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14 d. L\ Morris 7K 2K 5 35 46 M K B2 20 000 RE 77, 375 S R 5% L 48 i 1 5 fih 8 A 285 40, Tl 306 6 326 W BRI 5 12 (ELIS A ) #6; i) g
L G5 FR A (5-HT) X A LA 3R -6(1L-6) I SR FE K T -o( TNF-a) 2 12, 85 [ 4093 B30 15 ( Western blot) 6 il ¥ £ 20 27 b
Jei 7B M1 pS3(TPS3) (K B PR i 5 (RAS) & [ A= K X+ 32 1K (EGFR) | ¥ M R AR 11 )2 B2 7T 14 4% & % 1 (CREB) 45 & & A
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[ Abstract] Objective: Based on ultra-high performance liquid chromatography-quadrupole-time-of-
flight mass spectrometry (UPLC-Q-TOF-MS) , network pharmacology and pharmacodynamics, to investigate
the pharmacodynamic material basis and mechanism of Hei Xiaoyaosan in improving learning and memory
ability of insomnia rats. Method: UPLC-Q-TOF-MS was used to characterize the chemical constituents of Hei
Xiaoyaosan. Network pharmacology was applied to construct the network of active ingredients-intersecting
targets-pathways, and molecular docking was performed on key ingredients and core targets. Sixty 8-week-old
male SD rats were selected and randomly divided into blank group, model group, Hei Xiaoyaosan low,
medium, and high dose groups(3.82, 7.65, 15.30 g-kg'), and zolpidem tartrate group (0.5 mg-kg"'), with
10 rats in each group. Except for the blank group, the insomnia model was induced by intraperitoneal injection of
p-chlorophenylalanine (PCPA) for 4 consecutive days. Rats in each dosing group were administered the
corresponding dose by gavage, once a day for 14 consecutive days. Morris water maze test was utilized to assess
the learning and memory ability of rats, transmission electron microscopy was employed to examine the
ultrastructure of hippocampal synapses, enzyme-linked immunosorbent assay( ELISA) was conducted to analyze
the levels of 5-hydroxytryptamine (5-HT) , interleukin-6 (IL-6) , and tumor necrosis factor- o (TNF-a) in
hippocampal tissues, and Western blot was performed to detect the expression levels of tumor suppressor protein
p53 (TP53) , rat sarcoma virus (RAS) , epidermal growth factor receptor (EGFR) , cyclic adenosine
monophosphate (cAMP) -response element binding protein (CREB) binding protein (CREBBP) , glycogen
synthase kinase-38 (GSK-38) , protein kinase B1 (Aktl) , nitric oxide synthase 1 (NOS1) , phosphorylated
(p)-Aktl, and p-GSK-38 in hippocampal tissues. Additionally, real-time fluorescence quantitative polymerase
chain reaction (Real-time PCR) was used to assess the mRNA expression levels of TP53, RAS, EGFR,
CREBBP, GSK-38, Aktl and NOS1. Result: A total of 176 components were identified in Hei Xiaoyaosan,
mainly flavonoids, triterpene saponins, phenylpropanoids and other compounds. Network pharmacological
analysis revealed that TP53, V-Ha-Ras Harvey Rat sarcoma viral oncogene homolog (HRAS) , neuroblastoma
sarcoma viral oncogene homolog(NRAS), EGFR, CREBBP, GSK-383, Aktl and NOS1 were the key targets of
Hei Xiaoyaosan in treating insomnia. The core targets were predominantly associated with cAMP, RAS, Ras-
associated protein 1(Rapl), advanced glycation end products (AGE)/receptor for AGE(RAGE) , and EGFR
signaling pathways, and the key active ingredients of Hei Xiaoyaosan in treating insomnia were 8-shogaol,
ligustilide F, 6-gingerol, levistilide A and senkyunolide E. Animal experiment results demonstrated that Hei
Xiaoyaosan medium and high dose groups significantly increased body weight, shortened sleep latency and
prolonged sleep duration in insomnia rats (P<0.01) , significantly decreased escape latency and increased
platform crossing frequency (P<0.01) , and improved the pathological changes of hippocampal synaptic
ultrastructure. Meanwhile, the two groups could significantly elevate 5-HT level, Aktl mRNA expression, Aktl
and p-Aktl protein expression(P<0.01), reduce inflammatory factor levels(P<0.01), and down-regulate protein
expression levels of TP53, RAS, NOS1, EGFR, CREBBP, GSK-38 and p-GSK-38(P<0.01) , as well as
mRNA expression levels of TP53, RAS, NOS1, EGFR, CREBBP and GSK-38 in hippocampal tissues (P<
0.01). Conclusion: This study determined that the five key active ingredients (8-shogaol, ligustilide F,
6-gingerol, levistilide A and senkyunolide E) in Hei Xiaoyaosan may improve the learning and memory ability
of insomnia rats by regulating signaling pathways such as cAMP, RAS, and EGFR, providing an important
reference for its mechanism research and clinical application.

[Keywords] Hei Xiaoyaosan; insomnia; learning and memory ability; ultra-high performance liquid
chromatography-quadrupole-time-of-flight mass spectrometry (UPLC-Q-TOF-MS) ; network pharmacology;

material basis; hippocampal tissues
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SCIEX Exion LC %Y /& %0 AH 435 4% . X500B
Q-TOF mass spectrometer 8 Jiz i {3 ( 3¢ [F 2% i A 1 43
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B(RUEREY TEARAE,®S 5 5N
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WA T AEY TR KRG A KRN, 585 AL00442-
0500) , TRIzol i # ( 3¢ [E Thermo 24 Wl , 1% 5
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(RAS) ¥ & (3 B Abcam 2% # , 8 5 2 5 N
ab81283.ab52939), p-GSK-38Hi A (£ E CST A H],
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RIBSPSE) 2 TR m/z 100~1 250,

SR IH TE U Oy Oy 2o B (415 A231009) | 54
(5 A231111) B (5 A231127) AT (L5
A231112) . A (it 5 A231126) . K % (it 5
A231124) & % (It 5 A2401001) | 3 77 (it 5
A231101) . H # (#5 A230927) , 4k H 4 0 [ i
o 2 R A RN B B v 2 s, B B P R 2 R AR R
YOI HR S E AT 2020 4E iR AR N R SRR E 2
OB E o T R M i 3H R (e M B A S 25 A FR
28T S HT1422,10 mg/H) o

fa )3 SD it 8 JEl ¥ K BL(SPF 4% )60 H, {4 it f
(200+20) g, 5255 30 ¥ i 2k i A FE A YRR TR
oy Al AL A AR IES SCXK (#)2020-0051. A FRUAA
FETHEINT N BEBE SPF LR sh bt , & Wil
J& (23+2)°C , #H ¥ BE 40%~60% , 31 ¥y iz 31545 3% s
JoIE N PE MR SR LA L S AT H AR ROK, SRR
2 T A RO RDRE TR K o S e B A AR 8 ST
S B A RS R R DGR R T v B 2 KA
T B B A6 B 25 51 43 W R At oE it o 5 2022-
LHQZYYYXLL-KY-046.

2 Ak
2.1 PROHE Uik RS O
2,11 FRGHBEBR TR A AT 15 g S
10g.MH10g. HAT10 g HAR 10 g RE 10 g 2%
10 g #iff2 g(JFF) HR8 g, A 85 &K,/
H2W B h, BRI, W45 2 1.0 g-mL" B3
W, T -80 °CHIA 12 h, LA B2 U T & i A7 %R T
(=30 °CHli EL %5 48 h, 30 °C T4 24 h) , il 15 % T #
(132£.33.07%) , & T80 °CUKFH i 17
2.1.2 FRGH R RO A WO A IO B HOR
THr2 g, A 70% B 10 mL, %5 2 B R FE
A (PR 250 W B R 40 kHz) 1 h, 13 000 r-min’
(B0 242 5.94 cm) B0 10 min i BUE 1 2R RE
213 @4 Waters ACQUITY HSS T3 4 3%
FE (2.1 mmx150 mm, 1.8 wm) , DL 8h 40 0.1% H iz
KW (A) -2 (B) BB FE B B (0~5 min, 3%~8%B;
5~11 min, 8%~30%B; 11~20 min, 30%~80%B; 20~
21 min, 80%~95%B; 21~27 min, 95%B; il F ff
7 min) , A5 35 °C, #ii# 0.3 mL-min”, JEAE 2 pL.
2.1.4 BTG SAMF M B IR (ESD, IE (U
R ARG, 155 25 H TR 5.5, -4.5 KV, AT AR 1 35 psi
(1 psi~6.895 kPa) , i B <& J1 f % 46 <% 1 ¥
55 psi, B FURIRJE 550 °C, 7% 24 v K 80 'V, Filf fi¥ ik
i35V, Rl BE SR B X ) 15V, IE R A 4
. 22 .

2.5 ARSI HR2.0.2 50N SR IE A R
W, ¥ 2,03 F12.0.4 TUT 5 0 HE AR KL, R T AB
Library View 1.3.1 #fF x4 12 it 3 W0 898 Bk 47 73
1 , ff B Pubchem %% 3% & (https : /pubchem.ncbi.nlm.
nih. gov) . Chemspider %% #& J& (https://www.
chemspider.com/) . KX #& 7 ¥) # ## &2 (GNPS, http: /
gnps.ucsd.edu) Jf- A 5 A 5C SCHR , 15 B T i I 25 26 %)
{H 10 ppm LA, #7125 % 4 DEBC B & itk 59 . A
AB SCIEX OS Q 1.6 1 X £ 4 i VT Iie i 4 1) Ak &
Py AT W U M 43 BT, 45 5 A DG SCHk & Pubchem
B PR AL AR R B R B SRR LR AT S
S3 AT, I 38 b B R R A LR 2 b R I A
AR REARE R EFEE HLED
1Y R VR AT 258 g

2.2 2% 24 T I R 18 HOIE YT AR IR A O A AT
221 BREBEBIAITRRMBELSWSE FH
swisstargetprediction. ch/) X} UPLC-Q-TOF-MS 43 #t
A9 RY 43 HE A7 48 A5 T 5 5 4T Gene Cards %0 3% /&
(https://www.genecards.org) . 7F £ A\ 2 i /K 15t 4 4
5 £ 55 (OMIM, https://www.omim.org) .Dis Ge NET
B P8 )% (https://www. disgenet. org) , L) “insomnia”
“sleepless” “wakefulness” “insomniadisorder” & 3¢ 4
1), 0 328 5 9 H 05 ; 7F UniProt Z040 % (https://www.
uniprot.org) X 24 9 i 43 #E R0 9 g L o 0E A S R 3
FE AR A5 M 5 S5 I 4 F% 5 Al FH Draw Venn Diagram
(http://bioinformatics. psb. ugent. be/webtools/Venn/)
W 1535 P R BE RO R T R AL L A5 3R
TH TR HOA T R MR 00 08 7 T A, IR0 22 H A2 B O
AT P B4 o

2.2.2 B BT-E FBOM EAE (PP 9 2% ) 4 J 56
GO UH E E G BOME BB R TOH B R
(STRING, https://www.stringdb.org/) ¥ £& PPI [ %%
(5 fe i B8R >0.9) 5 PPTAE SCA 3 A F
Cytoscape 3.8.0 # /4w , 115 % # FF (Degree) . 7 1
I £ (Betweenness ) Fl i% 4% %5 % £ 119 (Closeness) #fi
FNGE AL FFAE AR, PEHE 3 D PSS M R AR (X K T b
PEEC R T AR MO R

2.2.3  EERANK(GO) FIat & A 5 L 4 | B4
(KEGG) & % 43 ¥1 i i DAVID $% #2 & (https://
david.ncifcrf. gov/summary.jsp) #F 1T GO Ij g i B Al
KEGG it }% 73 #r , >R F 3 A= 15 TE L8 98 or #r o &
k47 Af

Swisstarget  Prediction (http://www.
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2.2.4 U PR By -3 A B AN - I A B FE I 454
AR IO M B A3 32 AR 0 AR KEGG & 4 1Y Tl
20 2% % , % F CytoScape 3.8.0 %K {4 ¥4 7 “ i ¥4 1
g3 - 28 46 -3 %R BRI 45, 9 2R AT 40 Fh o3
Bt M4 Degree fH 19 /0N, B 26 15 2] 5 4> G A4 o
23 gy FxF 4 5 7E PDB 888 (https://www.
resb. org) . Pubchem #{ #i% 2 (https://pubchem. ncbi.
nlm.nih.gov) T 2R A% 0 I 3 19 B 11 1R 245 4 RN AZ 0
J% 43 09 3D 254, 43 i 5 A Auto Dock Vina 1.2.0 i
1757 F X 42 A3 B0 45 6 H i g O #2485 3L JF
i FH Py Mol 2.4.0 3 {4 47 T AL 5347 o

2.4 PROHRE R IR R B 2T L IC B T R
241 RMEIA HAME 1S g, B M A . A
AT RS AR AR 10 g, HRD8 g, WA 2 g i 8 4%
4li 7K 329 30 min, B KE S, SC K FERTE 40 min,
i J5 R RS min, 8 250, Bl S N6 f 4K T2
i, Ak LA T 30 min, FRUCUE 250, B 0T 2 K25 IR
TP 45 2 &5 A2 25 2.0 gemL", 4 °CIRAE S

242 TEME U YAy HEE SD KR 60 H L BEHL
BEHUZS (41 10 H, AR 50 Hoh gl . >R PCPA
P K RURHRAS A, PCPA I A A BER 7K, 7 Jin
RINALER-80 Bh s , FBE IF-Be A 40 g- L' AR B IR . 1
B g H A B R OB E OB T ) PCPA IR & W)
(400 mg-kg"') ,iE L4 d. T 4 X ELISA £
B KRR S-HT /KF, DA R 41 K fR 5-HT Bt %
I, BRI O R IR Dy 1 A R T AR Al
2 Bt A1 53 S0 A AR A T A PR R I EH 4 (0.5 mg-kg™)
O CH & CHCAR b m R & 4 (3.82. 7.65.
1530 g-kg") , B 10 L, 5 HZSH KRS 70 kg 1
N R FH B 37330, rb R 3 32 5 7] a4 A I R
SRR 452 2 A R I R R 2, S 4
FBLAL 2 VE S SRR A B ER K B H 1R i8S 14 d.
243 WARESHRAE RKRGHEH 2K, KRR
TAREEIK 12 h, FREUCK BUA BT, £ 20 KR 3% i 2
L2298 45 mg-kg' WE I 1 569 R 15 R R, T Sk, 28 o i
EER BT Sk L N O R T R UK U KRR
i 20 20, B S, PI AL 1 mme /B A BUA Y
2.5% % TR E WO, BELE 30y, 5 TR AR AT A0 S e
BE(TEM)REA R o 2% 2H 80 4 BB I oK 1 ik
Gy B A B AR VR BT -80 °C VK AR R A
#=H.

2.4.4 BEIRE AW KRG 2545 )5 50 min I8
Jos VE B B B 280 35 mg kg, 0 SR T S 45 AR A 1],

], $c 57 AR BRL 730 AL BSF (i), DT - B B 0 R 0 7 e
WS B] , LA 2l 4 80 1 S SRTH 25 3K5 1 min S ABESS Br
DL 30 s N Bl EE IR 3 UK B AR 25 AR AT -
2.4.5 Morris K& 55 4255 9 RIFh b1y
Morris 7K 2 B L 56, B KB % o & B T Hdh— A4
SRR, Py A K K RS R B A
2 cmo AR R RATAE B Bk b B L 43 51 44>
SR T AK M, B R 120 s, Q2R 120 s P9 350A 8 3 ol
GG 40 HAE v & B ar 15 s, WA 120 s P9 #% 2) 3
0 5 T ] IF OR 4 K BRAE 3 45 8 15 s, &
HR B 4RIGREAR, BT K i mE . o
T FH AT R B AR 400 S K RT3l B O AR B
RAEFIAL . oS R Rk i R ), LS do IR
Jii 2 d B B I AR Rk akE v AR 0 . 5 6 RiEAT 28
R R I L& B & R BUTE R — 07 & T
T b PN BE A K T, T2 SR BRUAE 120 s N AT B 0 A
N2 H AR 5 BR 1 CE
2.4.6 TEM MR RIS 5 il B 4/ 4% KB
T Hy 202U\ 2.5% S T REVS W B, 28 PBS Mk
Jei s 1% PO 48 AL 4 T [ 22, B K B L, 1
60~90 nm & W UT F, B R b, R Bl G 4 10~
15 min, B A7 R T Y 4 1~2 min, TEM #1170
FEMg T 2% fil WAL A5 4
2.4.7 ELISA Kl K B 5 41 21 5-HT K& & A
T BOREUE 5420, K 5 AR 40 mg, in A
10 f5 A4 #E R /K , 4 °)C2) 3% 180 5,3 000 r+min™ & .0
15 min (B 02k 495 em, N, B E WK, #%
ELISA Ui B 15454 , T AR A 450 nm T A6z 0 W O Ji2
AR IEAR e 2R3 5-HT & &4 1 IL-6 . TNF-«
) o
2.4.8 I RPEED I 7L (Western blot) K il K B
D SV R (R IA K BOK R D 4120, K i
FREL 25 mg, Jil A RIPA 24/ 3 300 wL, ik 21 K )5
F UK I # ® 10 min, 4 °C . 12 000 r-min" & .0»
15 min, J L34, BCA E i 5, 100 °C7K I 5 min fifi f&
FIASPE . il AR (LUK % 2 PVDF B, 5% Mg 0
¥y EFH 2 h, il A Aktl . EGFR.RAS . p-Aktl . TP53,
B -actin $t /& (1: 5 000) , A & CREBBP. GSK-38.
p-GSK-38.NOSIHi&(1:1000),4 CHFiFR . K
HPEmE, i A — 3t (1:5 000) , 8% 5 90 min, P& %5 %
JNECL &6, B8t , Image THRA4: 20 #7 IK FEAHL .
2.4.9 Real-time PCR & | K B 5 241 814 ¢
mRNA £ K K F  BOR RO 5 4 21, K o B L
. 23 .
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20 mg, TRIzol $2 BUE RNA , S 43 66 BE 1146 ) 4%
ZH Uk 7, 7512477 & Superscript I3 EH 454 RNA i
% 5k h cDNA. B J5 JF 4 PCR Y738 , & 34 5% 1 A
95 °C i 28 1 10 min; 95 °C 481 15 s, 60 °C & k It
130 s,40 RAG ;95 °CAE 1 15 s, 60 °CZE A 30 s,
95 °CKifi, LhB-actin W NS, K 2554 H
1 mRNA (9 A1 X5 Rk KF o 19 i JL o R A W)
BB B 2 w5 L P A WL 1

®1 319WF7

Table 1 Primer sequences

519 FA(5-3") K JE /bp

Aktl | GTCACCTCTGAGACCGACACC 115
T GCCTCCGTTCACTGTCCAC

TP53 |3 GCTTCGAGATGTTCCGAGAG 119
Fif AGACTGGCCCTTCTTGGTCT

CREBBP  ['}f CCCTGAGAAGCGCAAACTGA 85
Fif TCCATTCGCTTGCTCTCGT

EGFR | GGCATCATGGGGGAGAACAA 97

T TCTTTGGCCCATAGGTACAGTT

GSK-38 i CTGCCATCGAGACATTAAACCAC 228
Fif CCTAGCAACAATTCAGCCAACACA

NOSI i AACCATGTCAAGTATGCCACC 83
T iif TCATGTTTGCCGTCAGTCC

RAS I 3if AGTGCCTTGACGATACAGCTA 150
Fif TGCACTGTACTCCTCTTGACC

B-actin i ACATCCGTAAAGACCTCTATGCC 223

T i TACTCCTGCTTGCTGATCCAC

2.5 SiitbepAbER SR SPSS 27.0 Gtk AT 5L
WM ORI £ s n . A BURE WL IE
Sty 2250, 24l i AR &R 22 08T
2 [H] W P LU 3, 7 T 2 5 SR FH /N W v 25 Sk
(LSD) , # J5 22 A 55 >k ] Dunnett’s 73 i % , P<0.05
hERAAGITFE L,

3 &5

3.0 BHEECY SRR E BEER R T
T U B 5 R BRI RE R o e B G
176 Tk 2% B 43, £ F5 ¥ B 25 (38) , =i 2 1 28
(35), RN 2(20), 25 (19) , K BLA(9) , A HL
22 (8) Wi (o), i 2 (6) AF Pl 3 (5) B2
(5), FRImmEmE 2 (4) , B A (3), FLEEK@3),
BERTZR(3), =i e (3), Bee K (3), KK (2), Hith
Je(2), WEZ(D) 2 (1) o Horp B kG i 2] 62 Fh
A2 B3, F AT RS I 2 26 A Ak 2 A, 25 0 PG
) 16 Fh Ak 2 B 43, 0 ORI #1115 B AR 2 g
G SE AT A AT B 13 R Ak 2E R4, 10 R4
R BAT 2508 AT R A3, A PRSI 3 9 b Ak 2 Ay
.24.

Az 2 ORI B 6 Bl Ak 2 Ay, 2 iR 43 Ay A R TR
(0 LA A3, 2 iR 43 Sk e Y R SR
SR /= | S R U o S S R Y B
B 1A B B HAR T B R % A B LR R
HH R B oA s
3.2 W4 24 B A4 TR PR R VA YT R IR DG A
320 BHEERITRIRMGEBALSRE KBEBE
8 B 2 AR 5 A5 B Y B4y 20k B R O gk 3
ARAT PR B AL A A A O AT 919 A4, AR R G
FOAS 1 2544 o o PR 0 3 1Ak 2 o0 1 FH B A R R
IR AH 5 48 15 5 A Draw Venn Diagram 7& 28 15 8] ¥ 3
2z 1 5 SRR 7 0 PR R A YT R R AT 1814,
FE2E LAY 115 4> L3 3t R BRI 44 L
3.2.2  PPI W 4% b 8t S OC Bl 0 A% o0 B 3 O
J 0 o A5 2] 8 AN AZ 0 # AT, AL FE TPS3 ., V-Ha-Ras
PR 5 7 00 2L TN TR R (CHRA'S) il 4 28 41 it 88 1)
Jo I 75 % 3L 4[5 98 4 (NRAS) \EGFR, CREBBP,
GSK-38.Aktl \NOSI, X 6 8 5 25 4 AH B /E FH AR
T, AU A R AR W b i) RE Kk 4 B
P I HL 2 PR R BIOTR YT R IR A A0 TR T . WL R
t R B in B4 R
3.2.3 ML IE HUA YT KR AY GO g E B R KEGG
EESN GO E LR Won , Bl R AR IT R IR
WA B E B R RE S S A R A 3
XoF A SR I B I S A LA AR B BRSE L J5 JEE
AL LS o RO 2€ 46 s i T e R B & TH AL
B R E RN AR 2 R T TS M N 25 S
AR b R L R AR S AR N KEGG il &
M o Hod 181 4> 2 42 M0 0 32 2 5 BRI At
1 (cAMP) .RAS Ras 1 G # H 1(Rapl) HHHE AL 2
779 (AGE) /Bl 546 2 7= ) % 1K (RAGE ) \.EGFR %
E2 SRRy D R L NI S
3.2.4 IR M R A3 - 28 A M A A B T
2 UM RAY 50 4 T A - IR B AR FH I 45 LA
SRR I A L o R R R S BT O E A 3 5 SO0
SN 4y, 8- 3 7 T (8-shogaol) | VE I 5 N T F
(senkyunolide F) ., 6-2 3l & (6-gingerol) . EX 24 IH 4
fig A (levistilide A) .7 )11 25 N g E(senkyunolide E) .
R 2 R B A A A AL T BB AR T
AW G RGN R B A S, R
cAMP RAS .Rapl ,AGE-RAGE EGFR % % i {5 5
Sy | O RA R - | N 1 = W A 7.3
SRR IR BIR YT R IR H Y .
3.3 TR EE KRN BT HE 44 AT 400 R0 HE
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TP53 .HRAS NRAS .EGFR 5 “ T 1 i 43 - 28 5 40 15 -
3 % M 25 Degree HE 44 B S A U 7 8-22 0 1
PN S NBRFL6-Z B E WY IHNER AT E NBRE.
AT 20 X2 . 45 4 B <0 keal-mol B (1 keal~
4.186 kJ) , F/n Z AR HEAKR ] DL H A& #4545 1M Jo 7 b
EE R, 4k A fE<-5 keal-mol™ I 38 BH 45 &1 (e AT
5,455 BB <-7 kcal-mol B} | F IR 45 & 1E 21,
PSSR R, 8- PRI 2 R FL6-Z R K
MIHAEE A I MR E 43l 5 HRAS \NRAS EGFR
B4 4 et <—6 keal-mol ™!, 7 )11 25 N IiE F .6-35 5
F WY TN TR A 1= MR E 530 5 TPS3 1945 & fig
Y] <=5 kcal-mol”, 8- % i My 5 TP53 1Y 45 & fig
k1 —4.9 keal-mol™, 15 B [’ 4% 24 B =7 F500 11 56 e 1l o>
5RO S AR R, B S G AR AT e R
FERH N 1 25 50 FH o B 45 A 05 P S5 Y A 6 S AR 4y
B 0 % B 5 S A T PyMOL 2.4 4T A] WAk, L4
5i8 HH RS BRI L

®2 ZBEHEHXMKEXNRGEREBHZW (3+s,n=8)

3.4 YL EE

3.4.1 R HON A A1 R BR 2 W AR 2 AR AIE B R B 11
W AT K R R S-HT(72.95413.90) pg L
B FH(122.19£7.12) pe- L' W& B (P<0.01), K
W] PCPA K L IR ASE AU 1l 25 il 2 o 25 A/ R B
FEE R RCIRAS B 06 Bl R AR KB AR IR,
M A 1 A I B, SR R Bh . s, 5 P4
oA, o 45 4 1 10 B AR BT it R B (P<0.01) , B a8
R, B AT B G , RE SRR R, R
T 3 R R T A R e I A R e S T
1 (P<0.01) , i IR 78 PR 0 10 3% 456 40 (P<0.01) , B AR B
] B 3% FE I (P<0.01) . DA &5 SR, Sl il
Hh ) e 2 BB K T e IR K B RS RS AT o R
B, AR T, 44 e e B TR AR I, K R R S 1]
S5 Ao R e AR 2 KRR B e R 2 A5 AT T 2 (AT g
S PCPA T 30) , B 22 H A A B LI 8 H h ¥
s TR . WK 2.3K 3,

Table 2 Effect of Hei Xiaoyaosan on body weight of insomnia rats (x+s,n=8) g
21541 Flit/g-ke! TR bt iy HEj)n

ek 244.37+6.78 281.63+5.55 342.13+7.32

AL 251.00+6.72 231.13+7.04" 291.50+9.49"

3 e ) 15.3 242.75£6.51 235.88+3.94" 319.25+13.31%

3 P A 7.65 246.12+7.60 236.50+3.81" 336.13+7.83%

3 A 4 3.82 248.00+6.83 234.75+5.06" 295.75+6.78

T A i 4 b 2 0.000 5 247.25+6.04 237.38+4.69" 332.13+6.74”

TE 528 (T4 E: VP<0.01; S 4] 45 2 P<0.01( 3 3-% 717])

®3 BHEWKRXRERREHZMW (f+s,n=8)
Table 3 Effect of Hei Xiaoyaosan on sleep quality of insomnia

rats (x+s,n=8)

21 5 /g kg TEAR AR/ I HIS B (1] /s
S 256.63£30.26 3 821.00+128.37
L RIZH 354.50423.19" 3 296.63+149.64"

WA 3.82

266.88+30.94%
253.75+29.31%

333.25+34.16

3 772.00+108.70%
3 887.38494.07%

3217.50+149.83

TP A T e i 2] 0.0005  272.88+48.80% 3 643.75+200.85%
3.4.2 JRGH B8 O R IR K B2 2 g 12 6E T 89 52 )

SIS IR S IPN S X N G R T

FE K i 32 Sl B IR AT T SR, 25 2R 3R W TR R
12K AR 2 KRR 2 ) RS BE A B ks, L
4 B R BR n bE R

F4 BEEHARXFESERBRTETARMOBM (75,
n=8)

Table 4 Effect of Hei Xiaoyaosan on escape latency and crossing

platform times of insomnia rats (x+s,n=8)

K ZF A RBU I (P<0.01) s S ARLAL 3%
LS VR R LR A T R R e HE 4 4
TR SREVER R AU B T2 AROT B B (P<0.01) o
R FH R B 2 B 0 3t A R 8 AR &R 4 % 4% 4K R

415 Mgk RS S A BIR
25 H U 25.39+3.15 6.00+£0.93
LRI 41 51.06+3.64" 2.00+0.93"
MOHERE A 153 31.39+4.31% 3.88+0.35%
MaEEEchAl A 7.65 24.96+2.65% 5.25+0.46
BB A 3.82 49.70+2.61 2.25+0.89
T A T A b 4 2 0.000 5 24.24+2.60% 5.13+0.64%
3.4.3 R H BEHON M D 5 Ml W A R R sg e

A 35 S HL B LS, A 1 2 O R T ik (1] I 5 b T
.25.
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UL, 5 fih J 8 JBE D5 JBE A, 5 flh T M 2R AR AT 0% fuh 4B 9 TH W AT UL, 58 fih )5 308 1) (PSD) J& B2 38 hin, 53 fis i 2R

;?‘S%WE s B Y 2H R BT D O Ml RS D g AR R RO R M SR IE , HL A5 AL Y B, b LR i E R

] BRI AN o 4 24 ), A% 2H R SR 7 5 5% fk ] it

Hh L R T A TR M E 2H A R . UL 1

AL YL B R R  C~E. Bl B B b G

|~
o]
L]

A FO A Rk 3E 2H (R 2 [/])
E1 EEHEHMNKEARSESRMEMEHNIZIM(TEM, x15000)

Fig. 1 Effect of Hei Xiaoyaosan on ultrastructure of hippocampal synapses in insomnia rats (TEM, x15 000)

3.4.4 T IO R R K BRI Hy v S-HT M ARE K+

7J<”?EI’J?ZHI'] o5 (4] He R BRI 2 3 S 4 4 5-HT

IOV 5 3 REAR , IL-6 S TNF-a K- i 2 715 (P<0.01) ;

SRR ZH LA, PR R e PR e T R A T 3

20 RN T W B4 5-HT K, BB AL T e S
L IL-6 S TNF-a 7K F-(P<0.01). LS5,

x5 EHEEHMNEARARESHESA

fig (X+s,n=8)
Table 5 Effect of Hei Xiaoyaosan on 5-HT, IL-6 and TNF- «

5-HT.IL-6, TNF-a 7K F &) 8

levels in hippocampal tissues of insomnia rats (x+s,n=8)

20 51 FilH/g-kg! 5-HT/wg-L' IL-6/ng:-L' TNF-a/ng-L’

2= HA 139.3749.46  20.19+2.73  50.89+2.31

I 2 60.59+5.34" 45.7242.95" 80.05+1.57"
mfiiﬂiﬁk 15.3 86.16+4.05” 37.36+1.46% 59.84+2.13%
q:?jgfﬁ 7.65 118.00+6.13% 27.38+2.02” 49.78+3.17>
ﬁ%ﬁfﬁ& 3.82 60.64+2.76  45.33+0.93  77.63x1.61

Dwﬁgﬁﬁ% 0.0005  98.70+5.97” 31.07+1.65% 52.17+1.40%
3.4.5 S IR O 2 B A B T 4L BRI S 3 1K

MR 5 H A R, B R R Akt .
p-Aktl 1 & 11 % 35 7K °F W 3 BE (%, TP53. RAS,
EGFR .CREBBP.GSK-38.p-GSK-338.NOS1 i & 1
TR R B E TR (P<0.01); SRR AL, R H & B
R AL A R e i HE 4] Akt p-Aktl P #
ik W E A, TP53. RAS. EGFR. CREBBP,
GSK-38.p-GSK-33.NOS1 () & 1 % ik & & F A%
(P<0.01>o mz %6,

3.4.6 T TOR JIR K BT 5 4 2U4H ¢ mRNA
Ik Eﬂll’] 525 [ 4l e, SR 2 R R Akel 7Y
mRNA % ik & & % F% ik , TP53. RAS, EGFR,

© 26 -

o R
o I - -

A B c D
B2 KBRAREBIHEHAFHEXESREBIK

Fig. 2 Electrophoresis of related protein expression in hippocampus

]
]

of insomnia rats

CREBBP,GSK-38.NOS1 mRNA % ik # & & T &
(P<0.01); S5HIAIA P, FR A 18 H0m L 7)  4 T
A TR M I 4] Akt] mRNA 23k 5 i & 3N, TPS3 .
RAS .EGFR,CREBBP GSK-38.NOSI mRNA # ik
K (P<0.01)., WET,
4 itit

FMRAE Ay —Fhwy DL L 45 AATTY IE % TAE M
SRl el o IOl s TR VA OB A 1 R
W R AR 2E S S BN MR S SRR 2R iﬁﬂ*
B g K2 28 0 ot iy A8 Ak, 5-HT &5 Bl 2 i 48
JﬁE@@Eﬂ:%(%m%ﬂé&Hﬁfﬁﬂkfﬁt%%%ﬁ%%ﬁ,afF
T 3 O YN IR A R PR S HR B A R IR [ 2 ) 9812
TR RG>0 o AR B9 & IR B 3 3 AT AR A 2R B
KR AY 5-HT .RAS \EGFR 4535 b5 i 3 15 , 45 i i B
TRAR T, SE K e B B ] A A% el 2 IR KRR 1 il 2
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%6 ZHEEHMABRARGBIAAEELZTARENEIE (X+5,1=3)
Table 6 Effect of Hei Xiaoyaosan on expression of related proteins in hippocampus tissues (x+s,n=3)
15 7 Aktl p-Aktl TP53 CREBBP EGFR GSK-38 p-GSK-38  NOSI RAS
ZH 7
/g kg /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin
2 0.45£0.02  0.34+0.02  0.08£0.01  0.06£0.02  0.05£0.02 0.07+0.05 0.03+0.01 0.05+0.02 0.07+0.04
i 0.14+0.01"”  0.02+0.00" 0.45+£0.02" 0.41+0.55"” 0.40+0.05" 0.45+£0.01" 0.31+0.03" 0.46+0.06" 0.45+0.04"
SOME RS R A 153 0.22+0.01% 0.12+0.01% 0.32+0.02% 0.22+0.11% 0.224+0.03% 0.31£0.07% 0.13+0.03> 0.24+0.03> 0.28+0.05>
WOHERCP R 7.65  0.35£0.03% 0.19+0.01% 0.14£0.03” 0.16£0.02” 0.17+0.02% 0.14+0.06> 0.07+0.01% 0.17+0.06* 0.22+0.05%
UM EREA L] 3.82  0.13£0.03  0.03£0.01  0.43+0.01  0.37£0.04  0.39+0.05 0.40£0.03 0.29£0.01 0.41+0.11 0.42+0.04
Y A TR I i 3 24 0.000 5 0.28+0.02% 0.13+0.01% 0.18+0.02” 0.17£0.02” 0.14+0.01> 0.21£0.06> 0.11+0.01% 0.15+0.03% 0.20+0.04%

G B AR Kesa 2 AR A4 BE FT o HR B R GE E AR
A3 R MR AR 56 27 2T AC RE 0 98 R B 4 I8 A 6 B
A ST o T SR R BOROR R AR L, R A M

®7 BEEHXMNKEXREDHLAHEX mRNARE

Table 7 Effect of Hei Xiaoyaosan on expression of related mRNAs in hippocampal tissue of insomnia rats (x+s,n=3)

2% 25 B2 5 00 MR R T IR R A K IROK
W27 > AC AL BE 1 1 25 380 T AR LA, AT o SR o
18 B 7 BT ST S 55 o R 24 1 (AL i 4

G (X+s,n=3)

21 5 il /g ke Aktl TP53 CREBBP EGFR GSK-38 NOS1 RAS
2 H4 0.96+0.12 1.20+£0.29 0.86+0.15 0.85+0.14 1.1240.19 0.94+0.20 1.04+0.20
R 2 0.23£0.04"  6.75£0.60"  8.61x1.07"  5.23+0.81"  6.64£0.71"  6.14£0.69"  5.63+0.48"
Mo E s AEA 153 0.36+£0.07%  4.00+0.43”  3.35+0.73Y  2.37+0.56"  3.63+0.52%  2.57+0.21%  2.40+0.43%
L5 3 R 4 7.65 0.83+0.11%  2.39+0.39”  3.05+0.817  1.93+0.41¥  2.09+0.36*  2.06+0.30*  2.08+0.26
R T IR 3.82 0.24+0.04 6.35+1.00 8.16+1.53 5.16+1.22 6.51+0.83 5.91+0.93 5.14+1.00
TP A7 i 0 i 3 2 0.0005  0.55+0.10  3.46+0.46%  3.33+1.04”  2.08+0.63”  3.17+0.34%  2.23+036”  2.28+0.51%

A58 DB 1 HP 2R S E 176 A4S BLAY L A
G 28 2532 N oy TR R W] 6- LR (8- LM |
FENE NERF O E MBS E RS I3 R A S 54 ¢
SHE R A R 1 RGO R B O ST MR T
IR, 6-Z B K 8- FENZ B F I
PR ELBR X 05 N g A XA B 0 R 2 1R B AR
FHS A i S 5 v 6- 2 9 23 o i b Ak B
PRI 8 RE SN 3 ) GSK-38 Y I Ak Fl G 58 Akt f4 35
1k, % PCI2 4t AB, L, 175 T B 40 B 7 T R B i AR
PER NI AR Pt S 200> . RIS N iR 21k
G W W AE BT A AR TR 55y T A B Y 0 T R
s BRS A P FR AR R A R0 R4 R R B
2 N KN BE T 19 Bl 28 4 A B0 A R0, T 0 ) b 22 oo
T VK 52 IE B8 BE 2R 4t D) B O B AR I Bl 48 48 E L I
T 036 R B 5 5 | S 1) 2% ) Rg 2 b L vl F
ZARR N B 3 DL B R ST A R R Rl
HCH A 2 Bl s 2 IR BN T 5 1 2 R I
filt, Ay 2R 3 3 Wk — 25 i AT ST AR A T 1 o

I 2% 24 3 2 3 A 245 SR 0F — 20 48 R TR B AT
fit i iF TP53. HRAS. NRAS, EGFR, CREBBP,
GSK-38.Aktl \NOST #% 0> 1l 15 & 45 24 55 2% MR I 2

idftcre T EH . BT RAS & K 4 4§ KRAS .,
NRAS 2 HRAS 3 Fft W7 14 3 50 4 /iy 40 F 52 22
1% H 0] BB i RAS/RAF ¥ (RAF) /A 225 4 5
1k 2 3G OB (MEK)/40 i 21 {5 5 8 1 3% i
(ERK) {5 = i f#% 11 4 Ak I 38, B IR AB Al p-tau 7K
RN (I N REE RS ToE i (TN N [T = o I T v =
SR T k2P B IF RAS 7E 2 IR AH 56 2% 2 1042 U
B e, I RASFE#F — 2B B0 0F . 4% .0 #E 4
TP53.RAS.EGFR.,CREBBP,GSK-33. Aktl .NOSI
F U K 2 RAE AL 5 ik n] B R 22T
PO SEE YRR . RIRSEEVLARL T RMIRES K
R[] B I %1 25 1) /0N B2 3R 0 1 22 48 1 400 43 A IE
40 B3R, T TL-6 B DA Oy 2 40 i R XU 7 R Y O
ST R 5 A T R S R R R R RE (R S
i % Toll B 57 f& 4 (TLR4) /A% % 5% I ¥ -k B (NF-«B)
B BT, T35 S R A R 2R R IE /DN B 40 i ) T Ak
B 5 fh B 0 5 0%, B2 ROE FIUE B FE £ 4 2 5
JINJBE 5 440 384 3% EGFR, EGFR WU 1 — 3 fish % 71 Vs i
Jig Tk WL 2 3- 98 M (PI3K)/#E 1 ¥ % B (Akt) \RAS/
RAF/MEK/ERK 5 Wi L 2 ¥ 5 10 & R ¥ & 1
(mTOR) {55 GLHE , 410 i #h 28 T 48 i 53 1k OF 412 32 4
. 27 .
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251 20 M AF IS NG B S I 52 e AL AR Y TA N T
B ARWRIE A B, B R R R A T
0 R K B B B B 2 S RS RE T L BRI TR S
M IL-6  TNF-a 7K -, 2035 16 5 58 il it 8 B 45 4, F
I8 2 R OK B EGFR 7K F- |, 3¢ W] R 1 1 AT g i i
Z 55058 R, MR EGFR Y 30 T Bk 3% T 2 IR oK
A IAHBE J1 o WF5TIE 52 EGFR A1 il 750 a] LU il /1N
2 J5 4 A 11 2 38 R T T A S B X
HE— 20 R TR AR . ARSI Y
Aktl, p-Aktl FF K 1 GSK-38.p-GSK-38 & H £ ik
AKSFTH i, #8 PI3K/AKt/GSK-38 15 53 % 0l fi 4b
FINHPRA WA 25 T BU5 , Bl & T Aktl .
GSK-3B 8 1 M B IR Ak 1Y 2 35 |, 2 75 PR i ok 3
MR 51 R 1Y A 2 il A2 R AT g 5 BT PIBK/AKY
GSK-38 15 53l A OC o % A5 5 38 B% 19 3800 vT I %
5 1 B B 380 27 S5 1) 4 28 90 5 SR b I IR N I
XA e T AR R E T AR PIBK YT
Ui RN 4 T, Akt B R A I L BT DA T Ui e
AP T R T 40 B 4 A ik 98 -2(Bel-2) , A Bel-2
A X 8 H (Bax) Mt K 8 1 -3 (Caspase-3) \p53.
NOS1 2 [ 235 , AT il i 22 o iy ga 21, 3L
M pS3 AN S 5 Y Bl TE G IR ALK L P 3R
PR v AR O R AL S S R T R T
FH G, T EE R pS3 W BB AE AR KRR b3 i vl L s
STE20 #¢ 34 /i 1/2 (MST1/2) % 5 9 AD k£ A 1 Bt
B b, M R BRI R i PN R A A H S R
PR AN, R E M &, CREBBP &
MR A LLsgm i 2o A KRR E , TRz R
14 3¢ 35 AT U 22 I 40340 o AR WIS 5 SRAIE S, R 2 T
TS AR 20 () TP53 .RAS .CREBBP % ik F i, #75
FH B B P A R AR Rl g T Ok B s T
BRGNS T i — L WA PLE 2 &
R EAT T KEGG 12 & b, E 2 5 46
F cAMP .RAS .Rapl .AGE-RAGE .EGFR % £ % {5
5 K, T IX S PR A 5 2R SRE SRR I A
ANTT 430 3 B A R AT RE G O 2 AR Sl I R
¥ 2207 1 (PR IR e AR P e

zg FF R, A BFSE 3 T UPLC-Q-TOF-MS A<
A T B 3 RV I b 2 A8, A T 4 2
K5 - P HE R0 T BT T B O B K R 2
21 BE 1 B R IR Ayl 6-2Z B E (8- Ml LTI
HNTRF I AR E RS I N TR A, 138 2o 2h ) 5
B 4IE 52 T TP53,RAS. EGFR., CREBBP. GSK-38,
Aktl NOSI1 Al fE 2 TR il . X Wik — DR R R
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