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HER, KR GeneCards Al OMIM 2048 FESRAS TS B AHOCHE i, o 8 ¥R, 1R8I SR R, R Cytoscape #1444
TRV R - S N, IR AR i T E A R-E A A EAER (protein-protein interaction, PPI) K 23R #r. FIH
R & 5 B SRS 7 X S SR 4 5 AT FE I A K (gene ontology, GO) Ijfig & F#&RH: N 53 HFA TR 4 (Kyoto
encyclopedia of genes and genomes, KEGG) M & 5504, X P4 $0 44047 )5 i i th IR DG B s AT 20 X0 48, JRisid sh)
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6 il 4 (solute carrier family 6 member 4, SLC6A4). FAfZ% (L B (monoamine oxidase B, MAOB). CXC LA Tk
8 (C-X-C motif chemokine ligand 8, CXCL8)+ a1k Kl ¥ AL f& 2 (C-C motif chemokine ligand 2, CCL2) $ &5 1L/ A (monoamine
oxidase A, MAOA). ‘B AIJEEEE (FBJ osteosarcoma oncogene, FOS). GO Thfit & H243#13 B 1945 Hb 5 37 v 7 vl G il i
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AR B2 2505% (P<<0.05), L& RAERE T IL-1p. CXCL8. CCL2 /K- 5 & &K (P<<0.05. 0.01), SCR{A T NF-
kB p65. p-NF-kBp65. kappa B Il [ #4 % C(inhibitor of kappa B kinase, IKK) & [F3ik/KF34 8 FA% (P<0.05. 0.01),
NF-kB #i#| 82  Cinhibitor of NF-kB, IkB) HHKEKFEETE (P<0.01). 5% HATM A N7 8 2 4 7r Z 4L 5
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Abstract: Objective To explore the mechanism of modified Guishao Dihuang Decoction (37 % i7 ik 77) on Tourette
syndrome (TS) based on network pharmacology and molecular docking combined with in vivo experimental verification. Methods
The active constituents and targets of modified Guishao Dihuang Decoction were identified through TCMSP and BATMAN-TCM
databases. Targets of TS were retrieved from GeneCards and OMIM database, the two targets were intersected to obtain the interleaved
target. Active ingredient-target network was constructed by Cytoscape software, followed by protein-protein interaction (PPI) and

network topology analysis for the interleaved targets. For the interleaved targets, gene ontology (GO) function and Kyoto encyclopedia
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of genes and genomes (KEGG) pathway enrichment analysis were conducted using R language software and relevant programs.
Additionally, molecular docking was performed for key targets selected based on the results of network topology analysis. The key
targets and signaling pathway were verified by animal experiments. Results A total of eight active components and 32 interleaved
targets of modified Guishao Dihuang Decoction were selected for TS treatment. Major active ingredients included quercetin,
stigmasterol, beta-sitosterol, isorhamnetin and others. Key targets included interleukin-1f (IL-1p), solute carrier family 6 member 4
(SLC6A4), monoamine oxidase B (MAOB), C-X-C motif chemokine ligand 8 (CXCL8), C-C motif chemokine ligand 2 (CCL2),
monoamine oxidase A (MAOA) and FBJ osteosarcoma oncogene (FOS). GO function enrichment analysis suggested that modified
Guishao Dihuang Decoction may exert an effect on TS by catecholamine binding, G protein-coupled amine receptor activity,
ammonium ion binding, neurotransmitter receptor activity, etc. KEGG pathway enrichment analysis indicated that modified Guishao
Dihuang Decoction could play its effects through drug metabolism-cytochrome P450, neuroactive ligand-receptor interaction,
cytokine-cytokine-receptor interaction, IL-17 signaling pathway, nuclear factor-kB (NF-kB) signaling pathway, etc. After the
intervention of modified Guishao Dihuang Decoction, the tic frequency, rigid movement and clinical symptoms were significantly
improved (P < 0.05), levels of inflammatory factors IL-1B, CXCL8 and CCL2 in serum were significantly decreased (P < 0.05, 0.01),
NF-«B p65, p-NF-xB p65 and inhibitor of kappa B kinase (IKK) protein expression levels in striatum were significantly decreased
(P < 0.05, 0.01), while inhibitor of NF-kB (IkB) protein expression level was significantly increased (P < 0.01). Conclusions
Modified Guishao Dihuang Decoction plays a role in treatment of TS through multi-components and multi-targets, and its mechanism
may be related to regulating NF-kB signaling pathway and improving neuroinflammation.

Key words: modified Guishao Dihuang Decoction; Tourette syndrome; network pharmacology; molecular docking; nuclear factor-xB

signaling pathway; quercetin; stigmasterol; beta-sitosterol; isorhamnetin
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A N B 55041, 2 E o | AR 3 TR 1 2 S
ATE, AFREEROR T UUEMOE A, JTER, TS
LR/ RS #RAT R S T # R

TS KB AL 2 1) “ a7 A2 450 R« Rk
“RER ZEBES, 250, FFARThEER A L.
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LW Eh b oL R, WA EKIE S
44007200112607. BHP)SEEE I B2 KR =
MV A R A F SERG A S R 2R R ottt Gtttk
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HATHL B IR TT HEAT 5 g 4IH 3 g AEth
Sg. RE15g. W 15g, AL L 1g. KK 10g
LU, BT INER P B TR EAR % E N E
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St ER (b5 B20007). Hiffi & (S
B20527)+ L2y (L5 B21126). S+ BEALHEH (4t
5 B21535). AJEH (b5 B21148). X FRFEAH
B (465 B20326) W H _Filgli AR R A A,
Ji R = 98%; 3.3 A (3,3
iminodipropionitrile, IDPN, L5 C14426981) i H
A AR SERELF (S LY220802,
100 mg/ ) Wy HVLTR ALl A IR 2\ s RIPA
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KA/ %-1p (interleukin-1p, IL-1p) ELISA
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K AF & (A5 P1303). KRB FRLAK 2 (C-
C motif chemokine ligand 2, CCL2) ELISA £ illi
& (its PC128) W H LIFE R RAEMBEAE R
~FEl; KRB CXC BT RCA 8 (C-X-C motif
chemokine ligand 8, CXCL8) ELISA #5475 &5 (Ht
5 ml002885) MW H LB AR A RA ] #%
[Al-F-xB (nuclear factor-kB, NF-kB) p65 $iif& (it
5 A19653). p-NF-kB p65 Hifk (5 AP0446).
kappa B fllfil] & 13 (inhibitor of kappa B kinase,
IKKOHL (LS A19606) NF-«B 1l & [ (inhibitor
of NF-xB, IkB) #ifk (#'5 A11397). B-actin Hifk
(b5 AC026) ¥ H s Z 2 s AV RHEA BR
A HRP ARCHISEDTR 1gG — 9t (L5 HA1031)
B2 EMPHEE R AT .

14 {4=#

Ji9y Z— WAt R (M - FE R 2 A3
FRAFD; Sartorius 4i/KHLIZEZ R ( Bilg) &
BIRAF]; R300 BUNeHZ& KA it PEARA
A]); FD-304 RUFAAR N E AR TR (UFrgiRiE
XA A PR ATF]D; Waters €2695-UV 2 R0 AH E i A%
[RFrE R (Bl HAIRAF T ABSCIEX 6500+
RIS (R A B A S 5 AR A F]D;
E1x808 A fighr1% (3% H Bio-Tek 2 7] ); Forma370 %!
I I 250 FL; ChemiDocTM XRS+EE % 5
4t (32 Bio-Rad A #]); Nanodrop-2000c 4 & #%
R 85 F &4 (32 [E Thermo Fisher Scientific A ] ).
2 Ik
2.1 MLEHIBF M
2.1.1 VAR THU T Nk 77 i P R R 9 e A AR R T
W 43 A ZE TCMSP  Chttp:/tcmspw.com/tcmsp.
php) 1 BATMAN-TCM ¥4 7, 15225 1A 2%
FSC 53 BORH DGHE R, 328 S5 A 9 IR PR FH BE Coral
bioavailability, OB) =30%. 25125251 (drug-
likeness, DL) =0.18. #XJ5 R Perl #fF (V5.30.0)
b T 250 VR Ay 5 A S S EA T — — B, N
B H R A IR R 4
2.1.2 TS#L&0HiE  PL “Tourette syndrome” SNk
Htid), fZ Gene Cards (¥ (https:/genealacart.
genecards.org/). OMIM %4}t £ Chttps://www.omim.
Org/). Pharm GkB #(##/% (https://www.pharmgxB.
org/)« TTD %##& & (http://db.idrblab.net/ttd/) 1 Drug
Bank £z % (https://www.drugbank.Ca/), 152555
FHORHE KL

2.1.3  HAATHLUEZIIEOTBIG TS [R5 X 48 1) 2
FIFH Perl 344 U AT Hh B892 9877 ¥ 1 s 70 B s F
TS B ¥ p AT —— WS, 15 2E M o 55
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N, B AERZE T A, D IAE P BUE N 0.4, TR
AEFARLZE SRS . FIA Cytoscape Bt (V3.7.2) 11
ffifF CytoNCA X PPI Mgt AT #4541, i/
& op 0 P (betweenness, BC) . i A0
(closeness, CC)+ B H HiE (degree, DC). FFHIE[A]
w0 Ceigenvector, EC). JREBiiZEiEME (local
average connectivity, LAC). MZ& 0P (network,
NC) 6 Mabr, VL2 RN KT 6 MMabs A7 50m
T RAE N O A, DUR AT BRI 16 H OCBE A A5
2.1.5 FEEAMK (gene ontology, GO) Ihg A i #f
R 5 FE R 4 H 415 (Kyoto encyclopedia of genes
and genomes, KEGG) s HEmr K “2.1.3”
WU 1S B E o 5 5m  CERESRH RIES
A1) Bioconductor AEWE BT 0B, 15
F GO YifeEHE . LL P<0.05 WA EH
BES. ¥ “2.1.37 TUNF RIS 5 550 1
TR SFIH R G B4 Bioconductor A5
B T b2, 153 KEGG Bk E L.
LA P<0.05 W AGITH A ERA ZER

216 ArFObEE N4 PR A A AT S U I A OR
PR TL-1B W R BRI 6 B 4 (solute carrier
family 6 member 4, SLC6A4). %A 1Ll B
(monoamine oxidase B, MAOB). CXCL8. CCL2.
I EALEE A (monoamine oxidase A, MAOA). &
RIJRE R SE K] (FBJ osteosarcoma oncogene, FOS) 5
JFe ot IS BR3P 180 36 AT 2375 4 AN PubChem I3
TR RS 2D 4584, FIF ChemOffice AT
¥ 2D SRR 3D G544 . M\ PDB Hidli PR R
L) 3D 45, FIH PyMOL #pF X SCHERE £
(1) 3D S5 R MHIBR 7K 53 S /N o3 F-Bi A4 « R FH autodock
vinal.1.2 A58 o FRHE T

2.2 SKIEOIE

221 FARHISEZINETT % AT S g 2 3 g.
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AT S g TRE 15g. 1hZ 15g. MHLie1g. K
JBR 10 g SEIRREE . R4, A TRETIRE . 3
0>k H @ 2 M C high performance liquid
chromatography, HPLC) & 37 AT #5577 8 80 K11,
220 nm FIFARICH A 4 D, 73 et AR AR
B, BUERRR . AT25H . BN . 3670m M
WA 4 AN, AR . B TERE

MR 2 L Zsmy . SRR v RO € B B I 1y 23 B
5 LC-MS/MS VEF VAT iy 5537 s 5 0 £ 6 F 7y
BATE R, EATHHE 213 me/g. MR 425
mg/g. B-AF S HE 6.24 mg/g. LLIZEWHy 4.78 mg/g. %L
% 3.27 mg/g. XK HEE 1.77 mg/g.

222 TS ZhWBRIHI% 40 R SPF 2% SD K
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#E®: 0 7 Fon L zIissh, 54 EKIPER L2
Ay 1o HILARAR IR AT )95 2 43 R R B I
fH LTI 2: 3 o3RRI E 2R IS
NG HIAETERHEAT N 4 RoSkm i A R
Ak ENEd 2. XIERBLR K R T
gy, HrpSkp) 2023 (BTt £) K
EER s SRS & T, BIpPras =2
gy, RN R .

223 %Y GRS E A DD IR
BT AR . ERIRIR LA (33 mg/kg) HAHAT
A IR = L TR (2.84 144 0.7 g/kgs
DAAEZG BT 3 A 2 T IR IR S ROGR R 44 24 1 %)
H, "A - H, RS HIEH KRIE XA, %
AP ig N2 (10 mL/kg), X FEZH AR A2
ig SRR AFK, 1 IRd, ES:4 . N4 1
RME &K BRAR 5T &, 45 25 1A & 7 RINE 1 k.
224 ATRYVESY 3 RGYAE 1 hiHTH 1k
BIT RV, H 4% IE Diamond ¥V 73 b E A
Nespoli PEFRAECIEAT S . Nespoli 1F7#nifE: 0
RN, WAHMMENEANE: 1 FRRRE, s
P TE) DT 40%, KIS TR A0 b HY S A s s 2 70
RININE, HHENTE 40%~T0% I TH A H B, h3)
AUFAZ G AT 3 e, #hzhJLF—BEAF
e, RAEEMEKTN: 4 5RoRmEs], fhshis
KAFLE, WA . BEEHYE Diamond PP/ FRiEA]
Nespoli PEFr#ERE 7 KX K BRAT RHAT 1 IV
RO TFAATHT 56 LE K BUE R 5 mins

2.2.5 ELISA iRl fig IL-1B. CXCL8. CCL2

K KRALTERT 1 d, ZEEAEEK, KIkG 2 60
min &, ip 10%/KE&EERRRE, HUMZ) SmL, #E
30 min, 4 CARIE L, W EEIMEFELEH,
KF ELISA AN E & 4135 A IL-18. CXCLS Al
CCL2 /KF-

2.2.6 Western blotting fiill K FRSCIRA L1 21 p-NF-«B
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PAX £ 8 KR MFE RS 2 H TR H R %
T 253118 (One-way ANOVA) #6356, 5 % 55K H
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& 1L 04 K Kruskal-Wallis #6556 o
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3.1 VARTHBEIANR TS TR TS $E K2 38 BE T3
311 VAT HEEE 7 N ek 7 i M oy K B R O i
43 ke Z TCMSP 1 BATMAN-TCM ##fs 2 v )9 745
B N T T A i 1 o B A DGR R, %o i it
RSN INIE R 42 . fR¥E OB #1 DL S0 & 71
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MUEVEME RS 2 AN MBS 2 AN IREE T
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SIS IR R 44 5, A9 B0 0E M R A R B R R TR
182 /™ CHERREE A HE 5 327 AN), Hh (AT #E ik
990 /N IR SR 69 AN, HhTEHE IR 34
AN IRZSBE S BEDR 30 /N, L2580 S AL R 144 A, 7
ZLACHE TR 629 AN RIBREE SR 10 4

3.1.2 TS HIHESTRILEL R LA Tourette Syndrome”
“coronary heart disease” Fll “coronary disease” N
A, 77 IR Gene Cards 45 E . OMIM (35 &
Pharm GkB %(#z /% . TTD %4 % A1 Drug Bank (4
B, BUOEEESS1S BB A CHE AU 1 358 4.

3.1.3 HATHLEE A IR TTBIIE TS (U425 ) 25 4
FIHT Perl A1 VAT b 28 3 I ek 75 vt P R 7 B o
182 ANAT TS Fm#l A1 1 358 ML FHF] 32 4
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IETT 8 ANTEPERLST WL 2 Figk 1, Bl 2 HhE
TEREH A EE Ny, KITTRAGER 32 NSRS
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IR S 5, FIF CytoNCA $BfFHET 240
#Mr#r, BC. CC. DC. EC. LAC. NC &F 1 1%
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9 ANRBERE R AT HL B N7 B TS A% O Fig. 2 Active ingredient-target network
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\ Tablel Key compounds of modified Guishao Dihuang
\ Decoction in treatment of TS
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= SZAEE TS SEME R 43 E &
Fig. 1 Venn diagram of targets of active ingredients in 7 MOL001406 [EAWSA .7 [iYawia
modified Guishao Dihuang Decoction and TS 8 MOL001924 AU HA
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Fig. 3 Construction of regulatory disease network and screening of key targets with modified Guishao Dihuang Decoction
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Fig. 4 Bubble diagram of GO function enrichment analysis
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Fig. 5 Bubble diagram of KEGG pathway enrichment analysis
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3.7 S ERHREER N T B IRE M 2% Tl e
15 R F IR PR AT 537 s 7 B v6
TS IFERPLE] K 9 AN IHEERE £ IL-18. SLC6A4.
MAOB. CXCL8. CCL2. MAOA. FOS. SLC6A3.
DRD1 VGG R iy IO s S 1Y)
TEER M 2. S, B . RS RE
IR LTSSy, AT 0 (B 6. B
LR S 45 e SO SRR R S P R A
RIEZKIE . ZEGC, SRiERE, 46
MR, RS0 FER BT REEREC. Mo

FREEEE R (R 2) ", MR R, . B-A
e, FBERZERY IL-1B. SLC6A4. MAOB. CXCLS.
CCL2. MAOA. FOS 7 M4 G ReHEIL, H
RETE B, 1X 7 /NEE AR AT H B I s 7 e
TS W% Co AT FHEE 5o 4 TR e 4 R B A AT 1 35 0%
BE 7 vl it 2 a6 97 TS

3.2 VARMMEIAMBRSG X TS XRAFRIFIER
321 HATHBEE TR TS KA & AT H
VR W 7 B, SRR LR, AR
MK AT R EE K (P<0.05); A5 THE, K

A-CCL2-#it J %: B-CXCL8-#fit % % C-FOS-#i{ % ; D-IL1B-#if i %; E-MAOA-M {§%; F-MAOB-5 4% : G-MAOB-5 4% H-SLC6A4-

-1 S -

A-CCL2-quercetin; B-CXCL8-quercetin; C-FOS-quercetin; D-IL1B-quercetin; E-MAOA-stigmasterol; F-MAOB-isorhamnetin; G-MAOB-isorhamnetin;

H-SLC6A4--sitosterol.

El6 VAMEAMMTIE RS SXBESHN S FIHETEE

Fig. 6 Molecular docking of active ingredients and key targets of modified Guishao Dihuang Decoction

®2 PAAHEAMBGZOE S SRS ER

Table2 Combination of core ingredients and targets of modified Guishao Dihuang Decoction

4 &S T B-% B g FRER
T AR/ mol) A 4G/ mol™) EBE 4iSRt/(kI-mol™) HEHH 4i5EE/(K-mol) HEEEK

CCL2 -7.6 4 — — — — —
CXCL3 -6.2 1 — — — — —
FOS -10.4 8 — — — — —
IL1B -73 5 — — — — —
MAOA — -11.5 1 — — —
MAOB -10.6 7 -10.7 — — -10.5 5
SLC6A4 — — — -7.4 2 —
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PR TE T RGOS AR . 0k 3 s, 55Xt
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o ML P, AR R 2B IZ 30 s e

4004 HFHLF I (P<<0.01), TS EIRE™ZEH; H257R77 4 F)E,
2 L ovaskel LGEUBAGEL, ABRLFALRA
g = Rt e EARARRABEH IR (P<0.05), 4]
200- V : H B IR = R E 2 S A B B G (P<

= 0.05), TS I ARG EIAT R 1.

1007 - - - 322 HATHLEEZ IR % TS KR L& H IL-1B-

" o 0 CXCL8 il CCL2 KRN fEl 8 Fizs, S5AtH
GDD-HATHI AN SHIBALLLR: *P<005 #P<0.01; H LA, BIAYZH K RIS H IL-1B CXCL8 Al CCL2
ERERA LR *P<0.05 TP<0.01, K. AP S ETE (P<0.01); ST E, Thig
GDD-modified Guishao Dihuang Decoction; P <0.05 #P<0.01 vs @ilE‘JZ‘ %IJ ;FD éﬁé Uﬂfﬂpﬂﬁﬁl\:/ﬁ bﬂoﬁﬁ%ﬁu%éﬂ IL-IB *D

control group; "P < 0.05 P <0.01 vs model group, same as below

CXCL8 K- P REFEAL (P<0.01), FRERHFIF

N N = =N =SIE=N N VA= e

7 ASHEHMASR TS KBAEROEM (x+s, o)) PURBMRIT G UL CCL2 ACT ik
n=8) A% (P<<0.05. 0.01).

Fig. 7 Effect of modified Guishao Dihuang Decoction on 3.2.3 HATHLEZ IR TTAT TS KRSUIREH NF-

body weight of TS rats (X £ s, n =8) kB IHEKAH R I RIE R WA 9 Jis, SxH

figures.

&3 PAMBEAMBE X TS KEATAFEIHFN (X+s,n=38)
Table 3 Effect of modified Guishao Dihuang Decoction on behavior score of TS rats (X £ s, n =28)

5 Fil &/ ZINRIZ BN Vo) I Sy

] (gkgh) H1M4 32 %34 4 1 02 %3 %4 )
ot i — 0.00£0.00 0.00£0.00 0.0020.00 0.00+0.00 0.0020.00 0.000.00 0.00£0.00 0.00=%0.00
it —  3.00£0.00%3.13£0.35%3.25+0.46"3.13 £0.35%2.00 £ 0.54%2.63 +0.52#1.88 = 0.35%2.13 1 0.64*
SRR A 0.033 2.75+0.46 2.62+0.52 2.63+0.52 2.13+0.35" 1.63£0.52 1.75+0.46 1.63+£0.52 1.88+0.35

AT IR TT 2.8 2.13£0.35% 2.254+0.46" 2.13£0.35% 2.0020.00" 1.00+0.00* 1.00£0.00* 1.13£0.35" 1.00+0.00"
14 2.50%0.53 2.00£0.00" 2.132£0.35% 2.00+0.00* 1.38+0.52 1.25+0.46* 1.25+0.46 1.25+0.46"
0.7 2.75+046 2.75+046 2251046 2.13+0.35" 1.38+0.52 1.75+0.46 1.25+0.46 2.0020.00
xR #P<0.01; 5RHAIAHLE: "P<0.05.
#P <0.01 vs control group; “P < 0.05 vs model group.

100 ==

[ PO
fiiid & 71
_ - O
80
O SRR Fl
—_ ok *
T sk R o
2 60 = o - 1 GDD2.38 g'kg
20 H »
= ok ——I1GDD 1.4 g'kg
g 40 K £ l
18 B GDD 0.7 gkg!
= Hk ek
20 —
()
IL-1B CXCL-8 CCL2

8 VIANHE A X TS ARMFES IL-1p. CXCL-8 F1 CCL2 K EHIEM (X+s,n=8)
Fig. 8 Effect of modified Guishao Dihuang Decoction on levels of IL-1p, CXCL-8 and CCL2 in serum of TS rats
(Xts,n=38)
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P-NF-KB P65 | e e e (6.5 X104 2 &
o
0 0
2 4% 10¢ XTI B HhER 07 14 28 X B EhER 07 14 2.8
IKK ’ fF  GDD/(g'kg™) Wils#  GDD/(g'kg™)
2.0 ## 1.5
dk
B e . — 2 6, X 10* |5 ok
£ £ 1.0 o
-actin | A ————— (> 5 1g+ S 1.0 o
= o 2 0.5
X A BhER 07 14 2.8 059 B
fsFl  GDD/(g'kg ™) #it
0 - 0 =

PR AR AR 07 14 2.8

PRE A N 07 14 2.8

fFl GDD/(g-kg™) i GDD/(g-kg™)

9 VASHEAMBTT X TS KERSURAFH NF-«B BHEHEXEBRIENFNE (X+s,n=8)

Fig. 9 Effect of modified Guishao Dihuang Decoction on expressions of NF-kB pathway related protein in striatum of TS

rats(X+s,n=238)
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B A AT Hh 7 R T e TR A A 0 o 2 A
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FEAER . IL-17 {5 5% NF-«B {5 510 8§ 5 R I%E
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