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Antiepileptic effect and mechanism of different parts of Bupleuri Radix by
integrative pharmacology

WANG Peng, GAO Xiao-xia, GAO Yao, XU Wen-gian, FENG Yan, LI Zhen-yu, QIN Xue-mei
Modern Research Center of Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China

Abstract: Objective To investigate the major active components and potential molecular mechanism of Bupleuri Radix in
treatment of epilepsy. Methods The activity-tracking method was used to obtain the anticonvulsant active parts of Bupleuri Radix
by investigating the effects of three different polar sites on pentylenetetrazol (PTZ) kindled seizures in the rat. And the LC-MS
technology was used to fully characterize the chemical components of the anticonvulsant active parts of Bupleuri Radix. The protein
targets related with epilepsy were collected by integrated pharmacology method and the interaction network of potential targets of
Bupleuri Radix and epilepsy disease targets was constructed to illustrate the molecular mechanism. Results By screening for model
dosage, 55.18 mg/kg PTZ was selected to establish the model. The time of clonic latency and tonic latency significantly was
prolonged and number of convulsions significantly reduced in rats after high-polar fraction of Bupleuri Radix (20 g/kg) treatment. A
total of 32 chemical components was identified with the positive and negative ion mode, primarily including saikosaponins, fatty
acids, sugars and coumarins, etc. A total of 22 key targets were screened. The main targets of disease and drug were ATP5A1,
ATP5B, ATP1A1, ATP5C1, PPP3CA, PTGS2, AR, etc, which mainly related to Parkinson’s disease, energy metabolism,
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Huntington’s disease, oocyte meiosis, neurodegenerative diseases and other pathways. Furthermore, the keystone node in energy
metabolism was validated by determining ATP content of hippocampus and liver, and the result showed that the decrease of ATP
content in hippocampus and liver induced by epilepsy was significantly reversed by the high-polar fraction of Bupleuri Radix.

Conclusion The high-polar fraction of Bupleuri Radix has anticonvulsant activity, it inhibited the occurrence and development of

seizures mainly by regulating energy metabolism. And saikosaponins and flavonoids mainly regulated energy metabolism by
improving ATP content, which may be the main mechanism for the treatment of epilepsy with Bupleuri Radix.
Key words: Bupleuri Radix; pentylenetetraol; epilepsy; integrative pharmacology; energy metabolism
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Bupleurum chinense DC. 1k & M %¢ # B.
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i, ZhPYFRHIE SCXK (3) 2005-0004. ZhH5L5:
3 1P R 2E B SE I AC B T A ik (HEbESR 5
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Dionex UltiMate 3000 A i RFH (38 K2 DY 2%
FE-F 37 T B i 2 R S B 4% Xealibur TAF
s (2£[E Thermo Fisher Scientific A ®]); HLF4-#T
R BS210S (R 53 R SO A R A D
Scientz-12N BT C7 P00 Z AR I
MAHRAFD; HAIFGMN KQ2200DB (R LT
FAERA R AT ANRAT MM, B, KX
& X B8 80 cm X 80 cm X 50 cm.

2 FE
2.1 SRR MEEB AL A&

FEEMIOE =L, 8 i 95% LBH=H 12 h,
[FIFHEE 3 K, FHR 2he BIHIER, IRAFEET LB
Wk, 19 EISEEHEE I AT AR MERR BERE . 1 SN
NEEERUAMERZERL, 2 RZERE R, [
WA, WRARREE, THDTEME (60 C)
THE, LRSS (BB RLN 2.13%); £
ThEERE RS TR, N EAREREIR LB 3N,
ZIRFEWMEBRERTCE, [FUETR COBE, K45 27
B, TESTEM (70 C) thg, BLey]hirt
A (B RZ)Y 5.35%); AEUS RIS A 5 T1S
FISEIH S AL CHEFRA) 8.11%). & (h
[EZg8L) J5vk, DASERHET a f1 d AFRbRp a5t se
FAAS RIS A AT i, A S AR AR P 50
frSEEH R a fil d R 7340408 13.0. 14.3 pg/g, %
HEE RIS 2 e R A7 209 1.095 0. 0.7755 mglg, L&
EE AL 20 231.0. 104.3 pg/e.

22 BEMYNEHISHS

2.2.1 VY MESUE M RN AR B I IR IR R
FH BT 2R [R] Y3100, 30 5 S A 24 ) 1 U 1 ) 95%
BRZWFHE (EDgs). iSRG 2215 5 15 Y e
FIOR I R TR (R H FH 77 B 32 mg/kgl2022), /3 SiJERL 5 A
W (50, 40. 32. 25.6. 20.48 mg/kg) FHFF (0.8
AR IR I BGHEAT VY EDgs Ml 5E o

50 AUNRIEATRIERE, 3 1 R/NE ip 40
mo/kg, WE/NRAT A 10 min: & RAE 3 %Ll EAT
MR ERER By, N — RN~ — B R
Rl 32 mg/kg [ DU ML, 25 R B 3 2 A AT
WRIERL R, T — H/NRIE A E—6 Bk BRI 50
mo/kg JEPUMEIER . RUGESIAT SN, B R/NR
BHHT 1 KGRIk se . 45 5 Probit [A] )45
RUBTGLiH 40T, T2 EDes ARG & U A A S )
B & .

222 EWrHESY%%5 50 HURNR—IkY ip 55.18
mo/kg CRAFIERFE) UM, WE/NRAT
910 min, #RAE 3 LA EAT NN E /N R AR
A2 S DY MR AR . 83 1S B AR R TN
48 W, FFBENL N 6 4 (n=8), MIHXIIRLL.,
AU, SENMEMR IR ST SRR MR AT 2 . 4
T AR PRSI . PHEZG 3PP (4 mglkg) ZH. X
MU/ 2 BAE— AN il %508 12 h B
GAEIR, FFREEIRME AR, BRxIRALAh, HAh
HANRAEE 2 RIAT 1 0ERE (452560 min J5, 11K
ip SEVYMED o H2h 24 AR 4 i A oS e 4 R e T
SEWIRER AL e 25 R B 0 20 glkg (RZAEZET),
X L RIS R 20 /N BR 25 T S5 AR R I 7). S
29I 0.1% %K 111 B41E-80 /KA, 427Nk
ip 4424, FEN01mML/L0 g AFE, &K 1K,
HEELE 2 12 d,
2.2.3 SN [R) B A 0T 15 DY e 351 1 At R /N BT
B RRIEE AR R, FIRESIGESR
NERIGAT R, S0 10 min, GgR/NRFER
PR AR CRIAN ip PO 46 2 AH 24 TR P 53
K 1~3 FRAEMB D o E AR R AR CEDM
ip 3 U P46 2 A 2 T 1 2 2 5 R AE IR TEDD |
PR (10 min /N BRUR AR 73 2 3~5 RAT
FREO o

FRTERAE 2 /N IR R AE 7 9K Racine
RS, 0 S BRIERRBL 1 2 TEMOA.
e L FEEE; 2 g i SkIfRpa s ™ =
PRI BIREEE: 3 k. AT R ZE(H A
BEE L 4 Zb: FURPEZEFEBEESL: 5 K S5
B R AR AR
224 PEARHIEE £ 11d 2SR )E, &4/
JREEMEALSE, BT UK BB ARSI B T S i 5,
HWNBENE K, JaBT-80 CIKFRAF
2.3 Geitoan

KH SPSS 17.0 Suit- #4770 4. THEEHE
PAxtsiRon, AR EBCRRRE T 250, 4
) P 7 LU 7 2250 MR LSD 73k oA, 7 ZE A%
i} H Dunnett’s 7774341, P<0.05 FRRZEF A ST
E5 98
24 SHRABMEAILERS T
241 %L SRA Waters Acquityuplc HSS T3
B384 (100 mm X 2.1 mm, 1.7 pm), FEhH N 0.1%
HHR-/K (A FIHEE (B); FBRAEEEHL: 0~2 min,
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30%~40% B; 2~10 min, 40%~50% B; 10~20
min, 50%~55% B; 20~30 min, 55%~65% B;

30~40 min, 65%~75% B; 40~50 min, 75%~95%
B; 50~55 min, 95% B. #iFEE 5 uL, AFE
0.2 mL/min, #i# 40 C,

242 BUGFM CRHA WIS B U (ESD, [
BEATIE. B FREACREE, FREREDY miz 100~
1500; Wi%5 & 3.5kV (ESIT) Fl-25kV (ESI);
BAEWRE RN 320 C; MR 300 C;
SRR 35 arb, HBSUARARE 10 arb; 3
R EN MS full scan 35 000 FWHM Ll K MS/MS
17 500 FWHM, filf ## ¢ & 15 E 9 12.5.25 F#137.5 eV,
243 AR RIS 8 E ISR A AL
059, MM 5mL Z&/KE A%, 12 000 r/min &4
O 10 min, E3EWAH 022 um fFLIERE, HifS
SE MR A BB A7 S VR . BBOZ A I AT
R, KEE LC-MS il &, WLH K- th il g o) b 5
RS TR TR AR EER, WS
X i EERE L S 2R SR SR G PRI R AT B o3 5
SETRIN, R T R 2B 5 238 00 M

25 BEEWNEFHE

2.5.1 AR IR BEAR ORI S 2P
G PR R EE PR 25 e 180 %5 Drugbank #5475 2
( https://go.drugbank.com/ ) . Online Mendelian
Inheritance in Man % # & ( OMIM ,

https://omim.org/). Human Phenotype Ontology %(#&
FE (HPO, https://hpo.jax.org/). Therapeutic Target
Database (TTD, http:/db.idrblab.net/ttd/). &% #f3E
DRI L PR 2H B RH4x B 4dE 2 (Kyoto encyclopedia of
genes and genomes, KEGG, https:/mww.kegg.jp/)

SRR, TRIDUR YT 50 BURE IR 1) 245 P FE A 1) 2 R A
B SAE B8, 7R B 5 24 21 S i MIE fig
#E AR BOPE %, BL “ convulsions or eclampsia or
convulsion or epilepsia or epilepsy or epileptic or
hieronosus or falling sickness” 1 Ay BICE IR < HE
WHHTR R, AR PR ITA AR, 1E kit
IR AE AR o
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-6 R RE AR 0N AL AL B AR 20 B B Tk AR R
(2D RE AR TN 77325, 73 il A B T TC AR R AAE 1 93
W F T 0T A5 AR ALE 1 0 A T R 2408 7
VR TI RH 4SS M A A R, B AT
ACCess %4t (MACCS) 7184, i FIFFIRH 1+

Open Babel #1754 A0 52 020 AL 52 F8 SURFAIE I 42
B, %M Tanimoto REUeE CIAHIEETHEITIE,
Wit s FDA L 2t AT AHAUEST 7 (score>
0.8), FHIEMAER AR, &5 3RS 245 mi s (1)

BERR TN 45
2.5.3 SRR B AR R) B 1 5T - B 1 A LA

F Cprotein-protein interactions, PP1) [ & f4 % 53
B SElIE BV AE REAR SR P 4L FR 2 [7] PPI
WG 2 6 1 PP AR kA, %P
# 7 Human Annotated and Predicted Protein
Interaction Database (HAPPI). Reactome, Online
Predicted Human Interaction Database (OPHID). In
Act. Human Protein Reference Database (HPRD).
Molecular interaction Database (MINT) #1 Database
of Interacting Proteins (DIP) Z5%4f & /b PP1 %4
I G 2B B TR, B SEIE
(AT LEBEAR 5 P BRI FEAR TRV PP T 5 0 2% F
fEME, CAFTSS0ERERE (degree) [ 2 fEhfifin+
{8, B rh 2 B FR -9 9 25 DR AR X 8% PR A% 0715 R
Chubs); fEBLFERE E, DL degree. 7% s %45
(closeness) A7 i/ (betweenness) [H)FHAZEN
B, EEUE L 3 AN RE R AU G H IR R
o 10T DX 24 ) SRR RIS I 285 o SRS, R SRR o )
ZEHATIBER S T, R P (AT 30 MM,
i R R -2 D AR OB RS 2 )R
ROCHRIN 8, FEXT IR W 28 F1 22 J2 IR ST Y 245
BEAT AL o
254 FERIDyREAE K EE ST FER DR AR
B R ITE RS B BT, HERRA
THF AL (gene ontology, GO) ¥i#E/E Chttp://
www.geneontology.org ) 1 KEGG & % % 4% J#
Chttp://mww.genome.jp/kegg/)
2.6 RGHEEAIIEIE

RIS 22 AT 4 IR, i BB VMERE
T B R OCHEY SOEEAT IR IE, W E D BRI 5
) =MW iR (adenosine triphosphate, ATP) & &,

ATP &8 I 5E R s B ATP A I 70 &
(Beyotime), HUAATLLZUE A S 4% 20 mg,
BN 20 uL 2EW, VKKK G 4 C. 12000X g
B0 5min, B EIEFATIE .

W ATP FRAEEMIRE A 1X1074.1X1073,0.01.
0.03. 0.1. 0.3. 1. 3. 10 pmol/L W JEHEE . ¥ 100
uL ATP A TAEMOIMAZIRS AL, T = EmE
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3~5min &, TERMFLAANAN 20 uL AS[RIHR BEAA A
(1) ATP Fife i, IR M EBRARS, A
RGN 5E R G AT Crelative light unit, RLU)
H. &EASHESRERMERZ% (y=57 103 x—
36.654, R=2=0.9966).
3 #R
3.1 AR RIELGATT B AR

50 H/INER 28 T A [F) TR B Ao 3 DU s A 4 SR
Wik 1w, 3T Probit [ AR ALBET GE1H 0
732 H Probit B8, i N 452 (P)=-11.486+3.274X
(AR B X i F IR BCN 2.718 IO BOR #648) - 5t 24 EDes
B 4577 &4 55.18 mg/kg.
311 SEHAASIRI B AL T I DY M B BT K DS BR AR R
H=Em  WE 1R, SO, SRR/

28

55 B4 LU -
#P < 0.05 vs control group

F 1 XPUMBUEREEF R
Table 1 Screening of dose on pentylenetetrazole-induced
epilepsy model

FE/(mg kgt PIRIIRSS (B LR IVE AR
50.00 1 1
40.00 6 5
32.00 21 15
25.60 20 18
20.48 2 0

AR B R E D (P>0.05), SEEHARFGALS
PR N AR TR I (P>0.05). TGS 7
RIFGR, PG S0 I L, /N B 5T & I
TFE (P<<0.05), FHAHNVE PR T BN B A
KRB ERH.

£ X

e A

= SRR AR AL

SE AR L AR AL

ST S e ina
# mm LGP

ol

11

#P<0.05

B 1 SR EIERIXT S U BR R AR R =2 RS20
Fig. 1 Effect of different fractions of Bupleuri Radix on weight induced by pentylenetetrazol

3.1.2  SEHAN ) A XoF 3 Y e 5 K 0 BRI 2
RIARIRE 2 Fros, SXRRAAHEL, AR
/INBR PR ZE VAR AR B £ 4 (P<<0.001), PHMEZS
HPE P AR R AR R, FE R AR R AR A B A —
. GEAAML, SHER A AR 1
BRI AT 2 KB N RO PR R (P<
0.05), 452 3~11 d 4ERFI 2 25 1E K FEZE T AR T
252 (P<<0.001), H.F#i# 25 24 I (] (14 KA FH 3
IR, SRR DG S8 R AR A 45 2 5
11 REAUNRFEZEE R A B E LK (P<
0.05), L& lA{RAR 1 3 7C BH 5 B M

3.1.3  SEFAASIRIEBAL AT I Y na S5 R /N B 5 B P
EREARREm  anlE 3 B, AU ZH 50 R 2 L,
BRI SR B0 B VRV R B 25 45 (P<<0.05), B PE

TG PR AR R A R, B PRI R AT R 2
—3, SRR, Sl ARt AI LS 5 Rt
BEA /N B B MRV AR I35 B 25 K (P<<0.05), BE
FHRIT AR, o B R Kz s T
FsE . SEHIL AT A 2540 T IH B .

3.1.4  BEFAASIRD B AL AT I Y R SR A /I B R UK
B il 4 fos, SRS 254 T
AR, MR EII N 0, RIEETFER.
SRR AR B, Se A A R R A5 2558 1K,
R /N SR BRI B R 35 PE R % (P<<0.05), 4524 3~
11 d 5 R EOR 535 B R I (P<<0.001); ZEHEAH K
PEERALH LR 2558 7T~11 R, REAL/IN R BRI W
TRk, BRREER. HEEES 2R
K, SetAE AR A LAY /N BR D R BT B A
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ek

##P < 0.001 vs control group; *P < 0.05 P < 0.001 vs model group

B2 SEATEI BN X U BUR AR /N AP & 1M SR EARZ AR
Fig. 2 Effect of different fractions of Bupleuri Radix on clonic latency of convulsive mice induced by pentylenetetrazol
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SR . *P<<0.05; SRR "P<0.05

#P < 0.05 vs control group; "P < 0.05 vs model group

B3 SREAEIERALI X AR B R R/ R B9 SR B M IR R R AR

Fig. 3 Effect of different fractions of Bupleuri Radix on ankylosis latency of convulsive mice induced by pentylenetetrazol
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BRI LA *P<0.05 *"P<<0.001
"P<0.05 P <0.001vs model group

B4 SEEAAEIERBALXT I UL ET /)y R IR FROR B0 =20
Fig. 4 Effect of different fractions of Bupleuri Radix on convulsion number of convulsive mice induced by pentylenetetrazol
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RYE_EiRseaGas B, KBS m A 2 AE
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SR EEE, 454 Xcalibur 2447 Qual Browser
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Xcalibur A3l 25 H (1) 15 43 ¥ 00K B AH XS 23 5 o
B ZQER AR TEE, S6 CE g
SRR N AE LB (HMBD. Pub Chem. Mass
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— 3 i EbE
T4 B
S A Yo S
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C —13: & RT B2
10: 4521 BL
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8: YR C
g - ﬂ?\’ﬁ | /19: s D
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10 20 30 40 50
E

- 20: 6"-O-Z AL SEHI AT A
14: 2"-0-Z AL EEH B 1T A H 21: 2"-0- LRSI D
15300 ILSEHIETF A | [23: 3-0-ZBELSEH 45 D
Ozt r / 25: 4"-0-ZBEALSERI BT D
[ |

H.)I q‘(ﬂ‘.‘... ‘..J‘l‘mf“”..\.-’m..
s 42 44 46

12: SEEHIREH D

38 40 42 4 4
t/min

.
18: SB-hydroxx)Tlean-12-ene-28-O-[3-D-gIucopyranoside

Bank. Chem Spider %5) kG2, BT HE %
SERCFRT, L% 32 ME By, S 20
BT S MRS 4 DMBERS . 2
MNEGERERS LA OJERIZERS, 2 HEdE i
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Table 2 Chemical identification of high-polar fraction of Bupleuri Radix

AT ERE O ERE RE N 5% HY

K% twmin BEHET (mh) waEm G X

A& (mh) (mz) (X109 ik W5
1 136 [M—H]" 3411089 3411082 -0.166 341.1082,179.0555,101.0235, REfk CiHz0u 24 TCMIP101196

89.0235
2 136 [M—H]" 5031617 5031619 -1.286 341.1078, 179.0549 R R CigHzO1 24 TCMIP101197
3 139 [M—H]" 1790561 179.0555 -0.023 161.9601, 98.9599 HiE CeH20s 24 TCMIP100406
4 145 [M—H]" 1510601 1510605 -0.118 101.0235, 89.0235, 71.0129  #%Hf CsHi0s 24 TCMIP100872
5 560 [M+H]* 207.0651 207.0652 -2.288 192.0417, 164.0466 67-—FEEETE  CuHuOs TCMIP101174
6 744 [M+H]* 3071176 307.1175 1997 289.1063, 259.0599, 235.0599 JhHiE CisH1805 TCMIP100508
7929 [M+H]* 1910702 191.0703 -2508 1631113, 133.1011 T-LEEEY R CuH1003 TCMIP100279
8 2775 [M—H]" 9715220 9715211 0926 9715211, 779.4222, 617.3680 LEifiE+ C* CigHsOy  25-26  TCMIP101187
9 3798 [M—H]" 8254648 8254649 -0.21 779.4584, 617.4063, 4713503 LM A CiHesO1z  25-26  TCMIP101186
10 3799 [M—H] 7794587 7794579 1026 779.4579, 617.4064, 471.3478 LEHiEH BL” CiHesO1z 2527  TCMIP101176
113830 [M+Na]* 4953444 4953441 1561 1631127, 1451019 SEHIEH T G CaoHg04 TCMIP101185
12 3957 [M—H]" 6174058 6174036 3563 6174036, 455.3521 SEHIRET D CaHss0s 28 TCMIP101164
13 4085 [M—H]" 7794587 7794596 —1.155 779.4596, 617.4064, 4713520 LEHiE+ B2 CaHesO13 TCMIP101179
14 4116 [M—H]" 8214693 8214702 -1096 779.4052, 617.4010, 439.3221 2"O-ZHUHIEIFA CuHoOn 2526 TCMIP101189
15 4146 [M—H]" 8214693 8213953  4.487 7794617, 6174071, 4703477 3"O-LBUHIZIFA CuHoOn 2526 TCMIP101191
16 4177 [M—H]" 8214693 8214697 -0.487 617.4052 4-0-Z BB A CuHnOw 2526 TCMIP101193
17 4196 [M+H]* 4953444 4953441 1553 1631127, 1451019 SR D CaoHg04 TCMIP101165
18 4212 [M—H]" 6174058 6174060 -0.324 617.4060, 455.3472 3p-hydroxyolean-12-  CasHssOg 29 TCMIP101181
ene-28-O3-D-glucopy-
ranoside
19 4330 [M—H]" 7794589 7794565  3.079 779.4589, 617.4065 SR D" CiHeO13  25-26  TCMIP101188
20 4351 [M—H]" 8214693 8214699 -0.730 779.4610, 617.4066, 4713487 6-O-ZBLHIEIFA CuHnOw  25-26  TCMIP101195
21 4387 [M—H]" 8214693 8214700 —0.852 617.4072 2-O-ZBEHEH D CuHnOe  25-26  TCMIP101190
22 4388 [M—H]" 2792329 2792329 2619 279.2331 RANSd CisH220: TCMIP101192
23 4421 [M—H]" 8214693 8214698 -0.609 617.4077 3-O-ZEEEHEH D CauHioOw 2526 TCMIP101184
24 4467 [M—H]" 7634638 7634644 1645 763.4612, 6014115 SR F CiHesOr2 30 TCMIP101194
25 4519 [M—H]" 8214693 8214653 -1217 779.4586, 617.4062, 471.3460 4"-O-ZBESHEHD CuHnOn 2526  TCMIP101183
26 4620 [M—H]" 7634638 7634610  3.667 763.461, 6014118 SR M CaHes012 25 TCMIP101169
21 4898 [M—H]" 7634638 7634644 4907 763.4644, 601.4131 e E CaHes013 25 TCMIP101177
28 4968 [M—H]" 279.2329 2792329 1918 279.2333 TR CigH0: TCMIP100276
29 5213 [M—H]" 2552329 2552330 -0.392 255.233, 237.2213 15k (FA#R)  CisHO2 31 TCMIP101160
30 5263 [M—H]” 2812475 2812488 2577 281.2488 AR CisH302 TCMIP100369
31 5273 [M—H]" 3673567 367.3581 2162 367.3584, 349.3515 AN ) B CauHaOo TCMIP101030
32 5406 [M—H]" 2832631 2832644 2700 283.2644 B CisH302 TCMIP100296
*Feor et R A ot

*Indicates comparison with the reference substance
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Table 3 Functional information of candidate targets of Bupleuri Radix
ID %H HERR A AR HH PHE
GO: 0006367 transcription initiation from RNA polymerase Il promoter ~ MED1, AR, PPARG, NR1I3, HNF4G, VDR, PPARD, PGR 8 6.44X 107
GO: 0004879 RNA polymerase Il transcription factor activity , PPARD, AR, PPARG, HNF4G, NRL1I3 5 294X10°8
ligand-activated sequence-specific DNA binding
GO: 0006629 lipid metabolic process PTGS1, MTTP, PPARG, PPARD, ACSL4, ATP5AL, ATPSB 7 3.58X10°®
GO: 0046697 decidualization PTGS2, PPARD, CYP27B1, VDR 4 2.63%x107
GO: 0003707 steroid hormone receptor activity PPARD, PPARG, PGR, HNF4G, VDR 5 292X107
GO: 0043401  steroid hormone mediated signaling pathway HNF4G, VDR, PPARD, PPARG, PGR 5 321X107
GO: 0007584  response to nutrient SLC8A1, ACSL3, TGFBR2, ACSL4, PPARG 5 246X10*
GO: 0046933 proton-transporting ATP synthase activity , rotational ATP5C1, ATP5A1, ATPSB 3 570X10°®
mechanism

GO: 0045618 positive regulation of keratinocyte differentiation MED1, VDR, CYP27B1 3 570X10°®
GO: 0004666 prostaglandin-endoperoxide synthase activity PTGS1, PTGS2 2 730Xx10°8
GO: 0006636 unsaturated fatty acid biosynthetic process FADS1, FADS2, ELOVL4 3 830X10°
GO: 0042776 mitochondrial ATP synthesis coupled proton transport ATP5AL, ATP5C1, ATP5B 3 170X10°
GO: 0004882 androgen receptor activity NR1I3, AR 2 210X10°
GO: 0010980 npositive regulation of vitamin D24-hydroxylase activity CYP27B1, VDR 2 210X10°
GO: 0060745 mammary gland branching involved in pregnancy MED1, VDR 2 210X10°
GO: 0035633 maintenance of blood-brain barrier PTGS1, PTGS2 2 210X10°
GO: 0005753 mitochondrial proton-transporting ATP synthase complex ~ ATP5B, ATP5C1, ATP5A1 3 232X10°
GO: 0070542 response to fatty acid FFAR1, PTGS2, PTGS1 3 232X10°
GO: 0008217 regulation of blood pressure PTGS1, PPARG, ATP1Al, PTGS2 4 273X10°
GO: 0046961 proton-transporting ATPase activity, rotational mechanism ATP5B, ATP5C1, ATP5A1 3 380x10°
332 BEHNATTRURMAZ ORERR S . JERITRERT ML degree R TR 10 MO EEFR AL FE ATPSB.

I S A

T A 24 TS R 2 ) BT AR

ATP5C1. ATP5A1. ATP1Al. AR. PTGS2. PGR.

BT PPIAHEAE R BdEE, MESEHAAE BUSnHE
TELE RIS 5 50 BEARAH ELAE 4% o 7 16 SRR B AR
52 4>, HR¥E degree S RHT 22 ML AT, BEIHRT AT
K/NE degree £IEHEKR (KB 6).

it GO M KEGG Hi#fs 2 1) B R A Tl e 4347
SER YA T RO IR S B R AR IR R Th e B SR AT 4
SR, HEREIEEEIELRE ATP &SR B
By, LRRIARR Tiia ATP SEEE &Y. Hiskig it
T ATP AWE RIS (8 5). HUbREE & %4
REIR, SRR TN 08 B AR I S AR IRER G
hiE . AeEARHIAI 7 RS (R 6D,
3.3.3  LEWNAITHURM 2ol bR-IEER T £
YW HT 2 ZIRRERME R THT 30 21K
BRI, XL R E A N SRR EE . fe AU
FIEWE . I REAR kA R PP AR I

PPP3CA. YWHAE. MED1 (¥ 7); FHERT 5
TR A% OV RS AH DGR S8 B MR A7 32 AN
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34 SHEANERR N RISS 5RTIEALH ATP B8
GV RR M, S A R T Y
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U ATP &5, 4558 (K 8) RI, SxtiR4iH
b, BN DAL ATP SR EE K (P<
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0.05) JFEirxt R, B SEEH SR It AL e d i
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TR E R
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Table 4 Pathway information involved in candidate targets of Bupleuri Radix
ID %H LA HE  PH
# lipid metabolism ELOVL4, SOAT2, PTGS2, SRD5AL, ACSL3, CYP27BL, PTGSL, 12 2.91X10°
ACSL4, SULT2B1, FADS1, PLA2G2D, FADS2
hsa04114  oocyte meiosis AR, PPP1CC, YWHAE, PGR, PPP3CA, INS 6 6.93X10°
hsa03320  PPAR signaling pathway PPARD, ACSL3, FADS2, PPARG, ACSL4 5 7.65X10°
hsa01212 fatty acid metabolism ACSL3, ACSL4, FADSL, FADS2 4 247X10*
# endocrine system PPARD, ACSL3, MED1, ACSL4, PGR, FADS2, PPP3CA, FFARL, 13 2.62X10*
INS, PPP1CC, ATP1Al, PPARG, PTGS2
hsa04961 endocrine and other factor-regulated calcium absorption ~ SLC8A1, ATP1Al, VDR 3 3.63x10°
hsa04978  mineral absorption ATP1Al, VDR, SLC8Al 3 432X10°3
hsa04022  cGMP-PKG signaling pathway ATP1A1, PPP1CC, SLC8A1L, INS, PPP3CA 5 433X10°
# overview of biosynthetic pathway ACSL3, HIBCH, ACSL4, FADSI, FADS2 5 490x1073
hsa00100 steroid biosynthesis SOAT2, CYP27BL 2 7.31X10°
hsa01040  hiosynthesis of unsaturated fatty acids FADS1, FADS?2 2 850x1073
hsa00590  arachidonic acid metabolism PTGS1, PLA2G2D, PTGS?2 3 8.14Xx103
hsa00592  alpha-Linolenic acid metabolism PLA2G2D, FADS2 2 00113
hsa04950 maturity onset diabetes of the young HNF4G, INS 2 00113
# cell growth and death PGR, PPP3CA, INS, YWHAE, AR, PPP1CC 6 00130
hsa04744  phototransduction RCVRN, GUCAILA 2 00151
hsa04261 adrenergic signaling in cardiomyocytes ATP1A1, SCN7A, PPPICC, SLC8Al 4 00156
# excretory system ATP1A1, VDR, SLC8AL, INS 4 00166
hsa04911  insulin secretion FFARL, INS, ATP1Al 3 00181
hsa05010  Alzheimer’s discase ATP5A1, ATP5B, PPP3CA, ATP5C1 4 00231

#FOR KRS, £ 6
#denotes a large path, same as table 6
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Fig. 6 Network of between potential targets of Bupleuri
Radix and candidate convulsive targets

4 g

SEEAFEIRIR BN Az, AR THAR
GLP . TIECRE . RS 2 PRI A T R
(7 22 ARV B0 Tt 0SS AR RS f 2 s v

RIVEFT, X SR LE FAISE Hh 1) 24 20 Jo Stk AN 1 i
WU T REBEIT, FEABL T FUAIE A 56
AR AL I3-38], ARGEAL A EOR TR AR T X ar bk
A ARIE Ao 2038 AR GUR IR AR R, AR s
KR M T A BURAIEATIER, Horh PR 53
WIBU7, HBOURR R Y BRI 2 B ELAE
WA 2 — o AW TT 45 RR W SEFIRAR
BEIFARFRILH HUI R, SCERART AL, SER
AR A 2R T H PO i 1 T AR P A K AR
S A R B[R, SRR AL 2
FAT GO I 1k 7 BER ] A A R 3t — 5 i) 48
AN, HTISE IR e 5 T S ig 4R 25T
Ao EREI RIS AR, S
e B R A R B R AF B GE e, 5 SCRRIGE
T e 48 R — 208, il B & 245 P2 B 7 I L
TERPLEIARE A B DI . IR, HEH R



= 2034 « PER 2024F4H8 #52% H7H  Chinese Traditional and Herbal Drugs 2021 April Vol. 52 No. 7
x5 SRERTTEM K EIEAERIRER
Table 5 Target functional information of Bupleuri Radix on epilepsy treatment
ID %H LA #H  PH
GO: 0042776 mitochondrial ATP synthesis coupled proton transport ATP5L, ATP5F1, ATP5AL, ATP5B, ATP5Cl 5 176X10%
GO: 0005753  mitochondrial proton-transporting ATP synthase complex ATP5AL, ATP5B, ATP5L, ATPSF1, ATP5CL 5 370x10%
GO: 0022857 transmembrane transporter activity ATP5C1, ATPSF1, ATP5L, ATP5B, ATP5AL 5 9.88x10™
GO: 0006754  ATP biosynthetic process ATP5C1, ATPSL, ATP5F1, ATP5A1, ATP5B 5 178X107%0
GO: 0043209  myelin sheath ATP1Al, ATP5CL, ATP5B, ATP5F1, ATP5AL, 7 28X1070
SLC25A4, SLC25A5
GO: 0046933 proton-transporting ATP synthase activity, rotational mechanism  ATP5B, ATPSAL, ATP5F1, ATP5C1 4 1.10X107°
GO: 0005739  mitochondrion ATP5B, YWHAZ, SLC25A4, PPP3CA, ATP5AL, 10 577X107
ATPSF1, ATPSL, SLC25A5, ATP5C1, YWHAE
GO: 0016887 ATPase activity ATP5L, ATP5AL, ATP5C1, ATPSF1, ATP5B 5 9.80X107
GO: 0019899 enzyme binding PGR, AR, EGFR, YWHAE, PTGS2, PPP3CA 6 143X10°
GO: 0046961 proton-transporting ATPase activity, rotational mechanism ATP5B, ATP5A1, ATP5C1 3 262X10°8
GO: 0015991  ATP hydrolysis coupled proton transport NR1I3, AR 3 7.21X10°®
GO: 0005743  mitochondrial inner membrane SLC25A4, SLC25A5 6 7.84x10°
GO: 0030521 androgen receptor or signaling pathway ATP5AL, ATP1A1, ATP5B 3 155X10°
GO: 0006367 transcription initiation from RNA polymerase Il promoter ATP5L, SLC25Ad, ATPSFL, ATPSAL, SLC25A5, ATPSCL 4 2.96X10°°
&6 SREATTEM X REAMERER
Table 6 Pathway information of functional target of Bupleuri Radix on epilepsy treatment
ID %H LR s #H P

hsa05012  parkinson's disease ATP5C1, SLC25A4, ATP5F1, SLC25A5, ATP5B, ATP5A1 6 175X10°8
# energy metabolism ATP5C1, ATPS5L, ATP5F1, ATP5B, CAl2, ATP5AL 6 337X10°
hsa05016  huntington's disease ATP5F1, SLC25A4, ATP5C1, ATP5A1, ATP5B, SLC25A5 6 7.36X10°°
hsa04114  Oocyte meiosis AR, PGR, YWHAZ, YWHAE, PPP3CA 5 110X10°%
# neurodegenerative diseases ATP5C1, SLC25A5, ATPSB, PPP3CA, SLC25A4, ATPSF1, ATP5AL 7 242X10°
hsa00190  oxidative phosphorylation ATPSF1, ATPSL, ATP5C1, ATP5AL, ATPSB 5 255X10°°
hsa05010  Alzheimer’s disease PPP3CA, ATP5B, ATP5AL, ATP5C1, ATP5F1 5 7.85X10°
# endocrine system MAP3K3, MED1, PPP3CA, GRB2, ATP1Al, EGFR, PGR, PTGS2 8§ 2.78X10™*
hsa04022  cGMP-PKG signaling pathway ~SLC25A5, PPP3CA, ATP1Al, SLC25A4 4 140X10°
# cell growth and death AR, YWHAE, PPP3CA, PGR, YWHAZ 5 1.21x107
hsa04020  calcium signaling pathway SLC25A5, PPP3CA, EGFR, SLC25A4 4 138X10°
# infectious diseases PTGS2, SLC25A4, YWHAE, MAP3K3, SLC25A5, GRB2, PPP3CA, YWHAZ, EGFR 9 1.49X10°
hsa05215  prostate cancer EGFR, GRB2, AR 3 184x10°°
hsa04912  GnRH signaling pathway EGFR, GRB2 3 220X10°
# signal transduction GRB2, EGFR, MAP3K3 10 356X10°
hsa04722  neurotrophin signaling pathway SLC25A5, GRB2, PPP3CA, YWHAZ, EGFR, ATPI1AL, MAP3K3, YWHAE, SLC25A4, PTGS2 3 4.30X10°°
hsa04010  MAPK signaling pathway GRB2, YWHAE, MAP3K3 4 540%x10°
hsa05166 ~ HTLV-I infection MAP3K3, EGFR, PPP3CA, GRB2 4 533%X10°
# N ervous system MAP3K3, SLC25A4, PPP3CA, SLC25A5 5 8.94X10°
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