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[Abstract] Objective: To study the mechanism of Mahuang Xixin Fuzitang (MXFT) against migraine.
Method: Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) ,
SiwssTargetPrediction and other databases were used to screen the active components and action targets of
MXFT as well as migraine-related targets. The potential protein-protein interaction (PPI) network diagram was
plotted for the intersection targets of MXFT and migraine using STRING 11.5. Metascape was used for Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of potential
intersection targets. The component-target-pathway network of MXFT was constructed by Cytoscape 3.7.1 to
screen core targets with high degree value. Finally, the binding strength between core target and its mapping
components was verified by molecular docking, and the core targets with desirable docking results were verified
by animal experiments in vivo. Forty eight SD rats were selected, and except the blank group, the other rats were
subcutaneously injected with nitroglycerin to prepare the migraine rat model. The modeled rats were randomly
divided into model group, positive drug group and MXFT high-, medium- and low-dose groups. The positive
drug group was given zolmitriptan tablets, and the MXFT high-, medium- and low-dose groups were given
high, medium and low doses of MXFT, respectively. The changes of behavior and pain threshold of rats in each
group were observed every other day after modeling. The levels of calcitonin gene-related peptide (CGRP) ,
extracellular signal-regulated kinase 2 (ERK2) and c-fos proto-oncogene (FOS) protein in plasma were detected
by enzyme-linked immunosorbent assay (ELISA). Immunohistochemical technique and Western blot were
employed to determine the levels of extracellular signal-regulated kinase 1/2 (ERK1/2, also known as MAPK1/
3) and protein kinase B 1 (Aktl), protein kinase C o (PRKCA) in trigeminal nerve of SD rats. Result: The
network pharmacology showed that the core targets of MXFT in the treatment of migraine were MAPKI,
MAPK3, Aktl, PRKCA, etc., mainly involving neuroactive ligand-receptor interaction signaling pathway,
calcium signaling pathway, MAPK signaling pathway, etc. The molecular docking demonstrated that MAPK1,
MAPK3, Aktl, PRKCA, PRKCB and PRKCG had good binding ability with their mapping components. The
animal experiments indicated that compared with the conditions in the blank group, the number of head
scratching in the model group was increased (P<0.01) , and the pain threshold was decreased (P<0.01).
Compared with the conditions in the model group, the number of head scratching in each administration group
was reduced (P<0.01), and the pain threshold was increased (P<0.01). In addition, the levels of CGRP, ERK2
and FOS proteins in plasma, and Aktl, ERK1/2 and PRKCA proteins in trigeminal ganglion of the model group
were higher than those of the blank group (P<0.05, P<0.01). The levels of CGRP, ERK2 and FOS proteins in
plasma and Aktl, ERK1/2 and PRKCA proteins in trigeminal ganglion of each administration group were lower
than those of the model group (P<0.05, P<0.01). Conclusion; MXFT had multi-component, multi-target and
multi-pathway characteristics in the treatment of migraine, and the mechanism might be related to inhibiting
vasodilation, reducing the release of inflammatory factors and inhibiting neuronal hyperactivity.

[Keywords] Mahuang Xixin Fuzitang; migraine; network pharmacology; molecular docking
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£1 MXFTEERSER

Table 1 Information of effective constituents of MXFT

ik K %5 (Mol ID) T PRy OB/% DL
MH! Jf#  MOL000006 luteolin 36.16 0.25
MH2 R # MOL000098 quercetin 46.43 0.28
MH3  JFK 3 MOLO000358 beta-sitosterol 36.91 0.75
MH4 R # MOL000422 kaempferol 41.88 0.24
MHS5  JFR MOL000449 stigmasterol 43.83 0.76
MH6 iR # MOL001494 mandenol 42.00 0.19
MH7 B MOLO001506 supraene 33.55 0.42
MHS8 Jpk MOLO001755 24-ethylcholest-4-en-3-one 36.08 0.76
MH9 Jik s MOLO001771 poriferast-5-en-3beta-ol 36.91 0.75
MHI10 fk#  MOL002823 herbacetin 36.07 0.27
MHI1 fR#  MOL002881 diosmetin 31.14 0.27
MHI12 Jif # MOLO004328 naringenin 59.29 0.21
MHI13 Jik# MOLO005043 campest-5-en-3beta-ol 37.58 0.71
MHI14 k#  MOL005190 eriodictyol 71.79 0.24
MHI15 k¥  MOL005573 genkwanin 37.13 0.24
MHI16 Jik# MOLO005842 pectolinarigenin 41.17 0.30
MHI17 Jik# MOLO011319 truflex OBP 43.74 0.24
XX1 41%  MOL001460 cryptopin 78.74 0.72
XX2 40  MOLO001558 sesamin 56.55 0.83
XX3 483  MOL002501 [(18)-3-[ (E)-but-2-enyl ]-2-methyl-4-oxo-1-cyclopent-2-enyl J(1R,3R)-3-[ (E)-3- 62.52 0.31

methoxy-2-methyl-3-oxoprop-1-enyl -2, 2-dimethylcyclopropane-1-carboxylate

XX4 4% MOL002962 (35)-7-hydroxy-3-(2,3,4-trimethoxyphenyl) chroman-4-one 48.23 0.33
XX5 4 MOL009849 ZINCO05223929 31.57 0.83
XX6 4 MOLO012140 4,9-dimethoxy-1-vinyl-$b-carboline 65.30 0.19
XX7 ¥E MOLO012141 caribine 37.06 0.83
FZ1 [+ MOLO000359 sitosterol 36.91 0.75
Fz2 MF MOL000538  hypaconitine 31.39 0.26
Fz3 [+ MOLO002211 11, 14-eicosadienoic acid 39.99 0.2

Fz4 W+ MOL002392 deltoin 46.69 0.37
Fz5 K+F  MOL002395 deoxyandrographolide 56.30 0.31
Fz6 ¥  MOL002397 karakoline 51.73 0.73
Fz7 BF  MOL002398 Karanjin 69.56 0.34
Fz8 T  MOL002410 benzoylnapelline 34.06 0.53
FZ9 [F  MOL002416 deoxyaconitine 30.96 0.24
FZ10 [ff-¥ MOL002419 (R)-norcoclaurine 82.54 0.21
FZ11 [+ MOL002421 ignavine 84.08 0.25
FZ12 ¥  MOL002423 jesaconitine 33.41 0.19
FZ13 T  MOL002433 (3R,85,9R,10R,13R,14S,17R)-3-hydroxy-4,4,9,13, 14-pentamethyl-17-[ (E,2R)-6- 41.52 0.22

methyl-7-[ (2R, 3R,4S,5S,6R)-3,4,5-trihydroxy-6-[ [ (2R,3R,4S,55,6R)-3,4,5-
trihydroxy-6-(hydroxymethyl) oxan-2-ylJoxymethyl Joxan-2-yl Joxyhept-5-en-2-y1]-1,2,3,
7,8,10,12,15,16,17-decahydr
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PRKCA 5 Truflex OBP .PRKCG X deltoin #H 5k .

MEERE AT LU, 4545 6 (H 3% <-6 keal-mol ', 43
9 -8.31,-7.88.-6.47 .~8.14 . -8.12,~7.19 kcal-mol’
(1 cal~4.186 1) , UL 3% 5t W BfF A4 RF o 36 B
MAPK 1 #E47 K FREE T 19 3y Jg #8400, B 40 45 5L DL
G R B I A4 R, Caribine 5 MAPK1 15 14 437 5
Thr41,Ala309 .GIn306 & Hsd310 7] LATE Bl 45 5k 1)
SR VR R Al 2 B A A A A
1.

fdt J PyMOL #1443 1 A & 9 55 8 A5 3647 3D
P AL, = kA 9 caribine 5 Aktl & 3 iR
5% 5L ALA-50 \LEU-52 J& il 208 , 5 48 41 MAPK 1
S R 5% 3 GLU-305, SER-43 J& Ji & 8 , 5 #0 55
PRKCA ' & 3t Ji% 5% & ASP-481, VAL-420 JE il &

F3 BHXRELRBUILE Gts,n=8)

R2 MXFTEMERS-HBLEEA-BRERERMNET RFESH

Table 2 MXFT main effective target network node characteristic

parameter
P JEH oL L
PRKCA 26 0.425 287 36 0.039 713 81
MAPK1 24 0.399 280 58 0.023 234 22
MAPK3 24 0.399 280 58 0.027 277 58
PRKCB 22 0.390 845 07 0.027 624 62
MAP2K1 22 0.392226 15 0.019 895 76
PRKCG 22 0.392226 15 0.023 440 86
Aktl 22 0.373 737 37 0.015 666 16
RAF1 20 0.386 759 58 0.019 776 87
MAPK9 20 0.370 000 00 0.015 123 81
PIK3CB 20 0.366 336 63 0.010 371 26

. 5 8 5 PRKCB ' & % 2 5% 3£ LEU-403,
PRO-400 JE i &5 , 5 i 55 MAPK3 H & 3t iz % 3
LYS-71. GLN-122, MET-125 & i & ., 5 %8 &
PRKCG "' 44 3t 1% 5% Jk HIS-78 J& Jit S04 , UL 1 5
J B I A4 L . AR 38 PPILMXET 3% 1 15 43 - I Sk g %0
S P R TR R HE 4% 5 Ry R RS ARk
5 Aktl MAPK1 .MAPK3 . PRKCA JE1T 8 ¥ 1K N

SR IRIE .
2.2 BhWsCE

221 FRESEEME S5 A4 ke, BALA B
Sk W B B & (P<0.01) , 96 B B 3% B AR (P<
0.01); 5B AL Lh 45, 45 1 25 241 B8 Sk vk 80 3 0 >
(P<0.01) ; 4 F1 2% 20 93 19 {8 & 2 F1 &5 (P<0.01) . I
#3.%4,

Table 3 Comparison of behavioral and pain threshold changes of rats in each group (x+s,n=8) w

215 E RPN E RPN LIPS IR

4l 4.00+1.87 6.33£2.31 6.00+£2.16 8.33+1.53

A2 59.67+24.68" 79.00+16.99" 60.50+17.21" 57.20+10.24"

(e 27.25+13.96” 35.00+14.427 37.67+11.557 29.25+12.5%

MXFT {if 7 & 41 27.249.00” 29.25+12.50% 28.00+5.66% 24.50+9.61%

MXFT H] 4 6.00+4.58 3.25+1.71% 5.67+1.41% 9.50+2.52%

MXFT & it 4 4.33+3.51” 4.83+1.827 3.60+1.89” 4.20+1.79”

52 AR VP<0.01; 5HR 4 H 5 > P<0.01(F 4 1)

2.2.2 MXFT Xf i 3k % K Bl Il 2% CGRP, FOS,
ERK2HE HRAM W S5 AR, BKAEH K
B I 3% h CGRP.FOS. ERK2 % & i & 7 & (P<
0.01). SBIRIZ AL, PH 2541 5 MXFT i IG5 5
20 1fil %% # CGRP.FOS.ERK2 7K F & & F [% (P<

0.01)., PiZi4l 5 MXFT H X5 & 41 CGRP,FOS,

ERK2 /KR LHEIT¥E . WS,

2.2.3  MXFT X i 3k 9 K B = M 22775 ERK1/2,

Aktl . PRKCA & H R IL W Zm fh b 25 Rk

M, 5 d i, RAa g KRR = X gty
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x4 BFAXRBHEZUER G+5,1=8)
Table 4 Comparison of behavioral and pain threshold changes of

rats in each group (x+s,n=8)

4151 ERES EFPS 96K
= HH 7.33+1.03 6.57+0.98 6.33+2.34
IR 241 0.47£0.48"  0.49+0.46"  0.35£0.20"
[T 6.0042.83”  6.67£1.03”  6.00+1.41%
MXFTRA 4] 6.00£1.637  5.14+1.07°  4.67+1.03”
MXFTHF 4 9.00£1.107  6.67+2.07”  6.571.90”
MXFT g A4 6.29+1.80”  6.57¢1.51”  6.57+1.51%

£S5 MXFT X8 3k & kX R I ¥ CGRP.FOS.ERK2 7k F & £ g
(Xx+s,n=8)

Table 5 Effects of MXFT on levels of CGRP, FOS and ERK2 in

plasma of migraine rats (x+s,n=8) ng-L"'
215 CGRP ERK2 FOS

2 HUA 30.14£1.72 3 172.55+347.73 3 172.55+347.73

H R 2 36.90+2.86" 4 281.37+337.90" 4 281.37+337.90"

[EESEN 31.10+2.79%) 3 475.33+117.83%) 3 475.33+117.83

MXFT G 4] 31.94+1.88% 3 582.14+266.13% 3 582.14+266.13"
MXFT 4 32.56+1.95% 3 493.74+497.50% 3 493.74+497.50

MXFT & #l i 4] 35.58+0.93 3 761.90+335.59% 3 761.90+335.59%

T 55 A VP<0.01; 584 H B Y P<0.05,Y P<0.01

ERK1/2, Aktl \PRKCA & # . % T 5 (P<0.01, P<
0.05). SHEIARIZ L, PE 2540 5 MXFT ik o =
2 = A 275 ERK 1/2 ,Aktl . PRKCA ZKF i R
F#%(P<0.05,P<0.01). UL 1.%6.

Western blot 25 20 |, 525 4 e, BRI 4H
K= X M2y # ERK1/2 Akt]l PRKCA &

PRKCA ¢ -

ERK1/2

F6 HMXFTXELFEAR=X#HMET ERK1/2,Aktl,PRKCA
EBRIEKFE (5£s,n=8)
Table 6 Expression level of MXFT on levels of ERK1/2, Aktl,

PRKCA protein of migraine rats (x+s,n=8)

451 PRKCA Aktl ERK1/2
24 25.41+3.81 25.41+£18.12  24.04+6.64
HERI 4 118.18+38.9”  142.96+30.62>  67.96+6.42%
[EETE: 37.57+21.19 32.5412.74%  31.81+13.55Y
MXFTRFHE4H  54.58+10.29°  16.96+5.87"  47.85+7.41%
MXFT & H24]  22.18+9.91%  25.77+11.359  28.18+15.04"
MXFT @l 4l  59.52+27.62 94.57£33.06  56.25+20.08

T 52 AUV P<0.05,2 P<0.01; 15 4 51 4] [ 35 Y P<0.05,
Y p<0.01(F£ 7H)

Jh 1 (P<0.05.P<0.01) ., SHE R4 i, M54
MXFT i L5 ) i 4 = X #0445 p ERK1/2.
Aktl \PRKCA 7K ¥ B i T~ B (P<0.05.P<0.01) ., WL

K2.%7.
3 it

i Sk 9o J T P I Sk TR Y 0 D Sk 9 44 e B L
T RP o) kR, 1AM mE 2, &K 3
Z o7 e R R O 2 I Sk R AT G B 44 08 A Sk
7B TR SR I T RSk R T SRR
Sk AR CCHE P BK IR )48 1 1 XSk e EF i A
T B DR XV i 3 X U e o ROXUA 2 B AR g
T, ARG B, U AN, T B, AN i, BHL &
ZIE AR T O Sk R A9 R D PL S KR AR R
AWA 5 o MXFT J7 H R B8 R 3R DL K BH 3%
FE B T TR B D T BE A, R VA E R L B RR 6
FIE T o0 Afe B 8 2 B 22 BH o i RS T BH R A

TE:A 2 HAL B AL COPH 252 s D.MXFT IR 4k 4 ; EMXFT #5421 s FMXFET i 70 4k 21 (18] 2 7))
B1 MXFT xR kLBERR=X#MET ERK1/2,Aktl ,PRKCA EAKFRIE (FRAEEU1L,%200)
Fig. 1 Expression of MXFT on levels of ERK1/2,Aktl ,PRKCA protein of migraine rats (IHC,x200)
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PRKCA -‘---- 67 kDa

Akl S SR W W% e e 56 kD2

42 kDa

ERK1
k-3 E-% § & s
GAPDH "F Sl W0 S " s 37 kDa

A B C D E F
B2 MXFT 3 ERK1/2,Aktl . PRKCA & B &% B ik
Fig. 2 Expressions of ERK1/2, Aktl and PRKCA proteins were
electrophoretic by MXFT

%7 MXFT 3 ERK1/2,Aktl . PRKCA EARIEHHIN (x £ 5,n=
8)
Table 7 Effect of ERK1/2, Aktl and PRKCA proteins by MXFT

(x+s,n=8)
a1 PRKCA/ Aktl ERK 1/
GAPDH /GAPDH

k] 0.9940.13 0.89+0.07 0.86+0.15
LR 4] 1.38+0.09” 1.37+0.11% 1.39+0.16>
e 0.93+0.18" 0.97+0.19” 0.83+0.20"
MXFTEH 420 0.92+0.05”  0.89+0.03Y  0.96+0.08%
MXFT 440 0.87+0.08" 0.98+0.02Y  0.94+0.02%
MXFT @& #4520 0.90£0.04Y  0.91x0.15% 1.02+0.09%

FE MSABI ZAUE o AWFIEEE T B R HIE AT W
2K 232 4 AT 25 ) 5 e A DG A T O S 9 BH
FEBE R R R AL, 3T MXFT + 1 0 3k 98 09 78 T
HL o

AW 5Y 38 iF TCMSP #5042 18 45 MXFT L &9
37 R AL A R R M R R Ry oA R R AR
it 3k 9 AR 2o A o PR Y SR AL Tl (MAO) #E 3 5- 58 (8
Jiie (5-HT) {5 Mg i 47 3 B8 7 ok, i i ) ke 3k Jf o IR
Tl B2 2% & MAO Ml 5], B AT Bt S Ak Bt 28 A 28
PRRREE . FOS & 7E #2804 i A% b & BRI B
ZI R DR B S, 2 5 e Sk O R O R
it A SR I IR Sk R = O I A G Y B B R
Bt MR F B TR RO AN BT A AR T A
I Sk A0 M AR R Y BE A RV R A S 1R BN
BRI P S 61 Aok 22 A8, 0 ) T AR T —
AE G FOS KRB REPLRBURIEM . RS 3Z
1A HL A 7 B R E R 1 (TRPV 1) & T B I 32 4438 38 %2
R ST B s T R R e B R 2 Ve B B I
T S B M PN T LA T W 5,
CGRP Fl P ¥ Jit (SP) , Al 1 1L 48 4 5K LA K % i A ot
BB, B0 SR = . 2R 18 F TRPVL

ZARFEPUH RS B 1k R SR 4 F iRz |
RN a5 KR BGE 2 G sh AR fk . 0o fa ik RS
A PR, BT 5% 3¢ W H 58 28 ff 22 0% Jie ot 4 i ¢
SiE 75T I 5 20 L 7 iR i o B0 O sh R A RE R R
HEHFREME . ikl W, MXFT HiE s B4
K4 10 B0 9 B0 1R T A 028 S A Sk O 19 & R
K

T 5% 45 SR R, MXFT 0 0 3k 8 A9 A% 04 5 N
Aktl . MAPK1, MAPK3. PRKCA ., PRKCB . RKCG
A5 W KO TS AL RS MAPK 5 5 AT
P LA -2 (M BV S S 15 PR R R
(cAMP) {5 53l B % . Aktl & —Fh 22 & 1R /95 & 1R
Fe 5 B O O B R BRI Y L B, 2
PI3K/Akt {5 53l [ (0 SC B 2 (7. Akl J2 o 8 A=
BRI (0 SCRE A T, T2 AR AE T U5 W T
JULAH o ot 3 P W S5 R R N B — TR R
A T ) Akl ARV B IR AL, f2 3F NO R, 5 Bl Sk
I B AU L MAPK {5 5 G R 1 40 i A7 TG 1
BRI % 20 L P9 e L 2 5 R T R S
K,ES S KmEEREZ """ s
20 LAY 13 S, ) PR Al 2 e S5 E K 40 i R I 4 i
A5 4 E 4N 0k S5 A B AR A AR HE R SR K
Mo, fh A K I 5 H A2 R 45 & & MAPK
15 55 30 AE 1 24 U A5 5 38 B I RS n A A
b 45 b o 28396 o A2 PR RIS 73l 3, f0.4% SPL.CGRP .,
G VP 22 R T R 2 AR TRPV T R R
O 8 -3 JH AR O i 2 9RO B A O Sk O P A
PRKCA .PRKCB .PRKCG & % % % - i 2 IR 4% 5 Mk
EELEE MM C KNG, 25 0 40 ik
B T Ak R R S Y AR 4 I8 A R Y
PAH A5 5 0 2 A0 BRI A K 2 ik m] 9
SRR E MG, AR, R A
A B AT RE R L P TP R RGN
A B C 15 A 2 o0 B %A M il A JEL AR A
5 1 BN B, AT S UM R &R BA
P C BB M o S MR B AL, 5 E R AL AR AL 8
HRK B Ak A R S5 A PR 2 S AR L A Sk
HB G N B A SR B R R KT R Y Sk
i VR 0T R) o 9% M A K o R BB cAMP R
S, FRE A, SRR AME S
JH T B4 ERK A Akt 3% 4855 24 TR (5 5 Sy
WG, A2 R S Ak L RRE A JBRE R, 5 U Sk i E
IR0

CGRP i Sk I A9 4 55 1 46 A, J2 98 K A9 i 45
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P5K T, BE AR 7 AT I A A UKL B ik 48 RE A BT T
A F IR A — DS = XM A M E R R
PR JE i 28 RAE T BUR L. BRK2 J& MAPK {5 %5
P KR AR R . A RS R U], MAPK
iE % B ERK1/2 7] DL #f CGRP mRNA M & H #
Ko LA T A B R AE A RO T S
Jih 988 YR B8 K F (TNF) -« F1 40 I A 2 (IL) -18 1Y 5%
SN B, A 0 A 28 4 RE FNRE SR N Y KR PR R
i Sk 9 SECIR'® . FOS & ERKI/2 (9 T #E & 11, ERK
i R R T FOS K ATy BE MY SC B T I 7 =2 —
FE AR A 28 FR G0 B S 4 0 b AR I % 5K FOS
B LAV R Sk R T 4 A% Rk
FOS 19 # 28 o 50 i W i 38, D4 i FOS e # &2 oT
eIk W B W] R O Sk R R R AE OGS

E NN R NS e E ST RN EE N 154
1 CGRP .ERK2 .FOS & [ Rk ¥R, & 45 25 4 iR
1238 ¥ Bir T B 5 R B = SO 29 Akt \ERK1/2,
PRKCA KB , S BN EARBEHE
Fr R %, 4 78 MXFT 0] 68 3 i 410 #l Aktl . ERK.
PRKCA 1335 , i R AE P B, 041+ 255T
o T BR, 28 fifk 9 e A, 2R 107 98> CGRP L FOS
ik, BEL T 475 5 8% 32 25 I 0TS TR T O Sk o

Zi L prid ,MXFT A] g o il f2 R i e &= =%
Oy LMD SE fa B R AN MR o> /B H T Akt
MAPK1 ,MAPK3 ,PRKCA ,PRKCB RKCG %5 # 55,
W K& PI3K/Akt {5 7 i [ . MAPK {5 7 i [ | flt 2835
PEBC AR /32 PR A B AR 85 B 115 5 38 8% L cAMP [
5 AE AL T UM Sk R Y R R R R . AR IER R
B, 52 7 MXFT B 3 1 A 4 38 1o 3 4 K R a2 v
CGRP.ERK2 M FOSH Hm £L L =X &1y
Aktl \ERK1/2 . PRKCA & [ & & ik , T il 3k 9 &
Y5, i 5% MXFT K HL 6 1 Al 43 48 ML il 48 138 5 56
WA 8 407 A ST 3R A 5 5
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