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Preparation, Quality Evaluation and Preliminary Pharmacodynamics of SN-38 Liposomes
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ABSTRACT: Main challenges of the clinical use of 7-ethyl-10-hydroxycamptothecin (SN-38) are its facile
transition between the active lactone form and the inactive carboxylate form under physiological conditions and its
low solubility. The purpose of this study was to develop SN-38 long-circulating liposomes for injection with thin film
hydration-high pressure homogenization method to solve these problems and to evaluate its antitumor activity. The
spherical and elliptic morphology of the prepared liposomes were observed by transmission electron microscopy (TEM).
According to the results of dynamic light scattering, the average diameter, polydispersion index (PDI) and ¢ potential of
the products were (110+5)nm, 0.25+0.05 and (~17.6+1) mV, respectively. The encapsulation efficiency up to 90% was
determined by glucan gel column chromatography. In vitro release test was carried out with phosphate buffer (pH 7.4)
containing 1% sodium dodecyl sulfate (SDS) as release medium. The results showed that the cumulative release amount
of SN-38 at 84 h from the liposomes was 55.6%, indicating a long circulation property compared to SN-38 solution.
Furthermore, the pharmacodynamic property of the SN-38 liposomes was evaluated with nude mice bearing AsPC-
1 human pancreatic carcinoma as models, and the inhibition effect of SN-38 liposomes on tumors was investigated by
taking irinotecan injection (CPT-11) as the positive control. The results showed that SN-38 liposomes (5 mg/kg) had a
similar inhibition effect compared with irinotecan injection (10 mg/kg) .

Key Words: 7-ethyl-10-hydroxycamptothecin (SN-38); irinotecan; liposome; thin film hydration-high pressure
homogenization method; in vitro release; pharmacodynamics

e, oo S P e
= H 2R -08- . . N .
FEEBA: b W(1994—), 40, Wik, W2 &2 2, O T bR R Sk B AR AT R AT AL, HS

O isorse 51 PR AT MR A AR S TR RS AR Bt i 1,
el:
E-mail: 417190302@qg.com 7- LH 210 BRI (SN-38, 1) J@ T =gk

WBIEBERAAN: IV (1964—), Y, #3%, NFHLWH RIS HE 2i, RO FWgima g (CPT-11, 2) Hi&
R HW2ine: 5 294080 )1 2= kT ‘ it (3 g ot _
Tel: 0535-3808266 PEARE =4, HEHTMR Ve P2 2 19 100 ~ 1 000

Fomil: snkx@yeduen i AR R, EAEREIORE . LA


www.willnano.com

Hr [ 2 25 Tk Z24E Chinese Journal of Pharmaceuticals 2019, 50 (2)

. 205 -

AR E S 4 S4B (Topo) 1 5 DNA JEKT)
AT HEAR M T, 4k T4k DNA f 42l 7,

1 BAR HA BRI PTG 1k, R 1K
FURE 7 A A VER R, HSRAGE IR, HhAk,
1149 A R BRI JL TR 35 1 1R O BRE R A, (A% 454
ANEE, AIG OB. BREERURK, fE pH 7 BiLL B
KR53 (0 A TG 45 K T A AR R IR B HUM IR 3% 7 2
FRRAG, AR RNVIGI, BORIRE T 1N

JIgt e A A pE IR S L e 2H RS ) R AT X2 S
(3 PR, AR R, AR R B AR BRI
o3, I RATREE . KAk, SRSs Y. &
W FER B KA, - i Hs 380 ik il o 1 KA BR T ot
R, BONTFR R AREE KGR T 1Bt
.
1 XE5RG

Alliance 2695 B S78080AH (LAY ( 5 Waters A#] ) ;
Nano-ZS90 KL &I 5E 4 (& [E Malvern A7) ) s M-110
RGO It = I ¥ L ( 3€ & Microfluidies A ) 3 ZLXS
5003Y A4liK{% ( 3£[E Millipore A ) ; Tecnai G2 F20 %Y
ESPsE (£ FEL A ) o

1 skl ( RIgFMNBG E R A IR AT, &5 98.0%,
fIb'5 $589950) ; 2 {4 ( B, 10 mg @ 1 ml) ; iRt
SR =IKEY (SRR AR AR, & 101.0%,
fit 5 DA056-2-180601) ; 5% 4l 2 Wiyl (HE#r il 256
2w, b5 15071302) 3 AL KSR (HSPC, it
525600-2150562-01) . il i W 7 i I £ i - 2 & — T
2000 (DSPE-PEG,, b5 560400-2150367-01) ( _FifE4< i 2E
WIRFEAT IR A W] ) 5 IHREEE (L 3R s 2R B A ]
fit'5 B6125) 5 TR BELHL Sephadex G-50 ( :[H GE A ) ;
S WEE N ERkal, ARk bl

BALB/c #LE [ P, (20+2) g, " EE%E Fig2)
WS, VFaliEgn 'S « SYXK (J")2013-0049] .

NN AsPC-1 Atk (o R e SU R 15 TR DRk
RN )
2 HiESER
2.1 RITRTE

KRR K AR, - s F 2 B0k il 2% 1 16 ot 4k &
o FREC1 JERNZ 20 mg. HSPC 600 mg. JIH[# i

200 mg fl DSPE-PEG,, 120 mg, ‘B [5ELH T,
IONGE G W (8 1 1)40 ml, AWM, T
60 CUlE e 25 b LA HLE R . A 2 mmol/L
IR ZEP R (pH 5.0) 40 ml, KALJE I8 FAA 9131,
T2 24 FHLEL 137.9 MPa ({1 J1 3% 5
o RIASPREEIN 1 IR A S, 142 0.22 pm
TUALUEI IS JERR E, 4 C#B B RAE
2.2 RIS SRR o AT
2.2.1 R RIES

I “2.17 TURHI4 0 1 IR AR, BoKIE™Y
MR G 2% B 1 gy, WAL HEW E, AR
P, feE Atk A W R, B S i BT 52
JOUES. S5 RATIES EE FMEER) 1T A S0
SEEROEEMEE (B 1),

50 nm

1 1 fERREIEST SRR A (%3 000)
Fig.1 TEM Image of 1 Liposomes (x3 000)

2.2.2 1 IR TARIRORLBE 43 AT Je ¢ FLAE I

HU“2.07 00 4% 10 i ppk o, LU 4liK
Wi RE G, WE kLA R ¢ Hp. 4 (B 2) Bor,
JIg A RS- 40k 4% 8 (110+5) nm (n=3), PDI J
0.25+0.05 (n=3), LWIHI#& 5 Bk B2 73 A LA
¥J— 5 ¢l A (-17.6£1)mV (n=3) .
2.3 1 IR R g e
231 @Akt

&%+ Waters XBridge Cs 1 (4.6 mmx250 mm,
Sum) ; AHA LAE DK (30 1 70) 5 AwlaEK



. 206 -

101
8.
6-
=X
4-
2-
0-
1 10 100 1000 10000
HBi4%/nm
A

[ % 24 Tl 44 Chinese Journal of Pharmaceuticals 2019, 50 (2)
x10*
20

0
-1

00 =80 -60 —40 -20
CHAL/mV
B

0

20 40

2 1BERAMEILE S (A) & B2 %H (B)
Fig.2 Particle Size Distribution (A) and ¢ Potential Distribution (B) of 1 Liposomes

265 nm ; 4£3% 30 °C ; ik 1.0 ml/min; #4% 20 pl,
232 Tyl

DAFF RG] 100 SRR BEAS, A0 R e
DU THIAR (A4) AR, 1IREE (¢) JBEALkRiEST
NERNE, 320 HE ST FE N A=65 922.17 ¢
1435.12(r=0.999 9), #iHEM 1IKRELE 0.25 ~
10 pg/ml i il P 42 1k R4

QT Rl i W R S R 170 W Y T (B =i
FEME 5 %, sk, 14543 RSD 24 0.60%
(n=5), TWIKEHEE I BUAE—AHR W, 1%
“2.3.17 N ORELAEAE 0L 20 4. 6. 8 fiI12 h i
FEME, 573 RSD 24 1.01% (n=6), F£WIHEAM
WWAE 12 h WEGE. i P IR EERE S T2
FERI 245 51 (102.454+0.33) % (100.00+0.28) % .
(99.78+1.93) % (n=3) .
2.3.3 YL/ il £k () 22

Boze ik (VKR 12 h DAL ) R 280k
#ERE Sephadex G-50, FEIH T EUGAERN, &K
£ (45 cmx1 em), FEfl#% 2 M. B 1 (HC 1 R
K25 5 mg, I 10 mmol/L SN 10 ml 3%
fRERAT ) K “2.17 TR0 1 IR TR R 0.5 ml
A, 23 IBA 10 mmol/L A5 AL B A 25 mmol/L
L gz i (pH 5.0) M. %M 2 ml &R bE
JBEE s DL BN SRR IR AL 5 HERE I 2, W T
6 R I 8] FR s S AR e o &5 R 1
NRJFARAESS 7 ~ 14 0, W B 25907E 5 20 ~ 44
B, RO )5 T A T S R 53 5
(KEl3),

_
g

A/x10°

S = N W kA N 0 0
TP I T ST R S ST RN R

0 4 8 12 16 20 24 28 32 36 40 44 48

£t
B

—a— Ui —e— 1IRF A

3 EBtihs

Fig.3 Elution Curves of 1 Liposomes

2.3.4  FE R S IAE R

Bl 3 PO FIMR LR 1, 405l 0.5 ml |
FE, BRI AMA G, & “2.3.17 TR
ZAFHEAT % A, TRRAERICR. 85 P ME
H(96.23+2.33) % (n=3) . 53 3 FASFIIRE ) 1
W5 ARG, SR AER AW, 2
0.5ml b A, ¥l 51 259 A 5 1R AL 5 ik A
Mg, v S A I AE e, g5 R E N
(101.53+2.63) % (n=3) .
2.3.5 BRI

R a2 U 1R BRI 0.5 ml_EAT,

SELL 25 mmol/L ZTRIZZ MR (pH 5.0) YL 22 5 it
PR AR, PR A 10 mmol/L S AR AL i
Ve AR AL T B 259 . 4eut i th 2 i S Mg A 41
gy, B2 50 ml &, HHERER, HBAER%



Hr [ 2 25 Tk Z24E Chinese Journal of Pharmaceuticals 2019, 50 (2)

e 207 -

IS mlE 10 ml I, P EESER, HTE
NR AR R 255 W SEURTA R 0.5 ml E
50 ml B, RVEERAE, DA T R ) AR
2yt Wye % “2.3.17 TN ORESAR o BRI 2,
AR 1R TR A (9343) % (n=3) .

2.4 iR ARSI &

R B “2.17 TR 15 A B A1 uy
Wl ml, 5 EETABPENS (RS T2
10 000) H, BSR4, BRSO [1% 1+ =%
JERR S (SDS) 1) 0.01 mol/L e 5 2% rhk (PBS,
pH 7.4)120 ml o, - (37+5) ClEIRIRY, N
100 r/min. 43517F 2. 4. 6. 12, 24, 30, 36, 48,
60, 72, 78 Fl 84 h IUH A HRE AN T ( S Iy B 4t
[F) 2l 5 R A ) o EUAS [) IS ) 57 1100 T 8 1 9
1.5 ml, fOA 10 mol/L #h1% 20 pl BRfL /544 “2.3.17
WU ZAE, THERBERIBCE (0). 451K,
1 90AE 36 h IR 2]k 90.2%, 1fi 1 5 iifA
7 84 h I (1) BRRE R N 55.6%, R W 1 figmiiAk L
H 2RI FIERE SR (E 4) .

1007
80

60

0/%

40

204

15 30 4s 60 75 90
i/
—=— 1§ fh: —e— LR
E 4 1ERABERIERMEZ (n=3)
Fig.4 Release Curves of 1 Liposomes (n=3)

(=

2.5 AR
2.5.1 ZhPEIAY T

¥ MRS AsPC-1 4l bk LR 5% 10° AN
PR R A MRS B o R = RO
BIEE, FEpRERKEARBIL % 300 mm®, HUH AP

TR 1.5 mm® (R E, 76T 4 R
G N9 8w e ] e N =< S8 ISR S
A 140 ~ 150 mm®, 4)41452.
252 W2

2 ESTR - BUERR NI B — /K54 2.17 g (HH
T 229 AR 4.5 go FLEE 90 mg, IIAIE
HOKEES K, @A, H 1 mol/L A i
WA A pH 3.5, K @ES K S 200 ml, £
0.22 pm JEMETCR I UE, LB 10 ml 433¢. g H
HIT LA 5 %6 1 26 Wl o v R R B 45 2 MR B

18RS - B “2.17 00 45 10 g 4
B AT LA S % R A B R R B AN 2GR .
253 RN H5%5H

18 Hap R AR B AL 2> 24 3 4L, 4300 S ik e
A (REFAE, 5 mg/kg) . BHPEXT AL (2 G,
10 mg/kg) « XFHAZ (5% M MR ) - LA b 3 21k
5 ss g R R ER GRS 4R 25 3 Ok (kg 1 d), 3%
GReh 3 A, RN 0.2 ml.
2.5.4 0 R bR

TR 56w U S R R — A A B I B RS IR R
B KL B 2 O R AR R IRl %, [\
I B AR KA (@) AR (b)), AR
IR AARL V (V=0.5%axb) . BJa k%2524 h )5
AR BE B, B R JERR T LUAH G b R A AR
(relative tumor volume, RTV). {&FFHIEZ (volum
inhibition rate, VIR) . JREAH% (weigh inhibition
rate, WIR) NFabridbAT 203040t tH AW

RTV=V,/V,

VIR=RTV s/ RTV 44 x100%

WIR= (W =W ) IW s X100 %
A, Vo oy dlgh 2 E S MR AR, v, ok
A3 U 2 1 PR IR AR s W AR L
255 i 5k

25 2T AR R CUAR T B, e B A R
AR S Y RELE 20 g iAo 745 TR AR LI 24
WK, SRR B TE TR AR R
LS N, WHORG TR EEE. A
WA, SAABR R ET A, K1



. 208 -

R B R R AE R E W] W EE e (ES) .

1 g AR 416 N SR AsPC-1 #L R N RS 4
JE I AR ER S 2 A (B 6), féml
Rk (5 mg/kg) 5 2 74 (10 mg/kg) ZHAH .

401

QD
mj 20 ! !

0 5 10 15 20 25
1/d
W HR A @294 A-1HRF A

5 BRBRHERE (1=6)
Fig.5 Body Weight of Tumor-Bearing Nude Mice (n=6)

[ % 24 Tl 44 Chinese Journal of Pharmaceuticals 2019, 50 (2)

3 iFiR

152 BT eI PEARE 1, KIS PRI
PR IS, AR R H R K AL - 5 R 3 i %
MR, AR PRI, A AR AR 38—
fudb s, H&IFRAS . DSPE-PEG,e FIIIAT]
DL BAAR TR P 52 40 s T g SR AR 4, ZEK 2454
N EITEN i f 51 TR C i = Pp R il N it Pt
R RIAEE M. BT HATIE 1) i dlsR],  prid
R R 2 SO BT . B |
1 A A A g AR PR 7 2T, mlgd b 2 Py IR ER
TP, BRI TR RIAE B4 25 i,
1A 5 me/kg, 1 2 VSN 10 mg/kg. A
TRIG A I, X0 2RI 2 6 Y 2t iy 98 A Sl e 8
FEICRARAL, o VIR AR 2R s, BT —
JE G IR

1 I8 5 AR S MR JBCR S A& B kil g« i T
1 7£ PBS " iR BE AN, ik w451, {& PBS

T T T
0 5 10

T T 1
15 20 25

B3R @ 2VEGT: A1 i

100 B
00

372 37.78

VIR/%
5
3

0
ML 20N URFUA

415

WIR/%

100 100
59.50 62.81
50

O A 20E A U

415

B 6 HiXIGHAIHENMEARR (A) . ARRINEE B) FABEIHIZE (C) (n=6)
Fig.6 Relative Tumor Volume (A), Volum Inhibition Rate (B) and Weigh Inhibition Rate (C) of Each Group (n=6)



Hr [ 2 25 Tk Z24E Chinese Journal of Pharmaceuticals 2019, 50 (2)

A 1% SDS. 1 G JiifA7E 84 h BRI E K
55.6%, WIfERERN HSPC [AIARE N 53 C, 7E
37 CHIRE A Mg Pikictass, HEAEN
RAE PR B AL T ] R

K IR F Bt 1 & malg Bk s T H A &
A2k b, e T RN TR R . AR T
1) 2 VR SR RS i T AR e A O TR
DRI 1 0 oA 750 280 BAT FF R T 5

SEHR:

[1] BAI R, DENG X, WU Q, ef al. Liposome-loaded thermo-
sensitive hydrogel for stabilization of SN-38 via intratumoral
injection: optimization, characterization, and antitumor
activity [J]. Pharm Dev Technol, 2018, 23(1): 106-115.

[2] ENGLAND R M, HARE J I, BARNES J, ef al. Tumour
regression and improved gastrointestinal tolerability from
controlled release of SN-38 from novel polyoxazoline-
modified dendrimers [J]. J Controlled Release, 2017, 247:
73-85.

[3] BALA V, RAO S, PRESTIDGE C A. Facilitating

(4]

(5]

(6]

(7]

(8]

. 209 -

gastrointestinal solubilisation and enhanced oral absorption
of SN38 using a molecularly complexed silica-lipid hybrid
delivery system [J]. EurJ Pharm Biopharm, 2016, 105: 32-
39.

MOSALLAEI N, MAHMOUDI A, GHANDEHARI H,
et al. Solid lipid nanoparticles containing 7-ethyl-10-
hydroxycamptothecin (SN38): Preparation, characterization,
in vitro, and in vivo evaluations [J]. EurJ Pharm Biopharm,
2016, 104: 42-50.

POMMIER Y. DNA topoisomerase I inhibitors: chemistry,
biology, and interfacial inhibition [J]. Chem Rev, 2009,
109 (7) : 2894-2902.

BT, ARAFEL, HBJCAT, 55, YUY S W IE AT L
WEARHERE (1], ThE 252524k, 2010, 45 (23) - 1813-1815.
JENSEN N F, AGAMA K, ROY A, et al. Characterization
of DNA topoisomerase I in three SN-38 resistant human
colon cancer cell lines reveals a new pair of resistance-
associated mutations [J]. J Exp Clin Cancer Res, 2016, 35:
56.

WIHE, O P, Rk, . MR g g ).
EWIEERIK A7), 2012, (S1):209-213.

202 2 53 2 5 5 2 X 5 52 0 5 8 2 3G 2 5 5 2 3G 2 3G 5 5 X 2 5 5 5 5 2 3G 51 56 5 5 8 2 568 2 5 8 o 8 G o

(E##19970)

[12] SUNT, LI C D, HAN L, et al. Functional knockout of
FUTS in Chinese hamster ovary cells using CRISPR/Cas9 to
produce a defucosylated antibody [J]. Eng Life Sci, 2015,
15(6) : 660-666.

[13] ZONG H F, HAN L, DING K, et al. Producing
defucosylated antibodies with enhanced in vitro antibody-
dependent cellular cytotoxicity via FUT8 knockout CHO-S
cells [J]. Eng Life Sci, 2017, 17(7): 801-808.

[14] KAWABE Y, KOMATSU S, KOMATSU S, et al. Targeted
knock-in of an scFv-Fc antibody gene into the hprt locus of

Chinese hamster ovary cells using CRISPR/Cas9 and CRIS-

[15]

[16]

PITCh systems [J]. J Biosci Bioeng, 2018, 12(5): 599-
605.

DOENCH J G, FUSI N, SULLENDER M, et al. Optimized
sgRNA design to maximize activity and minimize off-target
effects of CRISPR-Cas9 [J]. Nat Biotechnol, 2016, 34 (2):
184-191.

KLEINSTIVER B P, PATTANAYAK V, PREW M S, et al.
High-fidelity CRISPR-Cas9 nucleases with no detectable
genome-wide off-target effects [J]. Nature, 2016,
529 (7587): 490-495.



