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The influence of log P value of insoluble drugs on drug-loading properties of nano-
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[Abstract | Objective
drugs on nano-lipid emulsion properties , including drug-loading amount , in vitro release , and phase distribution etc .Methods
6 insoluble drugs , nimodipine (NIM ), docetaxel (DTX ), curcumin (CUR), paclitaxel (PTX ), teniposide (TEN ), silybin

(SLB), were selected as the model drugs , to investigate the relationship between log P value and nano-lipid emulsion of the

To study the influence on common logarithm of partition-coefficient (log P) value of insoluble

dissolubility in PEG400, the amount of drug-loading , particle diameter , Zeta potential , invitro release, and phase distribution
respectively . Results With the increase of log P value, drug solubility in PEG400 first increased and then decreased , drug-
loading in nano-lipid emulsion increased , release rate in vitro of drug slowed down, drug distribution in oil phase increased
while in emulsion layer decreased . Log P value has no correlation with particle diameter and Zeta potential . Conclusion The
properties of drug-loading nano-lipid emulsion can be preliminarily judged by log P values and the solubility in PEG400 of
drugs .

[Key words ] lipid emulsion ; insoluble drug ; log P value; drug-loading properties

A RUBLEH RO I R E OB 25 B il - — B
FE R TR 4 (20092X09301-011) iy B B,
SRS B K W] T — R T K
W LA S X 20 W) T 0 25 25 R GEEOR TR
WIS i A B 245 R GUAE AL 4 257 A
BT ARG RS O 2Rm 58 2R LIk
PRI B O £ T2 5 ARAE A8 AT i 2 T
N Ve ORI (P k= e = VR S X 3 T ORI 2

[(E€mHE] w1 KELH(No.12nm0501000)

(fEE®A] WRERYH WL 584 . E-mail :yaodaChenlina@ 163 .com
CERAESE ] BREM 202 WA S0 BF5E 0 1 259l A 5
FHA .E-mail :yjejm@ 163 .com

259 BT ML EE P L2 R TT A © SR A2 BE PEGA00
VSRR e AT

YT X S A SR RE AL HE— XA
YR A RGBT ARG YR ARTE
MEE LG R R . B KB R L Qog P
(B SEXEA LW R E TR AR CE I 6 FiEyas P
251 JESTHLT- (NIM ), 2P (DTX), £ R
(CUR)EAZEE(PTX) B EIAT (TEN) 7K Q&=
(SLB) .U log P{ERAZ4L 430l % 55 H 5 PEG400
HAVA A E B 2GR IR I 7L B 2R 24 it R AR Zeta L
B RSN R LA B AR A AR S C R B AR
JRLGRT R R B I AR TR log P B I HE
PEZGHRE A R ANZ B & o R 2 KB



2SR ARE 2015 4F 11 1 25 HEB 33 5% 6 ]
514 Journal of Pharmaceutical Practice,Vol .33, No .6 ,November 25,2015

LR BRI L DA I by B 22 X d 41 24 ) S B A
ZRENFT P IR SR

1 S5

1.1 A% Agilent 1100 RO EIREIL (Agilent
/3] )5 Ultimate XB-Cis #F (250 mm X 4.6 mm,
5 pm ,Ultimate 23 7)) ;SYC-A |8 /K 318 R
i IR BT 2 R A PR A 5] ) s Milli-Q UF-
PLUS #4i/KAY (£ Millipore 23 ) ); TH-3560 &
JE KB 5R GERHSLA FRA T ) 3JRI-300-1 =i 85 1)
HLCEIREFRAR SR sM-110EH = R AL
(£ Mocrofluidics 23 7] ) ; NANO-ZS 90 # Zeta
sizer ZPATA (9 [E L /R SCAXAR A 7l ) sZRS-8G 4 BE
Ve I (b g #5062 R A 3 AT FR 22 F] ) 5Cs120
GX I faf e 2 L CH AR Hiteh A ],

1.2 EZMHARA  PEG400 (P EEZG4E A
MR A B ) s SRR B (B PSS R 25 /A W) L4l
JE=9800 ) s 22 P4 SR AZ i (FE PR 2 X il 25 8 W) L 4l
JEZ=9870 ) ;2 FE (W) &b & RHE T R AR A F
4lifFE=9800 ) B R I GRDURKIKEEF A R A
BRZ T LAHRE=9800 ) s JE BT R SE SRR
A BRAF] AEE=98)0 ) s/k Kl (R H Bt 24
WFFERT A =98%6 ) 5 /KA R WL v S O M
HRHFOCEST i A BRA A LS . GM 1101002 ) 5
CNE HBE (g ol EEBR A F)D s IEERE  TJOK S
fi# HCI, NaCl, KCl, Na2 HPO: « 12H: O, KH: PO
ChEE 258 A R bR A R ) ;0.22 pm K
0.45 pmfEd g 7% CGEE Pall 22 F]) ;B H 48 (MW-
CO; 12000, % [E Spectrum Medical Industries
UNEIDR

2 FHik

2.1 log PAARGMIE" KIEFEEIKLL 5/
VOIRE BT /KB HERIER &5 (251+0.1) THr, L
120 v/minfz3% 48 h i 1E 2 B AIK (1) 43 i 1k 3 °F
T F i 2 h SRR L BEK
RN ) IESETEAR T 2 1 B AN R 7K 23
SEE S REARAKAR T 2 BB 25,

I3 W FR BUIE A9 NIM ., DTX, PTX, CUR,
TEN.SLB i AT 50 ml iIFEEAAT 354G 24
VI IE S AR OGS BV WO P R B 2
—EATEC HPLC AR 259 0 Bk BE Co . BURA 2
YU IEE AT 10 ml TIEEOHE S, A 50 ml
KAH LB TR HEHEE G 4 (25+£0.1) CHr, LA
120 r/minfR3% 48 h ,fH 43 Fo ik B V-, #E 2 h ff

W2, BUSE B2 IEE A P ERREE g
fEEC HPLC A5 25 W 7E IE B i AUV BE o L3t
= log P{E., P= 5XCi/(Co—C1),

2.2 PEGA00 ¥ifgEegm 2™ 45t &
NIM .DTX,PTX,.CUR, TEN,SLB 5 PEG400 i
B JRBE 5 min JE TR ERIRZ 2% (25+£0.1) C
LA 120 ¢/min Y877 48 h fHi25¥957E PEG400 H1f()
VEARSA B A B 0HL 8 000 r/min B0 10 min ,
BEEWGE ST 25 ml R S N B
MR ZEZIE )G JHPLC HEFE 1545 2597 PEG400
H AR BTAS A E

2.3 HHEemz

2.3.1 525 PEGA0O IWMITCH] 43 PR HC—
=) NIM,DTX, PTX, CUR, TEN, SLB F20 ml
PEG400 rf Jin#hfii Z 5% JH 045 pm AL BB
1 o R EZER (121 °CHKE 15 min 50015
IRE A — RYNBR BB PEGA00 ¥

2.3.2 HAFLRIMHIL 2.3 1IN AR LA
il — 7 Vi BE 19 5 25 PEGA00 VW 4% 4 ml 25910
PEG400 ¥EHTEA 96 ml 2% FHELH] (b /K BENE T F,
TSRO R EOR Z B35 AR 9K IR
FLAI,

233 ZEEMIE #0283 2700 R EME A5 b
WA AR AR 2 e BE R 25 5L 7%, 4300 F 0.3.6,
8.10,12 h BuE #2577 JH 0.22 pm AL UE AR
e HEEEW 0.4 ml T 10 ml AR IEAS B FK
HLCFNBOA ML R 2 ZE G HERE, B 0 h BE S
VIR 2 W e R 100%6 At B ] 25 9 25 4
5 0 h W2 AR L RIAS LA 45 e ] 55
2 & A E A, DL 10 h W& & T
B 206 AR W7 28R 245 L 700 4 AR M I L4
Wi 45 2 B 2 LA B K32 i,

2.4 ¥iEfe Zeta WATEGME  FE“2.3 . 27T R4
fE 4y Il % NIM . DTX,PTX.CUR, TEN,SLB
FIERZGRE WL (0 .4 mg/ml), FHRGEKHFFE 100
¥ R FH H R SORIAZR I 2 (S 2 AR Zeta HLAV,
2.5 pRsbEZARREa AT A2 47T A
gL (0 .4 mg/ml), HREEEE 1.0 ml 2
iR FLR T O AP BT AP AR A
250 ml PBS & (pH 1 7.4, 20%0 ZBEH ARG
Rep e 25 AN R 37 °C L1100 v/min R HEfT52
¥ AT 0.0.5.1.2.4.6.8.10.12 h Bt 4 ml £
SRV, TRV ST EDAN I 4 ml B & 2s ( PBS W
FEMMAMRZ: 0 A5 pm JERESIIE JEENEW HPLC i
R E 25 B IR 20 BRRROR . LAY



sk 2015 4F 11 A 25 HES 33 #5465 6 1]
Journal of Pharmaceutical Practice ,Vol .33, No .6 ,November 25,2015 515

[ AR A b R HOCR R P AR A5 L2 il iR Sh B ik
HIEES

2.6 ApAegmlE H42 .3 .27 N AR EH
RGN DTFLR (0 A4 mg/mD),

2.6.1 FUAIMZa & RrIE 53K %
HAFLA 0.4 ml, TN SR BEZR 10 ml,
HPLC W& 254 BE 1R A 2 25 2R b 25 1 5
T,

2.6.2 JKMTYEEGNE 50l Bk 2 FLR
W T E.OHLP L 22 000 r/min B0 3 hLfd
FLAN4r i oK FARF 3 )2, S EECT )2 K
AH L 045 pem BFLUE B L 98 L BREEUE IR HPLC
SEZYIRE AF45 KA 25 i

2.6.3 MY EENNE  [F<2.6 278 F 7
LA 3 2 R A S Y R
FERRBE M58 , HPLC e 25k 4545k
YNGR,

2.6.4 FUEREHAY S ENNE B30T
25 B R S IAE KA S R R 25 (LD
FFALRE 250 & .

2.7 HPLC Fi#& @A MF A% . Ultimate Cis
(250 mm X4 .6 mm,5 pm) ;i 1.0 ml/min ;4
¥ .30 °C ;#FRERE .20 pl, NIM.DTX.PTX.CUR,
TEN, SLB 1Y ¥ 3 #H 43 5l . W B4 lE-K
(3538 :27,V/V/V) HE-CHEIK (42 : 34 = 24,
V/V/V) BEE-ZIE-K (38 + 38+ 24, V/V/V). L
E-IK (B 2% PKISER ) (65 ¢ 35,V /V), ZIE-7K (45
55,V /V) W E-7K-0 .5 mol/L KH:PO: (55 * 40 :
5.V/V/V), k4 25 ke i 4 i o 237,
232.227 426,230 F1 288 nm,

3 £R

3.1 /RSB A log PN ELR log P
KB/ MR A . NIM > DTX>PTX>CUR>
TEN>SLB, HARZERIENLF 1,

R 1 HYHIEH KRS ERE.
PEG400 iR AR (n=3)

NS e = =N

S g Log P PEG4<()qu/J;?%JE ffjj>
NIM 2.92+0.024 247140 .22 3.5
DTX 2.75+0.047 140 .40+1 .01 2.5
PTX 2.57+0.120 185.40+2 .04 1.3
CUR 2.15+0.024 128.10+0.92 2.0
TEN 1.2240.015 25.2540.25 0.4
SLB 0.9540.110 186 .1041 .71 0.4

32 PEGA00 WM A M LR KU
PEG400 " [ - e S e 45 R W& 1, PTX M
SLB 7£ PEGA400 ™ ¥ fff B &5 /& L NIM F1 TEN 7€
PEG400 " EAEUIK, log P{HS PEG400 i
fRERI R ILE 1,245 8 8K Bk SLB LISk HAh 2
YIHE PEG400 TR EERES log PEMIE R 2
JeEhn s B &S B log PAEAE 0.95~2.92 1Y
JLHEN L Z5WHE PEG400 FR AR IEFEE log P{H
ARG R Y log PAEEE T X —FREE S 25 W01E
PEG400 H AR BERBE log P {EAIIE KT/,

200 PTX
~ SLB
2 160
E IR DTX
2 120
=
Z 8
S
> 40 TEN NIM
[= ™

0

0 0.5 1 1.5 2 2.5 3 3.5
log PfH

B 1 PEG400 HiafEES log PERXER

33 #HHBEegmE LR LL10h NS ET
R 206 AR W7 28R 245 L 700 A AR e M 1 I AL
WiE A YR R R i AR IR 1,
log PIHS AN LRIE 2, NEERBEHE,
log PAEBK ZRATEEK,

3.5 NIM &

HZ5E (mg/ml)

0 0.5 1 1.5 2 2.5 3 3.5
log Pf

B2 HHES log PENXERE

34 kiRfe Zeta ALGGM T LR KM Zeta
LAV PRI 2 45 SR LR 3 FIEE 2 ,DTX. PTX.CUR,
TEN .SLB A5 7041 Fl Zeta LA I ZE S 5 NIM
FHIE] JBCRFN S, S5 .6 P2 ik iR 0 i 3
25 UL ZY) log PAEXTELFI M RAZ TSR, 6
FHZGHI1 Zeta HLOIIITE —50 mV 47 RFEEI 259
A AH2ER] T RESE T 25 Wi i e M S 25 5%
AFNBIRAE S Zeta A SERAIZY) log PIETC
K AR EN B S8 ETOC,

3.5 RIMBEARRAMIT LR RSN



2SR ARE 2015 4F 11 1 25 HEB 33 5% 6 ]
516 Journal of Pharmaceutical Practice,Vol .33, No .6 ,November 25,2015

201 A

15T
101
51

%.1 1 10 100 1 000 10 000
Fifd (1/nm)

SREE (%)

600 000 -

= 500 000
=400 000 -
5, 300 000 -
== 200 000
100 000
O )
=200 -100 0 100 200
ZetaHiAL (V/mV)
B3 NIMMHES 7 (A)FA Zeta BB (B)
R2 MRIEIN Zeta BAPHMELE R
259 2 K Fife (1/nm) Zeta B (V/mV)
NIM 223.51+£3.07 —51.504+2.24
DTX 224 .26+3 .41 —50.334+1.73
PTX 227 .80+3 .03 —48 .61+1.07
CUR 226 .22+1 .48 —52.96+1 .60
TEN 224 .95+2 .96 —46 4341 .24
SLB 223.38+3 .53 —49 4141 .49

MESS R LA 4, 78 12 h B .2k NIM . DTX,PTX,
CUR.TEN,SLB ny#&£ g 5 7.5 1) SRR 55
B2k (35,0240 .90 )% (45 .5440 .54 % ,(53.35+
1.200% ,(70.90+£1.68)% ,(79.07+£1.04)% ,
(90.704+2.55)4 , log P{HBF , RBURE R B
/N ARSMRETI S

100 - -m- SLB —o- TEN

—a- CUR —v- PTX
—o- DTX —<- NIM

80

60

40

ZRRHOE A o)

20

1A Ct/hD)

B4 ZYESIMEREL (=3

3.6 AAAegmlE R MR I e 5 R LR
3. BYWIERLF 4R 3 AR AR K S 2
LA KA A IR 53 25 53 A T AR AL Ak
FZH AR AR e KA, &5 B8  NIM 7E70
AR oA B T SLB FE A T A B b, B4R
ERE , log PIEBKR , 25Y7EMMAT R Z
B DTX AFFA IR, nTREIR 259 A & iy B4 PE

BA K.

x3 FAEIAFWBELHE=3)

BLSE Sk
U )
2 /
o (pn./ (Pn.,
me s o me A K AH

ml™1) ml)
NIM  0.40 0.407 83.10£0.65 2.4320.02 14 .4740.63
DTX 0.40 0.402 12.7140.15 4.9240.69 82.3740.03
PTX 0.40 0.405 50.2942.38 1.3420.47 48.3741.52
CUR 0.40 0.401 59.1941.32 4.4540.09 36.36+1 .41
TEN 0.40 0.405 13.8140.70 9.26==1.85 76.93%+1.15
SLB 0.40 0.394 10.184-0.46 3.432-0.76 86.394-1.22

PR O

FLALF =

4 g

Log P {E/EMEA LW R IEFE bR , FH R A
25T 00 SR K RS B2 I log P (R B
K ULBZ 2 B SR T PR R GE . PEG400 R W 5 PR
F AEAKFAAIA R —E IR KIS T
JEwE ., 259 BT e TR BB T SRS 751 ) A
HAEFRBRES AHEAE R 20 A AR R 55 D0
Vs FHELAE FH (5 55 o O T T T R A
PR AR B W R L 4 AL T A R A T
£ 2YE PEGA00 TR S5 25 AS By (1 45
FZEME IR A K 258057 5 PEGA00 431 [8] A A
M cdnd s WER T EHYR X, AW+ h
PEG400 43 [B] A BAE A B2 PEG400 /K%
PEFING M L R VE A &5 5. Bilan ,SLB 19 log P
B/ N JTE PEGA00 iy i fif B ANAR K L iX Al BE &
SLB 43+ H SRR PE A &, SLB 4rFih & A
WEZH-0H i85 PEGA00 43TV i ity A st 3t
KT HAE PEGA00 Ay B

R B I e S5 R R L BEE 25 log PAARY
BR A B BT A2 ARTE
A, W CUR A1 PTX,PTX B log P {H I
CUR K HILEZ AL T CUR L AT g 2 ik
X CUR HAEAIER AT K CUR 7ERLAEH 2
I 2 faE

PRGN REE A I 2 v, 575 35 AR R A3 H A
JBT L LA 6 R By ARSI B e, R TS5
SR PBS IR (pH A 7.4 .7 196 nhi-80),
{HJ2 CUR TEIZ SR Ik h i eicH PBS %
(pH A 7 .4 .5 200 ZBOVE KA it Rl 1L 45 24
(S0 55 S HCR FH_ RS A E s A

25 E TR AR LLZS YT PEGA00 s ff i |
i R Zata AL ARSMREZS REE DL K 25 1E



2015 4 11 [ 25 H4 33 %45 6 1

Journal of Pharmaceutical Practice ,Vol .33, No .6 ,November 25,2015 517

TR FUGH =P I A R AR 5 25 log PH
MISCER B HXERVELG PR B RV E A5 ) XA 1
29I log PR SR TERGE AEMAH o247k
Z FUNRE By AR, Al AR AR
50 log P {E % PEGA00 Hf (R0 T i 4825
FUAN 2 G ARSI R B oA T
AN F LR A B R

(5% 3]

[1] Jing X, Deng L, Gao B, et al. A novel polyethylene glycol
mediated lipid nanoemulsion as drug delivery carrier for pacli-
taxel[J ]. Nanomedicine , 2014, 10(2); 371-380.

[2] skbsls Atk SCBIZESE AF L KRBT AE AR A 5T -4 3 i
JE AR A L R B e L] b E 252 225k ,20006 ,41(20)
1569-1571 .

[3] Setthacheewakul S, Mahattanadul S, Phadoongsombut N, et
al . Development and evaluation of self-microemulsifying liquid
and pellet formulations of curcumin , and absorption studies in
rats[J]. Eur J Pharm Biopharm , 2010, 76(3); 475-485 .

[4] Shaikh J, Ankola DD, Beniwal V, et al . Nanoparticle encap-

sulation improves oral bioavailability of curcumin by at least 9-

[5]

(6]

[7]

[8]

[9]

fold when compared to curcumin administered with piperine as
absorption enhancer [J]. Eur J Pharm Sci, 2009, 37 (3-4).
223-230.
e PN R B AR L SRR S E RS T AL h 2
FAR 430 AR SR T 52 [0 ] Hh 24,2000 ,22/(2) . 111-115 .
Korinth G, Wellner T, Schaller K. H, et al . Potential of the
octanol-water partition coefficient (logP) to predict the dermal
penetration behaviour of amphiphilic compounds in aqueous so -
lutions[J ]. Toxicol Lett, 2012, 215(1), 49-53.
AT WG (M . Rt A2 Tolk i AL,
2004 .78-92.
Maiti K, Mukherjee K, Gantait A, et al . Curcumin-phospho-
lipid complex : preparation, therapeutic evaluation and phar-
macokinetic study in rats[J]. Int J Pharm, 2007, 330(1-2).
155-163 .
Zanotto-Filho A, Coradini K, Braganhol E, et al. Curcumin-
loaded lipid-core nanocapsules as a strategy to improve phar-
macological efficacy of curcumin in glioma treatment[J]. Eur J
Pharm Biopharm , 2013, 83(2). 156-167 .

[(WFfHEA] 2015-06-08 [{EEIHH] 2015-10-08

[(AxHmE] FHE

(L35 504 7)
western diamondback rattlesnake venom [J ]. Biol Chem,
1997,272(14) :9539-9542 .
[9] Guo CM, LiuSQ, Yao YW . Past decade study of snake ven-
om L-amino acid oxidase [J ]. Toxicon, 2012, 60 (3) . 302-
311.
[10] Samel M, Vija H, Rénnholm G ,et al. Isolation and charac-
terization of an apoptotic and platelet aggregation inhibiting
L-amino acid oxidase from Vipera berus berus (common vi-
per) venom[]J].Biochim Biophys Acta,2006, 1764 (4).707-
714 .
[11] Kanzawa N ,Shintani S,0Ohta K ,et al. Achacin induces cell
death in HeLa cells through two different mechanisms [J].
Arch Biochem Biophys .2004 , 422(1) . 103-109 .
[127 Alves RM, Antonucci GA, Paiva HH, et al. Evidence of
caspase mediated apoptosis induced by L-amino acid oxidase i-
solated from Bothrops atrox snake venom[J].Comp Biochem
Physiol A ,2008,151(4):542-550.
[137] de Melo Alves Paiva R, de Freitas Figueiredo R, Antonucci
GA et al . Cell cycle arrest evidence , parasiticidal and bacte-
ricidal properties induced by L-amino acid oxidase from Both-
rops atrox snake venom[]].Bchimie ,2011, 93(5); 941-947 .
[147] Zhang L, Wu WT. Isolation and characterization of ACTX-
6 :a cytotoxic L-amino acid oxidase from A gkistrodonacutus
snake venom[]J ].Nat Prod Res ,2008, 22(6) . 554-563.
Chen X, Lv P, LiuJ, et al . Apoptosis of human hepatocellu-

lar carcinoma cell ( HepG2 ) induced by cardiotoxin III

[16]

[17]

[18]

[19]

[20]

[21]

[22]

through sphase arrest [J].Toxicol Pathol, 2009 ,61(4), 307-
315.
Zhang L, Cui L. A cytotoxin isolated from A gkistro-
donacutus snake venom induces apoptosis via Fas pathway in
A549 cells[J].Toxicol In Vitro, 2007 ,21(6): 1095-1103 .
Golubkov V, Hawes D, Markland FS . Anti-angiogenic activ-
ity of eontortrostatin ,a disintegrin from A gkistrodon contor-
trix snake venom[] ].Angiogenesis ,2003 ,6(3):213-224 .
Yeh CH,Peng HC,Yang RS.et al .Rhodostomin.a snake
venom disintegrin ,inhibits angiogenesis elicited by basic fi-
broblast growth factor and suppresses tumor growth by a se-
lective alpha (v)beta(3) blockade of endothelial cells[J].Mol
Pharmacol ,2001,59(5).:1333-1342 .
Zhang L., Cui L. A cytotoxin isolated from A gkistro-
donacutus snake venom induces apoptosis via Fas pathway in
A549 cells[J].Toxicol In Vitro , 2007 ,21(6). 1095-1103.
El-Refaei MF , Sarkar NH . Snake venom inhibits the growth
of mouse mammary tumor cells invitro and invivo[J].Toxi-
con, 2009,54(1) . 33-41.
de Melo Alves Paiva R, de Freitas Figueiredo R, Antonucci
GA et al . Cell cycle arrest evidence , parasiticidal and bacte-
ricidal properties induced by L-amino acid oxidase from Both-
rops atrox snake venom[J ].Bchimie ,2011, 93(5); 941-947 .
Ferrara N, Kerbel RS. Angiogenesis as a therapeutic target
[J]. Nature ,2005,438(7070) ; 967-974 .

(W#BEEA] 2013-09-01 [fEEHHE] 2014-03-31

(A 4HE ]

e





