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Effects of Vehicles and Enhancers on the Permeation Properties of Tizanidine Hydrochloride
through Strat-M™ Artificial Membrane and Hairless Mouse Skin

Myung Shin Park and In Koo Chun®
College of Pharmacy, Dongduk Women’s University, Seoul 02748, Korea

Abstract — This study was aimed to enhance the percutaneous absorption of tizanidine hydrochloride (TZ) across Strat-
M™ artificial membrane and excised hairless mouse skin using various vehicles and chemical permeation enhancers. Sol-
ubility studies were performed using hydrophilic and lipophilic vehicles. To initially evaluate vehicle effects on skin per-
meation, Strat-M™ membrane was adopted using Franz-type diffusion cells loaded with 0.4 mg donor dose. Effects of fatty
acids on the permeation of TZ from PG and PGMC were compared, and the effects of various hydrophilic vehicles in the
presence of linoleic acid were studied using excised hairless mouse skin specimens. The mean solubility (mg/m/) of TZ in
hydrophilic vehicles was higher: water > PG > DMSO > ethanol > PEG 200 > NMP > PEG 300 > PEG 400 > DGME,
and solubilities in lipophilic vehicles such as PGMC, PGMC, IPM, Captex 200 and Captex 300 were much less than 1.0 mg/
ml. Permeation rates through Strat™ membrane from pure vehicles were in the rank order: PGMC > LBF > DMSO >
NMP > PGML > PG > PEG 200 > DGME > EtOH. However, permeation rates of TZ through hairless mouse skin from pure
vehicles were very low, although PG showed the highest flux (1.66+0.28 pug/em? - hr). Therefore, PG was selected in fur-
ther studies. Addition of enhancers (3 v/v%) into PG markedly increased the flux (pg/cmz - hr): oleyl alcohol (14.9+3.1) >
oleic acid (14.5+1.6) > linoleic acid (13.7+1.3) > capric acid (4.4+0.6) > caprylic acid (2.1+0.4). Among hydrophilic vehi-
cles with linoleic acid, PG and DMSO revealed relatively higher permeation for TZ. Increase of donor dose in PG resulted
in dose-dependent permeation fluxes. These results suggest that permeation properties of TZ from nonaqueous solutions
are markedly different between Strat-M™ membrane and excised hairless mouse skin, and transdermal delivery of TZ
would be feasible with a combination of PG and enhancers.
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Fig. 2 - HPLC chromatograms of TZ standard solution containing
ethyl paraben as the internal standard.

oY
i
O

o o

2656x — 00591(R2 =0.9999)= uj

A2 1.61%, YW 9442 1.1%
St 1.4%, A7PdUAL 1.9%= 24
| el a sl 0.1 pgmiz 261
=3 “ﬂl s AN e] gale 57 9l Faple] #g-st
o TR ARSI} gFeiA BelHdn duojekE 9 A
TZJ Aoz HPLCH 0] Rasle] QAut o] A
= E}EU AE At EE a#ste] 228 nmelA 7

ArRbe @5 ¢ 9l ofeld 31w AHsisit

)=

(

0.
=

o2

o

¥2

o

% ox
w '
=

Hi Ho et

kv
lig%
i)

l
)
ol
e

g
ot

O
O

oZi <

ofN

e H

f ofy Mo

MN’—H_ioﬂoﬁ:

T-I
H]I

Table I - Solubility of TZ in various vehicles at 32°C

Vehicles Solubility (mg/ml)
Water 57.54+2.73
PG 53.93+1.45
DMSO 49.5+0.55
EtOH 23.03+0.35
PEG 200 14.07+0.58
NMP 8.19+0.90
PEG 300 6.74+0.12
PEG 400 3.51+0.21
DGME 2.21+x0.32
PGML 0.83+0.17
LBF 0.52+0.18
PGMC 0.26+0.01
OA 0.16+0.00
Captex 300 0.03+0.00
Captex 200 0.01+0.00
IPM 0.00=0.00

Data were expressed as the mean+S.D. (n = 3).

PG: propylene glycol, DMSO: dimethyl sulfoxide, EtOH: ethanol,
PEG: polyethylene glycol, NMP: N-methyl-2-pyrrolidone, DGME;
diethylene glycol monoethyl ether, PGML: propylene glycol
monolaurate, LBF: propylene glycol dicaprylocaprate, PGMC:
propylene glycol monocaprylate, OA: oleic acid, Captex 200:
propylene glycol dicaprylocaprate, Captex 300: glyceryl tricaprylate/
tricaprate, IPM: isopropyl myristate.
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Table II — Permeation parameters of TZ through Strat-M™ artificial membrane from various pure vehicles as a function of time

Permeation parameters

Pure vehicles

Qoury (ngfem? J. (ug/em*hr) T, (hr) P,y (X 107 cm/s)

PEG 200" 21.9+3.70 1.5+0.27 9.7+16 2.1+0.38
PGY 46.8+11.0 3.1+0.62 91+09 4.4+0.86
NMPY 118.8+25.50 6.1+1.1 0.93+1.4 8.4+1.46
DMSOY 133.4+35.80 70+15 53+23 9.8+2.06
EtOHY NA. NA. NA. NA.

DGMEY 13.2+10.0 0.50+0.17 6.6=7.6 0.70+0.24
LBF? 389.2+200" 22.9+119 6.8+1.9 31.7+16.5
PGMC? 550.7+22.6" 30.8+6.1 35+35 332.5+66.2
PGML? 46.8+46.8 0.73+0.58 6.1+0.8 2.44+1.95

Data were expressed as the mean+S.D. (n = 3).
Donor concentration was 2 mg/m/ for hydrophilic vehicles?,

and was saturated for lipophilic vehicles?.
Q41 cumulative amount of TZ permeated after 24 hr; J: steady state flux; 7: lag time; P,

.pp+ apparent permeability coefficient; N.A.:

not available due to the detection of trace amount. For other abbreviations, refer to Table I.
"Significantly different from hydrophilic vehicles such as PEG 200, PG, NMP, DMSO and lipophilic vehicle such as PGML.
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Table III — Permeation parameters of TZ through Strat-M™ membrane from PG and PGMC with 3v/v% enhancers

Permeation parameters

Vehicle Enhancer 5 5 -
Qe (ngfem®) J. (nglem?hr) Ty (hr) P, (x 107 cmys)
None 46.8+11.0 3.1+0.62 9.1+0.93 4.4+0.86
PG LA 116.4+21.0" 10.1+2.45" 1.4+0.41 14.1+3.40
OAL 193.9+16.8™ 85+0.96" 0.56+1.50 11.8+1.34
None 550.7+22.6 30.8+6.14 3.5+3.51 332.5+66.2
PGMC LA 208.6+£20.2"" 15.4+5.99" 2.5+1.05 165.8+64.6
OAL 550.7+22.6 33.8+3.52 4.2+2.85 364.22+38.0

Data were expressed as the mean+S.D. (n = 3).

Donor TZ concentration was 2 mg/m/ in PG, and saturated in PGMC.
For abbreviations, refer to Tables I and II. LA: linoleic acid, OAL: oleyl alcohol. For PG, @, and flux in the presence of LA and OAL

are significantly different from None.

For PGMC, @,,,, and flux in the presence of LA are significantly different from None
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Table IV — Permeation parameters of TZ through excised hairless mouse skin from PG containing 3 v/v% fatty acid or fatty alcohol as an

enhancer
Permeation parameters
Enhancer - -
Qa4 (ng/em’) J, (ug/em’/hr) Ty, (hr) P,,, (x 10" cm/s)

None 22.3+6.41 1.66+0.28 10.78+1.55 2.31+0.39
OA 193.6+54.2" 14.47+1.64 3.68+0.62 20.10+2.28
LA 177.4+22.4™ 13.72+1.28 4.43+1.12 19.05+1.78
CA 455+13.4 4.43+0.61 7.45+3.81 6.16+0.84
CLA 27.1+5.1 2.05+0.44 10.68+0.74 2.84+0.61
OAL 167.5+11.8™ 14.91+3.07 431+1.22 20.71+4.26

Data were expressed as the mean+S.D. (n = 3).
Donor TZ concentration was 2 mg/m/ in PG.

For abbreviations, refer to Table II. CA: capric acid, CLA: caprylic acid, OAL: oleyl alcohol.

*Significantly different from None (p < 0.001).
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Table V — Permeation parameters of TZ through excised hairless mouse skin from hydrophilic vehicles containing 3 v/v% LA

Permeation parameters

Enhancers
Qyypy (ng/em’) J. (ng/cm’/hr) Ty, (hr) P,y (x 107 cr/s)

PEG 200 79.4=18.3 4.8+1.0 75+05 6.68=1.36
PG 177.4+22.4™ 13.72+1.28 443+1.12 19.05+1.78
NMP 13.2+129 NA. NA. NA.
DMSO 217.7+34.2 13.9+2.3 8.3+1.4 19.29+3.16
EtOH 3.7+63 N.A. N.A. NA.
DGME 16.1+215 N.A. N.A. NA.

Data were expressed as the mean+S.D. (n = 3).
Donor TZ concentration was 2 mg/m/ in each vehicles.

N.A.: not available due to very low detection. For abbreviations, refer to Tables I and II.
Slgmflcantly different from PEG 200, NMP, EtOH and DGME (» < 0.001).
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Table VI - Permeation parameters of TZ through excised hairless mouse skin from PG containing different enhancer concentrations
Permeation parameters
Conc. of enhancer 5 5 -
Qo1 (Ug/cm®) Js (ug/cm®/hr) T, (hr) P,,, (x 10" cm/s)
None 22.3+6.41 1.66=0.28 10.78+1.55 2.31+0.39
1% LA 113.9+158 7.93+0.71 9.63+1.44 11.02+0.99
3% LA 1774224 13.72+1.28 4.43+1.12 19.05+1.78
5% LA 102.5+6.48" 8.16+0.55 5.21+0.71 11.34+0.76
1% OAL 144.0254" 9.59+1.07 4.47+1.54 13.32+1.49
3% OAL 132.3+14.4" 12.13£3.09 5.06+0.25 16.85+4.29
5% OAL 177.0£12.3" 14.20+1.01 4.48+0.90 19.73+1.40
Data were expressed as the mean+S.D. (n = 3).
Donor dose was 2 mg/ml in each vehicle. For abbreviations, refer to Table II and III.
Slgmflcantly different from None (p < 0.001).
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