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Effect of Electroporation on Percutaneous Permeation of Sinomenine Hydrochloride
YAN Sent, TENG Jian?, SUN Tong-tong®, XU Li?, QIU Ping?, WANG Qing®*

(1.State Key Laboratory of Fine Chemicals,School of Chemical Engineering,Dalian University of Technology,Dalian
116024,China;2.Hunan Zhengging Pharmaceutical Group Co. Ltd.,Huaihua 418005,China;3.Dalian Kexiang
Technology Development Co. Ltd.,Dalian 116024,China)

[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 (70.8249.63)>10° g m™ and
(3.0741.52) <104 cm? 571, respectively. Under the optimized electroporation conditions (voltage of 72 V, time of 60
min), the 24 h cumulative permeation amount of SNH through skin of mice was (10 008.39+1 961.57) ug-cm™, and
the steady-state permeation rate was (456.01+51.26) pg-cm 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.

[Key words] sinomenine hydrochloride; percutaneous permeation in vitro; electroporation; intact skin; stripped
skin; in vitro diffusion cell method
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Fig. 1 HPLC of SNH in receiving liquid after 24 h
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Fig. 2 In vitro permeation profiles of SNH saturated solution through hairless mouse skin  (*2s, n=3)
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251 EP iy :NH 42 K 2.3 IR /N Bl B DR B 5 783 08 Bl R i 45 3 R 32 =5 2 [\) (SC IRIEA B, HL-FJik
ARIT O S 90 V, B EP (8] 60 min, 73555 EP ANFNEAN T FAF SNH £ B2 & 5. SEike
B EE K 3,

3 WHILLIAEE R
Fig. 3 Experimental device of electroporation

T3y EP WAL R K, SR SLRMR 2 B Ik T A IR = AN 1 SRS AR TSR R
50 mg: 2 mL) {EAMLAW; J7ik N EP 5 SNH [AI R A T B2k (R ARERZED,  BIDE L5 B0 N\ 2 2
Jk AR H AT EP 72 . H3Z2 W34 40% PEGA400 7K TR, 7E (60046) rmin™ F3f (R4 /) i b AN (3740.2) C
SF R HHTSEG . ETUE IR A (1, 2, 4, 6, 8, 10, 12, 24 h) MEERZEHERE 0.2 mL FFAMniE s
AR B, AT 3 H. 4% 2.1.1 TR ik & HE, THE Q, i Q-t Mk, WX 1 ME 4. 4585
THHE, EP FlAb R R Qoan £ J BEA G N, HICEFEVEZE R, 1M [F I b 220 ) 2 2 39 i (P<0.01),
Uil EP Xf SNH £ J2 218 A W3 R B EH .
1 HEFLARMI T T SNH W& R iBESHE (Y35, n=3)
Table 1 Comparison of percutaneous permeability parameters of electroporation with different application methods

(*1s, n=3)

Hl Qz4n/pg-em? J/ug-em? hl tiag/h
=H 1840.17+4146.96 89.2848.00 3.3940.23
oAb 2 2 426.604359.20 105.9446.30 1.0740.19Y

[] B A 7 768.18+41 095.532  325.00442.00%’ 1.0740.19%
. 5FEAEE Y P<0.05, 2 P<0.01 (£2, 3[FED.
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Fig. 4 Percutaneous permeation behaviors of SNH with different electroporation methods (*s, n=3)

2.5.2 EP ES %% R EP 55 SNH [N S T BRI 77, FHA R B IESHIIFEN . 75 B0E
EP Rk’ 0, 18, 36, 54, 72, 90V, EP Jifif /a7y 60 min, HRZFAFMITIER 2.5.1 11, W& 5 M 2.
S5 R KILEA BRI TE R, SNH H Qaan M1 J BEZ SEH KRG PR, S A AL, B E>18 V I S B2
PEZ S (P<0.05, P<0.01), M EAN 72V i, QoanflJ HIARF KAH; EP Xt A B Tk i) 22 4= K B2 A4 300
VRO R, RS ECN 72 V BT S SR S0 AT DA R 2 A R R R

5 ANEHEBFLEESER SNH & RBET N (F1s, n=3)

Fig. 5 Percutaneous permeation behaviors of SNH with different voltage parameters of electroporation (¥4s, n=3)
*2 HWEAAHEESET SNH AR BIESE (X4, n=3)

Table 2 Percutaneous permeation parameters of SNH with different voltage parameters of electroporation (*4s,
n=3)

=R Q24n/ug-cm™ J/ug-em? hl tiag/h
TH 1840.17%146.96 89.2848.00 3.3940.23

18V 3469.90+408.63" 157.05+16.83>  1.9740.42"

36V 6411.82+2151.80Y  288.92429.63° 1.7020.34Y

54V  8233.59+4503.01%’ 351.06240.587  0.4540.22%
5




72V 10 008.39+ 961.572° 456.01451.26%  0.1020.05%’

90V 7768.1741 095582  325.00449.88%  0.10+0.03%
2.5.3 EP I E 855 KA LR AL SZI0 4 1F %52 EP i ned (8% SNH & BB .. 5 5B E EP Ji
hnistiEl A 0, 20, 40, 60 min, HAFMEFITTEER 251 W, W 3. R A5 AHMEL, EP N faiE
1t 40 min B, SNH ) Qa4 n F1J 2ILEE 2R (P<0.05, P<0.01), i 4i5ta]%y 60 min B SNH ] Qu n
I RIINT 5.4, 5.14%; RN, NTRIEZSME, LA EP HIESAE ] — B AT 60 min. H
I, IRk B EE R EP it (] A 60 min.
%3 WIBILAE AT SNH 2 K 2iES 8 (X4s, n=3)
Table 3 Percutaneous permeation parameters of SNH with different application times of electroporation (¥4s, n=3)

A Q24 n/pg-cm™ J/ug-em? ht
H 1 840.17+146.96 89.2848.00
20 min 2 416.754714.64 103.43+18.96
40 min 3590.18+4570.95" 155.71425.67%’

60 min 10 008.39+41 961.57%  456.01451.26%
2.6 EP fEAR(EIBRE 2T EP RAMEB AL 51, 8N R TIE AR IB RIS . HEIE TR 4% K & SR R
INER SRS ERE R, K B R B AR [ 5 TN R S E B X 3K, SNH 25 24577 & 50 mg kg7, EP JitifinfL & 72 V,
Jt NI 1E] 60 min. FZHRIMAR S WA 2R, BHAGZ LIk, HilH%E525 1, 2, 3d 5 RFANLA 245
TR M R RS A B, AT 6 ZH. R4S 2 60 min J5, SEEVECT 4525 X I 2 ALY, BURE S hn o\
B2 1mL, 7 60 min, 2 0.45 um ALIEREER, # 2.1.1 Wi G &4E, WE 4. SRR 1d i,
K EP R ke 24568 8 2 /N RS ARl SNH T B & (P<0.05), 33l s A4 2.0, 1.5 f%; &
B2 RGZIH TN HARBI G s AR, B =42 Bk R 259 AR, HEIIZE /N AR, 259 24 h P9 ] AR,
X5 SNH AR/ (5~6 h) —F8l, FEARSIGAMET, MM/ RR KA L, AEAREN EP )5,
/N BRSZ R T DAAE SIS TR YR IEHORAS, HAR IR Ll . i g, WK 6.
F 4 HEGLN S N /NRAEE B RANLA B SNH fir i &2 (Y4s, n=6)

Table 4 SNH retention in skin and muscle of mice mediated by electroporation in vivo (¥4s, n=6) g €m2
215 425 1d %y 2d 575 3d
B Ik WA Bk WA Bk LA
=Y 3.0340.47 1.8240.14 2.61#1.45 1874.78  3.6440.88 1.9840.10

MEfL  6.2040.91 2824013V  5434038Y 2.8440.16 69440182  2.70%0.11Y
VE: 5RKFE A AA L Y P<0.05, 2 P<0.01.

AEP IR 2HT: B.EP IR LW G: CEP HIRGAHLW S 1h
6 /N BZIRAEARTE N EP F S BOPOIRES
Fig. 6 Skin state of mice before and after electroporation was applied in vivo
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