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Preparation and quality evaluation of co-loaded ginsenoside Rg3 and schisandrin
B liposomes by thin-film ultrasonic method
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Abstract: Objective To prepare co-loaded ginsenoside Rgs and schisandrin B liposomes (RS-LPs) and evaluate their quality.
Methods The co-loaded liposomes were prepared by thin film ultrasonic method. The formulation and process of co-loaded liposomes
were optimized by single factor investigation and orthogonal experimental design with encapsulation efficiency as the index. The
surface characteristics, particle size, polydispersity index (PDI), { potential, in vitro release and stability were investigated. Results
The optimal preparation process of RS-LPs was as follows: the ratio of cholesterol to phospholipid was 1:5, the film forming
temperature was 45 C, the volume of hydration agent was 10 mL, and the ultrasonic time was 15 min. The average encapsulation
efficiency of the prepared RS-LPs was (93.31 £ 2.45)%, The average particle size was (121.4 + 2.6) nm, the PDI was 0.261 + 0.024,
and the C potential was (—46.8 £ 1.1) mV. In vitro release studies showed that RS-LPs released 60% at 4 h, reaching a release balance.
The cumulative release rate of RS-LPs was 80% at 12 h, and sustained slow release within 24 h. The results of stability experiments
showed that there was no significant change in particle size, PDI and { potential of RS-LPs within 30 d. The anti-tumor activity of the

prepared liposomes was determined by preliminary in vitro cell experiments, indicating that the prepared liposomes had a significant
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inhibitory effect on HepG2 cells. Conclusion The optimized RS-LPs preparation prescription process has good reproducibility, high

encapsulation efficiency, small particle size, obvious sustained release effect and good anti-tumor activity, and the quality is stable,

which provides a reference for the application of Renshen (Ginseng Radix et Rhizoma)-Wuweizi (Schisandrae Chinensis Fructus) drug

pair molecular compatibility.

Key words: ginsenoside Rgs; schisandrin B; co-loaded liposomes; thin film ultrasonic method; molecular compatibility
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SB ({lt5 B21327, /% 98.0%) MKJH[EEE (4t
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Table 1 Frequency statistics of Ginseng Radix et Rhizoma-
Schisandrae Chinensis Fructus pairs in Chinese

Pharmacopoeia 2025 edition

B bbf]  SREGE /% | BOMRERG] BEGE H%
1:1 34.78 1:2 435
301 435 1:50 435
3:2 8.70 3:5 435
4:1 435 3:31 8.70
4:3 435 HAh 21.72

2.2 % Rg: 71 SB BE /A (co-loaded Rgs and SB
liposomes, RS-LPs) Hll&75EAER

2.2.1 BV K IREEAR . JHEEE . Rgs A
SB #%— % i & LLiA iR T & 05 A R A T
I e i 25 R A 15 5 . ] PBS YA VO T RS 3 47
IKA, R S A AR Sk P I A RO 7K A S5 B T I
IR AT o BB, P FE S T HE i AL 0.45.
0.22 pm HIZRKIERBRME, LL5E R RS-LPs (i) .
222 CLEEFENG BUEE Rgs. SB. K UR#HE
BT O GRAED, PSR AR R AR 212 N
AT, KV e BE S R R FL N AR PR
Wi K LA R BR R O, s, RT3
JRAA o

223 BHERELR WN—EEMERIRRERET
ELEH, JBNEEE.OHLH, 10000 r/min, E5O
B2 15.7 cm B0 10 mine 505, JRBURITE
TEE O RER, M AT LEH+. B
OS5 B 375 /N 10 B 8 28 B A Rl LR B 1) 918 ot 25
B, T . WEE A @ IR, TR RESR
B 1)/ R A B A 2% o B AR . USCBRDE VR,
T S I . BOTIERR A, IS &

WFTEEAT, SRR AT 2RI R . SRR R
W R R, FRFIE R R R, 3.
F AT A O H A d R BT E .
BEHRE=1—IFELGYEB/IRTRRER T MR

224 RAEEZ SRHS IR CHOCRLE 2 Hr SO
RS-LPs MPRLAZHEAT % 5. HF RS-LPs W UBN AT 5
b, SRS CEEHE S SR AR,
B AR IIE 3 1Ko
2.2.5 2 Mifla Uik AN EUTER 2 A7
A R R BUA R Bl R SR AR R, SRR IR 2
Fis, SRR, 5 ORHENEM, HEE AL
] 15 2 B0 Ml o M R R B g, DN (87.98 £3.97)%,
BRI, N (129.10£6.56) nm; H ZEEFE N
R CREAE LA R o DRI, 5 1k R TR P ik
— DR & T 2.

*2 HREBRZRSCEENEHENERFNEHELR

KR (X+s,n=3)
Table 2 Encapsulation rate and particle size of prepared

liposomes by thin film ultrasonic method and ethanol

injection method (X £ s, n=23)

il £ T ¥ (RS Fii2/mm
TR R 87.98+3.97 129.10£6.56
LFEENTE 68.17+3.53 141.50+7.16

2.3 HPLC EME RS-LPs B R HE
2.3.1 ARV IR RS PREL Regs. SB XTI
mE R, AN RIS E A, 19 2 PR R &
0.1 mg/mL R4 X HE VAT
2.3.2 AR IGECH] RS % 2 RS-LPs 1 mL
BT SmL &2HiH, MEEEZRZE, @502 30 min
WL, FH0.22 um FALIEMEEE, RI45 RS-LPs fiik
SR BURIN Rgs A1 SB 45 A JIg Jo Ad 4% b ik 4
VEAS B B i v W
233 it

(1) Rgstadll: iy Kromasil Cig # (150
mmX4.6mm, 5um); JIAHALNE-/K (55 45);
AR Y 1 mL/min; AWK 203 nm; #EFEE
910 uLs AEIEA 25 Co

(2) SB filll: €434y Kromasil Cig ¥ (150
mmX4.6 mm, 5pum); JBIAHAFEE-K (72 1 28);
PRI EA 1 mL/min; AN 254 nm; =
910 pL; AR 25 C.
2.3.4 HEMESL I8 2337 TN EIEEMES
R e W BT R S VA A A T B R R
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WA 10 uL, HEAERGHEAE AR, i3k HPLC KB
W R 1. 2 B, FEXS HEEORIRE & 0 A
NG E b, AR R A )tk g, Hin g S
Hirlgsyr & R, AT, TiELEE R .

Rg3
A

B U A

)

0 5 10 15
t/min
1 Rg: 338 (A). RS-LPs B{FLiR (B) Fz=HAERAF
L& (C) Hy HPLC [EiE
Fig.1 HPLC profiles of Rgs standard (A), RS-LPs broken
emulsion (B) and blank liposome broken emulsion (C)
SB

t/min
2 SBXIBR& (A). RS-LPs FZiA& (B) Mz=HMERE
WFLE (C) #) HPLC Bk
Fig.2 HPLC profiles of SB standard (A), RS-LPs broken

emulsion (B) and blank liposome broken emulsion (C)
235 AMERRFEE MEEIUSESEE, HY
B FRRERR 257 50, 100, 200. 400 pg/mL f) 2 51 %
FERAVR, HRHR “2.3.37 T g S FHERE 10 uL,
AT, AREIATTEE D78 Rgs Y=4.381 7 X+
2.5917, R*=1.0000; SB Y=15.136 0 X—0.320 8,
R*=1.000 0; £5% KM, Rgs 1 SB HTE 25~400
ng/mL G 5¢ R R I o
23.6 AEEEELE R ERBOS IR RIAT, R
“2.3.37 UM G SFAFEEREDIE 6 X, Rgs taill RSD
N 1.284%, SB £l RSD N 0.470%, KB ZAXZRAH
B R
237 FEtEg EEERESSEREE, 9
BFHIE)E 04 24 4. 64 8. 10, 12h, %M “2.3.3”
TR B 2 A HERE 2, Res A6l RSD A 0.439%,
SB i RSD 4 0.243%, 45K, Ak lre
24 h R E M RIF.

238 HEEMFEH FEEWAEGIER, & “2337
TN B EERE 6 Y0, Rgs Kl RSD A 0.798%,

SB £l RSD A 0.344%, 45 RERIIZLK T EER
PER 4
23.9 JFEREMERIELE )& R S E R A
TR, A alkEE MG E K. B & (104 40,
60 pug/mL) CLRJiT S L ) Rgs A1 SB % HE i i,
W HY 10 uL 3t HPLC Al 2454 5 sk B2, 11 5 H RSD
R MFEECR . 3 Res HIFEMEEENCR A
(102.9943.63) %, RSD A (0.68+0.34) %, H SB
P EMFE RIS (101.134+0.05) %, RSD N
(0.73+0.28) %, FFHTREHEER, HEtHZ
S0 HERA FE L
23.10 GHEHRGSHAEMNNE Re EAKF
RFEAR/N, SB AEAKH LT, Bk, IANAIFE 2
Wa] DLLE il £ 3 AR HPod i L IR It 5Bk . A
AL 100 uLRS-LPs, AW EEERZE 1 mL 471
L, #EE, H 022 um AHLAMILIERIEL, HL
SRR, IR “2.3.37 UM A A 4HE Res 5 SB
e E. WA E AR NEZ R,

BB R =1 MRS RIERARE R 28

2 B = 2 SR 5T A ) 2
2.4 RS-LPs#H&ILEML
2.4.1 R ZELK

(1) JH [ - e R LB 2 ) s IR FE A
35 C. KAFMAEF A 15 mL. #BAEHAEY 15 min,
{FRHFE - RN 102, 1030 154, 115,
16, 1M “2.2.17 51 J77%H % RS-LPs, #%Hf“2.4”
TR 7 E005E Res A SB B E R 5. 4%
W 3 Pron, QAR S AR HE g N 2 5
FHIGBE&ES . XA Re 2 A B s LU AR,
kel EIR AT RS E S G EE= S N P N A= T Fu
2 T AR R I Bk 25 s 1), (RIS R RE R 4 M AR e
PEAS R 51 R 25, FEEE . 4H
B SBEAR RN 1 S i, Rgy A1 SB ILE R4

&3 TREIPEEEZ-#AEREBLLNER
Table 3 Examination of different cholesterol-phospholipid

ratios
JIE [ - gk 3 2/% AR %
il a1 Rgs SB Rgs SB
1:2 59.364 3 51.166 1 2.994 6 2.3850
1:3 64.833 5 58.6353 3.3883 2.5787
1:4 71.201 3 67.003 1 3.6756 3.066 0
1:5 80.075 1 75.876 9 3.9859 3.5763
1:6 66.980 3 73.178 5 3.5329 3.3233
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HIEF) 80.075 1%A1 75.876 9%, HIRZHEDHIN
3.985 9% 3.576 3%, NG mEME . kR A [ A
5B RN 1:4~1: 6 #HTH— B 1B RE
Sy

(2) KA FR T E2 [ 5 A 5] B3 g ot &2 L
N5, EBERE N 35 C, FEARTEN 15 min,
KA FIAF A 51104 154 204 25 mL, &8 “2.2.1”
WURN J7 %M 4% RS-LPs, %M “2.47 UK 70 e
Rgs fl SB IR M2 & . 250K 4 s, B
B 5 A B KRR TRIG N 2 e Tt 5 .
XAf e R AR AT B R, KA A
A LM KA e 4, JE B PR
BHERR AR PR, (Hid BRI (>15mL) 253
BIRRTETE G RE IR KIS 2, RARIE K. oe s
PESZA, T PR AL 2% oK AFIE R 15 mL
i Rgs 5 SB AL 43514 80.075 1%F1 75.876 9%,
HWZGEN 3.985 9%A1 3.576 3%, HMEEFEKALFIARFA
10~20 mL #47 IEAZ IR 4k 21k

T4 FERIKFIFIREE R

Table 4 Examination of different hydrated agent volumes

IKALFH) e ERA WA/ %
RFY/mL Rgs SB Rgs SB
5 602747 540765 27476 29572
10 772274 69.0292  3.7310  3.5214
15 80.0751 758769  3.9859  3.5763
20 757633  69.5651  3.8883  3.4787
25 721170 639188  3.7630 29534

(3) RRBLIGR P %% (8] 5 B B 1 o &2 Lo Ry
15, KABFIAFR A 15 mL. #BA 8] 15 min,
15 R EIR FE R 30 354 404 45, 50 C, % “22.1”
TR J7iEM#% RS-LPs, %8 “2.47 Wi R 7775002
Rgs Fl SB U R 58 Zj&. SR Wk 5 PN, b
BEAE, BERERAELEE FAETHE. X
AR, &R AT AR R s M B

®5 TRMBEENELR

Table 5 Examination of different film forming temperatures

AR AL R/% WAE%

J%/C Rgs SB Rgs SB
30 620126 662108  3.0540  3.2636
35 80.0751 758769  3.9859 35763
40 941215 859233 45300 43204
45 822112 740130 41024  3.6928
50 69.0869 648887  3.6830  3.0734

KA RF R, IRIARTE 5% st 4 Res 1 SB; {H
S R, 2 FEUR PR SRS E,
HEMR, FHAHRANEAERMC. SRR
40 CHF, Rgs5 SB AL F4r 511K 94.121 5%
85.923 3%, #HZGE >IN 4.530 0%F1 4.320 4%, W
IR N 35~45 CHEATHE— 5 IEAS iR 564k
AL .

(4) AR IE]: [ e PR E R - AR oA 1
5, BB 40 C, fEARIFIARY 15mL,
A Y 5. 104 15, 20 25min, %M “22.17
TR 77924146 RS-LPs, $Z[8 “2.47 TR J7 10 5 £
HERS5HAE. R0E 6 fin, AEHESHAE
i 75 B ) 2K R T R B S A A 15
min G 3 2R A2 AR B, WA R R )
9 10~20 min #4722 IE S 4k 2L AL .

#z6 TRIBHERENER

Table 6 Examination of different ultrasound time

A I BER/% AR/ %
&) /min Rgs3 SB Rg3 SB
5 73.265 8 82.836 6 3.9275 3.876 3
10 89.382 8 84.638 2 4.464 7 4.0752
15 94.121 5 859233 4.5300 43204
20 78.537 8 69.562 2 3.764 3 3.2653
25 75.536 3 66.688 6 3.8332 3.1997

242 B WREERRERSLESR, wit 4 K
K3 KPIERIRIEE (R 7), 4 K575 H -5
RERELEL (A). BB (B). AKWFIAER (0.
RIS (D). Wl5E Rgs Al SB (T3 E Z 57
WaiE, JFURERPIEENGETS: %
W E RN ARRR, LS AR RARVE NS R, 15 3
g IR At 1) % 2%

I IEAZ R 0T, B (R K /NE R
W7 % LS H R R ERE. TES
Frasi (& 8) R, HUBEEX ARG T2
(AL F R B N 2, T KA B 5 M A
XN o SBME (KD R BT & 2 AEAN R KT R
HERRAES . HIEZREE R TR, N2 Re>
Rp>Ra>Re, [HIES B 22 K/ INE A H 25 AN 52 R
LRI A B>D>A>C, #E—5iil il RS-
LPs Mt LEHE N ABsCiDy, BIIH[A B2 -5
JRELLAN 115, BRI A 45 °C L AKAFHERUA
10 mL. AN 15 min.

243 WFTZEUE  HIERZREKFRY, RS-LPs (1)
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Table 7 Orthogonal experimental factor levels, design and results
FF5 A B/C C/mL D/min I ELE /% TR E/ % LRI
1 1:4() 35(1) 10 (1) 10 (1) 78.345 3 4.1187 41.232
2 1:4() 40 (2) 15(2) 15(2) 76.521 8 3.726 5 40.124
3 1:4() 45 (3) 20 (3) 20 (3) 85.2795 47358 45.008
4 1:5(2) 35(D) 15(2) 20 (3) 77.976 5 3.7811 40.879
5 1:5(2) 40 (2) 20 (3) 10 (1) 65.0855 2.6534 33.869
6 1:5(2) 45 (3) 10 (1) 15(2) 91.490 6 52453 48.368
7 1:603) 35(1) 20 (3) 15(2) 79.940 8 3.705 7 41.823
8 1:6(3) 40 (2) 10 (1) 20 (3) 67.5713 2.862 8 35217
9 1:6(3) 45 (3) 15(2) 10 (1) 69.942 4 2.774 4 36.358
Ki 126.364 123.934 124.817 111.459
K 123.116 109.210 117.361 130.315
K 113.966 129.734 120.700 121.104
R 12.966 20.524 7.456 18.856
w8 HENH KOG BRI IR AR i, ORI B35 T IR R %K
Table 8 Analysis of variance R, I H AT 2GR AR E 4 B R PR R
RERIE  CFIiA H hE Fil BE etk z. g8 (K 3) 8w, S EG %1
A 303451 2 32633 K RS-LPs ZMH08547, RIMBLZBSRN 2%, 7561
B 7401 2 80256 & IR R B (B R s R K
C 9.298 9 2 1.000 0
D 59.268 6 2 6.3737 G

AWM TZSHONRE - SRR EL 105, &

JER T 45 C RAFIAARFR 10 mL i 75 B 18] 15 min.

TELEAT FHEAT 3 40 PATIESESS, 459 (R 9 3

R HIAF ) RS-LPs H~F3 3 % 5(93.314£2.45)%,
w9 HIRETEZWIE

Table 9 Preparation process validation

e P E R/ % KifE/nm PDI CHLAL/mY
1 95.43 118.9 0.239 —45.8
2 93.87 121.4 0.258 ~46.6
3 90.63 124.0 0.286 ~48.0

SEME 93314245 121.4+2.6 0.261+0.024 —46.8+1.1

CHALA (—46.8+1.1) mV, “FkifEN (121.4+
2.6) nm, ZBEEEE (polydispersity index, PDI)
790.261£0.024, BLZ T ZEFE AT .

2.5 RS-LPs BJREIFMN

2.5.1 RS-LPs KABURIMIIES 028 17Kl
7% Rgz-SB VR A X HE SR (RS) (2 Flor R 7% 0.1
mg/mL) 5 RS-LPs #5h, 117 RIS ZS 45 i T 0
52, 5 R, RS-LPs 14 5 52 30 317 fics A 73 BAURFAIE
EEAA T EAACRSHIOMEEREAIL 5
Xof B VAT ) VR O BIR S T B BT L. g —20

3 RS-LPs # RS & RAISNILAN T IR /RBL
Fig.3 Appearances and Tyndall effects of RS-LPs and RS

solution

2.5.2 RS-LPs MIMEARIE B RNEE S 25
FERREIG , B S uL 430, 3595030 M40 W B dk R
M, 2 HRTIRE R 2 mg/mL B RIS TR A 4
ACER, FRRTEE BT H ST S-3400N &G ek T
B RS, Ba R (K 4) EoR, RS-LPs fE/KH
NIRRT BRI 254, AR S A X AR 100~
150 nm, kLI SR 0T #E, 2R T A S BB 2 VTR
BUREMA

2.5.3 Kife. PDI K C BAAIMIRAE B ARIFE S iE
NAFELE AL, 385 /R SCEOERLE 7 GESE 3
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e RLAE 5 A Je PDL. 455 (B 5) B, Hil57°F
BIRAR 12 EAR N (121.30£2.50) nm (n=3), #F
H YKL RGO RAR LR TE (<200 nmD. Ff
BT T % L3R Bk (RS-LPs) 1A & PDI {H
FRELE 0.27610.015, WEKT 0.3 MG HRME, iE
SR R S IR AR 3 AR

Magesatnmsd &

4 RS-LPs Y TEM
Fig. 4 TEM of RS-LPs

i lb 160 1 600 10 600
Fif%/mm
5 RS-LPs AJfifR
Fig. 5 Particle size of RS-LPs

254 FOETERIVEOY CRIEBUAETRE T4 CHIE
R A — BUF ], IR R 5 B TIE LA s
[, FMHBIEOCEUREOR,  XHZEBR ¢ Bz
ke PDI (ARSI DL HEAT M AE - RS-LPs £ 4 C
FAT N ORAF— B (] B AR E MR 4 R ik 10 B
e GURRY], FEERAWEWIN, 8RR
TRAFIAL ARMEER R ZDT0E: RN, ke, O/
%10 RS-LPs /&if7E 30 d AHIRREMLR (X+s,n=3)

Table 10 Stability results of RS-LPs solutions over 30 d

(Xxts,n=3)

td Fif% /mm CHLAT/mV PDI

0 138.20+5.81 -457+19 0.289+0.018
10 132.10+5.32 —-48.6+1.6 0.252+0.017
30 133.60+6.01 -478+18 0.259+0.021

i S PDIH S R4 HAREG, 3Rk A 1 B4R,
IXUEBA T RS-LPs RAE 30 d YIRS 2 M R 4T
255 MRAMBEBCRNGE WA IIRE S E T E AR
P EAHERR S, B JEIRIET 500 mL pH {EN 6.5 1
PBS &AM . 78 37 CHIEH /KBS, PAEES>
Bh 50 FEEERFEENTE. 7E 0.5, 1.05 4.0, 8.0,
15.05 24.0. 48.0h, L 1 mL £ 5, FEEB#h 785
PARAR HRL AR R ST A5, DA e AR Ak A 1 24

T, FFIrERPERCE. 458 (He6) £, X
FHEMTIEERS, RS-LPs A1 RS $J7F 1~10 h A
HNPEIICH FE ARG BB . RS 7E 48 h ) BRI R
T 100%. RS-LPs 7F 4 h B T 60%, EBIBERCT
f7; RS-LPs 7£ 12 h I ) REVBEEN 80%, 24 h
W B AR R

100 1 Rg,

80
60

40

RBREIE%

20

0

t/h
1007 o

80
60

40

FHBVBIE%

20

0 10 20 30 40 50
t/h

&l 6 Rgs#N SB 7£ RS #1 RS-LPs Yk BIRREAE
(X+s,n=3)
Fig. 6 In vitro camulative release rates of Rgsz and SB in
RS and RS-LPs (X *+s,n=3)

2.5.6 RS-LPsX] HepG2 AR HIHIHI/EM ¥4 HepG2
YHAE T 10%06 4 M35« 100 U/mL % 2 & 100
ng/mL HE5E ) MEM #5737 4EH1 37 C. 5% CO, &
BrE, IR B RIS AR EE S 80%I,
FE T 3G 7RI T PBS e 2 K. MO 1 mL iR
R AT 2 min PG GRS FR, e
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el IRtk DASRAG AL T 0 Hi A A r 4 o 4t f 482 51
AT . SEIG N IEE XA ek R LK
H: IAAIE R EE R RS-LPs A1 RS -1l 24 h,
ZERNEE 11 fn, 5 RS HHEL, 24 RS 5 R
AR, $EE T % HepG2 40 B I FIH] %

2.5.7 Calcein-AM/PI X056 f T- Y %% RS-
LPs [fusmim Pt R HON £ KA HepG2 4 f %
FiT 24 FLIRAN, BFLAFDR 0.5 mL, EHMEER
1.0X 1054~ /mL, HTF 37 ‘C. 5% CO, ¥ 7177

24 h, AN RS-LPs Al RS (RS FEWKELN 100
pg/mL) T-7i 24 h, Fl PBS Peiskdif 2~3 W%, R
FFFLII 500 pL #5851 Calcein-AM &, T 37
CEFRFETPEDEIE S 20 min, ] PBS WG4 3
K, FHON 200 uL #BE S PLIET 37 CHbG
SN 5min, PBS PEE4HIML 2~3 X, B TRIEEM
BN, SR 7 MER 12 For, 52 MRS
X R IBAE LE R Fe A BOIE BT A4 1) RS-LPs, B
A B R AN B R T, SRIN N AH M A R R

#F 11 RS-LPs #1 RS 3 HepG2 fAAINFIRAUE (X+s,n=3)
Table 11 Determination of inhibition rate of RS-LPs and RS on HepG2 cells (X £ 5,7 =3)

22 i R/ SHHEAN /% U IR L/ SHIRAHI /% B AR/ YA/ %
(ug'mL1) RS RS-LPs (pgmL™) RS RS-LPs (pgmL ™) RS RS-LPs
5 6.37£0.36 13.56+0.72 40 37.74+1.90 68.4343.49 100 68.10+3.49 81.77+4.22
10 11.11£0.60 31.36+1.63 60 47.51£2.42 71.52+3.63 5 6.37£0.36 13.56+0.72
20 16.28£0.87 48.05+2.45 80 59.75+3.13 75.4243.81

RS-LPs

Calcein-AM

Merge

7 RS-LPs#1 RS %} HepG2 AN & RN AT LG
Fig. 7 Double color fluorescence staining of HepG2 cells with RS-LPs and RS for apoptosis

% 12 RS-LPs 1 RS ¥} HepG2 ZHAEAIN A BT HE
Table 12 Double color fluorescence staining of HepG2
cells with RS-LPs and RS for apoptosis

2051 7 &/ (ngmL™") HHAFIE %
xof HR - 100.00
RS 100 63.55+5.64
RS-LPs 100 19.55+3.44

b, HA @t S8, Fu RS-LPs HA
Ul

2.5.8 Ui AYN M TR HO H A K
IR HepG2 4 A T 6 FLAR PN, RFFLIAFT 2 mL,
BEREEEE N 1.0X10°4mL, BT 37 C. 5% CO;
B IRFERE % 240, I\ RS-LPs Al RS T-1§i 24 h, M
FETRA &, KR A B AR e Rk 7 & i
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A5 4000056} 2 Fr 4 310 ) Hep G2 40 M3 1= HEAT 43 Bk
M. B8 LB T RS Ml RS-LPs % HepG2 4 i1

7
a 19 QUL 066%) Q2-UR (1237%)
10°
< ]
5105 o
=9} 3
=
10° 4 .
O JQa-Ll (71.34%) Q2-LR (15.63%)
T T 'I"ll | BRI ] "l"' T T |"'|l L . L ""'I

10* 10° 100 107
Annexin-V FITC-A

HIEZIE, ST 257 RS-LPs JG QAR IEE N 63.14%,
B AL T RS 4H (71.34%).

b 10773

Q2-UL (0.59%) Q2-UR (21.65%)

10° 4

105_.

PIPE-A

10%

4 Q2-LL (63.14%)

Ty

Q2-LR (14.62%)
LELEAELL R AL §

10* 10° 100 107
Annexin-V FITC-A

8 RS (a) 71 RS-LPs (b) ¥} HepG2 HAEAIN RN FATHE
Fig. 8 Double color fluorescent apoptosis staining of HepG2 cells with RS (a) and RS-LPs (b) for apoptosis

3 g

AR FLCAE WA NS - TR T AT 5,
T A E 28 USSR IR R R ESE oS AE O T 7
ATIRIE ST R EIR, NS-F T RO i
FIRE N 101 CHEL 34.78%), #EILiETTH Re:-SB
ST X TR AR ZE . AW
I FH FEAIG S5 i) i) £ 7 Rgs-SB AL R ik

JIEJ5R A 1) 1) 6 7 v 2 A B 0 B AR
Sttt o iE G k. AR NVE S BRRTA.
WFZRRIE AR L. BR A%, fEH%
JE AR, BRI — Rl 2 7 VAR IR .
T Rz NAKIEVERLZ 25, B I I 53§02 AN
FERE R RV, A B R IR R AR NVE; SB A
Hoplate, FBEMHEAE KT REMREAR, Rt
Hil# 77155 Rgs MIA .

SEEZVIMTERT, R R AR N
il %% RS-LPs. &5 R R, I S 15T & 15201
JEF A EE R E, N (87.9843.97) %, HFifz
B/ (129.10£6.56) nm, 1] G2 K] A R e vk a8
o A HURIR S IR s RE B, IX BRSO
PERR TS SR AR, (LT s S A KR T i
b, I IR F Re (E E MR AR I35 2 70 B, Ok
D RIORE T e, ATTIAR B /N RpRiAR . I HAE S
JERE VL, T S G T S AR AR A A LI 5
B, SRjEmeE ieiE ZA R T AR B R, R
FREE LY RS A1 e ot R o X AR iRy e i A
BB 2> A P HES, T RAR T R e B35 51 ) i 2

Heo T LEEE N AE R 5 i o 1Y) LB DR i
AFPKAA B, ERA SRS, BT AR SKK
PRIFUR A, AR 73 HIORT SR S 1 R A X By i A
BEHL, BRI, A SEI6 R FH RS P vod SRk g o ¢
AT %

(EESES LR DR RS AT SE A
8 T ELt (1 25 B TR B A i AR P L,
FLIE M AER A AR R . AL,
IVNAENR AT B0 EE NI AR5 I TEG, AT 4 55 24
PIBRGTTROR . EH B R MBI A #E 5
MRE BRG], ZiflREG. BUBREE . BA T, @
FEIFA] . RATARAERY, R AR S0 b3 A 3R
H AR R ] - LA FRAIR P« KA R AR S
P TRIEAT 552, A At 2 B 25 LIS EL PR 18 T
SIS INE FRRAE S, wIRERE i T BE A I
EL g N, BER ARG BN, A BT 24
L MU ANATES AR IR AR, TR m s, H
LHER SR N, S TIRAM SHENES,
R ABRE/P), A, WEREEBBRE. K
PTG Tt 227 52 S K = PR A 35, AT REZ
BN i 2 PR 2 (R 1, s 7K & 1 T AL
Ro MEEE KL N2 TR REV R KR T
PRI EZ RS, R 8 A8 45 B 7 2 T PR AR ELAE P O
AN, TS 03 R o RIS, Bl R 4 e 7
)R 3G K 2B e e WAL RS, ROV = REms
e v IR AR B 7 Bk (A R h ORI T R
RIEIR I RN B — 28, SR sl B
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2RISR, REFAFEER, AR 0AR A
BRI, HEEBSERERZEK, TaEes]
IR KRR L, RS A TR e, Sff
R AA A ) Rgs Al SB R AR, BE A0 ds 5 (%
Ko T BEE N AL b R e, RS &
P T BRI . BEE R R I, R ISR
KNG R AEAR L, K IR 7 B () A e 3 300
(IR 2L IE I B B 28, DRI o T i
G AR B AR T2

AT 5 38 T i ) 1 S 28 T O A 11 R IR AE
HEAT T 22 4 B 82 BH 1 1) 4 1 3 28 1 o A ) 2
FaEtk, [FIRFIe v DO 22 i) %5 1) RS-LPs 7EK
mEAAM, Haoieys), HraREadls, K
HILRRSS ZIG, AN TR RIG =4, i
B T ) & (10 L 28 T o2 A 4°F 6 DR D T O 4 11 4 B A
SEVEER . O T LR v 4 1R L2 R o 4 (R RO T
A, AWFFCR ISR XU RS-LPs 3247
RGRAL, RO P 0L aEIR oA S 0 R A1
IIEUE, TR AR RGN RS — PR i R
Ko I RARRHIE AT 20 AT A T8 AR S 45 1
LR AR IRL T R IR S AR e, HAE
30d WIMARENE R, Ui BH B A IR 3R 800 o A )
Al RetE S .

BRI AR AR TR 6 2 B 25 W) T A T TE] PN
JUTP5E AR, H 2 Fh2g¥oe R o A v (e o
SR T RIS, SO HIRETRE R, X R
W ZGVITERE A P 4R T B AR e . R
T A T SRR TR AR e % SR A O S 25 ik ik,
W 2 m R YAE S I T SR o B I A A AT R A
My, HAEARRMPUMEER, REHE
] HepG2 434 5H, 7E Calcein-AM/PI X475
JEPH T Yt Caleein-AM X6 40 HEAT G (4,
ST 4 i o7 R SR O, TITVE A% G 7 PT WA
S Y B 8 R T B TE A AR, (SO FE A0 AR ) A A
ITYetn, RILT RIS ARSI BOIE AR RS AHEE,
T LR AR AL B SS [) Res AT SB 414 [ 5E4N R
BRI 2, UiHH RS-LPs % AL R 1% HepG2 4
FafFsIfER .

0 3 A4 B O A I — 2B BRI T IR A
A TRk AT U . ETIERYE  Annexin
V/PL XU GA I 45 & Re SRS LRI 73 1T 4 DM RIR,
J2 P IRE /R A AnnexinV-FITC B{ PI 4Lt () 1E %
M. 2 EFRFRHE AnnexinV-FITC Al PI 4etafy)

PUmARrgie . 4 N IRACEAS IR E V-FITC 44

BRI T . A EFRARYE AnnexinV-FITC

1 PT Gt ) F AP T4t i, DA ARG HAVE T4l i, v]

DL H RS-LPs X Jieg 48 iy 400 il e 77 S5, o

JEMRTELF, RANEFAIERT CIE5E RS HIPL/H

JEBCR, U T SO BRI, L

EGURE I NSRS % .

A FIE T FRULEE R, LAS- TR T Z5%)
NI TS G, i Rgs-SB o FECHZY), FHH530E
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