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Polydimethylsiloxanes containing a f-D-glucopiranosyl group at one chain end (Glc-PSn) with various molecular
weights were prepared to develop a silicone-based polymeric transdermal penetration enhancer. Glc-PSn was
prepared by hydrosilylation of hydrosilyl-terminated polydimethylsiloxane (PDMS) with 1-allyl- §-D-glucose
tetraacetate in the presence of bis(benzonitrile)platinum dichloride as the catalyst, followed by hydrolysis of the
acetyl groups with sodium methoxide. The enhancing activity in the drug penetration was evaluated by in vitro
experiments using a two-chamber diffusion cell. Antipyrine was used as a model drug, and the amount of drug
permeated through the rat abdominal skin with or without Glc-PSn was determined by HPLC. These compounds
were effective for the penetration of antipyrine. The enhancing activities were influenced by the chain length
of PDMS component and by the concentration of Glc-PSn coexisted. The enhancing activity was also observed
by the pretreatment of the skin with Glc-PSn before the drug permeation. It was also found that the enhancing
activity was due to an increase of the partition coefficient of a drug into the stratum corneum, from the
determination of kinetic parameters in the drug permeation. On the other hand, 1-(3- ff -D-glucopiranosylpropyl)-3-
alkyl-1,1,3,3-tetramethyldisiloxane (Glc-SiCn, alkyl = octyl, decyl or dodecyl) was prepared according to the similar

method, which exhibited the excellent enhancing activity for the drug penetration through the skin. In addition,
no or slight irritation to the skin was confirmed for these siloxane compounds by Draize test.
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Fig. 1 Polydimethylsiloxanes containing a polar end group.
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Glc-PDMSn (n =1, 4, 7, 10, 13, 16)
Scheme 1 Synthetic procedure of Glc-PSn.
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TNVITUERAT. 8 (2.40g. 6.19mmol) B
LPEARY Y2 Y VT TFF LY raY R
(3.1mg. 6.5umol) Z THF60mML 2 L72 &
DWW, HOH LOBEZETFITT 2 BRI AL
175729 (n =10, 5.36g. 6.18mmol) =Nz
T0CICT 2 MBI L 7ze IR B8, YU
TFNVAT LAY 757 40— (BREE : A%
¥ /WL = 10/1-10/2vol) (2 THE L
72825, 5.79g D AcGlc-PS10 % i ki fk
E LTz, (DR : 75.4%)

I'H-NMR (400MHz CDCls, ¢/ppm) :0.08
((6n+9) H,s), 0.50 (2H, m) , 1.59 (2H, m) , 2.00
(3H, s), 2.02 (3H, s), 2.03 (3H, s), 2.08 (3H,9),
3.43,3.83 (2H, ddt), 3.69 (1H, ddd) , 4.13 (1H, dd)
,4.27(1H,dd), 4.50(1H, d), 4.99(1H, dd), 5.09 (1 H,
t),5.20 (1H, 1) .

IR (KBr, v/cm™) : 2850, 1760, 1410, 1360, 1260
(Si-C) , 1220, 1100- 1010 (SiOSi) , 810, 700.

Glc-PS10

AcGlc-PS10 (5.69g, 4.58mmol) # THF30mL/
A% 7 =)V 30mL OREHEBISHER L. F YD
LA MFY FEE (1.0mol/l, 0.9mL) ZiZ. O
CITT R MPERRE Lz, RIS, S oOBE Al
WCHM LIEE R LR, Y ATF VS0

XN T4 — (BREE: Youuaxy s/ R
&7 —=20/1vol) ICTHHL-LZ A, 4.08g
@ Gle-PS10 2 A7 v 7 ZAREfK & L TR,
(D - 84.7%)

LH-NMR (400MHz, CDCI3, ¢ /ppm) : 0.07
((6n+9)H, s),0.53(2H, m), 1.65(2H, m), 2.17 (1H,
bs), 2.64 (1H, bs) , 2.94 (1H, bs) , 3.01 (1H, bs)
. 3.36 (1H, ), 3.38 (1H, m) , 3.50, 3.84 (2H, ddt)
,3.57 (1H, t), 3.59 (1H, 1), 3.80-3.94 (2H, bs) ,
4.30 (1H, d) .

IR (KBr, v/cm~1) : 3400 (O-H), 2950, 1730,
1640, 1410, 1360, 1260(Si- C), 1100- 1010(SiOS1), 800,
710, 670.
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Scheme 2 Synthetic procedure of Glc - Sicn.
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'H-NMR (400 MHz, CDCI3, 6 /ppm) :0.02 (12H,
$)0.47(4H, m),0.86(3H, 1), 1.23(20H, s), 1.58 (2H,
m), 1.98(3H, s), 2.00(3H, s),2.01 (3H,s),2.06(3H,
s),2.08 (3H,s),2.12 (3H,s) , 3.40, 3.82 (2H, ddt)
. 3.67 (1H, ddd) , 4.13 (1H, dd) , 4.27 (1H, dd),
4.48 (1H,d),4.97 (1H,dd),5.07 (1H, 1), 5.19 (1H,
t).

IR (KBr, v/cm 1) : 2960, 2850, 1750 (C = O)
, 1550, 1450, 1410, 1360, 1260 (Si-C) , 1220, 1160,
1100 - 1020 (SiOSi) , 900, 830.

Mass (m/e, SIMS) : 691 (M * +1) , 631, 575, 521,
345, 331.

Glc-SiC12

AcGle-SiC12 (0.87g. 1.25mmol) 27 F5 b
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'H-NMR (400 MHz, CDCI3, 6 /ppm):0.02 (12H,
s),0.47 (4H, m),0.82 (3H,t),1.20 (20H, s) , 1.58

(2H,m),1.93 (1H,t),2.35 (1H, m),2.50 (1H, m)
,2.61 (1H,m), 3.33 (2H,m) , 3.40,3.82 (2H, m) ,
3.55 (2H, m), 3.80 (2H, m) ,4.28 (1H,d) .

IR (KBr, v/cm ") : 3500 (O-H), 3000, 2950,
1480, 1400, 1270 (Si-C), 1100- 1020 (SiOSi) , 860,
810.

Mass (m/e,SIMS, 3-NBA+NaCl): 565M* +23),
454, 301, 267, 219.
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Fig. 2 2-Chamber diffusion cell.
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OB % T, bie & AR AR R BOS %2479 2
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3.2 Glc-PSn O#F KRR ESER

v MERHBERLE Z T v FE) R
W Lz mERERZ T, BoheR) Yo
¥4 LA Gle - PSn OREE WU AERDF: 2 e
L7z MREHOTMEE 1.0Ww/ v & LTy ¥
Y UG OESENSEL S Gle-PSn # ENEh
WML 725G 0% (7 FE) V) EREOk
2 fb# Fig. 3123, F7-. Fig 413 Fig. 3®
SEHREBIS BT 0 & 75 & 3R 7238 0 17 8 3405
(Flux) OEEERGFEER LD O TH D, &

LAHYFILINYRXAFIVLIT ) L— | Table 1 Results of preparations of Glc-PSn.

(TMSL) £/ 3 —,%BNFHF AT (oge ﬁﬁﬁﬂmﬁgj_am Mux1039  Mw/Mn©
Vyzubyrud$r (Ds) EDOEV

WABET 22 LIk ) RE2RAIED Pt ] G a1 o 103
DEfi, TRLEHBIET, T SR 1 n nam
FCHAMARES AcGle-PSn BE St e w7 e

°Gle-PSn (RFEDO n iz af4 Vo
FHEAETERT) 2OK Lz, 72,
A AcGle-PSn %5 Glc-PSn %3

a) Mole ratio of the monomer and the initiator in the synthesis of 9.
b) Observed degree of polymerization was determined by 'H-NMR.

¢) Mn: number-average molecular weight, Mw: weight-average molecular weight,

determined by gel permeation chromatography (THF eluent).
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Fig. 3 Permeation profiles of antipyrine (ANP) through rat
abdominal skin with Glc-PSn (1.0w/v%) or without en-
hancer (conrol).
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Fig. 4 Effect of degree of polymerization (n) of Glc-PSn
on the flux of antipyrine (ANP) permeated through rat ab-
dominal skin.
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Flux of antipyrine (ug/cm?-h)

Control 0.1 0.25 0.5 1 2

wiv %

Flux of antipyrine (ug/cm?-h)

Control 0.05 0.1 0.25 0.5 1 2

wiv %

Fig. 5 Effect of concentration of Glc-PS4 (A) and Glc-PS 13 (B) on the flux of antipyrine permeated through rat abdominal

skin.
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Fig. 6 The permeation profiles of ANP throught the rat
skin, pretreated with Glc-PS 10(1.0%) or vehicle (Control)
for 12h before the drug permeation.
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Table 2 The kinetic parameters of the drug permeation.

Code P(mh?) Px102(cm) P,x10%(h?)
Control 1.51 468 3.17
Gle-PDMS10 6.35 12.1 4.86
Control-Pre * 2.04 3.20 5.36
Gle-PDMS10-Pre” 7.07 168 4.15

) The skin was pretreated with vehicle or 1.0% of Glc-PS10 for
12h before the drug permeation.
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Fig. 7 Permeation profiles of antipyrine (ANP) throught
rat abdominal skin with Glc-SiCn and other compounds
(1.0Ww/v%) .
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Fig. 8 Effect of alkyl chain length of Glc-C12 on the flux of
antipyrine (ANP) throught rat abdominal skin.
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Table 3 Primary skin irritation on rabbit dorsal skin after treating with 0.5g of these enhancers dispersed in

0.4mL of water in 6cm? patch for 4h.

Time after removal of dressing

Code iizZS:; 1h 24h 48h 72h 6d P
—
GlePDMs1g  Eothema 0 ’ 0 0 - 0.0
GleSiclo  prthema | : : : B 15
Glesiclz  LYthema A : . 0 - 1.0
GleClz ~ otema : ; : 0 15
Oleic acid g(ri};trl:lzma (l) (1) 8 8 : 0.5

) PII (primary irritation index) is calculated by averaging the erythema values and
averaging the edema values at 1 and 48 h then combining the averages.

(maximum PII = 8)
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