557 1) (=

201047 H

¥

ACTA POLYMERICA SINICA

i

No.7
Jul., 2010

22
e

PAMAM #f R K5 FX B E 5 & F AR ERSIm

KR w4

(' 2R S A

B#p' B #' CHUONG Pham-Huy’
Y SR A TSR TR E AR AT 210009)

(? Faculty of Pharmacy, University of Paris V, 4 avenue de 1’ Observatoire 75006, Paris, France)

=

VAR % 55 R BB 251y , W5 SR Pt % - ( PAMAMD) AR{R R 23168 i 9 25 B B 9 1 T, SR LA AL

LR AP AN ENE T G1.0,G1.5,62.0,G2. 5 ,G3. 0,G3. 5 PAMAM 7 AR B2 FIANG] pH Xk % 25 19
B IF s FF BV 7 i) PAMAM 55836 S5 AR B AR A PLBEIED T TR0 SCRZ R, W% 25 i
fife B Bt pH (E A2 A IS4k, 78 pH 4. 0 ~ 6. 0 Yl Y, PAMAM AR R 737 X6F i 3% 25 )3 7 i Bl PAMAM
AR R BE R W pHL RS T R AR AR HAT S A5 A SR, 78 ) — pH 250 T 0 T R M
B REEH f R AR AR, R AU SR R T TH R AU S5 SR R W] PAMAM 573 25 32 2 5 i i A

FIhE
S PAMAM BPIRACAN T, BIAJE , 01

fiil 1% 25 ( ketoprofen ) , fb.2% 24 Bk 2-( 378 FH ik
FRIL) VIR, JB TARNIREAE S Rt R 25, FA
BRI AR AR, IR b R IR R R B
PERRE A RGBT R B e R, AN
HTARJG 19 B 2 NI 20k WL
Yo 8 kIR B R R 28 AL IR SR M
Tk, %t i A SR B e, AR R R
5. g Tl K, SR T A S5 T I
F, A LK A P R 25 VAR AT A %, g
24T T OB T R 3 v A R EE K %
P BRI, SR JH K 26 )5 VA RUR A SRR 35

PBIR K 23 F (dendrimer) 7 S 20 {40 80
ARAR B B 00— PR ARE IR 5 48 8T 1 1 41
ELA R Al S5 A B R | PR g TSR Il R I &
gt FeT A R AR AT RE I, N A
K zs i, I B 25800 1, BOKIR TR X8t
SN e SR Y WSk e AVELTE 7/ k= A NI NS E 7
5 25KV R DT 1 B A o8 P 2 T 3 A 40 g
bl I S A N R N U R R 7 R 1D
PAMAM BPR &5 5345 2590 6 Gk LA 25 )
VA B R — PR BT I s - B B A Sk i
PAMAM RPR A3 B HAT A= P o 35 5 MR 1R 45 2
Pyt PAMAM bR 5 20 -t BT LAAE A 245 9 4%
1 2 G0 3R AR, 8 T S B2 W B ) AR
SUORRRINi 0/ N 13 7N N/ s R EATI R (=SB T = = R
% LA Hp e S DR 3 R DR o) )3 i 22 4

HEEALIE AT BE AR ST AR IE 5 PAMAM F17 Bl FAsUe % A= i V.

B, TR RATT 808 ORTT . BRARK T Bl
2GR A ) — R T A FURRIR A
PO T MR PRI, A T B4 O TR

FIRBEAR K 3 515l 25 1 3 1A B SCHik i
T8, {H [ A2 8 B AU~ ARG T 25 W O LB
R B #/, Ti H PAMAM X 25 9 s 411
AT E SN AE T IR B B JAFR  BEH T
SRV 0 % , 38 i TSR ALL I 235 7K
PR T (AR AR HI R 4GE H i 2. 14
AT LR B T R B 5, I AT LUxE— 28
M JCVE S B S 0 BEA T RN, 2 231 TR AR A
FIBLERBIESE ) — At #h 5. PR, R SCLABR % 25
NEIRIZE W), R GEHE T TR AR AL PAMAM
XSGR 38 i X A El 12 07 AL,
TACF S T B AT R A AR, B R R
PAMAM Xt 25473 5343/ HIAG A

1 SCIGEp4y

1.1 5K HF

UV-1800 4 £8 4b 43 0B FE1H ( H A B H A
H)), pHS-25 AR BE it ( g AR X #% ) ) , BS
1248 BV (B2 FIRLH AR (db ) AR
E]) B R R K VA (RN AR A A B A
F)) ,TGL-16G 5 =X /5 250 ML (1 B2 97 25 Bk
(LR B BRAFF AR ) , BT mAB 148
(AT, LGI-10 ¥ iR T4 AL (AL 5 b I 4E

% 2009-08-11 Y f# ,2009-11-03 &7 ; # @ iIK & A, E-mail : dochehua@ 163. com

876



7 34 SRR ARG - PAMAM AREIR I S35 568 T B AT 945 25 ik £ ) 52 ) 877

NP R A R W] ), FTIR-8400S ( H A i A
Al).

i 3% 2% (R XTGR9k A BRA R ) , 1.0 ~
3.5 GPAMAM (S50 % F i) , =5 H R 2 L /e
Tris ( LG TRHE A BRAF]) , JoK HEE, £
iz, IR KB TFK.

1.2 XBWHE

1.2.1 FERgISmbrEfise RS RE
fE AR EEAT 14 95 10. 1 mg, & 50 mL 25 &),
I 75% F R 20 B 45T il A 202 pg/mL (I
SRS EE 0. 1,0.2,0.3,0.4,0.5,0. 6 mL ¥
B, 05 B F 10 mL i, i 75%
SER Z 2, R4y ) ) A5 v B Ry 2,02, 4.04,
6.06,8.08,10. 10, 12. 12 pg/mL [ 5 7 7 . T
WS OFAE T5% F BV VR FP 10 d5e R W e K Ry 258
nm , PAMAM 553 5578 5L 6 0 I i 34 25 10 1
WA T A S 4 35 1 A e 2R, TR I, PAMAM X6
T S5 s S v LW R AE 258 nm
SEV TR TR 8 A P [ 0 SR A5 R 3% 25
FRMEM 28 5 Bl A = 0.0677¢ - 0.0028 (¢, pg/
mL) ,R> = 0.9999 , il 7% 35 i e B £F 2. 02 ~12. 12
e/ mL T8 L P, v BRI O' B A AT Y Rk
1.2.2 &A% PAMAM XoJ il % 2% 1 v 1) 2% 8%

h T WE5E PAMAM ()38 5 55000, 3R A5 H 45 & A
WOF IR KRB  FRATH 48 T 1% 2% PAMAM
ANTR] Eb A 8 5 A5 1O

$ PAMAM 35 FHZE K, AR & 25, Bl 1%
55 PAMAM FE/R 4R 10:1,20:1,30: 1, R4
WEGHEFE 24 b (BT 2Cad S AR U8, SR 5 B
W, 75 % W RERG BE 258 nm T I IR A, AR
it 13 75 R TSR 0% 5 04 e B
1.2.3  PAMAM-Jilil 3% 55 &2 & 9 0 il 48 S FTIR
2 il Z Mk (5] Fik BiEe
G3. OPAMAM ¥ 25 85 T /K b, B A ok 4 il
Wor, HEOGHEFE 24 b, FA R G DR AR AT U8 Kk
W U 10 e, 15 B [ R Y . Rk A
G2. SPAMAM-Fi& 3552 &4,

SR R AR B R R 2 1 RE 4 R L
4000 ~400 cm ™", FTECH 101 FAFERE S5
JERE G2, SPAMAM ,G2. SPAMAM-Fii& 35 & &4
G3. OPAMAM . G3. OPAMAM-Jii % 2% 52 & W1 it IR
Pl
1.2.4  pH X} PAMAM H{ZEERIE S5 s2me 1

37°C A, 0 TR 9% S5 pH 2.0 ~ 10. 0 ( Tris-
HCI G2 vpif) T BT M8 B, 125 -5 5 4 0.5 mol/L
KCL.

KA TEAC B PAMAM (3% /8 G1.0 ~ G3.0,
AR GL 5 ~G3.5) RPAR K40+, 73 5 A pH =4.0
() Tris-HCl 22 Wil e % 1,2,3,4,5 mg/mL {74
W (pH =5.0,6.0 FYECHI[F ) . Bt & 1% 25 7
SIE T AR BT E (1 ~5 mg/mL) (Y FiR &2
PAMAM FPAR K53 F 3w, T 37 CHE KIS H
Fo MV FRSEA , L 10000 1/ min (1554 55000 3 min,
HE 3 WK, DR UERRE IS 7E PAMAM B4R K 73+
AR T R 1K B I A - A B BT O
75% W B WA R, T 258 nm R e (A, IF
THE BRI IS L

1.2.5 JHRPLEIFSE PAMAM BPR K731
VBRI ISSERIPLEE  PAMAM RPR K 535 Fi1

o5 1 W oy FRLE e B Iy 2 BB R A
InsightT12005 -5 b 47, 32 2R H A6 Y
Builder Fll Discover-3 #&if.

T JEAE Builder #1343 B 4548 PAMAM
BRER TSI AR 2540 B HL A Al = 4R 454, 4K
JE Xt PAMAM 43 ¥ 4b sy 1) 24 2 i 47 B2+ 1. 7E
Discover ##J7 N 4§ CVFF J3%} 734y B HLAar
R T IHER AR R A a5 A BN A 3
a0  RATR T T2 s )20 85 6 107 X 5 G
T, R IR A H B 25 T R IR BE T
BRI T 25 R AT LAk, SR 5 X o 364 7
1AL AR BRI 4 X .

3 S5 BT, B SEAE Builder FE 5T i
BT M50 A i = 4R 25 4. 7F Discover f2
J¥ R 48 CVEF J33%t 53— 53 e W A7 7 TG A8
1B, >R FHER B A U B0 S5 0F T SR AR B T R
ILHER BE VAR IR XS 4 F a5 R AT Ak, SR 5 X 4
FHATEN S5, 75 CVEF J135 1, ] Discover-
3 BT F- AT NVT 3l ) 2040, i 415 2 1Y
FE M R AR BE T Rk LY B8 B AR O o+
SEREATORAL LIS T8 20 —F X A AR

N T LYy T M PAMAM 2 A H AR
g & ARk, AT SE i PAMAM 285 ik iy
FHIGE SR G W S5 X 2] PAMAM 43+,
Xzt AR TP T Y R 25 ) 5 1 AT PAMAM
S F I SR IE R AR B S A A S itk A T
SR Affinity A DR SO0t 42 07 248 SR 1
SR FAEAS N B AU W IR HI 2, Ry itk S e 1



878 2

T S &

E 2010 4f

BEER 5 K, 2 A Quartic-Vdw-non-Coub 3% T {V 1
SN AR AR BAE FHRE &, I X Scale Vdw R EH
0. 1,152/ & YRR R BE T Rk, L hush
FEEMRRAT 53 F 45 # #E 47 2000 25 (14 53+ 1 224k
1k, BB W SR 2 7 0. 042 kJ - mol ™'+ A~ ETT
MD, 7t 300 K T ifk 500 ps, )5 TR BE T B,
LA BE VL 34T 2000 25 09 00 Ak, Ui 8K HE
0.042 kJ-mol ' - A" B 5 S TEANAE R I, 40 #T
AHEAE AL

2 GRSt

2.1 PAMAM BRK 5 FXHERE SSIEAE
HEAC PAMAM BRPRIC I35 A Sy — e , N7
=Gl A R, R =4l S T
5% PAMAM BRPIRA 35X BRI% 5 i e R 5 4,
FRATHITE T AR H AR S5 2 oA [7] 3% 1 5 1]
(0]

(—NH, ,—(|“[—0CH3 ) R AR 43 1 T R
SRR L6, AT % 255 PAMAM A1k
KA FRIEEJR HE 102 1,20 1,30: 1. HI 45 5 L&
1. XFF G1.0 PAMAM R A4 T W, Bifi 5 fin
BV SSECE B, &4 PAMAM 20732540 H
A RN, A ERIE 255 GL. 0 fBEJR e 10t 1,
A BT IR BN, X T G3.0 PAMAM Btk K
Oy TV, BEA TR 2585 3, v 1
H RS STty BRE 255 G3. 0 (YEEJR LR 20
C1EF, B PAMAM 3122580 H B2 TIEEIR R
10: THFASEC B, Y Ak S 38 i 3% 25 £ 5 (IR 3% 55
G3.0=30:1) , 544~ PAMAM 432k 25 %0 0 - A 14
I, HHER MRS SR S G3.0 HEER L 200 THT,
o m O AR AL

(98]
(=]

BGI1.0
L 8Gl1.5
mG2.0

3]
W

| 8G2.5
8G3.0

ye]
(=]

Ketoprofen/PAMAM (mol/mol)

101 20:1 30:1
Molar ratios of ketoprofen to dendrimer

Fig. 1 Ketoprofen encapsulation or complexation with PAMAM
dendrimers
Molar ratios of furosemide to dendrimer added were 10: 1,20: 1

and 30: 1, respectively
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Table 1  Selected characteristics of PAMAM dendrimers and the
maximum number of ketoprofen molecules incorporated per dendrimer

molecule determined experimentally

No. of ketoprofen
Molecular No. of tertiary No. of surface

Gn molecules/
weight!®1*  nitrogens groups
dendrimer molecule
Gl1.O 516 2 4 4
Gl.5 1204 6 8 3
G2.0 1428 6 8 8
G2.5 2804 14 16 6
G3.0 3252 14 16 13
G3.5 6004 30 32 10

# Data in the original literature is experimental value.
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Fig. 2
G3. 0PAMAM and (b) ketoprofen-G3. 0PAMAM
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Fig. 3 pH-solubility profile of ketoprofen in Tris-HCI buffers at
(37+1)<C

T OGRS OS5 PAMAM BEAR Sy
TR EAER], AT LT pH {EX  0 25 V f
FERIRZIR. €] 3 W BEVE R pH E A i, R 9% 5
fiff B2 R AEAAE 0. TR S5 P A B2 B pHL 2. 0 1 (Y
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(A) FTIR spectra of (a) ketoprofen, (b) G2.5 PAMAM and ( c¢) ketoprofen-G2. SPAMAM; (B) FTIR spectra of (a)
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Solubility of ketoprofen (ug/mL)
Fig. 4 1/[ H;07 ] versus solubility plot of ketoprofen

plotted according to the Henderson-Hasselbalch equation
y=19669x — 125347, R = 0.9771,K, =7.98 x 107*,
pK, =5.1,S,=6.37 pg/mL
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Fig. 5 The solubility of ketoprofen in the presence of increasing concentrations of PAMAM G1.0,G2.0 and G3.0 at pH 4.0,pH 5.0 and

pH 6.0 (aGl.0; b G2.0; ¢ G3.0)
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Fig. 6 The solubility of ketoprofen in the presence of increasing concentrations of PAMAMGI.5,G2. 5 and G3. 5 at pH4. 0,pH 5. 0 and pH

6.0(a Gl.5; b G2.5; ¢ G3.5)
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SRR AR AR, 2E MG 254
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Z3 Jh DT A 8138 35 1) A .

Fig. 7 Contact surface of 3. 0G PAMAM dendrimer after MD
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Fig. 8 Conformation of the Ketoprofen-PAMAM compound
Table 2 MD results of Ketoprofen-2. 5G and Ketoprofen-3. 0G PAMAM compound (kJ/mol)
Ketoprofen-PAMAM compound Total potential energy Internal Nonbond Vdm Electrostate
Ketoprofen-PAMAMG2. 5 compound 86.4711 835. 7986 —-749. 3274 177. 3200 -926. 6474
Ketoprofen-PAMAMG3. 0 compound —-452.2443 836. 0885 -1288.3328 118. 1232 - 1406. 4560
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EFFECTS OF PAMAM DENDRIMERS ON THE SOLUBILITY OF KETOPROFEN

ZHANG Huaijing', HE Hua'?, LU Yanni', GU Yan', CHUONG Pham-huy’

(" Department of Basic Sciences, China Pharmaceutical University ,
* Key Laboratory of Drug Quality Control and Pharmacovigilance( China Pharmaceutical University) , Ministry of Education, Nanjing 210009)
(* Faculty of Pharmacy, University of Paris V, 4 avenue de 1’ Observatoire 75006, Paris, France)

Abstract The aim of this study was to study the effect of polyamidoamine ( PAMAM) dendrimers on the
aqueous solubility of ketoprofen and investigate the mechanism of solubilization. PAMAM dendrimers of G1. 0,
G1.5,G2.0,G2.5,G3.0 and G3.5 were used as drug carriers of ketoprofen. The effects of pH and
concentration of the dendrimers on the solubility of ketoprofen were studied by UV spectroscopy. In addition,
the computational simulation was used to investigate the mechanism of interaction between PAMAM dendrimers
and ketoprofen. Results showed that the pH, generation size,and concentration influenced the solubilization of
ketoprofen. The solubility of ketoprofen increased with the increase of pH , generation size ,and concentration of
PAMAM dendrimers at pH 4.0 ~ 6. 0. Both amino and ester terminated dendrimers caused the increase in
ketoprofen solubility. However,at each pH,the solubility of ketoprofen was greater in the presence of amino-
terminated dendrimers compared to the ester-terminated dendrimers possessing the same number of surface
functional groups. The results of computational simulation show that interaction between ketoprofen and
PAMAM dendrimers is mainly electrostatic force. Its mechanism of solubilization maybe an electrostatic
interaction between the carboxyl group of ketoprofen and the primary amines or tertiary amines of PAMAM
dendrimers.

Keywords PAMAM dendrimer, Ketoprofen, Solubilization





