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W OE: BM MEREFR AP FAE (Lac-CTD-lips) MBS & T2, @ ZHEEMNEWITE. FE
K FH 9 I 43 02 £ Lac-CTD-lips, R GC-MS i PHE R & &M 5%, DB RINAHF TN Tats, B nE
FEERAGIELIRT, Ak Lac-CTD-lips il TZ, JERHEATRAE. Q. Fift. Zeta A% %L, 55  Lac-CTD-lips
AR DT B - E A R SRR HE EE (1220 1 5), 10%FFMEE: &4 L2850 CHUE, 30 mL pH 6.0 1) PBS &Kk
JE, 40 ‘CF/K%E 1.5 he FifF Lac-CTD-lips /MM B IE A, KTTRARRA, REBIERE, THHE. FIREN (123.9+
4.8) nm (n=3), R&ESA EHIE, Zeta A (-0.36£0.81) mV (n=3), HWHRWIE 75%LL L. i€ GC-MSEAT
HRERNEENE, ERRBERH & L2HRE WS, 30 Lac-CTD-lips B3 %85, KAt/h, SIS .
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Preparation process of galactosylated liposome of modified cantharidin

Z0U Man-shu, ZHONG Si-yu, ZHOU Li-li, QIAO Yong, YANG Jing, XIA Xin-hua
College of Pharmacy, Hunan University of Chinese Medicine, Changsha 410208, China

Abstract: Objective To optimize the formulation ratio and preparation process of galactosylated cantharidin liposome (Lac-CTD-
lips) and establish its methodology for content determination. Methods The method of determination of GC-MS cantharidin content
was established by film dispersion method. The entrapment efficiency of cantharidin was evaluated as an index. The preparation
process of Lac-CTD-lips was optimized by single factor and orthogonal experiments. Its surface characteristics, encapsulation efficiency,
particle size, and Zeta potential were also investigated. Results The best prescription was as follow: cantharidin: hydrogenated soya
lecithin:cholesterol at 1 : 20 : 5, 10% galactoside, film-forming at 50 °C, film cleaning with 30 mL of PBS solution of pH 6.0, and
hydartion at 40 °C for 1.5 h. The resulting liposomes exhibited a pale blue opalescent appearance, a spherical particle morphology,
and a more rounded surface with no adhesion. The average particle size was (123.9 +4.8) nm (n = 3), the particle size distribution was
single-peak, the zeta potential was (—0.36 + 0.81) mV (n = 3), and the encapsulation efficiency was over 75%. Conclusion GC-MS is
suitable for the determination and analysis of cantharidin content. The optimal preparation technology from orthogonal experiment is
stable and reliable. The obtained liposomes have higher encapsulation efficiency, small particle size, and good appearance.
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5 AR S PUREE M A 280k, BA RIFAY)
ZIFIEETR, AEPUMR 25 R R R R R HERH
Al 505200, TSI R 4 A PR A A 25 M R B 1 2 A
(asialogly-coprotein receptor, ASGPR) 7R FLHE
Ak, AR R AR R, EE A R R
Jiifh (CTD-lips) Zh B HUAA e RGN R, A
IR ) O R 2 . B R oA FLBE AL (Lac-
CTD-lips) J& T EFhFE R T, BEIES T 29700
JEERALI BRI AL, SLakb T 2t oAt AR #4217
EERIER . SRAEALRT A B T AR ) 23 Rl R
LA FUNETY, ASZIGHT ST Lac-CTD-lips HI4L T
Be bb A 2 T2, DARWIPIR R LB, H#5
Lac-CTD-lips ill % (I PIAT 1. ABEEZEIT W
W 5T B e H A, Sy AR 24 I RE [ S T R 5 N FH
PESLIGAR I .
1 NEERG
1.1 &8

BT RF, L 2RI FA IR A A
DF-101S SRR IR I #1148, LT T48
A BRA A 5 980% e 78 24X Buchi A 7] ; KQ5200BE
BB s ey, Bl s A RA A
GCMS-QP2010 Ultra, ¥t i A=Y ARG IR A H] 5
MicroPette Plus FIEFR KA, KM F R A
Al BREGEFAL, TOR Z AR AR A PR A F
DF-101S #ii%iteds, WX THEEFARAF;
Zetasize ZS IBICHNAKNL N AL, FEE Malven
/A Tecnai G* Spirit Twin 3% 5 B T 21445 (TEMD,
Thermo Fisher Scientific /2 #]; Moticam pro 282B %{
MRS R4, 22w B SOl AR A PR A A
1.2 MR

BEECZON IR, PEE A R e A, it
5 110783-201105, i &7 £k 98.6%; PFEEE R 5k 2],
PO B EE R R A R, #i6'5 TZ180408, Tk
I3 8199.4%; A KE R Lipoid S100, VEHTH,
HH Lipoid A ] H[EEE, RERITIKA) s FEE,
ik, #rE 4 (Spectrum) A HRAF; HE
BB G-50, Jbntfb B A HARA R ITE A A
Triton X-100, B Zj5E R Z G BRA 7] 5 UKEEFE
IR AR R AR 1)\, EZERIER
FIEBRAT, FRESE 99%; HEEE 2Bk 170
H, FEDE90%, L= HEl; BHRE M, 1
RICHERIE M BIR AT SR &4, | &ilisk
PRI T s =& H b, W HLRA AR A

MK, EEaEYRF EARA .
2 FAEEHR
2.1 GC-MS 2EMEFENEL
2.1.1 B4 DB-SMS BAIEH: (30 mX0.25
mm, 0.25 um); SAEE 270 C; FFFHE:
SIRFE 60 C, % 1 min, /5L 15 C/min JH&E
260 C, fRE 10 min; SN Ny, HAERGE 1
mL/min, 73t 10 0 1; #EFEE 1 pl; BRI
PLBEZE K& >5 000, 204 1A] 25 min.
2.1.2 JEEERME ELUEH FRRERE 70 eV; BT
PRHEE 230 Cs FREATI G 270 °Cs 538 H &
1.40 kV; EFRIVIEIRH] 3 min.
2.1.3 XSS NARETIRIOECH] R SRR A
X RS 10 mg, I EEIE AT 100 mL S, #82,
SERAF R EWRE Y 100 pg/mL 0 BE VAW K25
FREL 150 mg +/\ BT 100 mL &, F B AE
HEBNE TR, FFREEBIC1 mL T 10 mL 2
t, HAWEWEERZZE, BREREN 150
pg/mL )\t FE B AR VAR . R % S EBE 2 30
HRSH VA 0.7 mL, X B[ A ARVER 0.6 mL, HEEE
Z10mL, SRER. /el & rn B
2.1.4 AR VAR IR T

(1) 2558 ) s AR A S VAT R A AT
HATR SR A0 R Ak J7 LA, s 25 AR DT 2 25 - A K 2 B
JE-NEEEE 1210 © 2.5, 10%#E[E) 4> FF 500 mL i
TEH, A= T A E, 40 CF H2 e
B, JRETE 12 h, 50 C RIIAZERER pH 6.0
1) PBS ¥ ¥ 30 mL, W4t 30 min, #iFEKA 1 h,
RIGE A 10 min, WRKXKIE 0.45. 0.22 pm ffLUE
JiE gk 5 B #3 Lac-CTD-lips %7K

(2) EARRFARMHRSER: BRAMARER
W AN AR A [F) 2 2538 1) i oA P 1) 5
2.1.5 BEFMT /)RS Ffe #%2.1.1”
“2.1.27 WA TSRS S5 A, IR EE T\ BEiR A
X R A BOEAT I 5E , 285 R WL 1. R F GC-MSscan
BT T BB R RN R+ )\ R RRAE 5
T, BEERMEHEE TN m/z 70, 96+ 128, + )\ ki
(KRR S TR miz 43, 57 71. FH sim BRI &
NERR R B E R & &
2.1.6 LREMHERE % LR GC-MS &4, e H
B, FAMRFA. +/Usx B, B R\ bR
AXTIREATR, R (B 2) RFEFIAH AL
a R T, R LR IELT
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Fig. 1 Mixed reference solution (a), cantharidin characteristic
ion (b), and octadecane characteristic ion (c)

2.1.7 FRAEMIZEIEE ST PR IR 43 A A I R B
IR SRS 0,024 0.1 0.3, 0.7 1.0, 7.0 mL
TEOET, gt )\EH EENFRER 0.6 mL, 5
FH e R I A2 T £ 1 FR s v B S AR AR 10
mL. % FiR GC-MS ZAFE TR,  LAINAS (%) B2
ENEP ARSI 7 AN o Sl TR AL R E s R LY
(Y, BRERTEIREARALSE (X, ZflbrdEh
2k, [BIAFFEN Y=48.738 X—0.023 4, =0.999 9,
VL PEZE R AE 0.22~77.98 pg/mL S5 ELE R
UM R

2.1.8 FEHELS  FHRS MM RS 5 RO 2 2 T R
AV 0.7 mL, PWIARR 0.6 mL, EAZE 10 mL {E
HIRE NFROT B A, 4% iR GC-MS K fFES
HEFE 6 I MERE R 51 )\ el i A LU ) RSD
BRI 1.5%, B RS 2 YA RE R R I — Bk
FFEESKR.

2 HERE (. RENBEREERE 0b). TAERE
SR () 1 Lac-CTD-lips ;&% (d) HI&iLE

Fig. 2 HPLC of methanol solution (a), mixed reference
methanol solution (b), blank liposome solution (c), and
Lac-CTD-lips solution (d)

2.1.9 EEMRE KEERHSK Lac-CTD-lips
W6 1y, By 1.0mL, hi 10 f5EHEE (2.5 mL)
L, 0 0.6 mL AR B, EAE 10mL, %
ER GC-MS &Mt TG, SRMERE T\
U THIAR LLAEL ) RSD {HoN 2.5%, RAEE MR LT,
2.1.10  FRmtEiRnG RS S I A% G I B A 2 A
WEER, 23T EHE 0. 24 4. 8. 12, 24hit
FE, 4% EiR GC-MS 5T IGE , TR E ik
RS AR\ BTz b, 738 BEE R ftil i
TR RSD HH 2.3%, Ui B SR WRAE 24 h Y
FIE

2010 IREECRRES R E =L 0.25 mL
2 EMRTAR 9 43, 3 HE 9 AN 10 mL &I, KX
3 NG 2 H R I VA 014 1.04 5.0 mL;
MR )\ BRI & 0.6 mL, FHEERAIFERE 10
mL, BPfF. 4% “2.1.17 DU &g, &
H AR 3 ANTEIRE T FEICR 255008 102.32%
101.74%- 96.54%, RSD 7354 2.6%- 2.3%- 2.3%.
22 FERIABHEHNESE

221 WEBOTERES. ARSI E TRE RN
ORI o A P ) £ v, 3 P R SR B A v
HARER J773 NFREL Sephadex G-50 £ 4 g, FH751%
KGR, TR, FANPR OISR (30
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ecmX 1.8 cm) 1, #FE 20 cm, HEFRSIE, FHYEH
AW P A ¥, 7331 Sephadex G-50 a4t .
R WL EL Lac-CTD-lips ¥4 VIE & 2 7 S A TS,
VR LA — e VUi T ¥E i, & 2 mL PN 1
B, R, BT 0.25 mL PR A
FH ARG, o 75 (0 BT 5 N 0.3 mL P BR¥
HIEEA R SmL, JEd/5H GC-MS #HE54r, Wl
ERERMTRERNEE. WERRARRS, i3
TR WEFL, TTEHMTRERSENE, MRk
Lac-CTD-lips [/ 3%,

222 WIAAIRIEL  H IR AR, BN
0.25mL, 25N 5. 104 20, 40 f5FHEE, 5. 10,
20, 40 K LIE, VLK 5. 10, 20 %5 20% HhH7 i@ %
Wi, FEFE R, F 0.22 um RFLIERE e )5,
Fl GC-MS HEIIE . WAFFEE HRAEfREIE &
E S RETTHHERE, 3 s, FEERFASCE
welf, H 5 A& ER LR AT B FL

223 ANFEREBUEFIRELE FEEWRI 3 4 Lac-
CTD-lips W, % 0.5 mL 4, 2375 7818 7K . 0.9%
NaCl. pH 6.0 ¥ PBS ¥ LA 0.5 mL/min &F &
BEATVRME, HADERAER “2.2.17 WUR 5, Yol
CAZEVE/K TR A, AR B S /K PR i AV T A AG 15
B EIEETEAE, FUMRZERK, pH 6.0 [ PBS
et RAS ARt Hb 73 53 A8 B AR A B 2454, s 3%
AUANE TR R A R WA 3, [
R BARTICRE SE e it Tk, S iE ok, 1% a
JIRGFARIE,  Fi BRAARTE 32~56 mL #0E M H K,
U b A2V T R 25D 0, i 2 AE T2~
78 mL #UE M k. PeMtEA B R 1 5, B IE
AR B 25 o S R A .

a

a-EmifA bl A
a-liposomes b-free drugs
3 Lac-CTD-lips Sephadex G-50 PBS ;3% ph%k
Fig.3 Sephadex G-50 PBS elution curve of Lac-CTD-lips

224 AFEVEBAFREESE %R 3 4 Lac-
CTD-lips W, % 0.5mL, % “2.2.1” T N K72,
Iy AZMEAKLL 050 1.01 2.0 mL/min [IRFR I &
ATV . G5 TIR, 3 e it i85 35w ff AR o 4
S 2k BRI 8, (HaHRG —E
K25, 35N 40.1%. 49.6%. 89.1%, [KlIik##
2.0 mL/min ARG ST HE .

225 A EHEMFEL K% Lac-CTD-lips
WL oy 3 EAE 0.25, 050 1.0 mL, FIZEMI/KEL 2.0
mL/min FIARFUR R TIEN, HARERER “2.2.17
TR k. SRR, FFEEHN 025, 0.5 mL i,
BIAR SR 20 R, BEZESHN 78.9%
A1 89.1%. EAEEAN 1.0mL B, AIfgh T EREE
K, FEERER AL E, P h RS H R I
ZHRERELAE, REMRAK, GHERNHN
62.9%. FIT LA /NS85 22 . BURE B {8 45
HHFERE, EFLFEERN0.5mL.

2.3 Lac-CTD-lips HI& TZER

2.3.1  JRFUAS & TR R R

(1) HEHOE: RIS HERE. 3
R V0% EAREE S, RS ET T
SIS A H S T = SR, 50 C Uk 28 R R
AHUER], TERIISINREE, I 30 mL pH 6.0
FRERZMI, 50 C/KE, el 30 min /5474
FEKE 1.5 h, L 12 min, T 0.45. 0.22 um
TFLBERE, BIfSfE i . B IRk, G
KA 86.8%.

(2) ZFEFENVE: FEEMRIUBENG . IHERE ., BE
R 10%M LA S0 T, FOR S gr i
S A B T ToK 2R, VR KV I E
FEIEY GHARD, FTS Va4 fLR i 2 aR1g &)
HHLE N FMEIR 50 °C pH 6.0 [t 30 mL fRE £h 4% i
W OKAD H, NS R iR ashidt, J
WEAR Ol HAEHE 30 min. 50 CHFE
20 min, KA 12 min, & 0.45. 0.22 pm HFLIE
B, BIAFE 0. RIS LB RE AR, AEEN
31.3%.

T CEEENIE I RBAR, kR /)
i) %% Lac-CTD-lips.

232 AEZEXNAEFREN  SCERE RN
N, HNPEERMEN 2. 4. 6. 8. 10 mg,
AT H A R A3 P R AE R A TSR B L] (RAk K
GWEAR-PHEEE 4 0 1, 10%E 50T, HEAFZ
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BEXAYEHEREm, & ROEESHNA
(49.7+1.9) %. (71.1+22) %. (88.5+2.7) %.
(65.6+1.9) %. (754+1.0) % (n=3). KRFEZY)
XA A E R MBS, MEAEREN, 4
BEAE: HEUAGEIAT 6 mg B, JERANA
B R 2= A BT R R, nTRE RN
JE T AA S G 3 BB R ) A PR, R I AT B S
B BE 2 R 230, e AR 25 E oA
Skgn, FrU AR TR, B, kA=
N 6 mg.

233 AFEZ R A E R [ e AT
ZiEN 6 mg, MURZYI SRR ELL, HRAY
e r bl 1 05, 12100 12204 12 30,
1140 WA ERFRADN, SR ES A
(69.24+1.5) %. (89.0+£0.9) %. (82.1%3.1) %,
(60.6+4.6) %. (77.3+2.4) % (n=3), HLL L4
AT Rt R 2GR LL B IR, (HR MY
JRECIEEI 1 2 10 B, BEFEARFA, KT FR.
RLtE, JEFEZMREE N 1110,

234 ANFEREJE A E R s [ e AL TT
ZhEN 6 mg, ZHAREL A 1D 10, SR AH E R &,
{5 1 ] i 5 AR R R B & LA 18,
114y 1020 101, BEHME R G T 2590
BRI, EROEHESHA (422£2.8) %.
(87.6+2.4) %. (304+1.1) %. (51.4+0.7) %
(n=3), S5RMEEIRLLAIIE R, A G 4 M
(3R, H S 2 H [ 5 S A R S T 7 B 455 1)
140, BEFEARAR, KINA FERES. X
ST AN W R i AT B R AR AN AR e, I
Tt i 38 0 g o R 53 - B v G 5T 43 1 B AR B B B A
B, BRE T RENIE, DT S 21K AR o2 A4 sk
DBIRIIVER . (HJE MIHE BN Z 1), ATRERE
TOHE B WSy TR ASS BRI, BR AR 2 iR, A
VB, XEUERE T A B EE R, LA
RSN R R o DRI, AR P I R 1 L
BN 14,

2.3.5  A[E OB B L R R 5 R T
PR A& SRR, PR R 245 B T B AR AR TR DA
AR IR AR X532 R BB K B 22 N 7 AR ik
T HEF, AT 51 8 J53 A MG P 4 B 12 )i 1 AR A o
Jr VAT 5 A 1] 8 FRY g S22 A 30k 58 PR 45 A2 AH AR Ui B2 DA
Lo AHILL 20, 40, 50, 60 °CHeiE KRRk
il Mo . H AR Ay IR LA AR BGE B K

TN MR, PR DGR IR S
T =& b, SRR 5 0% 4% Lac-CTD-lips.
- INEIN Y A e R ks it - Al A SO g
S NC67.0+12.4)%-.(85.61+1.00%-(88.6+1.2)%-
(872+1.8) % (n=3), ZZRILE N 20 CH, &
BCGE IR ARG, A BREEH], HBRYEALT .
ZRUREN 50 CH, BUBERLE, fEZRRE.
2.3.6  AFEIZKER A AER R [ A7
2588 6 mg, Zifflstk N 1010, JEAREE N1 4,
e BRI B R 50 °C, it /K A B E) 43 3R 1.5
2.0. 2.5 h, AN [EIK A I A) 0 25460 4 R i s
SERAE RN (89.140.8) %. (35.440.6) %.
(36.8+4.00 % (n=3). HLL E&5R AT W, Lac-CTD-
lips 035 22 it 5 7K A B ) () T FRAEG,  (H2 AR
A RARBAR, 5 RS 3 i) 45 I J53 4 14D k1) 1 3
RWTTH, ASZIGESE 1.5 h N ALK A TE .
2.3.7 KENFHBAFEIEE RN 550
20, 30, 50, 60 mL [FI7KEA AR, fZIEIESH
TRSES L BIRREUL R i T =& e, R
JE oy ik M oA, B AN R R 7K & A Jot FH B0t
BB R, 2 REEES RN (61.5£1.8) %,
(883+2.6) %. (252+2.5) %. 0 CRAME]D (n=
3. UL R, EKENFRIER 30 mL B
BEERR, BEIEE, QHFEIFHETRE, Hh
KA RN 60 mL B TR AN, B BB 2
2.3.8  AFABEFEFII IR 2 R A
K EMERE (HSPC). KIZUPBEAE (SPC). H#EHN
s (EPC). ZERAHBEENRELIHGL (DPPC) 4 Ff
ARG, AR i 44 BB UR A T T S 6 1 Ll
BIFREL, R F M5 BE 4 Lac-CTD-lips, #%2
AN[E B REFR N B B o, 2 SR Ad 3 )
N (87.610.4) %. (81.8+0.6) % (90.8+2.7) %,
(82.9%4.3) % (n=3). &K HSPC F EPC [
ROR B
2.4 IERRIEHMA Lac-CTD-lips BIH &
BRI B e T — S F A B 4
Lac-CTD-lips (4%, {H2H X AR o4 0. 48 2
PR IR AR TCiE e, PRI E B R R B 22 1)
Rt b, BERERHERN 6 mg, LARHRAR G
HE NS, ERAEL (A, AR (B) AR
F BRI (O 3 AMFEMERENNEE, B
PR 2 B % 3 AN KT, AT IR 5 F Lo(3Y) 1E
LRI TR, Pk Rz K Jaalie g R W&
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1. 2. MRIEHTZESEER, AL B. C 3 MKAE, P
HIIRT 0.05. %) L6 45 R sema A it 5 2 3,
HIEAZ S Hh A 3 S i i A A2 AgBoCso BB E
HK-EMKEREE (120, AHFE EE-SA4L K S8 S
(1:4). BEUWAEER, itk R LUK IR
B RR N C>A>B, BHRLLAT RN
AsBsCs, FNE M AT ANIE RS 73 B A3 (1) 26 A A —
2, HAE IEAS R o e A LW o B sk 2% 4 1)
W IR R AR I 2 AN A 23 il & 3 LI A RE
f,  ORIE R AR AR IR IR AL T R e s S5 SR
* 3,

#1 EXRERITSER
Table 1 Design and results of orthogonal test

wi®s A B C D QEE/%
1 1:30(1) 1:3(1) SPC(1) (€] 83.45
2 1:30(1) 1:42) EPC(2) 2) 68.52
3 1:30(1) 1:1(3) HSPC(3) (3 74.18
4 1:20(2) 1:3(1) EPC(2) 3) 35.87
5 1:202) 1:4((2) HSPC(3) (1) 97.38
6 1:20(2) 1:13) SPC(1) 2) 92.96
7 1:103) 1:3(1) HSPC(3) (2 94.57
8 1:1033) 1:42) SPC(1) 3) 86.12
9 1:1033) 1:13) EPC(2) (1) 94.70
K, 226.15  213.89 26253 275.53
K, 226.21  252.02  199.09 256.05
K; 27539  261.84  266.13 196.17
R 49.24 47.95 67.04  79.36
xR2 HESH
Table 2 Variance analysis
TERI O EEFIGM O OAME FE REME
A 538.1393 2 0.4719 ¥
B 427.725 8 2 0.3751 X
C 947.995 0 2 0.8313 ¥
W% (D) 11403438 2

Foos(2,2)=19.0 Fon(2,2)=99.0

&3 ERRI AB,C3 M A3B;C; HIEIRIELER
Table 3 Verification test results of A,B,C; and A;B;C;

.- AsB,Cs A3B;5Cs
A 2/% ¥IMH/% RSD/% Bds#/% $51E/% RSD/%
1 7426 71.04
2 8098 7794 34 7312 7077 3.5
3 7635 68.15

IR 45 R B, F4 8 AoBCs 25 4 1A i I
PR A 77.94%, RSD N 3.4%; 418 A3B;Cs
A% IR BRI B E RN 70.77%, RSD A
3.5%. Wik Lac-CTD-lips HIAER& T &N
ABCs, % PR U BE 25 25 - S Ak K S 196 T - JE [ 1
(1:20:5), 10%HFEFMEE T 250 mL BRI
L, N=F BRI 30 mL B AR, 1E
50 CNEATEEZ R G HIEN, ERBOE WA
(R, E=IR N A TR R 25k B A WL
7e A 30 mL pH 6.0 f] PBS ¥ R¥EHE, T 40 C
W SR FE 2 T B KA 1.5 h, /KIBHER 10 min, 1K
gt 045, 0.22 pm HITALIERRRNAS, KIHEHEE
TUKFERAF A H
2.5 Lac-CTD-lips IBLM RV H AR
251 RPAETEEMUEE AR5 &5 30
Lac-CTD-lips /MLETEIZH, RikEOIE, LA
4. FIET 1 TR AR T 80 b, AN IE
HKEEBAMREIT LENE, W2, &k
s, FUEAR T 2 RWAK, JHE Motican 4l
Be T WEE, Pl BN R 3 B AR SN B
FERRA, WK S,

FAREAEAEEL 50 pL i o A4 TR A V8 18R
b, BE 3 min A4, FIEAUR L2 WA, A

B4 Lac-CTD-lips A95M31
Fig. 4 Lac-CTD-lips appearance

&5 Lac-CTD-lips 1%
Fig. 5 Micrograph of Lac-CTD-lips
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2% SRR Y Bl AN G t, it B R AL FE 3 min,
HHEAE £ 2 2, 78 30 min, FFHEAT
Be)E, BTESBETIE, il R
HEoR, HE AR R ERA, R, TORE.
2P RS 1 B I A 11 TR 2 [ R M A Qa3 g i A
H AN A 38 3 X IRER, HED AT 6 5 17 4311
BIINIG D 7 N8 oA S e i B e T AR, LT 64 7.
252 RBUARBPRARFNRALIIIE R 5 0 s
AR B IRIE B, R T IS AR FE I =X
HEATIE, 45 WA 8. 9. Lac-CTD-lips [ F- ¥4
..o .

L L

6 LBAERRE TEM B (RE®E)
Fig. 6 TEM photos of CTD-lips (unstained)

P

L b4 z e
; : e

7 Lac-CTD-lips TEM [E (R#®)
Fig. 7 TEM photos of Lac-CTD-lips (unstained)

1 10 100 1000
FifE/nm
8 Lac-CTD-lips KiZ 5
Fig. 8 Particle size distribution of Lac-CTD-lips

—100 0 100
Zeta HLA/mV

9 Lac-CTD-lips Bf9 %
Fig. 9 Zeta potential of Lac-CTD-lips

7R (123.9+4.8) nm (n=3), WA (-0.36+
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RGO, FHERAEA (123.944.8) nm (n=3),
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