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Study on promotion of transdermal penetration of sinomenine transdermal patch
based on combination of roller microneedles and electroporation

CUI Wenyu, YANG Manyu, LIU Di, WANG Yan
College of Pharmacy, Harbin University of Commerce, Harbin 150076, China

Abstract: Objective To investigate the penetration promoting effect of roller microneedle combined with electroporation on
sinomenine (SIN) transdermal patch. Methods The SIN transdermal patch was prepared and its drug release behavior was investigated
using the paddle over disk method. /n vitro transdermal performance was evaluated via the Franz diffusion cell. Using the 24-hour
cumulative permeation amount of SIN ((24) as the evaluation index, the electroporation parameters were optimized by combining
single-factor and orthogonal experiments. Its penetration enhancing effect was validated through in vivo pharmacokinetic studies.
Results The formulated SIN transdermal patch exhibited a first-order drug release profile. The optimized electroporation parameters
were as follows: Pulse voltage 80 V, pulse time 40 ms, pulse number 300, and pulse frequency 40 pulses-min~'. Under these conditions,
the 024 reached (1 504.28 + 18.50) pg-cm™, which was 5.36 times that of the control group (without microneedle or electroporation
pretreatment). /n vivo pharmacokinetic results demonstrated that the roller microneedle combined with electroporation patch group
achieved the half-life (¢1/2) of (16.38 + 4.84) h, which was 1.54 times than that of the ig group. The area under the plasma concentration-
time curve (AUCo~) was (47.32 +9.06) pg-h-mL ™, representing 2.39 times and 1.54 times increases compared to the ig group and the
simple patch group (without combined penetration enhancement treatment), respectively. Moreover, the relative bioavailability of this
combined group reached (238.99 + 20.05)% compared to the ig group. Conclusion The combination of roller microneedles and
electroporation technology prolonged the in vivo residence time of the SIN transdermal patch and maintained a more stable plasma
concentration, which provides a viable strategy for enhancing the permeation efficiency of SIN transdermal patches.
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Fig.1 Sinomenine transdermal patch fabrication process
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Fig. 3 Release curve of sinomenine patches ( X +s, n=6)
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Table 1 Results of sinomenine patch release curve fitting
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Fig. 4 Sinomenine cumulative penetration curves under

different pulse voltages ( X +s, n=6)
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Table 2 Influence of different pulse voltages on Q24 ( X +s, n=6)

ik LV Qz4/(ug €m?) SR T J(pg em2ht) ER
0 280.62+6.46 Q=11.71t+2.58 (r=0.997 4) 11.71+1.22 —

30 618.48+11.16 Q=26.08 t+1.56 (r=0.9927) 26.08+0.59 2.22

50 1180.57+20.02 Q=48.99t+5.81 (r=0.9892) 48.99+0.34 4.18

80 1497.15+25.84 Q=62.46t—1.89 (r=0.999 0) 62.46+0.98 5.33

100 1336.75+24.15 Q=55.69 t+5.19 (r=0.998 6) 55.69+0.78 4.76
120 1030.61+17.29 Q=42.93t+7.29 (r=0.989 1) 42.93+0.68 3.67
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Fig. 5 Cumulative permeability curves of sinomenine

under different pulse times ( X *s, n=6)
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Table 3 Influence of different pulse times on Q24 ( X +s, n=6)

Jok i i) /ms Qz4/(ng €M) RIRBHE ML T Ji(ng €m2h) ER
0 280.62+6.46 Q=11.71t+2.58 (r=0.997 4) 11.71+£1.22 —

20 1145.07£25.59 Q=47.32t+10.29 (r=0.9914) 47.32+0.50 3.96

40 1497.15+25.84 Q=62.46t—1.89 (r=0.999 0) 62.46+0.98 5.33

60 1280.19+19.52 Q=53.18t+7.87 (r=0.996 1) 53.18+0.73 4.54

80 970.22+10.87 Q=39.76 t+17.98 (r=0.992 8) 39.76+0.81 3.40
100 850.51+28.37 Q=35.87t+6.63 (r=0.993 3) 35.87+0.51 3.06
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Fig. 6 Cumulative permeability curves of sinomenine

under different pulse numbers ( X +s, n=6)
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£4 FEBOHERT o IEIA (X £s,n=6)

Table 4 Influence of different pulse numbers on Qx4 ( X 5, n=6)

Bk A Qual(ug em2) BRUAIE LT J(ug em2 hY) ER
0 280.62+6.46 Q=11.71t+2.58 (r=0.997 4) 11.71+1.22 —
100 1245.83+20.63 Q=51.90t+9.23 (r=0.9924) 51.90+0.64 4.43
200 1541.25+16.84 Q=63.16 t+25.41 (r=0.9915) 63.16£0.55 5.41
300 1497.15+20.64 Q=62.46t—1.89 (r=0.999 0) 62.46+0.98 5.33
400 1090.72+18.71 Q=45.12t+13.84 (r=0.9950) 45.12+0.76 3.85
500 840.83+8.37 Q=35.05t+6.63 (r=0.986 7) 35.05+0.49 2.99
1600+ UL R AKX Qos 5200 B ST »
R, 20iises i Y HREGURMENSRSECY: ABCD,
1200 : gg Ez:z: 2:::1 J& 80 V. JikydEstE] 40 ms. kb EL 300 4. ik
+ 100 pulses min 2 z 5% 40 pulses'min'e I 7 W41, A F1 D X Ony
fg 0 pulses min? ‘ NEZE (P>0.05) .
g &0 i 26 BERHILSHBIE
& ; : TEIE RS SR Ik M i L AL S EU AT, F
400 1 i 3 ’ ATI5E 3 YR Qs ¥IME A1 504.28 £18.50)ug-cm2;
e AL IB A F N IR (280.62+6.46) pg-em™
. ﬁ", (RSD=2.18%) , T} 5.36 f&5. 4K, LG
0 4 8 fsh 16 20 2 FIHEEFLS AR, AT, HARBRURRRE. ATEE,

E7 TEROPSET S RERRSEHL (X £5,n=6)
Fig. 7 Cumulative penetration curves of sinomenine under

different pulse frequencies ( X +s, n=6)
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Table 5 Influence of different pulse frequencies on Q2 ( X +s, n=6)

Jik A/ (pulses mint) Q24/(ng €M) BERBEML R J/(ng €em2h) ER
0 280.62+6.46 Q=11.71t+2.56 (r=0.997 4) 11.71%+1.22 —

20 1030.50+25.82 Q=43.30t+0.30 (r=0.9928) 43.30£0.47 3.70

40 1497.15+28.84 Q=62.46t—1.89 (r=0.999 0) 62.46+0.98 5.33

60 1522.31+£23.25 Q=63.21t+5.43 (r=0.996 1) 63.21+0.53 5.54

80 1150.80+20.12 Q=47.65t+7.20 (r=0.994 2) 47.65+0.78 4.07

100 801.51+14.24 Q=33.12t+6.63 (r=0.9952) 33.12+0.64 2.83

W, sEESHET 12h 25, B Bk, 3 Ha 25
5930 mg-kg !t CRATF B IT) 23, 5F B W7 Ak
Ti & oy BRI R S R ig B ig 45
T BB EUR 24 s W 7R 2EL B R OK BRI R B R
J5 s N TR R U 7 LR M T I e ks TRAE
et - A BB B AV SR GRS 0.75 mm (7R
FEHE R RIS B RRS 5 Wk, BEmEHLIiL
SHOITAEI R, B O R BN 7. 23 il AEZS

25T (0h) MZAZ5)E 1. 2 4. 64 8. 104 12, 24
48h, LK RARAEFEHKA KM 0.3 mL, KI5 7B &
FHESRE S, 4 C. 3500 rmin”! 250> 10 min,
W B mEEREEAEOE, FHET-20 Ch
URIRAT A

2.7.3 PN BRI IC A B I SR A VI ) A
WM O R GG &, R DK (10D Be)
BRI 125 pg-mL' PRI R 2 X
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Table 6 Orthogonal design and results

75 AV B/ms CIA~ D/(pulses min1) Q24 TH1H/(ug €M)

1 50 (1) 20 (1) 100 (1) 40 (1) 1265.41

2 50 40 (2) 200 (2) 60 (2) 137361

3 50 60 (3) 300(3) 80 (3) 1275.43

4 80 (2) 20 200 80 131527

5 80 40 300 40 1493.65

6 80 60 100 60 1435.29

7 100 (3) 20 300 60 1389.93

8 100 40 100 80 1328.67

9 100 60 200 40 1 450.03

K1 3914.45 397061 4029.37 4 209.09

Kz 424421 4195.93 4138.91 4198.83

Ka 4168.63 4160.75 4159.01 3919.37

R 109.92 75.11 43.21 96.57

RT REDWER
Table 7 Analysis of variance results LR "‘I SIN I“ﬂl‘

g ‘ B A )\ o
g TETBRL B Sy F S i ”
A 19895.72 2 904786 307 P<005 5 " )L /\
B 979555 2 489777 1512 P>005 c
c 324551 2 16275 501 P>005 v
D 1801565 2 900782 2780 P<005 0 3 6 9 12 15
W 1867 18 tmin

100 L MLHFE SN 20 uL ZBEZRRE (R TR,
PO 1 mL &, WWhERY S min 50 (4 C.
12000 r-min~") 10 min, B _Fi&W, 37 CHERAMWRT,
F 100 pL HEEE I, i EdRY 5 min f5 550 (4 C.
12000 r-min~") 10 min, HX & 20 pL #EFE 347
274 ZMERRFHR  RHTE MBI T R
HIREN 0.10. 0.20+ 0.40+ 0.80+ 2.00+ 4.00 pg-mL™!
I3 X, 20 BIEL 100 L, $218 “2.7.37 10 R il pk
0.10. 0.20. 0.40. 0.80. 2.00. 4.00 pg-mL~" {2z}
HRIAR (F ORI R R B2 359 125 pg'mL D)
iz “2.2.17 BURN TR AT, WCSE IR (40 K&
LRI (Ay) WEAR . DAMSRAE o 7 R S
FENBRARR (XD 5 Ai/Ar NPAAFR (V) BEATZEIRA,
)5 FE N Y=0.454 6 X+0.061 6, R?=0.9999, %
PEJEEE 0.10~4.00 pgrmL 1,

275 LEMES XA MRS RO R
T CB IR B FE N 0.4 png-mL D FE L 3K GR
AT R EFLAA 2 120 BORESLD $%I8 «2.7.37 T
TR E RN E, e R WE 8

E 8 MmpHmER (SRR A) « MENRREAR (&
AtR,B) « EHMHE (C) B HPLC E

Fig. 8 HPLC chromatograms of plasma sample solution
(including internal standard, A), plasma reference solution

(including internal standard, B) and blank plasma (C)

Fiow, 75 DS A bR TCAH B, EL I R e Y
W 0T T RS PN RS I TG TG

2.7.6 FEEEHEE DUEBRBEEIKRESN 020
(K> ~ 0.80 (FF) + 2.00 pg-mL~" (i) I3 %}
AVE TR (5 R IR FE N 125 ng-mL™! ZEEZRD
1d WIESHEFEIE 5 K, BN 3d. BEK
FER) H RS EFE RSD {E 4 A8 0.89%. 1.09%-
1.72%, H K% B RSD {H 43758 1.11% 1.40%.
1.38%, RIAMIHEHE RLT,

277 RREMER KEEI S HREKRERN
0.40 pg-mL™" [P RO MK AFE in, % “2.7.3”
TR AT, 4% “2.2.17 TR T EEERESM 4T, 4
WETEETHESh, 4 CLEAES. 24h, 20 C
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REVRR 3 IR =20 CLRFF 10d, FHHEA AR
PERAE AR M, S5 RRM, AFEMEAEET,

T IR oT B FE) RSD {H /N T 2.47%, R IMHK
FE b Ao M R A7

2.7.8  HRHUEISREFNIEL AL H S B R &=
WEEN0.20 () « 0.80 () | 2.00 pgrmL™! (&)
SRR (I EEREEA 125 ng'mL™! LB
&), 4% “2.7.37 TN ROER S5 I 5 7 RO AN £ IR 2K i
PIUEETHIRN (A1) 5 S EUAS I 100 pL, BRI
AKIENFRIFIRAL, R “2.7.37 TURNACHE, %K
AT NN BB AN T A %o T v, A5 TR il e
KFREIWRE N 020, 0.40. 2.00 pgrmL™!, 2B
JFUERE N 125 ng'mL™!, PR (42) , KA
Ar/Az TEESREL AR, SR BRI, P mEK
5 TR B K A A B BT 43 i 98.46% -

99.17%- 102.82%7F1 97.92%. HUF &K EH 0.20.

0.40+ 2.00 pg-mL"" 175 BT RE St il (38 25 ot &
WEEN 125 pgmL ™! ZBERIE) , BRI E 0
AR (43) , KRNI Ao/ds THHEEEFE N . 45515
N, AR S TR EE T R B AL P R 3 o R
SN 96.56% 97.31%- 96.85%F 96.74%. W
T VETE RN 29 2K i ) SR X T e vy, HLAE o
RN o

2.7.9  ZiEhtAai R KRR A I 29 R - N T Y 2
JLIE9, KFH DSA3.3 BAt b2z~ 2 Bk 8,
PABR I U SR 2459 BE - 8] 28 R AR (AUC)
FERH ¢ AT e A A B, P<0.05 FRom HA 4t
iheE 2SR UL AUC,- ik, JER T4 &
- EFLEE S RIS ig 4110 AUC-, i1,
AR AER R (F) .

3.0 4

=g
25 A —o— MR
—a— BRGNS FBELIT]

2.0

15

MZ5HEA ng-mL™)

1.0

0.5

B 9 XRAEAMZRE-FERZ (X £s,n=6)
Fig. 9 Blood drug concentration time curve in rats ( X s,
n==6)

*8 FRBAHEAREADGHZELER (X Ls,n=6)

Table 8 Pharmacokinetic dates after administration of sinomenine ( X +s, n=6)

ZH A ig W51 AT - S
AUCo-t Hg-h-mLt 19.80+5.20 30.66+5.85" 47.3249.06™*
MRT h 21.49+5.31 27.07+£4.92" 24.85+5.85"*
ti h 10.58+2.06 17.28+5.03 16.38+4.84
Crmax g mL 2.47+0.57 1.37+0.49 2.05+0.68"
tmax h 2.07+0.32 10.15+2.16 8.12+1.31

F % — 154.85+16.37 238.99+20.05*

Hig At *P<0.05 *P<0.01; S5MEFAEE: “P<0.05.
*P<0.05 *P<0.01 vsig group; "P < 0.05 vs patch group.

HE 9. 3 8 AN, ig ZHER fmax S HH Cinax 1515
B MRT He/y, SRR T - B LI R4
EE, ig ZH M rh i ARk T PRI, 50T B U 77
A BGETE RIRAE AR N BV RN E], 23 T —E 1Y
GORAER . AT IR, TERECTGE e LI A1
R, KEAARNTE I fmax B (10.1542.16) h 4
JZ(8.12+1.31)h, I H. Crax F1(1.3740.49ng-mL"!
BEWINE (2.0540.68) ng'mL™! (P<0.05) , it
VR R0 et i LIRS T DA U i3k 25 M 1 28 B

BiE . WA, R B A I ZH Y AUC
Iyie ig HAMEFIZLE 2.39 %5 (P<0.05) . 1.54
£ (P<0.01) o TAECIRET- A BFLERA ML) F IR
BEETIEFIH (P<0.05) .
NIRRT REBRCE AR T BRIRGE . TR F RIS
EESpl N R N R 2 Y 2
B AR IB TRNE, B0 BEARPAR FH R A VL
HEH I B8, 45 o 7 R I E K B R R 1)
J N (14.57£5.69) pg-em>ht, 3h BFBIEE (03
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N (39.86+18.95) pg-em>h, {HHXFHIIEIT
WA TR BRI TH] s 25 NLAE SR H L 3Lk o0t 5 Tk
o AT TS B A28, H5HEhy B AR, B
FLAF G AUC)--HI 1.32 15, Coax BT B

() 1.31 1%, twax 46755 4 ho AW FCHI & T 7 BERRGE 7
WA, SRR 5 B LR R B VR S A
B, BTERGHERBIESR, MR
BIESHT K 9.

®9 TRIREFENBRBAEKSEXRSHMLE

Table 9 Comparison of key parameters of transdermal permeation of sinomenine by different penetration enhancement

methods
i KHSH
J(pgrem2hh) Qs/(ug-cm2) AUC/(pgrmLth? Crmax/ (g ML) MRT/h
AE R 14.57+5.69 39.86+18.95 — — —
IS ETRGS — — 43.396 1.825 20.025
R - B BFLEC A 63.2140.53 195.164-5.34 47.3249.06 2.0540.68 24.85+5.85
2.8 ZitESR PR SR PRI R

KH SPSS 27.0 AT Gt o0 #r, BdEI A
X +s3RoR, WA LB FMSIAEA K550, P<
0.05 Iy J e A I fF7E 5 2 5 .

3 e

Franz ¥ BOMASNE BB IG S R BN, &%
WS S REHLICA B, 7 RIS B Rk
HMETERE 80%, HBERZ1T NS —Hsh /12 )i fe il
HERE. BN SEERNA, B B &N
37 B WA AT K F AR N A IS T, S — 5 I R
R

B AL AR B N 50~1000 V(1) 550
Wkl ReTE= R G (] P T Rk H R R R B AL
. ERKMEE . BIE. R ERRBESECR, Ik
R R X T R B 2R AR VR I R R A
2o kb E R 7 IA BRE € BIE 7 0] R LIS T
B HARB RO BE U T R 0, i RIA
FIGFHEE, FERERE TS Bk NS
T FLES SR Bl “HIrm , #Emitiesy
Wi 3% (1) BAR RO,

FECTET 5 B L M B, nT kI
SR 25413 g 3632 T A2 L g e —— 2 B A S 2 8.
R AR T TE T B2 bk, 75 A2 TE i)
I DL R R B PR R LA,
AN e AR PR BT e b 2 T I M S K LB . 1%
I SRS AN B AT PRI SR AN IE IR, 3R 4 24
W B B R BRI TR, RE A AR R A B 5
&, BRI Fo o DUR N R S TE
BRI PEAE R R N, o RS RIS

IR - B & (235 BORTEIE B2 71 45
ZIUIA B R ST T, TEHAE RSy T2y Je fidi
T AR R SR Tk 5
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BT R, SEHURHE . M2tk Mg 2y,
Wi EANF BB AT/ R . BEAh, BEE R REROR
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