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Abstract: [Objective| To investigate the main active ingredients of white mustard, as well as changes of skin transdermal rate of the main
active ingredients and skin structure at the application site after application of raw/fried white mustard paste. [Methods| It established the
high —performance liquid phase(HPLC) fingerprint of white mustard, and explored the main effective transdermal components in white
mustard plaster. Thirty—six Wistar rats were randomly divided into 9 groups(groups A, B, C, D, E, I, G, H and I), and all groups except
group A were given acupoint application to the points of Feishu, Pishu and Shenshu on the bilateral. The B, D, I, H groups were applied
with raw white mustard plaster, while the C, E, G, I groups were applied with fried white mustard plaster, all of which removed the
plaster after applying for 2 h. The rats were sacrificed and the skin samples were cut at the following time: Groups B and C immediately
after being removed the plaster, groups D, E 2 h after removed the plaster, groups F, G 4 h after removed the plaster, groups H, 122 h
after removed the plaster. Then it measured the concentration of main active ingredients in the skin sample of left acupoints with liquid
chromatography —mass spectrometry/mass spectrometry(LC -MS/MS) and calculated the transdermal rate; meanwhile, detected the skin
structure of the skin sample of right acupoints with hematoxylin—eosin(HE) staining. [Results] White mustard seed paste can penetrate the
skin at various time points(0.5, 1, 2, 4, 8, 12, 24 h), and the peak shape was stable. The active ingredient with the largest peak area was

sinapine thiocyanate(ST). The ST transdermal rate at the application site of the raw white mustard paste groups(group B, D, F) was signifi-
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cantly higher than the fried white mustard paste groups(group C, E, G), there was significant difference(P<0.05); however, there was no
significant difference in the ST transdermal rates between H and I groups(P>0.05). The transdermal rates of ST in groups B, D, F and H
gradually decreased, and in groups C, E and G decreased gradually, the difference was statistically significant(P<0.05), but there was no
significant difference between groups G and I(P>0.05). There was no significant difference in ST transdermal rate among Feishu, Pishu and
Shenshu in each group(P>0.05). HE staining showed that the skin structure of the applied rats in each group was looser than that in group
A, and the skin structure of the raw white mustard plaster groups(group B, D, F) was looser than the fried ones(groups C, E, G). In addi-
tion, the skin structure in groups B and C was the loosest in all application groups after the application of raw/fried white mustard plaster
for 2 h; in groups D and E, the skin structure began to gradually recover; the skin structure of groups H and I was neat. [Conclusion]| The
main active ingredient of white mustard paste is ST, and the transdermal rate of ST in raw white mustard plaster is higher than fried one.
In addition, the structure of the skin stratum corneum at the application site is looser, which is more conducive to the penetration of drugs
and the improvement of clinical efficacy.

Key words: white mustard seed; acupoint application; active ingredient; transdermal; skin structure; sinapine thiocyanate

WFFEUESE 7 I B ¥ A By v W WA 5 A 162328 .162871.,163233 163243 ,164331.,169921) &
a7 T B AR KBRS, BERIGRR B E (RIS BRI PR 5 167113) ¥ T RE AP A A .
Bl Yy T BT Al H i ER LA 13 S IEBUEE RIS 2 T R 2Kk
ZH RGP T A B A R TAM ST RS BB 2 by ZE I = R AR 5 R 2T
Ut 75 7 A O BRSNS B PR R T A S H il o AR/ T A B R R L 2020100
RO AEAE SIS, BEIBE IR SE A FUOT TN /O K25 00 ik, TR 50 5 R ZE 22 1 TR R Rk, 259
W BOAETT K RO Btk S R ACR B E L T AIF 7 5236 82:1, Hl0.5 emx0.5 cmx0.3 em 24
Wi JF i — BT T A M ALY, Chen®%  UF B2 o, B VKA A . SR & OB A 3%
B, A ST R N W U A O IR B AR (high performance liquid chromatography, HPLC) il
SR, T A 7 B ok rpies B, T R B 2550, A RE 2, EAIFFIE S AUERSTE RO 133 pe, 1
FEMIE , B2 HMECT R BUIE R e R AT AR I B Bk 4 FITF I A2 0F h STE 1 4851 pg.

O A AT F e Bl s, ARSI EE s 14 X# 4 ABI 4000Qtrap 8 Jif 3% 12 W T 3€ [H
FRARED . ARAFTE IR E N3 B R R AP Waters 24 1] 35810 ,5415R 5 0> L34 4 18 [ Eppendorf
TFFMEEIT RN 22 5, BT X W OSSO AL 2wl b s Sartorius LT KP4 F b 5T 98 2 R (2%
B kAl B 2 S5k AR Ak, DL B A RO A3 7E B Tk R ARG A RAHE,

B IERR, WA AT TIE RS EE 1.5 [T FHPLCTS S0 B 9 57 DL K 22835 12

FHEAFTRRSE 43 I ST
1 #EFAEE 1.5.1 5 H Agilent TC-CI8{4 ik 4E (150 mmx

1.1 S5 shY JC % & i R K (specific pathogen 4.6 mm,5 pm); i s ; ZHE (A)-0.1% W52 %W (B) ;
free ,SPF) gt FEMEM: Wistar K 36 2, A FT#250~  #EiE35 C, K09 K254 nm, i # 1.0 mL-min™", #EFE
300 g, HI#TVLH B 25 K24 sh W S miE o8 o 3R AR5 10l B6 B PEBE :0~10 min,2%~15%A ;10~15 min,
s W)l FHE AT IES . SYXK (#7)2013-0184], fiFf kK 15%~30%A ;15~25 min,30%~45%A ;25~30 min,45%
R B TR, ZiR21~25 C, B E60%~70%, H %  ~100%A ;30~35 min, 100%A ,

B, IEE MK 12 W AL N MR UR G 1T 1,52 XFPRE SV ORI A RS 2 O BURR o X BB L ST
JR SRy ARAFRARE (LR SRR R RRE W1 mg-mL, LL0.08 mol - L7 B R T R B, B A
WY HEAT B4 5 95, T8 ST 3 4 A R4S P50 £1.0 mL, 15 2] — Z 51 ST #E X S

1.2 AR I B FUER £ (sinapine thiocyanate, 1.53 HEIFF/RERH & B AT R e, 230
ST XF BE i piy o [ 24 it 26 0 1l A BT 2L (L5 H i FRE20 g, LLZE187K300 mL2 =1 /5 Ai&30 min,
111702-201504) ; F (i 2l) O N6 (i al) 3+ a3 38 )5 #0200 mLZ&E /K & 20 min, i 98 )5 & I)F 08
P Merck 22 7 (41675 :1.06007.4008 ,1.06035.2500) ;4= W, 78 LRI BUE R . HEGRARBUR LY B 0.1 g,
H T F 8 (dit 5 161116 161255 162214 162324, ZEMR/KE A IF 2 25 250 mL, 130.45 pm s FLIE B, £f
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1.54 [ FOREEEES B E AT ReE,
30 H i, FREUB K S g, LA90% 2 %50 mL2 I F % 4]
23048 ho AN PR, 55 —1R 30 min, i 98 5 25 i
FEIMA90% £ 130 mLIAEI# 20 min, 59 K I8, 15
R TS HIBEE B AR, SREUYIIR 0.1 g, in H R
fi#t, E 2250 mL,iF0.45 wmfdFLIENE (R 1E4 T,
1.5.5 FIrFHPLCH k&  HPLCH DL AR it
ShAH i 3 PR AR G, FE AV TR (i T K
PEE W N O BEVS W) T A AT [ 58 A 1 f 35 4 7 4
I3 B 45 A3 e, 0 ARG 48 0E A7 ARG, AT A o
SR FE MR EHE MR KM LR ERE,
1.5.6 1+ FHPLCHE 80 a7 FIST & 0
1.5.6.1 LA ERMTEE R 100 1 I FHPLCK %
MIFA O S8, S PR s b T i e H: P 7 i
1) H AT 0 | A S K R BRURE 9 i AT I LA | T 4 R
FE S48 LA XA, BTk B LA e AR A
BT R 90% LA b, iT AR Ay 4 T b S B RE B
WTET i,

1.5.6.2  FIJT TN [FBRBOR FAH U 43 B AR 48 2
ST SRS 7 B 100 LT T RF S R 2 A A
FE R 2 5 48 SRS AR EEIE AN R S8 (2012
LOM) B, ¥ ik 0 [ 2l DG B, 422 B b B0k A
JENT B S, I EA T R AR L PEA

1.5.6.3 HIFFARBBOA A i e R4 1064
FIIF FHPLCIE S (A 280, ARSESTHR M il 2 1153
AR EGA R P T F ST 6

1.5.7 HIrFIEE MR FREA FITF 100 g, n
1045 /K [ S B2 UK, Rk 1S b, BB ; 2 il 4k 22 R
FH10M5% i B i $2 2K, Bk 1.5 b, it & 9F K
5 W ;60 CHE MK K 2 BEH ik 46 15 23—
154 ¢, VKA ORAFTF 5 IR 22500 g, # B BIL R 15F
BT ,5 000 r/minB5 010 min, 15 FE# 150 mL,
VRASARAT R . R BRI 2 8 o AR B Y 22 9
PR 5] AR BN REN

1.5.8 FIrFIUNEARGE K BT R SRS T R
FH PR 0 Franzy) 80, B2 U 0 0.9% F A4 7 W .
26 WE A 3 19 R B R [ 58 F Franz 97 800 1, F0°F
R0 N a0 = A N E AR E 2 A
W VI fh AR 52 WA TR T mL, LB O (32
0.5) °C, LARE I #EHEFE300 r/min, #45 oI #F E T K
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Bk e, 2 BT 4 25050.5.1.2.4.8.12 .24 hiLH
1 mLAZ U, BURE IS Sz B ) 32 0 i b 4R 7832 CHY
0.9% AL BV W1 mL, FE & 28 GFL U8 R 0k )5 AT
HPLCI %
1.6 FIIFFWE A 808 o K AR S B2 5%
1.6.1 W nd 5 RAHBEVLECTRIEHR KR
I3 ON94H  AZH (A5 R IR B (A T T N UG
2 h) CHUPAIFTIEIEE2 h) DA (EHIT T
HWE2 h) EH A FIEENE2 h) F4 (4 A
FFWENE4 h) CH (AT FMENE4 h) H
A (AT FEE I E22 h) T4 (8 H T 705 0 5
22 h),B4HAH

KU IR B AT S (LR R )W
B (S B Bt 7 5 S B 4 S )P, il A 47 T 58 3 M A T P
S5 W) IR a6 T 505 1280 M N PS5 Al ], B A 7552
HEHE R W55

KRB HB/N BT, FHMEEREANE,
B R IRGE , AW T 240K 5 il 5 2B 0 e
Jili iy MELAT B AT AL 25 2595 L T FR0.5 ¢mx0.5 em, B
D F HAL LB B A6 AR 3T W 8 T 2L oX
fii,C E G T4 LhBE HIB AR 45 K B TF 5 W o [ 2 1 DA
LA, 2 Wi L AT AN . B . CALRIZ] D E4H2 h
J& ,F G414 hi5 ,H 14022 him, 4050 IS B b 22 4l i
A SRR I A R, B I A ML L A 45 24 A R K
BB R KB TR, LA0.9% S Ak 7% T 1k 1 1 ik
FEAS WK 480 7K 4, 7. RIVKS % Bk 5, TR B} 8 87
1 A pHIES .51 10% £ FE-0.9% A AN HS W3 mL, )
53 000 r/min 0 10 min, B35 ,0.22 pmE B
o U8, fd R B Bk H & 4 (liquid  chromatography —
mass spectrometry/mass spectrometry , LC—-MS/MS) 43
S 5 25 2R R ZE DA A . MELAT . B AT R R TR ST
i, IR KR PAIRARHS - £ (hematoxylin—
eosin, HE ) J& 033245 45 I 25 24 b 2 Bk Gk fa | LA EE
Jk 25 A A2 A
1.6.2  LC-MS/MSH N iz ik H ST & &
1.6.2.1 (i %M Capcell PAK MG I C18{1 it
(100 mmx2.0 mm,3 wm); i sIAH AR . K (F0.1%F R ),
BH . 15 (%0.1%H 8 ) ; #3430 °C, i #0.2 mL-min™,
PR T WL BV :0.0~1.0 min, 129%B ;1.0~4.0 min,
12% ~60% B ;4.0 ~4.1 min,60% ~12% B;4.1~5.0 min,
12%B,
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1.6.2.2 Fuikaft B U BB E 1R (electro-
spray ionization , ESI) ; £ I 77 =X . 2 K W K U (mul-
tiple reaction monitoring, MRM) , & HI1E & 741X | I
W5 L RS 500V, JRIE 100 °C ;77 1.38x10° Pa; 5%
£ K3.45%10° Pa; N#S3.79x10° Pa, ¥ A<,
1.6.2.3 X HE Al 0D 45 RS B IR IR X R A ST
I, L40.08 mol - LAY B IR Eh S R B, B 45 221.0 mL,
13- 3 — ZR B STARHERT BRI W

1.6.3 Wil A 2 IRHE G 8 045 20 45 28 3 A 1 J
RS, L BR B & KB T R i, B2 0k i TP T L 144
FE24 h, A AL CE TR AR A 5 RS 5Kk )
FEATHE G ) HAR B AE 2 IR (O il B2 2 50 0 ik
A BE YUOIrh Ay WS U1 R A5 05 2 OB T W4
yAANE R R T

17 gt RIISPSS 22,048 it /4 47 4¢
TR T R OB Aaes T, 258 1IE 2540 A I3l 2
Ty ZEFEERYERL, 25 2H IR) FE R B 3R 05 22 00 #
EH 1) T O LA, T JE T 22 S MR IS R P /N i 3 M 22 S
% (least significant difference , LSD) £ 5 ; J7 25 AN 5%
5 5K F Tamhane’s T2 %, AP<0.054 22 5% A 4t
2 &R

2.1 [T FHPLC iE 2 % 4%

211 KSR T KR R S I A e R
BA B (8] A X b5 UE W 22 (relative standard deviation
RSD) 433 40.07%F10.06% , W I FARSD 43 1] °40.98%
F10.83% , F AL AR 3 BLkF . WL,

212 FREMESIE: FHIT KR R R I WROE R
[ IFA] 4% W B2 I [E) RSD 2351 2490.10%#10.06% , 6
T FLRSD /3 51 M 1.62% F12.11% , ¢ BH 7K $12 AL B BE 5
FIRME24 hNFRE , WLER2,

213 EEMSE HIT KSR R R WA A A
i 1 25 e R B B[] RSD 43 531 24 0.08 % F10.14% , ¢ T #1
RSD43 51 43.40%F10.78% , 2 B 7 i P L4, UL
3.

214 RYEXRFE FECHIN [E MR 1 STX B & %
% (0.824 .4.12.20.6 103 515 pg-mL™), 76 K )i (3%
AT AR BISTHY T 5 F2 8 Y =6766.4X-4248.6 (R*=
1),ST7E0.824~515 pg-mL ™[ ¥R B2 15 [l P 4 1 6 &
KAt

22 EFIIT T SR ) ST MIST & il

221 PSP TRLEEE R0 4 AT FHPLCKE
TER S H, HEPEHPLC 3% A o aT s e py 7 i
i SR IR TIE | T KSR A AR A 1 17
A TP B AR RE S A 214 Bt Ry 2t
g T 22 R o B T AR A 909% LA L, AT LAAE Sy 4 T Ml
SRR S AR i, 195 ISR ST, H B B | 16T 3
AT AR RIS R E . WEL 2,

222 STEHEEME  ARMEFRAEIL T HE 10050 A [F] $2
WO RIST & i, K325 524 (1.24620.021) pg-mL™,
P 4 5 1R (1.802+0.009) g - mL!, $2 75 9 Ff 42 U
F I T A B ST, BB v W Hh ST & 5= T 7K 42 (P<
0.05),

2.2.3  AEHEITFE 2 BGE B R AR BEE

F1 BFFARERNEBERESHBHHIESER (USTASRIE)

Tab.1 The results of continuous injection of white mustard seeds with water extraction and alcohol extraction (taking
ST as the reference peak)
K4 fi 4%
ROE A
3 4 15 [ (min ) UG ] 3 4 1 [ (min ) U6 ]
S1 18.863 4 363.805 19.050 8 066.275
S1 18.861 4 427.695 19.037 7 934.266
S1 18.884 4 345.827 19.029 7 989.963
RSD (%) 0.07 0.06 0.83

TE :S1:S145 T F /KSR IBORF £ 15 52 IO 5 £ BRI ) - STMCHE A T s S0 A S 1 BV J32 A0 AL Fg IF i 5 0 TR7 AR < LASTOh 2 iR e ST 2 5 O BR

IR i) A3 T AURR R 5 B

Note: SI: S1 white mustard water extract and ethanol extract; retention time: ST represents the time from the start of injection to the

time when the maximum concentration occurs after the column; peak area: Taking ST as the reference peak, ST peak height multiplied by

retention time, the larger the area, the higher the content.
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F2 AFFARMEBRESMEABDRELIELER (USTASRIE)
Tab.2 The results of water extraction and alcohol extraction of white mustard seeds at different times (taking ST as

the reference peak)

KR A g
I 8]
£ B4 B 1) (min ) U6 T R A B2 1 5] (min ) U6 T R

0h 18.845 586 297 19.011 1072 781

3h 18.845 574 237 19.018 1 065 861

6h 18.882 578 825 19.031 1 067 442

9h 18.877 580 326 19.018 1074 219

12 h 18.836 574 177 19.032 1015 222

24 h 18.871 558 813 19.042 1 065 490
RSD (%) 0.10 1.62 0.06 2.11

TE < DR B I E]  STMCHE KR TT 0 IR S5t R e JE2 A A1 9% i) 5 e v AR . LASTT 2 B e | ST w5 15 ¢ B I () AT 3fe T ARB R, 55 Bk vy

Note: Retention time: Represents the time from the start of injection to the time when the maximum concentration of ST occurs after the

column; peak area: Take ST as the reference peak, ST peak height multiplied by retention time, the larger the area, the higher the content.

RS BFFARMEREREEEXR (USTASRIE)
Tab.3 Repetitive experiment of white mustard in water and alcohol extraction (taking ST as the reference peak)

K i g
RES

£ 4 15 [ (min ) U T AR £ B B[] (min ) U T AR
S1 18.863 4 363.805 19.011 7 958.653
S2 18.856 4 427.695 19.017 8 002.192
S3 18.861 4 045.823 19.027 8 036.205
S4 18.861 4 323.895 19.05 7 900.276
S5 18.894 4234727 19.034 7 889.968
S6 18.869 4 114.811 19.027 7 947.436
S7 18.867 4 035.463 19.09 7 902.685
S8 18.872 4 122.304 19.035 7 919.023
S9 18.887 4 048.394 19.046 8 041.999

S10 18.897 4 155.11 19.09 7 865.49

RSD (%) 0.08 3.40 0.14 0.78

TE :S1~S10:S1-S10%5 [ 3 T 7K £ ORI 2 15 412 O 5 O 4 I (8] - STAABE R T 3 1) FE S5 114 300 B2 AR AL 94 1 (1) 5 0 1 K

75 15 4 A BB, R

PISTH 2 B8 I& ST

Note: S1~S10: S1-S10 white mustard water extract and ethanol extract; retention time: Represents the time from the start of injection to

the maximum concentration of ST after the column; Peak area: Taking ST as the reference peak, ST peak height multiplied by retention time,

the larger the area, the higher the content.

75 F I5F [ 1) 2B K 3 B B4 36 T, 324 hads 3k R
FBIAATR, SRR TR SR g1 .23
4.5.6.7%, FTLIA B a) 52 5835 i 4 Bk
B R e, W BUR K o 15 I RIST & &
W, WIE3,

1175

2.3 2R RN A K R N ST fz %2 18 B DA
FASTIE fz W #5 TCMGH , ZRAESH X
(P<0.05) ,H 14 (35 K % 22 7 o g it 2% 5 L (P>
0.05)., B.D FHIHZ ST Bz % 35 1% Wi B AL (P<0.05)

C.E .GHISTI&E St RE B &K (P<0.05) ;G T4l (7]
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TE B A b 7 A B I TR] AR A 22 7R 52 AR WA (absorbance , abs ) . SI~S102 4 FI T F /K 248 LU RO ) B8 S0 P4, 19504 g ST, JHL e 1 AL e
K, &R,
Note: The abscissa represents the retention time, and the ordinate represents the ultraviolet absorption value (absorbance, abs). S1~S10 are the
water—extracted fingerprints of raw white mustard seeds, R is the control fingerprint, and peak 1 represents ST, which has the largest peak area
and the highest content.

1 AT TR SR SO

Fig.1 Fingerprint of water extraction of raw white mustard seeds

TE o B A b 7 £ B I 18] A A 327 58 AR WA (absorbance , abs ) . S1-S104 4 [T B4 4 S0 35 RO X5 BE 48 20 P4 | 14504 D ST, H e 1 AR e
K, &R,

Note: The abscissa represents the retention time, and the ordinate represents the ultraviolet absorption value (absorbance, abs). SI~S10 are the
alcoho—extracted fingerprints of raw white mustard seeds, R is the control fingerprint, and peak 1 represents ST, which has the largest peak

area and the highest content.
K2 A T T R AR SO

Fig.2 Fingerprint of alcohol extraction of raw white mustard seeds

ZEFIGI L (P>0.05), FARRMAT Mty R& TWHEIT T, EAN B IF 5% A a9 ar
B AT /AL 2 1] P ST B REFRGI AL (P> WAT AR P STIE B2 R 22 7 AW
0.05), W34, VLA ST FEMG AL B R P i K 2.4 AR/ED FLIT IR O ROL N BOAS T) I T R B
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Note: Peak 1 represents ST, peak 6 represents sinapic acid.
K3 A T IR T ) 4 R

Fig.3 Fingerprints of the main transdermal components of the raw white mustard paste

VT 25 K 2 4R 2022 4F 11 H 45 46 B4 11 1

F4 NEUMBERAXRREKASTERE

Tab.4 The penetration rate of ST in the skin of rats in each group after acupoint application (x£5,%)
25 Jiti iy fL T

B 41 0.021+0.001 0.021+0.001 0.021+0.001

K T D4 0.0120.001* 0.0110.001* 0.012:0.001*
F 21 0.010+0.001*4 0.009+0.001*4 0.009+0.001%4
H4H 0.004+0.000%44 0.004+0.000%44 0.004+0.000%4%
CH 0.020+0.001" 0.018+0.001" 0.017+0.001"

B 5% T E 4l 0.011=0.000" 0.01120.001" 0.010£0.001*
G4 0.0060.00074 0.005+0.000"%4 0.0050.00074
14 0.004+0.000%4 0.004+0.000*4 0.004+0.000%4

. 5B.D.F HAL LL#,"P<0.05; 5B . C41 LL 42 ,*P<0.05; 5D \ELL 4, 4P<0.05; 5F (G4 L%, #P<0.05
Note: Compared with groups B,D,F,H, "P<0.05; compared with groups B,C, *P<0.05; compared with groups D,E, #P<0.05; compared

with groups F,G, “P<0.05.
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Note:A. Blank control group; B. Raw white mustard seed plaster applied for 2 h group; C. Raw white mustard seed plaster after application
2 h group; D. Raw white mustard seed plaster after application 4 h group; E. Raw white mustard paste plaster after application 22 h group; F. Fried
white mustard seed paste applied for 2 h group; G. Fried white mustard seed plaster after application 2 h group; H. Fried white mustard seed

plaster after application 4 h group; 1. Fried white mustard seed plaster after application 22 h group.
a2 21 R Bl O b Bz JEk 45 4 el A2 7 20 (HE B €9, ,400x)

Fig.4 Changes of skin structure at the application site of rats in each group (HE staining, 400x)
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