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(HE) BEY ¥ & RBIFYESE XM & T I8 RUK (FA-BF-CLs) , JF X £#AT R EWF N RIUADE R, Fik RAHE-A o
Hok H| 4 FA-BF-CLs, DLRLAZ Zeta A0 R 855 % 454, R Al %18 & n Box-—Behnken " JL W 27 3 3 4 7 R TE3ATRA, &
SR AR EMA R B R R ST e R R % 4 %, KA CCK-8 % 4k FA-BF-
CLs BF-CLs( K m v+ B 1541 1y 45 3 R0 B F A8 IR ) B BF—solution(¥5 5 XA ) ks e, R REAM A8 RS R
B 14171 BB 5 B E B R &t 3.8:1 4 7 B 13 min, %144 2| 8 FUAOR 42 (135.5¢1.40) nm, % 2 #0 & % 0.192£0.025, Zeta #.
£(16.23+0.46) mV, 8 E 69.429%+2.18%, 1K INEHK A 55 % ¥ ,FA-BF-CLs B4 W B 09 B BRIk I 4 F Bon 2 8 R AR
TVEMNE , KO Z ARER T THET IR E AL 0~20 wmol/L 3% Bl W %4 K&, i i # %k W FA-BF-CLs xt
HepG2 A% 40 0 89 31 % 1€ Bl X T BF-CLs #1 BF-solution(P<0.0.1), 5if #|& 1% 2|8 FA-BF-CLs SN — R BHZ B, =
BB T e R k% 4 L% FA-BF-CLs B8 BRI GINMLIOE %, 7R TH— PR,

(REEE) ¥ 3 R ; M B F 8 BT ; #F B ; Box—Behnken v b7 T 247 % ; AT
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Preparation and evaluation in vitro of folic acid—-modified bufalin cationic liposomes

LUO Huiting, OUYANG Wei, WANG Xuyi, YAN Hong*, CHEN Ziyan, WU Hui, LI Tao, XIAO Dan
College of Pharmacy, Hunan University of Chinese Medicine, Changsha, Hunan 410000, China

(Abstract] Objective To prepare folic acid-modified bufalin cationic liposomes (FA-BF-CLs) and to evaluate their quality
and anti-liver cancer. Methods FA-BF—CLs were prepared by thin—film ultrasonic dispersion method. Moreover, the formulation and
process of FA-BF-CLs were optimized by single factor and Box—Behnken response surface analysis with particle size, Zeta potential
and encapsulation rate as indexes. The micromorphology of liposomes was observed by transmission electron microscopy, and the in
vitro release process, hemolysis and in vitro cell safety of blank cationic liposomes were investigated. The in vitro cytotoxicity of
FA-BF-CLs, BF—CLs (bufalin cationic liposomes without folic—acid modification) and BF-solution (bufalin solution) was compared by
the CCK-8 method. Results The optimum conditions were as follows: the mass ratio of phospholipid to drug was 14.17:1, the mass
ratio of phospholipid to cholesterol was 3.8:1, and the ultrasonic time was 13 min. The particle size of liposomes was (1355+140) nm,
the polydispersity index was 019240025, the Zeta potential was (16.23046) mV, and the encapsulation rate was 69.42%=2.18%. The
in vitro release study showed that FA-BF-CLs had an obvious sustained release effect, and hemolysis test showed that the carrier
material had no hemolysis. The in vitro cell safety result showed that the cationic liposomes were safe and non-toxic in the

concentration range from 0 to 20 wmol/L, and the in vitro cytotoxicity tests demonstrated that the inhibitory effects of FA-BF-CLs
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on HepG2 hepatoma cells were greater than those of BF-CLs and BF-solution (P<0.01). Conclusion The prepared FA-BF-CLs

appears uniform and stable, and possesses sustained release properties, of which the blank cationic liposomes are safe and non-

toxic. Moreover, FA-BF-CLs have stronger anti-liver cancer in vitro and can be used for further research.

(Keywords] bufalin; cationic liposomes; folic acid; Box—Behnken response surface analysis; anti-liver cancer

IR A R R AN AR e PR AR, e i LAY
AR 2 — , H TG PR H R AT F ARG 7 AT
P, R 2 A T AR Y AR AP I ) (B AT RE 2
HABIE R AR FE T LA S 22 24T 24 M5 g B I,
U&7 R (Bufalin, BF) 2 MBETRT-8 R Hr $E A 3L
FRT g B BIFTE S I, WE R 2 RIS AT 40
PR A A g, S R R R MRS R
J IR AR B A 2, BB R A — i 2
LRI, TRl BB R PR S I [
AU, TR EL AR Y, LR A A IE R,
RE -5 60 L 4 20 R SEA J5 7 A e el R B
A 200 A A B R Y 7 R 25 S A DA T A
FEAERIT, RS2 A e — MRS A B R I L3
AR PR A 1, AR R 22 e AN 2 T ol B 3k T 7
T A T /D 3R GR R RGRE R K H AT
A=) S RS2 A AL AT g SR A g 2 PR S
SRTCE A, I SEET IR Y s,
Hb BT R I 7 e BUARR 1Rl 825, i
AR O i PR 3o 8 AR, BLAT A 7 ARG e s |

FEMAANE L ST AR HA A R 14 2
Wk Z—,

AL RO 501, BHE TR A 4ok
AR ) 5 IR A6 U 0 7 2R B 5 MR IR A (FA-BEF-
CLs) , Al 17 HALT7 K T2 564 RSN RAOE
& RiAe YRR S AT PR AN T OTRE T
PRINUTFIMRE TR PR AT TE | DA Je S sk e RE R T
(14 BH 5 B AR i 7 4 (A Se s i ale , [l S ¢
RIETE RHL ) BT L4525 RGBT B E LA

1 ##l
1.1 X%

Agilent Technologies 1200 Series = % A {5,
ARG (S ELHER A ] ) ;01A418 TUHE 7S 4A i dsy
TR (T2 AR B A PR A F] ) s Zetasizer Nano—
7590 WO 7 M A (FE 1 Z IR SUXAR A IR AT ) 5
HT-7800 E 5 AL 5[ H 2B A s (ALa0) AR A A
Varioskan Flash £ U fig {75 {X .Forma Steri—Cycle

1250 K CO, BiFoA8 (PEBR W /RBHE AR )
15 B9 s ( H AR BARE T AR o
1.2 RA5259

T R X IR LS . 111981201501, JFi 705k
99.2% , H [ B i 24 il R A I 5T B ) 5 WE B O JURLZ
(BT 98 % E AT A YRHA R A ) s K
SUHE NG (5 . SY-S0-20081) . H[# A% (CHO-HP, it
5:C0073) . DOTAP [(2,3- Ity 3E)- = Hi 3L
FAEE S RD-01917)( i EHE R A BR
3] s R (FA-PEG2000-DSPE ) (b ¥ AR A= 147
BRAT); O (sl SEEBrE 28w ); =8 H
Bt B (ot als, [E 258 AL 2R A BR A R]) .
1.3 4

NI HepG2 40 itk (45 . CL-0103,
WIPEA AR A BRZA R s NIEH P4 L-02 4
W, B B 258 W) (15 . SEC1048) . CCK-
8 171 & (5 : E-CK-A362) (iU R4 A Uy Rl
Fe e A FRA R ) 5 B 45 15 (FBS, 41t : 164210
50) . DMEM i35 32 5 (L5 . PM150210) | 7 55 55
FAL (5. PB180120) ¥y A s 4 78 4E Bl
HARAF,

2 Fit54&8

2.1 HPLC e bEs R & &

2.1.1 gL Waters Xselect HSS T3 AR EA:
(4.6 mx250 mm,5 wm); NN LIF-0.1%mHE
FHIEI(50:50) s K296 nm; ik 1.0 mI/min;
FEIR 30 °C;#FFER 20 pL,

2,12 iERFRXIRM FA-BF-CLs Bt K MR
W2 R PR NS B R B 2.00 mg, F B
FEARZR 10 mL, HI15 200 pe/mL BYWETE 7 % IR GIA
W A AR R RO TRAB a7 2 B B TR A (FA-BF -
CLs)FE i 1.0 mL, INAH BEE A % 10 mL B3, #
B R, A 30 min, T 0.45 pum BAHLHALIER, 5
F . [RIRETT A B2 1 BH B TR A (CLs ) FE fi 1
S B

2.1.3 ARMESCRFE OKPE R HUE T RO IR AL
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W, EEE SRS AR RS BTk 10,20,40.,60
80,100,120 pg/mlL HXT BB ST, #2 IR “2. 1.1 7Tl {5,
TEAUEUERE , LA L (A ) YA bR, TR R (C)
SIRRAR 2 lbRE R AR B R R A=17.65C-
10.776,=0.999 1, Z5 5L WETERAE 10~120 pg/ml
LA RAFZME R .

2.1.4 LIRS IR 1.1 W% A0 Bt
b 75 53 0 B MR FA-BF—CLs Bk i % B
PEVEW . 25 oAby FAB R o v i 7 R
7 TE T, %ok Rt 0 5 (L i it v VR A R 47
HR UG s TR — 20, e B e ik L E M R

2.1.5 KEEEEREE  OREERIBC2.1.47 35 R % IR
W, A IR 21 I B SR SRR 6 IR THRLE
R RSD {, 455 % BF /8 RSD {5°4 0.29% (n=
6) , IZALARG % B AT FF AR

2.1.6 FREMERE KA FA-BF-CLs fitif5
VW 1 mL, HHHBEERCELIS , TEIR TSR 0.2.4.6,
8.12.24 h, M2, 11" WAk S5 kA | TR 0T
R RSD H, S5F /R, WEEHR M RSD HHR1.75%
(n=6) , RIMLLTEIAE 24 h NFENERET,

2.1.7 EEMHRAE KR FA-BF-CLs 4 1
mlL, 3t 6 {7, #42 BE 2. 1.2 350 )y v A il Sl VA, 16
HR“2. 117 T (A g S R T TR T R A1
i 5 RSD {H e W3 R P15 10 19.86 pg/mlL,
RSD {4 0.22% (n=6) , 3 W20 % Jr ik i) i B
KA,

2.1.8  fAERICRIE: ORI 9 /2 H CLs
VW, BEOY 0.5 mL, 20 3 4L R IINAGE R WE R
Xof BESR VAV, BB AT, A R B L %, T AT L v
TR 10.60,120 we/mL, M5E W TRIFR 1147
PfneE I35 RSD {H, i K 3 BT ERY
SEFA A e 2843 9K 100.87% .99.00% ,101.88% , RSD
B354 1.31% .0.44% 0.11%,

2.2 BHESFRE B il 2%

K IR 53 il — 75 VO 45 FA-BF-CLs, A
FRREULL Iy R T IR BEAE H [E B DOTAP[(2,3-—
THITBE I — P ) — — PP B S Ak ) 2 (FA-PEG2000-
DSPE) #&# R T 250 mL B, In A =& W
i~ (8:2) IR e &), T 50 CARIR AN P
ekt 25 & R AT HRE B B4 51 19 B 5t
WEE [ R A pH 6.4 PBS ZE M, 55 C Rk

A, TR DA LN RS 5, 0.22 pm
THALUENES 2] FA-BF-CLs,, [RIRE T Bl & A it i2
() FHE TR A (BF-CLs) 25 H FH & F AR B fA& (CLs)
FEdn
2.3 PBHES e A g 3 2

28 3k SCHRBIF R AR S0 A B, i A vk AE I o
FA-BF-CLs f 35 R HAT HERf 1 5 | (R B pR S A
- REEELE pH 6.4 1Y PBS 100 mL fEAEHT
A5, WL FA-BF-CLs1 mL BCASBHTASH, F 30 °C,
WE S84 (300 v/min) FiEHT, BEHT 6 h {3 mL
BT BT, i P VR AT, ok 0.45 pm BEALUE
JE 52,1170 N #E4T HPLC 5E i Efudis,
B = (B2 i S 2 i) R 2 T 1 100%
2.4 FA-BF-CLs fil#& T2 MR R H L
24.1 DOTAP SIS R FREL 30.00 mg B
&, >0 DOTAP 5#Es BT LE 1:1.2:1 3:1, FFFREUE
T IERER 2000 mg JHEEE 7.500 mg FA-PEG2000-
DSPE 2.000 mg ¥ F 15 mL =& fe-HEE (8:2)
W IR 22700 N ) £ FA-BF-CLs, % 2RiA2 AL
KAt Rk G5 R i DOTAP 5K 13 51
NG B LB B4k 108.5.112.7 1175 mV,
ST IS RS 66.93% 61.61%
58.25% , £ 35t A8 WS, R FH T 6 L Ry 101
HEAT IR S S
242 BEiRSZYITREL  DURTAKAE B0 A
B R KNI FEAR , FREL 2.000 mg WETE R MK UCKE
EWENE S WERE R AR Y 5:1.,10:1,15:1,20:1
25:1.30:1 , FREUL J5 &8 DOTAP 30.00 mg  AH [ 5
FA-PEG2000-DSPE ¥ T 15 mL =& Hhi-FE(8:2)
o H R <227 T R il 45 FA-BF-CLs, 45 S 2 0] 24
JE 5 R B 51 1001 1510 AR E i
MK %58.86% ;20: 1 AR R [ 2 52/ IME23.9%
Wi Jo A B SR R, A B B R S 0 B R T
a1 GBWE, Y 15:1 I kAR 103.0 nm, )5
KA RETI R, 47 BATR S LB 15:1 #6475 1H
AR T Ak
243 BElgSMHEB R AREUBEAR 30.00 mg,
MRV BEE WG 55 00 [T B ) S0 i LE oy 201 401,601,881
10:1 12:1, B 7 g2 R\ DOTAP FA-PEG2000-
DSPE# T 15 mL — S b B (8:2) i #4¢ l “2.2051
Tl FA-BF-CLs, 5 Ng Ak A% | H o S A
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R R BN B LB AL 3R e,
RAE A 1414.126.1,110.1,1005,1206,123.6 nm,
LR IER IR 4:1 AT IS b J7 Ak .
244 GHEFEEIE] A ENRFUABRIA R, Aid
HIRLAR K /N (100~200 nm) A Ay Ji5 B2 52 56 B9 5 3
Fehlh, DURIAR RO S EPR AL TR bR, FREUE
J i iERE R DOTAP WiE IR [ B FA-PEG2000-
DSPE ##F 15 mL =S Li-HEE(4:1) Hr #2 #R“2.27
TR LA [a] 8 75 s ] (15,2025 .30 min) il £ FA-
BF-CLs, £5% A I 15,20,25 min B Rifs
G/, BRI E] 30 min B BRI K ZE 1463 nm,
L BEZE HE 7 I [a) 38 00, A 358 R0 /N | R
FEEFEN 15 min,

245 JKAGWE] FREUAL 7 5055 R DOTAP Wi
JI§ JH[E B FA-PEG2000-DSPE ¥ T 15 mL =4
Pi—H B (8:2) U 7K A B[] (30,45 .60 min) , 4
W “2.27 T T il 4 FA-BF—CLs, 48 A ki iz  H
P R Ha ) AE ik, G50 R B KA R,
FE RSN 65.91% 66.93% .65.27% , kitt 5 Hfr
FHZEAK, B K A R 45 min,

246 JKENTT LIKAR, ML S ERA AR
T b, PREULL 7 B MG R DOTAP B AS | JH [
FA-PEG2000-DSPE ¥ T 15 mL — & ! bt - H1 i
(8:2)Ffr HR MR 22715 N LIKAA (/K .pH 64 PBS,
pH 6.8 PBS pH 7.0 PBS pH 7.2 PBS.pH 7.4 PBS)

il %5 FA-BF-CLs, &53:57R , KA TEF2EH) AR
XoPREAR A B FASE SE A AN 8 3 A R e R 5 i/
LRaRiE A M ER AR pH 6.4 PBS K G
Vi

247 FA 58RI L FREUEBERE 30.00 mg, K
UK E FA-PEG2000-DSPE 58 g it bl 115,
1:10,1:15,1:20, FFARHUAE 7 50575 R \DOTAP JH [
fi FA-PEG2000-DSPE ¥ T 15 mL =4 H b H it
(8:2) H, #2 iR“2.2 T K 7 % FA-BF-CLs, % %</l
FpARRIAR A S AT F AR, BN RiAR A
PIAHZEAK LR35 55.94% .61.47% .62.56% |
54.229% BRI LLEIA 1015,

2.5 Box—Behnken i1 143 Hr ik

251 EEit AR SCER R R R S AR
PEX] FA-BF-CLs PEMM R PRI W& 10 3 MR RAEN
FZHONG WA 5 25 it Lo (X)) (s H i e
Ji e (Xo) GBI ) (X)), AL (V) 7R PPN
FEPREATACES . ST S AR AR 1—2,

F1 ZHEEREAERLIT
KT BEISS 2GR E (X,) BN SR R R L (X)L X)
-1 10:1 3:1 10
0 15:1 4:1 15
+1 20:1 5:1 20
252 FAMUE K528 R Design—Expert

VI2.0 BAF, IEEER (V)X X X X5 24T K0

®2 KEWEIHTEER

IS X, X, X; Y
1 15:1(0) 3:1(-1) 20(+1) 58.88
2 15:1 4:1(0) 15(0) 66.30
3 20:1(+1) 4:1 10(-1) 52.82
4 10:1(-1) 4:1 10 62.21
5 15:1 3:1 10 61.19
6 15:1 4:1 15 67.90
7 10:1 5:1(+1) 15 48.86
8 10:1 4:1 20 49.10
9 20:1 5:1 15 52.30
10 15:1 5:1 10 61.80
11 20:1 31 15 52.30
12 10:1 3:1 15 59.80
13 15:1 5:1 20 45.61
14 15:1 4:1 15 67.90
15 15:1 4:1 15 70.22
16 15:1 4:1 15 68.61
17 20:1 4:1 20 48.80




826 e H R 25K hitp://hnzyydxxb.hnuem.edu.cn

2023 4R 43 5

Y (%)

1 BEREZE(ER RN E

KENHIFREE ., BIH T Y =68.19-1.72X,-
2.95X, —4.45X5 +2.73X X, +2.27X X5 =3 47X X5 -9.25
X-5.62X,7-5.70X 3, J5 250 W& AR | [ 953 Al
P<0.0001 , JAUTTIK AN 5 25 (P>0.05) , T AR AU 41
G RAF, ILAh, BRSSP R L (X)) B S A
Mo i LG (Xo) BRI ] (X ) 0 B 88 B 3
S (P<0.05) , % R 3R Z 38 BAE A B3 (X, X,
X, X5 X, X5 (4 P>0.05), HAS R R A gt —
WRFR, M IR ER, UEE R RN ISR 45
KR AZHAE A, UWLE 1, FIH Design-Expert
V12.0 B 13 Jr 57 i B B AT 25
Br ORIE Y SHLE BE S B TR N A E T
5 R A e A . B S 25 it L 14.17:1 AR
5B [ R L 3.8:1 AT TE] 13 min,

2.5.3 AR e BIRRALE AL TT , R R AR -
FF A% L DOTAP S8EAS . 1:1 B G 5 254 5
it 14.17:1 BER 5 IR BT AL 1L 3.8:1 & FA 5k
NELE 1:1, FH =S e B (8:2) il , T 50 C/Kify
FAF NI 25 K BN e 48T BE IR A
BI51Re B AR, m A i A pH 6.4 PBS,55 CF
IKE 45 min, TR AL MR 13 min,
i 0.22 pm LFLUENEAS 3] FA-BF-CLs, JUAS V344
HPRN 69.35% (n=3) , AL IS L E % 69.42% (n=3),

S 5 T AL R B, AR 2208 T 3%, 1B
Box—Behnken W 1 18] M 25 SR v 58 % T 244k i
HATHE,

2.6 FA-BF-CLs i FHEH

2.6.1 FA-BF-CLs WAMIEIEZR  FEZEHE T ML
BT 24153801 FA-BF-CLs, HAMILE 71
EREOFDOE, B FA-BF-CLs i& %2R 1 5 min
S, B AR 2 T8I A 22 A A, P 1) 4 D9 e | 1%
MIBEESIR 1Y 2 min, W T 2RSS 785 51 LT
U (TEM) N EEHE BiA /Y WU A& . FA-BF-
CLs 2R PERIE . HEILIE 2,

[E 2 FA-BF-CLs iy TEM &

2.6.2 FA-BF-CLs RURIAE A %S L FA-BF-
CLs 1t , FHEG R SORLEEN 22 4387 3G 2 B T A A2 |
LT ELRB(PDI) Zeta LA B9 R/ K A s L,
FHSE 3 R AS BRI ARAE A (135.5041.40) nm, £
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*x3 HEWME
PIA T BF-ATR BF-CLs FA-BF-CLs
EHITH 0=1.358t+55.74 0=1.363t+49.77 0=1.1391+47.96
R*=0.374 R?*=0.685 R?=0.714
— ) Ln(1-0)=—16.15t-44.50 Ln(1-Q)=—14.63t-42.43 Ln(1-Q)=—13.45t-47.44
R*=0.927 R*=0.965 R?=0.957
Higuchi /72 0=12.211"+39.82 0=11.631"+32.79 (0=9.6061""+34.08
R*=0.608 R?*=0.856 R*=0.873
I ERECH (0.19+0.03) , Zeta HL[74(16.23+£046) mV 120
2.6.3 WAMEHPERES L SRIENTY HOE 2 100
4% FA-BF-CLs . BF-CLs WE7F R 1A 1R AR Ml 80
g, WA, 1 mL, 2053 ABRrAsh il T2 ) srcL
~e- FA-BF-CLs
A 100 mL BTN PBS I (pH=74) 1, B F37 C w0 = BF-CLs
K IE LR o v AT R, S5 7 100 r/min, 43 20 B s
#F 051.1523468.12243648 hBH 1 mL 0 T T T T 1
0 10 20 30 40 50
BT, I B B FL , IF S BN AR R A FR I i/t
N « yy e - B 3 %5 BF 8% .BF-CLs 1 FA-BF-CLs B{£%
[ 37 CZs IV HERE .11 F IS BF 4 Bt W Bl BE-CLs « fodt
B (n=3)

I LU A RBBHOR (Q1%) . VL EBE
TR (Q1% ) Xt ] /v 2kl th 207 A7 7 B 45, WL
3. 3, S5 WRIFE BF IR 12 h (1) BRI
RikF] 97.86%+0.04%LU I, 1iiFA-BF-CLs Fll BF-CLs
12 h ZRURE i 5 50 5 4 75.70% +0.12% . 82.59% =+
0.06%;48 h Ji7 FA-BF-CLs .BF-CLs F 2B
A 93.94%:+0.04%K11 99.11%+0.03% , ik F| e K B
BEHCR: , A LT BF 7, FA-BF-CLs \BF-CLs
PR BH 25 BE BT IAR  R IR — 2 BRI I AT
FR¥E e HH AT K1 FA-BF-CLs A7 & — 4 sh 71 25
(R>=0.956 9), HAT R RE

n=1
0%=(V 4 2, CA+CV &)IM

VAN B BOAMIN B AR (mLL) 5 Vi
FOR BN BB B (mL) 5 C; 3R 5 | IR

FERE R T P 259 19V BE (wg/mL) s M FoR A3
25 & i (pe) .

2.64 WEIMIREE  HRHE 2020 FR( e A RILFIEZG
) O S I D) 1148 5 I 5 Rk SR A A " 4K FA-
BF-CLs .BF-CLs CLs X241 H A% L1550, A Je &t
HRIK AR 2525 LI L, BUREHE A 27 14
34l A 9 H GRS, Al 1~6 S5 RS
BTSN IYE IR 8 SAE A PHPEXT IRAE 9 5
B X B ARV 29%£1 40 MLE0R A 31
oK EKETK RS, LV E F(3720.5) CRYTE
A P TIRE 8 AN BRI R T LR
ZERIFR 4, G B =R RN 5%,
SRR 2020 ARG AR RN E 24 )
WK 25 25 K

RO T 25T E (ng/ml);C, FRH n W 265 FROMIILE LS B TIRRAS YR
F4 BOEWIEITAR

i FA-BF-CLs BF-CLs CLs
WOGEE(A) W INLAE/% WOBEE (A) B IL%/% WOBRE(A) B MLAE/%

1 0.01 0.29 0.013 0.66 0.027 0.28

2 0.009 0.15 0.012 0.53 0.02 0.19

3 0.01 0.29 0.01 0.26 0.013 0.95

4 0.012 0.58 0.014 0.79 0.011 0.68

5 0.013 0.72 0.013 0.66 0.01 0.54

6 0.011 0.44 0.015 0.92 0.009 0.41

7 0.008 0 0.008 0 0.006 0

8 0.698 100 0.765 100 0.737 100
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ARG B3 R A 2 — | A (IR S Ji i 4140
BRI PRSI R B AR B 55 671 Ha i ) 40 S A 2
HL W BV R, 7T BB 25 | 40 B A5 ) B 10 CR
CCK-8 ¥ % %< DOTAP (125 11 BH B 1 g o (4 X}
L-02 il HepG2 4iMd i #EEVE R . B E KR
L-02 HepG2 41f LA 5000 /LR T 96 FLAR, 15
AMMINGRE S IR R B SR HE BE 19 DOTAP (123
I BHES FHR AR (MR 0.2.5.5.10.,20 .40 wmol/L),
AW 6 MEAL, AREL A BE AR T 1 5% 24 |
J& , BEFLIN COK-8 VM, 4k TARIR S AR TP R 9%
RHIEAMAE 450 nm N ENAFLAOGEEE(OD) ,
SERULIEL 4, AN TRV BE Y 25 11 BH S B8 AR
24 hJ5,L-02 40k B 3 W E IR, &
SPSS 26.0 o3 Hrdia) 22 5 Jegeit 7 L (P>0.05)
W 0~20 pmol/L 1975 HBHESFARBAAE] 24 h
J&i , HepG2 40 L oA 4 30 BH S5 i 0 ol 1, 4L 1) 2 57
TGt L (P>0.05) 5 ¥ E 40 wmol/L I, A
BT HABHA G2 FE X (P<0.001) , 25 EFTR, 251
PHES F A5 B ALE R BE R 0~20 pwmol/L 3 Bl P9 X -
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