, ] g5 R SR A LA DG, S AR A OGS
2.8 DOX/ppH-LPs 3 A549 2 itk v i 45 44 394 4F A

35 ppH+DOX/LPs Al DOX/ppH-LPs % A549 4 it
HKFERE R T H5E I . R &G S g 45 R R, ppH+
DOX/LPs 1 DOX/ppH-LPs X} A549 41 Jitd (1) i #% BE 11 B
A 53 AR R AR S ) AR
(E13) o FEAR A BE (15 pg/mL) 254 T, DOX/ppH-
LPs 1% T ppH+DOX/LPs 3¢ B 5 3 0 410 i R R | 32
7 HAE P 20 M AT AL J 1 EAT R SR A VR FH AL

DOX/LPs Merge

DAPI DOX/ppH-LPs Merge

100 um

100 pm

11 CLSM %22 A549 40 1 %F DOX/LPs 1 DOX/ppH-LPs ByiEEX
Figure 11 CLSM displaying uptake of DOX/LPs and DOX/ppH-LPs by A549 cells



2142 Bl 22 K22 41, 2025,47(17)

http : //aammt. tmmu. edu. cn

Live cells

DOX/ppH-LPs(5 ug/mL) ppH+DOX/LPs(15 pug/mL) ppH+DOX(LPs/5 pg/mL)

DOX/ppH-LPs(15 pg/mL)

Dead cells Merge

El12 EICAAEENZR ppH+DOX/LPs #1 DOX/ppH-LPs %t A 549 40 Bl 3% 14 59 24 0

Figure 12 Live/dead cell assay showing effects of ppH+DOX/LPs and DOX/ppH-LPs on the viability of A549 cells
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Figure 13 Effects of ppH+DOX/LPs and DOX/ppH-LPs on the horizontal migration ability of A549 cells
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