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[ Abstract] Objective: To investigate the percutaneous permeability of sinomenine hydrochloride
(SNH) and optimize the parameters of electroporation to achieve the best permeation enhancing effect on SNH.
Method: The percutaneous permeability of SNH and the enhancement effect of electroporation were studied by
in vitro diffusion cell method, and the enhancement effect of electroporation was further evaluated by in vivo
study in mice. Result: Under steady-state condition, the permeation rates of SNH in stripped skin and intact
skin of hairless mice were (385.81+12.88) , (0.88+0.20) pg-cm?-h", respectively. The permeation rate in
stripped skin was 438 times higher than that in intact skin. The results of percutaneous permeation kinetics
analysis showed that the solubility and diffusion coefficient of SNH in stratum corneum were relatively low,
which were (70.82+£9.63) x10° g-m” and (3.07+1.52) x10™ cm’-s', respectively. Under the optimized

electroporation conditions (voltage of 72 V, time of 60 min), the 24 h cumulative permeation amount of SNH
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through skin of mice was (10 008.39£1 961.57) pg-cm™, and the steady-state permeation rate was (456.01%
51.26) pwgrcm™-h"', which were 5.4 times and 5.1 times higher than those of blank group, respectively. In vivo
studies in mice showed that the contents of SNH in skin and muscle of electroporation group were 2.0 times and
1.5 times higher than those of blank group. Conclusion: The low solubility and low diffusion coefficient of SNH

in the stratum corneum are the main factors hindering the percutaneous permeation of SNH. Electroporation can

significantly increase the percutaneous permeation of SNH and its retention in skin and muscle of mice.
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Fig. 1 In vitro permeation profiles of SNH saturated solution

through hairless mouse skin (x+s,n=3)
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Table 1 Comparison of percutaneous permeability parameters of

electroporation with different application methods (x+s,n=3)

20 51 0,,,/ng cm? J/wg:em2-h! f/h
2 1 840.17+146.96 89.28+8.00 3.39+0.23
Tk 3 2 426.60+359.20 105.94+6.30 1.07£0.19V
[FIEfARFE 7 768.18+1 095.53%)  325.00£42.002  0.10+0.03%
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Fig. 3 Percutaneous permeation behaviors of SNH with different

electroporation methods(x+s,n=3)
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Fig. 4 Percutaneous permeation behaviors of SNH with different

voltage parameters of electroporation (x+s,n=3)
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Table 2  Percutaneous permeation parameters of SNH with

different voltage parameters of electroporation (x+s,n=3)

21 5 0,4,/ 1g cm? J/ng em?2-h! fg/h
M 1 840.17+£146.96 89.28+8.00 3.39+0.23
18V 3 469.90+408.63" 157.05£16.832  1.97+0.42"
36V 6411.82+2 151.800  288.92+29.632  1.70+0.34")
54V 8 233.59+503.012 351.06+40.582  0.45+0.222
72V 10008.39£1 961.572  456.01£51.26  0.10£0.052
90V 7768.17+1 095.582  325.00+49.882  0.10£0.032
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H I, 0 2 HH A A 1 EP it in B[R] 24 60 min

x4 BEANSTMIREFEBRIAA P SNH % BE(3<s5,1=6)

®3 BEIALREEMEETSNHEEZEEESH (vts,n=3)
Table 3  Percutaneous permeation parameters of SNH with

different application times of electroporation (x+s,n=3)

21190 0,,,/ng-cm™ J/ng em?+h!
2 1 840.17£146.96 89.28+8.00
20 min 2416.75+714.64 103.43+18.96
40 min 3590.18+570.95" 155.71+25.67>
60 min 10 008.39+1 961.57% 456.01£51.26%
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Y 2.0, 1547 ;22 2 K4 25 41 B 7R H A L 2L
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Yy 24 by o] AR, X 5 SNH A9 46 2 =1 (5~6 h)
— O TR AT L WA /N B R AR AR
B FERE N EP S5, /N B JBR AT AE A B ] N R B GE
FORAS, HR B BR 4TI e B, WL S

Table 4 SNH retention in skin and muscle of mice mediated by electroporation in vivo (x+s,n=6) wgeem™?
%eh1d %eh2d %2534
20 51
B Wk LA Bk NG Bk NS

2 H 3.03+0.47 1.82+0.14 2.61+1.45 1.87+0.78 3.64+0.88 1.98+0.10

L BAL 6.20+0.91" 2.82+0.13" 5.43+0.38" 2.84+0.16 6.94+0.18% 2.70+0.11"

T« 5 1) KB 07 25 141 He 3 1 P<0.05,7 P<0.01.
3 g EP jia fin 77 A% SNH 8 J2 B 3 A AR KW . 2

AR 303 i SNH /) R Ah 28 2 5 335 3 56 A A 1
IR TEAl EP X SNH W & 2 B1EH . thikSNE &
PEF 5T 45 0] 0L, SNH 28 42 J2 i Q e 1% T 25 1 ot Je
JBk L [ B XF SNH 28 Bz 38 3% 8l J1 26 S50 Wil i 1
B, DALYy DAY 1/40, KW SNH 7E SC Hh
4 CRE ) G AR T AR s A R R (TG PR R B ) L
Wi SC 2R SNH 28 J¢ B & i FE N R . HIEH
JREI 2 SNH Y i 5 /K 1 il FOXE DL Bk A SCr,
AT B 5 5 28 e 2 Wi
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Fig. 5 Skin state of mice before and after electroporation
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