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Study on Enhanced Permeation Mechanism of Sanfu Patch at Acupoints Based on Skin TRP Channels
LAI Rong-rong, ZHAI Yuan-hao, LIN Yuan-yuan, ZENG Yao, WU Yan, XU Yue-hong
(School of Pharmaceutical Sciences, Sun Yat—Sen University, Guangzhou 510006, China)

ABSTRACT: OBJECTIVE To clarify the mechanism of per—acupoint penetration of Sanfu patch, study the effects of the active in-
gredients of Sanfu patch including sinapine thiocyanate (SPT) and tetrahydropalmatine (THP) on TRP channels, and further evaluate
the influence of activating TRP channels on the transdermal behavior of Sanfu patch. METHODS The activation of TRP channels in
dorsal root neurons (DRG) by the active ingredients of Sanfu patch was investigated by calcium—imaging experiments. The expressions
of TRPV1 and TRPALT in the skin of Feishu (FS) acupoints and non—Feishu (NFS) acupoints were detected by Western blot and im-
munofluorescence, and the changes of TRPA1 expression after administration with Sanfu patch were also measured by immunofluores-
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cence. The effect of activating TRP channels by Sanfu patch on acupoint transdermal behavior was studied using in vivo transdermal and
confocal laser 3D scanning. RESULTS The active ingredient SPT in Sanfu patch could promote the influx of Ca** mediated by TRP
channels. The expression levels of TRPV1 and TRPA1 channels in the skin of F'S acupoints were significantly higher than those of NFS
acupoints skin (P<0.05), and TRPA1 channels decreased after sustained treatment with Sanfu patch. After the activation of TRPV1
and TRPA1 channels in the skin, the retention of SPT and THP in the skin of FS acupoints significantly increased (P<0.05), but
there was no significant effect on NFS acupoints skin. CONCLUSION The active ingredient SPT in Sanfu patch has an agonistic
effect on TRP channels, and the expression of TRPV1 and TRPA1 channels in FS acupoint skin is higher than those in NFS
acupoint. The higher expressions of TRPV1 and TRPAI channels and their activation by Sanfu patch are one of the mechanisms of its

penetration—promoting through acupoint administration.

KEYWORDS: Sanfu patch; sinapine thiocyanate; tetrahydropalmatine; TRPV1; TRPA1
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70 BURZGRCEWRIT R W . AR T DL Ao
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LHBTIR VIR FR GBI BAT T2 i R LAl AN 1)
AP0 ABME R 28 B 27 25 R e, R R B, N
HMA AL FF R

W s JB% 32 4% HL AV B 1~ 3 iE ( Transient receptor
potential ion channels, TRP) 4&) 72 /1 T IS8 42
i) DN o i) e DRI ) U EDE | 37 e = -
I, FEA M ECE M, A Ca® K5
PR THE A, LA W) 7 25 7 A 2 ) J5 Ry BRI
TRP 338 AR 4 2 2 LR A AR AT LA 7 A4
WA % . TRPA  TRPC, TRPM , TRPML  TRPP , TRPV
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[ Transient receptor potential vanilloid 1, TRPV1, X F§
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£ H 1 ( Transient receptor potential ankyrin 1,
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£ (Sinapine thiocyanate , SPT) FIFE#] 2 £ & ( Tetra-
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acupoint, NFS) fZ Ik TRP i i 3 ik ) 22 5%, If Hb ¢
TRP 838 #EhF)30% TRP 838 5 =R W 7E AR 48 iz
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T RNWRL2AAER A BRA ) |, FV3000 #OGH 8
AT HER AR (B A AR A R kA (b
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co AN A ;s DMEM/F12 ¥ 3730 H 3€ [# Thermo 2 7 ;
4% %W (5. CR2101179) HRP #5ic LU F4t
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(4it 5. 122120210323 ) . RIPA 2 fit W (4t 5.
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PR AR g6 = AR WG AT el 4w H izt B
PEEASTF AESR G T b 121 Befh, A 10 %
H80% LI FIEE 2 h, BE 3 K, & BOR , i
U8 UER e 28 A 47, 159 B AR XT3 By 1. 1 ~
1.3 g-mL™' IR,

FHKZE S SEBUR IR IC E FE R . Ry iR = J5
(ARt 50~80 H) in A& &K, 120 °C i al
Ui 6 h, WS I ¥ RSN 0. 64%

520 g BEBIA 1 mL & MIRAS 5], i
AR AR = AR A RO A3 SPT /) & i R
(27. 30 £ 0. 81) mg - g', THP Wy & & N
(2.87+0.18)mg-g™', % 20 wmol - L' CAP FlI
0.5 wmol « L™ AITC =27 Al 4 . X b & CAP A0l
AITC 5 =R B SRA G A,

SPT 1) 45 RECR AR € 335 I 52 5 vk R g
#: : Kromsil 100-5-C 4(4. 6 mmx250 mm,5 wm) ;i
ZhAH. ZE-0.08 mol - L' MR — S BIVA (10:90,
v/v) s W 1 mLemin™ ;#1330 C; AR .20 pL;
R K :326 nm,

THP # 55 5 B0 € 1 I 52 5 3k R e (o
# : Kromsil 100-5-C ;(4. 6 mmx250 mm,5 wm) ;Ji
AR -0, 1% BRI ( — &R pH 2 6. 0)
(55:45,0/v) ;Wi i# .1 mL-min™"; FE R .30 °C; R
1220 L Kz . 280 nm,
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2.2.1 JAREFMRAZIT( Dorsal root ganglion, DRG)
HEPRIORIEE SR U FLERE A B A Mg,
0. 1% I AU JE R AN 0. 25% P56 FH B AL , A LT
ZOkHAL, B0 B, MAEA 50 ng-mL™ BIE
NGF .\ 10%FBS 1% 7 % % -5 % R 1Y) DMEM/F12 $5
FRELERANM, B R IR LN, B A 37 C 5%CO,
BEIRA

2.2.2 Ca” WNiidEe K DRG 40 LA 2x10* mL™
B 2% i FFh T 22 S & R U 95 i) Confocal ML, £F
AN BE S, 5 QR G UE 2 IR, A 4L 4 M
200 wL 558 T2 EHRER Fluo—4,AM(1:1 000) ,
JEEE 30 min 5, & W IEBE 2 K, FimA
400 L 5 G, B FEAEE 15 min, THOGILRE
HHE 2 5 BE ( Confocal laser scanning microscope,
CLSM) AT Ca™ TR SE 50, B & W% K 488 nm, &
SHBK 516 nm,, 7E FUIE A 8] 854331 1] 85 3% 10 Ao
AL N 20 umol - L™ CAP 100 pumol - L™ SPT Fil
100 wmol - L™ THP ¥, X 40 M R4 T sh 250 %% , 40 i
P Ca> WRBEAS AL (A Ca® ],) LA M BEAH 19 1 43
FfEok Fom, R4 A A[Ca® ], = (F-F,)/F,x
100% = AF/F,x100% 15, b F o845 25 5 581
SRPEEIE(E , F, AR 2GR DO IR SR

2.3 AT /AR U B TR TRP 38 Fe ik 22 5
2.3.1 Western blot ¥l TRP BiEEEER KK
Fli T 7L T35 = MOAE T 55 9F 0. 75 mm, KISl 78T
AL KL BEEC 1 em® B Bz K A il i Rz kS
BB R BE B A AT7C S em B 1 em® YT HB
ek, B3 HSD KRB SN FE 5 , 37 B 4 i T 7%
BERRIFBR 25 K T e . WRAEE Kz Bk, FH RIPA 24
PRI R S 1, BCA WL E B VR B, SDS-PAGE
HLVK 7 85 2K 1, ¥ % PVDF 5, 5% Wi Bg 0% %5 5+ 1
1 h, 5 AR B9 TRPAL1 3% TRPVI — i (1 :
1000),4 CHEIRMWF LI, MARBEN ZH(1:
3000) ZEHEMFE 1 h, TBST ¥ M5 H ECL fb2# &6
ARG R, A E &G AT R,
Image J 47 KB 537

2.3.2 HEUOEHE L TRP Wi Rk 2ZESR  HH3
HUSD KRB ARG 2. 3. 17 Hh ik sk U g/ 5 4k /¢
BLRERR, T 4% 2 B 4 °C[E5E 4 h J5, 78 30% JE
W R, OCT s HilfE Kz Yl i, F-80 C
g, VIR RS IR)E , PBS 15 %E 3 YK, AR 5 min,
FH 49 225 B % 2 06 [ 5 20 min, FH R 210022 i
TWHEM] 2 h, I —$0 (Anti-TRPVI HL& 1:500,
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Anti-TRPAT /& 1:100) , T2 &+ 4 Cid#, PBS
VEWE 3 IR, BHR 5 min, I 31 ( Alexa Fluor 488 Fx
ICIEEPTR 1gG 1:200, Alexa Fluor 594 11141 ¢
IgG H&L 1:200) , M H 1 h,PBS 15U 3 K, B
5 min, HHME A, T CLSM F WM %Z. Alexa Fluor
488 1 %I K 488 nm,?’iﬁfﬂﬁ{i 516 nm; Alexa Fluor
594 PR K 590 nm, KEHIEK 617 nm,
2.4 =ARWEXE TRPAL 3838 A4

¥ 15 H SD REBENL > 5 41 AR E<2.3. 17
T VA E il 7RI S A, A B TER 01,2,
3.7 RB Y, B MM 1 em®, HE5EN
0.21 g-em™, FFRLZY 6 h i, Bk BUBLH AL FE I
ST RN ES T B ARG < 2. 3. 27 oy Bk AT g

BN,

2.5 WS TRP MR ORI 1 0
i

251 LERBEIR H 10 5 SD KR

CAP(TRPV1 ¥ 3h#]) 41 F AITC (TRPAL ¥ 3h 7))
HRFEE S B . Horh, CAP 2 78 20l Jifi iy
TGRS R A B 45 T 7 20 pumol - L™ CAP Y =
R AITC 2043 945 F 45 0.5 wmol - L™ AITC f =
PRI , 76 BT AL 50 A ) A s 5 0E r B R 45 7
AN CAP FlAITC 9 = ARG A % A 25 25 THTRR
1 em? , ARG 25 2550 0. 21 g-crnfzD 45256 h Jq,
F R BB SR B, 205 b kR R 2540, BY T 25 253
JEEIRE A 500 pL R, B 30 min J5, B0 8
W, AT 0. 22 wm JERESE HF HPLC W% , 115548
Fe BT SPT By Rz P 88
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2.5.2 WOCILRAE 3D Hi THP HA A AP,
LA Jz 575 37 A B nl 3@ 3 CLSM il AR 5%
B RE2. 5. 14T F —3, W K kA o J2 T 5
i BT W BRI #E T CLSM AR

THP 9 3 % WK 0 488 nm, & HF i K K
520 nm, PEHE 3D HIARIAEE, Image T HAT990
HE &, I Imaris X Fr459¢ 6 H 5 6 7 #3647 3D
Givive
2.6 Giilrk

BEH x+s R, AS R 21 (A B0HE 22 5 00 35
H ¢ K056 ( Student’s t test) B P[RR 7 2253 H7 ( One-
way ANOVA) BEATAG S, Hovh P<0. 05 AR ZERA S
ET-3'&
3 #£R
3.1 CLSM HE—=ARA U8 /%F TRP & I 1EH]

TRP i J& TARBE R B 2 7383 , 7 DRG
R Ik, AT LAE R DRG HAE N Ca™ B T 1Y A8k
FIWr sz Y XF TRP 8 18 W 1E FH, CAP 25l TR-
PVI B BHME X R 25, il 1 FFoR, o B %2 T
20 wmol-L™"  CAP, 100 wmol - L' SPT I
100 pmol-L™" THP %I DRG 4l Ca ¥ JE (520 , H
H1 Fluo—4 28 Ca™ ZOCHET , HA G B 1Y A b mT LA
IR Ca® B UK, I 1A HRa]LIE i, CAP
F1SPT (M AR AT LIS DRG 41 Ca™ B F 1Y N
i, 6 TRP 3 38 YA BOE A, T THP A i A A
51 DRG 4l Ca™ B F Mk FE A48 4k, X TRP i i
BA BIEE

PN

CAP

AL T 20 pmol - L™ CAP 100 wmol -L™" SPT H1 100 wmol -L™" THP J& DRG 4iJfIP Ca® WAL (AF/F,) ;
B. 70 45F 20 pumol - L™' CAP 1 100 wmol -L™" SPT i/ DRG 4iiffify CLSM K% 45X =20 pm
1 20 pmol-L™ CAP.100 pmol-L™" SPT #1100 pmol-L™" THP X DRG A Ca™ ik EEHIS4 IR
Fig.1 Effects of 20 pmol-L™" CAP, 100 pmol-L™" SPT and 100 pmol-L™' THP on Ca’*" uptaked into DRG cells

3.2 HlaT CHEE U B2 R TRP 838 1 223k

5B, TRP 38 38 76 B v fh 28 o0 40 it AR K



WA, 55 . HET R TRP Gl IE R =R 28 B 25 2598 BHLHI R DETE 28 11 3]

— 1039 —

20 B N £ TR A v Y a3 A, 5 Rz TR 5 R 2 e
AHYIR SR 2A R i ok R
Jii @ AR A B AT U R R SRR e
AlHAL TRPVI 1 TRPA1 7E Bz Bk 40 2189 70 A, 45 51
KL, TRPV1 Fll TRPA1 T B0 A7 75 32 fe 4L 4w | 1
ISR A TR OR Sy ot A R R | A IV 3 A
BT 7 ik TRPV FIl TRPAT BYF63k & TR /s
ek ALY 25 SR AR B FE Western blot SZ 1K (
2B) i, HiZ 4 B A Gt 222 5 (P<0.05) , i#F—
SUESZRAT /O Bk TRPVL A TRPAL fO% 3k 5 Tk
T Bk

NFS

B o)
~150
TRPAIF 2% *
. . <2 100f
03
GAPDH w— s— g“g 50 -
153
FS NFS =R ! !
FS NFS
=150 F
TRPV1 ol o *
—  a— g ‘g’ 100 |
>~ O
GAPDH |« D E‘*a 50
~R
= 0 L !
FS NFS = e

TE A, CLSM WER Ml 7 CRIAE SOz 2 ik TRPV I TRPAT f93R3K,
FRR =100 wm;B. ikt TRPA1 TRPV1 & %5 H 1 Western
blot £ FEURUK BE 43HT s FS. i /4L s NFS. B2 5 5 AR 4
&, " P<0.05, x+s,n=3,

B2 Mgy AndEs B Bk TRPV1 #1 TRPAL RiEH =R
Fig.2 Differences of TRPV1 and TRPA1 expression

between Feishu acupoint and non—acupoint skin
3.3 ZARMEXS My CRIAE AL ik TRPAT A 11
S

K H CLSM MR 5O LARIE 7351 7% %8 — AR I =
FHETAIAE T 1.2.3.7 d Jm 6 il iy 7 CRAR 7 Bz Jik
TRPA1 FIRIR AN, WAL 3 0] DU BB =
PRI FH I 8] F9 S 4 iy 7 ORI 7z B R v TR-
PAL By & BB M T M, HZES 3 KILF WA H
TRPAT I7EEHRIC, DL =R HEEE 45 25 )5 Re i [
AT 7 CREE AL Bk TRPAT ik, = ARG 47
Zren 2yl RE o R BUL K TRPAT (9#E% , B TRP
B G  (EIX A G RIBLI A Fp i — 2B ESE

3.4 P TRP 3838 X =R WO B2 47 R 5

R T E—25 B = ARG 2 O AR B ML EE, A
SEESFIH TRPVL B4R SPER B CAP DL TRPAL
(R SR BB AITC P2 22 3 6 380 50 30 84 0%
TRPV1 A1 TRPAL 3 18 & X = {R W 80 378 B2 47 A Y
=AU

Alexa Fluor Alexa Fluor
594 BF  Merge 594 BF  Merge

(L)
1d
2d
3d

7d

FS
1 . FS. By /4 ; NFS. 70 2R
3 Eifk TRPA1 ®REWHHEE (FRR =100 pm)

Fig. 3 Immuno—fluorescence imaging of TRPA1

in skin (scale bar=100 pm)

3.4.1  FE TRPVL X = AR WO 1238517 A B4 5% i)

T el I AR A B SC IR 5T BOE TRPVL X = AR
W5 28 K B 54T MR, DL = AR W AT 3% s 43 SPT
FEhR N ARG AT BAT i TRk, AAET 4A
ATLAE Y, 24 20 pmol - L™ CAP 5 = AR U 7] i 4
THtiaT /B k5, SPT AE A B4 52 v] LLIA 5 (3. 30+
0.36) pwg-cm™, T HUH = (R W 25 25 41 i) iy B8 s AN
(2.1720.27) pg-em ™, B EFLT CAP+ = fRIGE S
YR (P<0.05) . KT, IR AE/ Ui H TRPVL %
K REML T 2k, CAP 5 =R A 425 55
X SPT TE4E /AL K ik i i B i G Wik 2 5% W (P >
0.05) , L] CAP #0702 IR TRPV JdiE
PEE = AR A RO 2 ANLB 5, HOEIE R &
SR GAERR B SR L, T THP A5 B A A K
LN, LA THP Jgfabrnt = ARG 81T R
HEATAT AL LA, B 4B ~D FT LA . 7E CAP Fi1=
PRSI G 2525 2 )5 , 7 B R s 0O i 2 v T
ek, BT LATAE] 100 wm IRAL, TS50 = AR I
BN LGP ENIRITREE N 60 pm, LA, CAP Xf FHE
TN RSB TN TG & 5,
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A, CAP 5 =ARMGRIBVEFS TR RENK 6 h J5 SPT TEM K ki B 4 5
B. CAP 5 = ARIGIRIHVE R FIlidir AR i R B R AR EE 1
CLSM % ;C. KEURIRI IR il it D. O =4 b A
FER =200 wm;FS+CAP. CAP FI=ARISIES 28 TR UM ATz ik 5
FS. AR T = ARG TR BUIT TR R4 s NFS+CAP. CAP ARG
TR BARL B R NFS. AT = ARG TFR B R k4 ;
55 FS+CAP 41 H4%, * P<0.05; 5 FS 41H4%,"P<0.05, %ts,n=5,
E4 BiE TRPVI Xt ={AMEENGIE B 1T A K800
Fig. 4 Effects of activating TRPV1 on the transdermal

behavior of Sanfu patch

F A I G 1 TR T RE R . (D il A o Rz Ik
TRPVI (335 5 5 3 m THE U B ik ; @36 TR-
PV Xl iy 7 B ok B B ) R 114 53¢ Wi 558, AT BE A2

E =R LB S
3.4.2  PiE TRPAL X = ARG 4 [ 38 14T 0 1Y 52 M)
T TR B S I X TRPAL 305 5 = ARG i A
RO SPT (3% B2 A7 it AT st fl . N SA Hha] LA
F i, TRPATL G IE R 5 MRS AITC 5 =R
LFEVER 6 h 5, SPT £ Jifi iy 7 K2 ik b i) i B4

B P R 2 K224 2022 4F 11 A 58 38 B4 11 4

[(3.05+0.40) pg-em™ ] W& @ T =R MG B Al 45 2
ZH[(2.11+0.30) wg+em™ ] (P<0.05) ,{HJE AITC
X SPT FEIE S Bz 1ok iy s B8 e I8 i 3 52 i ( P>
0.05) . X FHOCHRAELER K 5B~D FiR .Y
0.5 pmol-L™" AITC 5 = AR W [A] BV T T il iy 7 B
JRASE, 5 B h = fR U 41 A L, THP 78 Jiti i o<z Bk 1)
LROTCH R, HARA B R IRAL (140 pm) o 1724
AITC 5 = ARG R BHE TR 7B ik, THP ZEE 7T
A7 B JER P10 £ €807 St (SIS A
4 it
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behavior of Sanfu patch
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