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Tissue-distribution and Anti-tumor Pharmacodynamics of PEGylated Solid Lipid Nanoparticles after
Oral Administration

CHEN Chunyanl, XU Pingl, YUAN Hongz(IANingbo First Hospital, Ningbo 315010, China; 2.Zhejiang University,
Hangzhou 310012, China)

ABSTRACT: OBJECTIVE To investigate the tissues distribution and anti-tumor pharmacodynamics of monostearin solid
lipid nanoparticles (SLN) and SLN modified by PEG,9-SA (pSLN) in vivo of mice. METHODS The SLN was prepared by
aqueous solvent diffusion method, subsequently modified with PEG;y0o-SA as hydrophilic groups. The particle diameters, Zeta
potentials, surface element, contact angle and stability of SLN and pSLN were determined. Tissues distributions of SLN and
pSLN preparations in vivo of rats after oral administration were determined and the determining results were calculated with DiR
as fluorescent marker. The in vivo antitumor efficacy and safety of the DOX-loaded nanoparticles was evaluated using BEL-7402
bearing mice model after oral administration. RESULTS The size of pSLN was smaller than that of SLN after modified by
PEG. The Zeta potential of pSLN was about -20 mV and the surface hydrophilicity was improved after PEGylation of SLN. The
pSLN accumulated in the tumor tissues and liver after oral administration, and the residence time in the tissue of nanoparticles
was significantly prolonged after modified by PEG-SA. Furthermore, in vivo studies indicated that pSLN as a nanocarrier for the
oral drug delivery system conducted well in maintaining therapeutic effects and inhibiting the growth of the solid tumor while
reducing the toxicity against animal body. CONCLUSION Oral delivery of SLN can improve bio-distribution in vivo after

modification with PEG-SA while reducing toxicity to normal tissue.

KEY WORDS: solid lipid nanoparticles; polyethylene glycol; oral administration; tissue-distribution; efficacy

Il 44 g J5i 49 K KiZ (solid lipid nanoparticle, SLN)
RMAEG I R, BREMFRLE, EF
SRAIF 7 452 35 K 1) — ol 22 P B ) k28 25 4512,
SLN Mg 2577 N T . PR R & Btk
B, CUSCART LGSR, B SN EhRmpUk, #
NG RSG5, 5% WUIR N R 5 48 fr e AE
(RIFZM, okl 21 989233 S B 20N (enhanced
permeability and retention effect, EPR)!*, XFfi#
I ) 45 7 0 B4k T R 5, Ui IR R oK 4
AR A A R 1 32 22 7732 2l ol ) 3 el A A A A
BEIIRL T (0 28 T KR, Y/ 2 THI B 1 RO
I, A GKRLE AT R T, K IARIE IR
1), R AR T

KRG RANIRE T, EHELTEK
Z. —F&(polyethylene glycol, PEG)&1fiX} A i 44K
WARRNHA DRI . PEG A& —Fh i FH R
TREEWR, ERALRE. LRZEEE. T
JRE . KA X 2RO S S ) g
JR K B R AR 1 2 (1 PEG 1811 J5 n 39 ks
TR ENE . ARG AT [a] L BEAR e SR
BRI T J A Py B O,

ARSI SR FH K MR R 00 ) % B A T R H
S SN, HI PEG &4 LASR SR K ], %
% PEG &Mkt SLN AW oA « 25 300 22 4 1tk ) 5%
W, $RiT PEG 1&1fi )5 1) SLN(PEGylated solid lipid
nanoparticles, pSLN)/E N HHRGIK LA 25 R G178
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1E N E -
1 R
1.1 5

ICR /M, 30 KR, &, #KpiE 18~22 g;
BALB/C+nu/F1 #5, 24 R, &, fAFi&E 16~20 g,
B E Ll St s s AL A R A F, &%
iE5: SCXK(¥)2012-0002.

1.2 Zifkk

AN 4R BEL-7402 ZH Rk B vb [ R 2B
A A R A SRR A
1.3 &85

3000HS WUk bz 2 5 22 1 HL A7 W 5E A (4
Malvern Instruments Ltd.); Milli-Q 84t 7K A% (3£ [H
Millipore Co.); Maestro EX /NE#0iE AR iAZ A0 (3
CRI Inc.); ZEHTEEMWCO 7 kDa, J[H Spectrum
Laboratories); GENESIS4000 X 5 £k i & {4 ik %
(£E EDAX); OCA20 A7 4 fisk £ ) 52 A% (1
DATAPHYSI).

BT R H v I AN SR A AR K30( ik
HIRAT):; B EL(PEG2000-SA, Mw: 2 000,
F [ Sigma); WIKVDUE 188(F-68, fH[E BASF);
To7K &1 (1 245 45 Ak 350770 A BR A 7] ); DMSO(TE
B YA R AF); EhER T 2 % (doxorubicin
hydrochloride, DOX-HCI, #iVLifE1EZj A R 2
d); MR 64kl DiR(3E[E Invitrogen); H ARV
RN Ayt 1% &l o o0 #r 4
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2 HE
2.1 SLN [l
FHZK AR W 700 9 B0 il % SLN F1 pSLN. ¥4
60 mg FiH g 5 PEGag00-SA IR &4(PEG i & L
I HN 0%, 10%)iET 6 mL 28, 70 CKIE .
43 51%% 120 pL DiR(5 mg'mL™', Fi T-#i% DiR ¥5
it. SLN 1 pSLN)&; 3 mL DOX(1 mg-mL™", /] T
#% % DOX ] SLN A1 pSLN)f] DMSO AW A £
R E AR, 7E/KIS 70 °CL 400 r-min” HIHR
FEEFE T RR S A HUAHPIE AN 60 mL F-68 V7K
(0.1%, wiv)H, FrEE4iiEE 5 min, 193] DiR brid (8%
3R DOX)[E A g R g kobi, A A E=EE, #HAE
NIBENTESH, LL 10% R 460 K30 1FNEH AN iE
BT 48 h, ARG AR RIS, IR AR
F-68 W EH B EAE 10 mg-mL ™ (gk
BE). BeZ&A33] DIR Fric 5 44 K R (SLN/DiR
A1 pSLN/DiR) X % DOX JE i 44 K i (SLN/DOX Al
pSLN/DOX), Fr B A # LB T 14T .
2.2 AR ERAL MR A
2.2.1 KAEMSRMAEAL  HUSLN Al pSLN 2 BUkiE
&, M1 F-68 WiAMiFEE 1 mgmL™, HI3 000 HS
L % 3 T HLASE 43 BT (3G 72 R 4% 0 2R THT FRLARE
222 EABMEERNE KHA VISR
%, M5 SLN/DOX F pSLN/DOX %% 24 B Al 3
., B SLN/DOX K pSLN/DOX 10 pL, i 100 1%
) DMSO, 80 ‘C/K¥# 10 min JIFABLIR, A EEE
&, 20000 r-min~" FEE B L 15 min. %G E
1H(Ex=505 nm, Em=565 nm, Slit=5 nm)#&ll_I- %W
DA, ARIEARE B R T RS 2Rk B .
# K (entrapment efficiency , EE) fll # 24 & (drug
loading, DL)Z3 4% 2 20(1)FI(2) 15 :
DL%=M/(M,+M¢, X 100% (1)
EE%=M./M, X 100% )
L M ABEZW &R M, a2,
M RBAEEE.
223 RMEIGEMT RA X FHLobBTREE S
Mr(X-ray photoelectron spectroscopy, XPS)HK KL
PEG &1l J5 [ 44 Hig 5 99 K br () R T G R AR 1k
SLN & pSLN B T4 it e SE(JEFE =50 um), FH XY
THI [ 8 TR R 6, SR X ke R A BOEA0E
BT ETESE.
224 fRfiAINE & SLN K& pSLN &K
(10 mg-mL™"), LB RMERD A E, E R
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To SRR A AR e G . PEG B 1T J5 1
dn B A A AR A
225 FOEMEVHT b EZGL 2010 FERRFUE Y
T iR B LB W (pH=2) W7l (pH=6.8) J L&
20% i 2 L3 R A0, I (pH=7.4)"Y . B SLN J%
PSLN IRAHFMOE R, 4 H HH 70 HUE 20 mL (AR
PLB W W R M, A KR R K
1 mgmL™" o 285 H5 bR v B 7% BRI
37 °C. 65 rrmin ' fHIRIRY;, 758 MIHE 400, 2,
4, 8, 12, 24, 48 h)EFE 1 mL, F 3 000 HS HifE
J% T HLAE 3 BTG 58 R AR AR
2.3 IRNAL SR
231 /DEAANHL S BUERANER 30 2, B
BUAr A 2 4, SEBGRTEEE 12 h, 405 I RAH 1R 5% %
JEFE (F) SLN/DiR F1 pSLN-10%/DiR &, T-4525 )5
3, 6, 12, 24, 48 h L F14bsE, HUNE G FE B
fifi s B % AL ARE i, P AR B SR KR R T, SR 1%
4525 & 1) SLN/DIR 1E AFRHES IR, B TR 6 R
BACT A IEIIGEE 8 NIR, 3Kl 580~700 nm,
10 nm HREREE, BXGRIEA 0.5 s). HA
ZURINTRE S 1%45 2578 7R% ek B R 2R &=
PILEF 2] DIR ARic AR 9K EARTE A R H R A
12 B A g
232 RN A DA BEL-7402 JifRi #
OB, 25 52 MR R 9K EARTE I Rg 41 23 1) 4y
FitEOL . BRSPS AW R B AR, B
SR K I BEL-7402 4HAR(RL A FEL) 80%), [k
BRI A 1) 46 R B A BB 1200 1-min” IR B0
5 min. K40 AR A HT BT AN S L7 Y DMEM £
TR, Vel FFERIFE A FESL 5 mine WPEESE
(1200 B [ 08 7 BT AN 5 IyE 1Y DMEM . 55977
TR RE 2 T TR AR B« B R R 4% 100 uL
5X10° AN 40 A ¥ 40 B B W & T EHE
BALB/C+nuw/F1 #R7C FRMT, fefifg A K 2iE
HANEHEB YT 500 uL #8544kl DiR 1) SLN
K pSLN ¥ (SLN/DiR il pSLN/DiR). 45T 1,
3, 6, 12, 24, 48, 72h f ZBEEA RREE, /N
VSR AR A 23R DIR I iR 9K 344 (1 44 Y
ARG, FEAR. 72 h 58 SOME B F R e
LA FERR R, BN 28 PBS {5 V65 B TGk
BACT SR
2.4 FERIENWII 253050t 5T

e “2.17 BUNJ7iE, R 8L G %
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DOX, #ANEN 5%MI% DOX [& 4 i i 44K ki
(SLN/DOX) K #, DOX [1] PEG &/ [& {4 i i 4K
$i(pSLN/DOX). Hifif BEL-7402 #R53JL 18 X, [#
MU R 6 4, AR 3 H.o MRSk Ky
A 100 mm® R IFURAZ . B 1 AR bk o
DOX-HCI, VE&F M7 7 mg(DOX) kg™ 1 AT
XTI 2R 2 AR K S S0 A RE VA TR N
TR &5 3 4H DR SLN/DOX 4 KAy, 1R A
FIEA 7 mg(DOX)kg™'s 5 4 4110l pSLN/DOX
AKRLVAEW, R FIE N 7 mg(DOX) kg™ 25 5
H Ik pSLN/DOX #HK ki, HMRA &N
14 mg(DOX)-kg™'s 45 6 4111l pSLN/DOX 44K i
W, HUIRFE A 21 mg(DOX) kg™ 'o IV 1 K45
25 1K, 54 3 d FUERR 1R BN A4S & 4% s ik
L, e RA R E. 42527 dE, AR
B, HUBUMORIAREE . 423 0(3)FH(4) T B ALK iR
PRFR (V) 2 $198 % (inhibitor rate of tumor volumn,
IRT). TH&EIT RPN ARt s i 8 31 il 22 >60% 4
A
V=aXb*/2 (3)
IRT(%)=(We- W)/ WX 100% 4)
X a MR KR (mm): b MR AR (mm):
W ORETT 4L T8 (g)s W N X R ZH B o
PR E (g)-
3 ZR5MR
3.1 SLN }% pSLN fFRAL I 5t % %2
3.1.1 SLN J% pSLN Hihife. £ 08 R B H TH H
I 2 PEG &5, ZIAKRLHIRAE HH 260 nm FEAIK
F| 210 nm 47, XAJRER T PEG BUHAE 140
KBLIT P FBE B, A A5 INE A% . Zeta B
RIMg A ARk, (HIEAE-20 mV 47, KRN FEE,
GERNEK 1. S5BEW], PEG Bt — 2R b
SRR (R PR, 11 I S R 1 R A R
FE KT HIE AR AL,
%1 SLN & pSLN th#if2. Zeta Wir 0 % 48 % $(n=3)

Tab. 1 Diameters, Zeta potentials and polydispersion
coefficients of SLN and pSLN(n=3)

Zol wi Hie

ESEIN it /nm g
ﬂ‘ - EL % %

HA/mV

SLN 264.43£1.86  —22.97+£3.60 0.41+0.02

pSLN 212.93+0.51  -21.63£0.80  0.29+0.02
SLN/DOX 194.73+13.35 -17.80+3.10 0.58+0.08  76.83 3.66

pSLN/DOX 152.67+8.61  —14.90£0.40 0.26+0.02  74.17 3.53
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3.1.2 SLN K pSLN HJKMmmE s  #ifksint
PEG Mz )5, HIuRMLGIEE 2 5, 25580
Bl 1. 4l SLN H, RFRMATEMSEN
9.04%(4%), PEG &Mz 5, W TR ETEN
10.68%(4:%). X fes& H T PEG H1, HIn&R ML
B L s H R TR A T Rm I LBl . Rk, 453 PEG
Bz Ja, GIKRI R B4 70 5 Ho ) A A R
fem. REMATCKLHIMARLUHT PEG 85
B GOR KL R T, A3 TR H .

5.34 4.9-

- SLN ——————
SLN Element Wi/%  At/% p Element Wi/%  At/%
4.34 C 88.31 90.96 3.91 (o} 86.26 89.32
{j\p{ 32 o 11.69  9.04 {ﬁi{ 3.0 (o) 13.74 10.68
= =
I allnd
o511 411;1: 2.0
o dz
1.14 1.0+
° °

0.0 0.0
0.00 1.00 200 300 400 000 100 200 3.00 4.00
it E/KeV e E/KeV

Bl 1 SLN K pSLN 47K 4 & /KeV & #i%
Fig. 1 Energy spectrum images of SLN and pSLN

3.1.3 SLN J% pSLN [#ffille 2 PEG &
WiJE, T It A 45,30 BE(E 38.7°, 2550
) 2., A, 0 2 T P
Bl PEG HOMEAHI8 N T4 T i35 K 1

CA right 45.6 CA right 38.7

SLN pSLN

2 SLN X pSLN &y ALt 5 % b A U =
Fig.2 Optical contact angle measuring of SLN and pSLN

3.1.4 SLN K pSLN st Riv S HELL R A7
B &N A 5 KR AR, ARSI AB i i 14 s
JFR YN KL 52 AU, 15 I B R I e, RiAR R AT
RN b, ZBWMMEZmE K, £ 48 h
i, kAR R SRR 200 nm A AR INEE 20 um A4,
BIAERINT %) 100 fi5. 2R, 40t PEG 8151
SLN, 7ERHL B RiR R R AERERZL, Y
HEINZE 300 nm 4. G5RIE 3. iXELHLE I
PEG RER LRI I ZREE, A RBISE INA KR 7E 4
W RsE P
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20 000
15 000
10 000 «#=SGF SLN =0=SGF pSLN
5000 ~=SIF SLN =o=SIF pSLN
=+=FBS SLN #=FBS pSLN

J— Y
Y

800 A

FifE/mm

s 16 24 32 40 a8

t/h
3 FRE B E & SLN f2 pSLN 5 B K Kt 7k 40 B
EREHREE (X+s, n=3)
SGF-H44UL B i; SIF-B AW FBS-Jia/ i .
Fig. 3 Interaction of SLN and pSLN with gastrointestinal
fluids and blood compounds after incubation for different
time intervals (X 5, n=3)

SGF-simulated gastric fluid; SIF-simulated intestinal fluid; FBS—fetal
bovine serum.

3.2 RNAHL

320 MRAZMT HE 4 0T, GUKRRIAER A
BN, AHRFT SLN, pSLN 7EZ4L 21 b i 87
TR B R K, XTI RERGKRL RN E LA PEG
B, MyERRNE, A T HEMKIEHRMERIER,
+SLN 24
-pSLN 20

o0 16
12

. —==SLN 30 P
U —o—pSLN 25t

ID%/g
e R I Y

X
a

00

(=}

i

b R 55 2 3 R 1K R P9 2 Bl AR AL,
Y575 3 h JGTES AT B EIRET N, nIREZHE
IR RLAEAR I RERG  BRAEIEME, PIRRLIRIAR R
NG TR AR AR, A AR Y B AR I R A et —
I, SLN TEAF. JRAIG A A2, X5 MR
RGBSR T B e B A
Ko OAVE I ATED, W HERT A8 KL 2 R T LA
FAAR F e 2G5 55 O I AN R S o

322 FHERREAAN A 47 BEL-7402 45 H
257 500 uL % DiR 9K Fi(SLN/DiR 1 pSLN/DiR)
Jei s F/INBI S A R AG AV 22 AN ] ] 1) 25 A 9% ' R
Fr (B R 23k el 43 B8 A B, 21 BBl b DX 3R IR 35
£y, WS, WEHTTLAE 2], greRhigeiihn s
BTSN, &S50 MEIRIK, g
REIEH/NRMHAR AL EERFEENLE,
pSLN 5 SLN #HEL, 75 e 00 R 1 43 A =43 212
e, FLBE I ) A, 7 R 3 7 1) 25 AR i 4
% . R pSLN B ARt m v, 2 sy
FERT, IR S 90 Koh A 2 o (K AE 3R DL K 44
KA A ] Fif 88 ) EPR A7 9K,

ID%/g
O = W s N

(=]

0 8 16 24 32 40 48
t/h t/h

00 8 16 24 32 40 48 0 8 16 24 32 40 48 0 8 16 24 32 40 48
/

0 8 16 24 32 40 48
t/h t/h

Bl 4 DiR 4710 SLN fo pSLN EFF AL AN ¥ E B A (X +s, n=3)

ID%/g- VNG E S 1% AR BV E R AR E R .

Fig. 4 Semi-quantization of DiR labeled SLN and pSLN distribution in different tissues(x + s, n=3)

ID%/g—the value of fluorescent intensity of tissues was divided by the value of the standard point and tissue weight.

A 1h 3h 6h 12h 24h  48h 72h

p

5 REARRIOLRE
AR B-ERAE L.
Fig. 5 Fluorescence images of tumor bearing nude mice

A—in vivo bio-distribution; B—in vitro tissues.
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3.3 A2 BOF R

AW FL LA BEL-7402 [ R SR IR 15 28 5
W, W TS R IR 5T B RV A R R e i SN
Tr IR AR SR AR P 5 1T 28K 240 IR TR N KR ROE i 1 R
B 177 RN RAR N, #% PEG 21X [#H
PR TR A KRR T Ak e . BIF TR 45 R BUR,
AHXHF SLN/DOX, PEG &1t 7 PulhiEE 2524
T A T 17 65 SRR R 25 25 33 1) 7, pSLN/DOX LA
R A 2, EHIRZRA AT, &M T
JOL P S AT B Aot i B 2R PR 52 1, 2B R T
IS R

e N AN N N R R N YN i = S
7 mg(DOX) kg™ 425, STHELRHLE 89.80%
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(MR L AR L, SLN/DOX F1 pSLN/DOX 11198 %
IYRN 27.93%H1 77.80%. 4LL 21 mg(DOX) kg™
“5%jJ5, pSLN/DOX MR N 83.74%. M4
ZUr i s PEG 1BM04A 245 Z 48 (1)1 A v B2 I )
K, EPR 1 F 8 58 1] g 5 Sk SEAR 137 R (A
FEARIREA pSLN/DOX FEAA P 24 2 52 56 rp AL 34
HARTIL, X0 T AR AR B, T
P T8 245 R0 7 A T T R A A B N R S K 2
WK IR B o

Sy U7, AV MR VA T VN I R
bR, NUIEES TR ERN, 2R 0K 6B,
WL AL 7 mg(DOX) kg™ 44251, Bl zhy)
R EACR R SRS NI, PR EABREM: 1M
pSLN/DOX Bl PA 21 mg(DOX)-kg ™' 4524, #hiik
JREAT A RPN, 5 A R S 4 A
i, ZEREGIHFE L. BT pSLN 7503 ik
A, B8 2R 2 FLAL R I R YR 0 M T T S R R
Mo HIEAT I, pSLN/DOX %524 2 Gi e 11 s IR va
72 A Ty A L

A 3500 p ==&

—o— TR (7 mgkg™)
3000 b —4=SLN/DOX(7 mg'kg™"))
—v-pSLN/DOX(7 mg-kg™)
. 2500 p —pSLN/DOX(14 mgkg™")
£ ——pSLN/DOX(21 mg-kg™)
£ 2000} |
% 1500 l
& 1
1000 _
By
500 b %
r/r; 3
0 A i I i
0 3 6 9 12 15 18 21 24 27
t/d
B 13, &R

[ = SERRFTH (7 mgke™)
4= SLN/DOX(7 mg-kg™")
12k =»pSLN/DOX(7 mgkg™")
—+-pSLN/DOX(14 mg'kg™")
—--pSLN/DOX(21 mgkg™)

AR AR5 B

t/d
6 TE%GHANKNTIET (X Ls, n=3)
A-FPRARR ;. B AR5 & .
Fig. 6 In vivo anti-tumor activities of different groups
(xxs, n=3)

A-mice tumor volume; B—mice relative body weight.
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4 g

HRABUIPIKRIELE, 2 PEGag00- SA &
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Simultaneous Determination of Chlorogenic Acid, Caffeic Acid and Vanillic Acid in Sargentodoxae
Caulis by HPLC

JING Yanminl, MA Ruilil’z*(IADingxi Academy of Agricultural Sciences, Dingxi 743000, China; 2.School of Pharmacy,
Jiangsu University, Zhenjiang 212013, China)

ABSTRACT: OBJECTIVE To develop an HPLC method for simultaneous determination of chlorogenic acid, caffeic acid and
vanillic acid in each fraction of Sargentodoxae Caulis. METHODS The analysis was carried on a column of Kromasil C,g(4.6
mmx250 mm, 4.5 um). Isocratic elution, mobile phase consisted of solvent A (1%, solution of HAc in water) and solvent B
(methanol) at the ratio of 68 : 32, the flow rate was 1.0 mL.min™", the injection volume was 20 pL, the detection wavelength was
327 nm, the column temperature was at 30 ‘C. RESULTS Ethyl acetate fraction had the highest concentration of chlorogenic
acid (4.52%) and caffeic acid (0.11%) and dichloromethane fraction possessed the highest concentration of vanillic acid of 5.8%.
CONCLUSION This method is simple, accurate, rapid and suitable for the usual quality control of Sargentodoxae Caulis.
KEY WORDS: HPLC; Sargentodoxae Caulis; chlorogenic acid; caffeic acid; vanillic acid
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