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Novel camptothecin loaded nanogel system :formulation optimization and in vitro

transdermal permeability study
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[Abstract | Objective To prepare a novel drug delivery system camptothecin loaded nanogel (CPT-PPO gel), and inves-
tigate its contents , physical and chemical properties and in vitro transdermal permeability . Methods The solvent evaporation
method was utilized to prepare core-shell nano-drug delivery systems (CPT-PLGA-PAMAM , CPT-PP), in which the Poly lac-
tic-co-glycolic acid (PLGA ) was used to load camptothecin as the nucleus and the polyamidoamine (PAMAM ) G3.0 was
wrapped in the surface of PLGA as the shell . Then the oleic acid (OA) was connected to CPT-PP to obtain the surface modified
drug delivery system (CPT-PLGA-PAMAM OA , CPT-PPO). HPLC was used to determine the content of camptothecin in
nanoparticles , transmission electron microscopy was applied to identify the nanoparticles morphology , and laser analyzer was
used to determine the particle size . The hydroxypropyl methylcellulose (HPMC) was added as the base for the preparation of
the nanogel (CPT-PPO gel) at last. The Franz-diffusion cell was used to determine the permeation rate of nanogel in vitro.
Results The resulting CPT-PPO gel was stable at 4°C , the average particle size was (246 .72 5.4) nm and the encapsulation
efficiency was up to (78.746.9Y4 . Comparing to the normal gel , (CPT gel ), the cumulative penetration amount and the re-
tention amount in the skin of the nanogels (CPT-PPO gel ,CPT-PP gel) were significant higher ( P<<0.01), the retention and
cumulative penetration amount of CPT-PPO gel was significant higher than that of CPT-PP gel (P<<0.05). Conclusion After
modified by OA , CPT-PPO gel can increase the cumulated amount and absorption in skin and can be used as a carrier of CPT in
the new formulation for topical treatment of psoriasis .
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CELTAE ] 5 A AR IE S (81201809 ) (5 7 X FH% 01 47 BB P, J A St 2
& I K ARG 9) 5B I A X i . SN .

J ) i A2 e = S
RIRH (12203) s R A RHF A HUH (13QNP045) ﬁﬁ@i’%ﬁ};’&%,)ﬁj&ﬂkmﬁ&; llm‘%%ﬁiﬁﬁ%m@
CEEEAT T L EE Ao gk mans (CPTORHMRGI 29I B R SRR R T AL i
B RGNS . E-mail ; wangg0214@ foxmail .com ﬁ?‘zﬁﬁo Hﬁ?ii&{?%ﬁ‘]ﬁl\ﬁﬁ%ﬂﬂﬁ%%ﬁﬁﬂéﬁ‘
CERMEE] B W ARG DE5E 0710 4R 8% A9 3697 5 BT SRS N EAESR I 25 Z B LR DL A ke 2k



2R SEERRE 2016 4F 3 7 25 HE 34 4 2 )
Journal of Pharmaceutical Practice ,Vol .34, No .2 ,March 25,2016 149

SRRt T Z kst BESTAEAK R G IR B2
WA T B s s I 25 W i, S Ak ol TRLAR
AN AT LB R R 2GR0 AR S A B L T s
P TR AR T, T [ A IR T 9 K
(SLN) K S5 B B (NLC)H LA KA B i , 76 B
FEMSLR R AR B T ARG Je ks b . (HUX
L 2 BR (10 2 24 o AR G R e M A ) R, S 38O
B2 BRY Y, TR A WAKR T R (O W
P! BTN MR (PP e B BAL R
(PLA) SN 7s T R RN Z59 47, Xt
R AW i 161 LD 2459 5 Rz P R R Ak
ARSI L DT 8 28] ] s P R R S B 24 A 1 A5 L e Ah
IR IB TV 0 SR 0 ] A 5 e 25 )i B2
AeS1. TR NARFRILR Y (PLCA & —F A
AR E RSV R LT PLGA IIREYIMN
Kbz TR B 254, B B AR YA
PEAE AR 2 SR A S . 38 R B B 5
TRAEWLLEINAAZAAR B AT LA IR S
SEVERNE R, BB (PAMAM )& —
PN T A HETREY ST R 2R
ok AR FEF E R TS T8 %
A= WTE A T DA R AR AR A 1 TP IR LA A DG
FERM PAMAM E A R4 0908 28 52 5k 38 15 0 1E
AN, i PAMAM EHBHM PLGA AT LI
hn PLGA L3Rt e tE . PAMAM RIHAY A H
RIE ] IR 2E AR B A — AT IF R Ik A 5
JEEIE e B P O

YOKBEE I TR A Y L Bk Ak 2 S B =X
TE RLAAARIAR (4 AR S5 44 B 0 D o S mT AR
B Jk Pty B B[] B 25 W A sk, AR SEER
HREYIME PLCA WEBUAR BRI CPT 4
PUARL T PAMAM 846 #0223 FMIR (0A )
B4 PLGA MR SR AN K 25 25 BRI 2R 55 (CPT/
PLGA-PAMAM-OA ,CPT-PPO) . B 54 T 25
(A28 W 15405 et B Bz JOR T B B, A2 249 700 28 A 1F
PR T SCIRAKYE

1 (=F5H#

1.1 FE  BS224S T4 KT AL 382 Al i
ISR GATBRAN ] ) DZF-6090 EL25 THR4H (b —
FERLA AL B A FR S 7)) L F6-10 388 4057 AL IS .
145W),IKA % 14 #F 4% , UPWS-I-5T i 4fi /K £
B I R G AR AT BR A R] D L FIFIR ZE90 i
AL CEE BB %3 7)), TDL-60B ik & 2 55 .0 L
(FHFZ= R 2R 2 ) ,SHZ-B K InE IR R 7 % (-

TR S A BRA RS 7% 45T ) ,ADVENCE 400
M AR (€ [ FLHL 22 A 7)) L LC3000 4%
WA TEAL AL QHmE R A BR A7) ,2010 i3
SIHEE (HA JEOL A+ TK-12A #Y3% B2 4 HiSE
AN (LS EURHEE SR 2 A FRA T JZeta sizer ZS90
RLE AL (JEE Malvern A 6],

1.2 #&ARA PLGA (RS R AR THA R
A A 15 000) R ZHEEE (PV A CE M TR AR
TRRGUHEARAT ), PAMAM (G3.0, i 251k
T REE BRAFD) CPT RS O 25 5 A i
S ASEAE T ) L CPT (B A & (il )Fb kTl & A fR
NE] Ay 348 .36 1,0 A (FEAK DN F] ) R H 3%
HY R (HPMC . U (N AEY TRA R AR £
] 5 B ik Ak T 803 BT 4% (MD34-7 B/ 4> + & .
7 000) (03 FH ) 8 HPLC 2%, oAt 50 2 4 4y
Mrat,

2 FHiEEER

2.1 EHEASENT

211 A& ARk Co AR ( 250 mm X
4.6 mm,5 pm) s HEE-IK (70 2 30,V /V) sk
WP 254 nm; H . 1.0 ml/min; PEFE AR,
20 pl, CPT XF M % W AL S I Wi HPLC
e 1,

_

0 0.7 1.42.12.8354249566.3 7 7.7
18 (t/min)

L 1 1 1 1 1
0 0.7 1.4212835424.9566.3 7 7.7
] Ct/min)

B 1 CPTH HPLC &
A FRUES ; B AR S ;1 .CPT (53504

2.1.2 ARAERMERAHIA T Aoy X IR
WA S HFREL CPT XA 3 mg & T 100 ml
ZEm JINAGE R R S OB R AU A5



kA 2016 4R 3 1 25 HAE 34 H56 2
150 Journal of Pharmaceutical Practice ,Vol .34, No .2 ,March 25,2016

Xof HE S BB . 53 A % et BB B B 2 U 0.1
0.2,0.4,0.8,1.2,1.6.2.0 ml BT 10 ml &)
o R B B B TRAT RIS RV EE N 0.3,
0.6,1.2,2.4.3.6.4.8.6.0 pg/mlff] CPT X FR v
W KN R B ST oy SRR 20 pl Fe<2 . 1. 17
TN A A TI DA TR (Y ) YA AERR
PEREVRBE (X)) SR A AR L2EAT E 50 B7 L4551 CPT
MIbR E M 2 Oy f Y = 112 337X+ 522 .61, K =
0.999 7 255K CPT #£ 0.3776.0 pg/mlAf , I
SR R R, WS EEE R
SEPERISH RSD ¥<C3. 0% 3G gk,
2.2 RBEREBRKGHE

2201 FHKBAGKRREIE 2 EHGRRI
il e HFLALE I & 75 6% PLGA-PAMAM-0A
(PPOOZKAL J 10 mgPLGA VAf#AE 1.5 ml — 44
H ot v, LT A5 55 VA R A LA S F A BLAR I A
14.5ml 0.1% (W /V)PVA .4 ml 0.5 PAMAM 5
1.5 ml HHR-80 MR G W b LUTE S 114 3 B 40 4
oI UM 2LV L SR 5 L A AL R 15 min
(35 000 r/min) JEZIE MAUKFL, HETAHHLAE M
A 100 pl 1046 (W /V) = BERREH (TPP)AZHK SR 5 1E
300 r/min FFE 2 h E%(%T@%Mﬁ%@(&(p}l
18 8.0 SEEE R FHSEH 1- (- H & 5L )-
3Lk W (EDC ) Al N-32 35 3% 31 ik W e
(NHSOTEALH) OA 85 2 h, BI525 A9 90 K ki
PPO, KAEMif) PLGA-PAMAM (PP)YKKi 2 R
Uy R iR

KAEMG K KL PP FIZE OA 545 1 49 K hr
PPO ISR 2 iR, 24 OA BMfif5 1Y
PPO (¥ 2B )% PP (K] 2A )7E 63.75~3.85 ppm 4k
Z 7 OA FFfEVg, [FI 76 8 4.7 ppm [¥J5FIE(E
RN X SR T OA J5 B AE R TR B
HGH&MmM, EREEREKYZ PPO E &N |
OA,

# CPT 9K4: (CPT-PPOORYHI 45 44 CPT I
Tl ROET 554 PLCGA AN RS .
JE SRS S VKRR i 2 T4
2.2.2 ZHHKBAEREI  CPT gel B4 .
FREL CPT 0.01 gV T 40 ml ZFrf 8 /5 1 s
il BTGV IT 1 HPM C A B = 52 40
B LA IRAASE 24 h & LA,

HARGOREERL 152 I LR 7 HPMC
B Z AN W P 00 25 1 S 3825 A KR K T
L H B SEEEE (PPO gel,CPT-PPO gel , PP
gel CPT-PP gel) ,ZIMEE 24 h 21,

1l

0.0 5.0 10.0
AR (6/10°)

—

0.0 5.0 10.0
2ELR (6/10%)

2 4uk%L PP 0 PPO BO#ZREEE
A .PP; B.PPO

2.3 REBERELRRG R

2.3.1 CPT-PPO WHIBIESMES RAIBHIR 7
ek K CPT-PPO Fié 2 0.1 mg/ml. i T 300 H
BRI, 5 min 5, HIELEM F: Z WK, IMA
1% BEASERVET (pH ME 7. 0) 17 ,44f0 5 min, JE
YU R 2 AR BT R e P 3 B L
BT LU 4 B E A 25 SR DL T 3, ROk R
T L BRI AN ULIRI &, K /N AT Gl oKk 2
] TCRAIE

& 3 CPT-PPO HIESTHEE

2.3.2 CPT-PPO AURIAE K HA, B3 y—E i
TSI CPT-PPO #1 CPT-PP A3 HILL £ B FK
R FE R UG S OGBSO R 48 Kk 1) 6 L
FHRLAE K Zeta HLVAH, CPT-PP RY-FYRi45E A
(210.3+6.1) nm (PDI<C0.3),H i (18.1+
3.2) mV 24 H] OA BifiJ5 .CPT-PPO (RRiFLIE
fNZE (246.7 £5.4) nm, (LA /D & (9.1 +
2.5) mV A A T RE R R B OA Bk



ke 2016 4E 3 J1 25 HAS 34 45 2 0
Journal of Pharmaceutical Practice ,Vol .34, No .2 ,March 25,2016 151

T PAMAM 53 EHLfT 3R,

2.3.3 [ERAME B3 LS a2y BT
FE2 000 r/minZ& T FHABIEEHEIE 15 min JKUITE
Y P B g g R RERE SR A HE
P A TR 342 1 1T T R A A
T 3 S CPT & & ARARAKITRAE R
(EE), il CPT 94 K40 Hf 2Ky (78 .7 +
6.900

Cﬁﬁﬁt

EE® )= ><1oo/

HE Caxn (HPLC MZE MY CPT &2, Comn BERET CPT 1)

24 WIMBEAAFHR 8 m B YKEE
& CPT-PPO 1 CPT-PP 25l A 48 vh & T
pH {H 7.4 Yy PBS &% A b iR B 45 i 75 (37 =
1) °C Btk B 4300 r/min, ZEASEFE] (1.2.4.
6.8,12,22,24,48.72 WHBGENTIK 0.5 ml, F EEE
25 8 HPLC M 5E CPT AU JE 158 A 6] s ]
CPT [IEH EH R, 450K 4 iR, 9KREER
PRGN AS G — G B 127 7 B2 K
BRI LT OA BTy RAA B Y REIL
WA B,

100
—A- CPT-PPO gel

80 |-e CPT-pp gel

60

40

IR S E (%)

20

0 1I0 2I0 3I0 4I0 5|0 6|0 7|0 8I0
I Ct/h)

B 4 CPT-PPO 5 CPT-PP #KE/

RSN FE B B 2R B b 3R

2.5 Wbz SbEmR WUREGA% /N LB
A HUE S B ik SRS BT Franz 57 208 50t
b SRR AR R SR O . A
ST CPT gel,CPT-PP gel,CPT-PPO gel ,3%
W Ay pH = 7 BY PBS 2% vh ik, 1 Pk B
300 v/min JKIARLEE (371) °C Fithk 24 h JGHUEE
PEPRZE 0.5 pm LIRS YE L HPLC &
IFtAE R AR ER B EE SR ILE 5, CPT-
PPO gel ,CPT -PP gel &% CPT gel K522 )75 %t
39 A 30.102 3, 22.842 9, 3.543 2 pg/em” , 45 R
LW 28 OA BRI KEERL AT LA 58 0 CPT 1Y

35

kkdt

x _ 30
%120_
=2
*gij 15 F
S® 10

5_

0 - . .

CPT gel CPT-PP gel  CPT-PPO gel

E 5 CPT,CPTPP #1 CPT-PPO £
24 WA R RTBERE (=5 .2Fs)
** p<0.01,5 CPTgel H4L;

# P<<0.05,55 CPT-PPgel 4%

2.6 HLMEBEGENT A B AL
Ja B BRICT 4R B B8 19 CPT 254 . PBS
(pH {E=7 .4)ZZ pPif e £ 5T 22 R EL )23 L B 4RI
Tk FRE, SRJG YR R KR R RS 2 5 ml

HEI PREEAZZE R 30 min S AR E
) FVBEE 2 MR OB, I — 5 & L3RR X

8, PBS Hi B 10 7% B 20 pl HEAE 3 B IR Y
CPT #i B H Quin (mg/g),
C-V

Qun="""

S Quan 2 ¢ IR ] P BRLASE J5T A B2 Bk 2R AR B
WHLCON IR Vo B R RE R AR, m
M EZRRI BT EE . CPT &R Y B o & B Jik iy BH 6
ZERLIE 6, CPT-PPO gel, CPT-PP gel J% CPT
gel TR &b Bz k82 4> 91 o 1.821 2, 1.426 8,
0.214 5 mg/g AERFEH ,PLCA £ PAMAM {&1fi
J& AT LA SN CPT 7 B IR A B8 1 A 8
CPT HYJmERIGI AR,

2.4

) kit
16} °

L2}

0.8}

0.4}

Lomm .

CPT gel CPT-PP gel  CPT-PPO gel

KW I R R (mg/g)

B 6 CPT.CPT-PP #1 CPT-PPO R
HEKFEEE =50+t
" p<0.01,5 CPTgel AL ;
% p<<0.05,45 CPT-PPgel It

3 g

3.1 HEBRROLFIEFR NTHAL CTP 9
Kbr il s T4 AT R R 5 RN EK . PVA



2016 43 A 25 HES 34 B4 2 11

152 Journal of Pharmaceutical Practice ,Vol .34, No .2 ,March 25,2016

WelE PLGA W PAMAM ¥ Y LG 4%
BRI [] B2 1 % A fa b KRR | HL 7 8024
i, FATRI Y R EFE . PLCGA &N
6.67 mg/ml,0.1%% (W /V)HE) PVA.0.5% (W /V)I
PAMAM, #if # B 8] 2 15 min, % # A
35 000 r/min X Z5 & H 10 mg I, A AL Jr T
20 A B AKRLRL AR | H A B AR 2h e A A R AR
T ARGE MR

R B 3R PR 3R R T A5 ) T 8 AN RO P B
FET A S35 3 IR Ek 258l ROk
IR E HR AR A 5 Zeta HUOE JFFIE Gk
KL ER e B2 f, A5 R MRIAE253 .2 nm  HLY
11.5 mV ,#25#815 .35 pg/mg f0EF 84 .22 ,
3.2 PAMAM 5 OA #54hxtiE R Rth%Hea N
TIEIMPUKAR RGNBE R RE ST AE PLGA #Z5 R
Ser LRl b FRATET PAMAM $E1 OA & ifi
PLGA, N THEW] PAMAM , OA &4 XF Kz Jik it v
IS, RATE T CPT-PP gel ¥ CPT gel,
CPT-PP gel }2 CPT-PPO gel 43 5I7E ] T/ L%
Jok AT B R IB 8 i B B S R IMZE L OA &4
IAKBERE 5 Ay 2 FHBERCAH L .24 h JERKIB 5
KBz ki B A Geit e 22 . XATRR R A&
OA BHif) PLGA-PAMAM 4K 1] DLk — 4T
T2 R A £ 020 T8 38N T 36 24 B 5K B R TR
J2 G kRGO RIMER s[RI H T30 T 20 KBER 1Y
T /7K 5 BC ZR B TR 22 1 2 st BR A B kL osi b
W NGRR3R B FNLEL 2T 2
VE 25 T A S R B e
33 aEHMesikFE CPT R—MEAPUEIEE
ISR 25 AR IR IR Y T 4T — T T, B
ST KIS AR B R K I PR — B2 3]
S S N ey 7 =W e o (MR AP S ]
RZ SR ALZE CPT, LS B A0 ¥ 1) ol 28 B 45
25 T CPT JR 25 i BRS04 4G
AHEFEH A CPT H7 R GOKBE I A7 58 o AE /N B
JoR SR8 FH A B8R R R T i 9 SR AL VR T B AL T —
SRR A R — LW AT T SRR

(&% k]

[1] Barry BW. Novel mechanisms and devices to enable success-
ful transdermal drug delivery [J]. Eur J Pharm Sci, 2001, 14
(2):101-114 .

[2] Prow TW, Grice JE, Lin LL, et al. Nanoparticles and mi-
croparticles for skin drug delivery [J]. Adv Drug Deliv Rev,
2011, 63(6) . 470-491 .

[3] Gupta M, Vyas SP. Development , characterization and inwvi-

[4]

[5]

(6]

(7]

(8]

(9]

[10]

(1]

[1z]

[13]

[14]

[16]

[17]

vo assessment of effective lipidic nanoparticles for dermal de-
livery of fluconazole against cutaneous candidiasis[J]. Chem
Phys Lipids, 2012, 165(4); 454-461.
Bachhav YG , Mondon K, Kalia YN , et al . Novel micelle for-
mulations to increase cutaneous bioavailability of azole anti-
fungals[J]. J Control Release , 2011, 153(2). 126-132.
Vijayan V, Reddy KR, Sakthivel S, et al. Optimization and
charaterization of repaglinide biodegradable polymeric nanop -
article loaded transdermal patchs : inwvitro and invivo studies
[J]. Colloids Surf B Biointerfaces , 2013, 1(111), 150-155.
Agrawal U, Mehra NK, Gupta U et al . Hyperbranched den-
dritic nano-carriers for topical delivery of dithranol [J]. ]
Drug Target ,2013, 21(5) . 497-506 .
Chen Y, Wang M , Fang L . Biomaterials as novel penetration
enhancers for transdermal and dermal drug delivery systems
[J]. Drug Deliv, 2013, 20(5);199-209 .
Rancan F, Papakostas D, Hadam S, et al. Investigation of
polylactic acid (PLA ) nanoparticles as drug delivery systems
for local dermatotherapy [J]. Pharm Res, 2009, 26(8) .2027-
2036 .
Shah PP, Desai PR, Channer D, et al . Enhanced skin perme-
ation using polyarginine modified nanostructured lipid carriers
[J].J Controlled Release , 2012, 161(3); 735-745 .
Shah PP, Desai PR, Patel AR, et al. Skin permeating nano-
gel for the cutaneous co-delivery of two anti-inflammatory
drugs[J]. Biomaterials , 2012, 33(5).1607-1617 .
Yang Y , Sunoqrot S, Stowell C, et al . Effect of size , surface
charges , and hydrophobicity of poly (amidoamine ) dendrimers
on their skin penetration [J ]. Biomacromolecules ,2012, 13
(7). 2154-2162 .
O'Leary J, Muggia FM . Camptothecins ; a review of their de-
velopment and schedules of administration[J]. Eur J Cancer ,
1998,34(10); 1500-1508 .
Min KH, Park K, Kim YS, et al . Hydrophobically modified
glycol chitosan nanoparticles-encapsulated camptothecin en-
hance the drug stability and tumor targeting in cancer therapy
[J].J Control Release ,2008 , 127(3).208-218 .
Andrew J. Jennifer K . Carmen J . et al . Convection-enhanced
delivery of camptothecin-loaded polymer nanoparticles for
treatment of intracranial tumors[]J]. Drug Deliv Transl Res ,
2011,1(1) . 34 42.
Castillo PM , de la Mata M, Casula MF, et al. PEGylated
versus non-PEGylated magnetic nanoparticles as camptothecin
delivery system[J]. Beilstein J Nanotechnol , 2014, 5 1312-
1319.
Zhang L, Hu Y, Jiang X, et al. Camptothecin derivative-
loaded poly (caprolactone-co-lactide )-b-PEG-b-poly (caprolac-
tone-co-lactide ) nanoparticles and their biodistribution in mice
[J].J Control Release , 2004, 96 (1),135-148 .
Botella P, Abasolo I, Fern ndez Y, et al. Surface-modified
silica nanoparticles for tumor-targeted delivery of camptothe-
cin and its biological evaluation[J].J Control Release ,2011,
156(2).246-257 .

(Ye#sHHE] 2015-03-09

(AxHmE] FHE

[f{&EEH#] 2016-01-12





