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[ Abstract] Objective: By studying the effects of Tianwang Buxindan on sleep quality, cognitive
function, inflammatory factors and immune-related gene expression in sleep deprivation model rats, explore the
effect of Tianwang Buxindan on the learning and memory process under sleep deprivation and its

anti-inflammatory effects possible mechanism. Method: The 40 male SPF rats were used to simulate the sleep
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deprivation model by multi-platform water environment method, and were randomly divided into model group,
Tianwang Buxindan group (20 g-kg') and estazolam group (0.1 mg-kg'), set up a normal group, 10 in each
group. A total of 4 weeks of sleep deprivation modeling was performed, and drug intervention was performed
2 weeks later. The model group and the blank group were given equal volumes of pure water.
Electroencephalogram (EEG) evaluation of modeling and analysis of sleep structure and quality of rats, Morris
water maze positioning navigation and space exploration experiment analysis of learning and memory ability of
rats, application of enzyme-linked immunosorbent assay (ELISA) was used to detect the serum inflammatory
factor interleukin-18 (IL-18), tumor necrosis factor-a (TNF-«), monocyte chemokine-1 (MCP-1) expression,
Real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) was used to detect the mRNA
levels of EB virus inducible gene 3 (EBI3), extracellular signal-regulated kinase 5 (ERKS5), and p21 activated
protein kinase 4 (PAK4). Result: The sleep deprivation model was successfully built. Compared with blank
group, the total sleep time, total duration of slow wave sleep and the duration of the first and second phases of
slow wave sleep in the model group were significantly shortened (P<0.01). The incubation period on the upper
platform, the total swimming distance and the time to reach the original platform for the first time increased
significantly, while the number of times to cross the platform and the target quadrant significantly decreased (P<
0.05,P<0.01). The expression levels of IL-18, TNF-a and MCP-1 increased significantly (P<0.01), the mRNA
expression levels of EBI3, ERKS5 and PAK4 in the hypothalamus of the model group decreased significantly ( P<
0.01). Compared with the model group, the sleep quality of the rats in the Tianwang Buxindan group was
significantly improved. The total sleep time, the total duration of slow wave sleep and the duration of the first
phase of slow wave sleep were significantly increased (P<0.01). The incubation period on the platform, the total
swimming distance and the time to reach the original platform for the first time are shortened, the number of
times to cross the platform and the target quadrant time are extended (P<0.05, P<0.01), IL-18, TNF-«a, MCP-1
expression levels were significantly reduced (P<0.05, P<0.01) , mRNA expression levels of EBI3, ERKS5 and
PAK4 in rat hypothalamus were significantly increased ( P<0.05,P<0.01). Conclusion: Tianwang Buxindan can
improve the sleep quality and learning and memory ability of sleep deprivation model rats, which may be related
to the increase of the expression level of related inflammatory factors and its anti-inflammatory effect.

[Key words] cognitive function; inflammation;

Tianwang Buxindan; sleep deprivation;

inflammatory factor

P I 2 — SO0 AT e ) A i 3 8, 58 R HL s
A R IR AT B 0 S B (A B, 2 2 7 20 48 R IR A
F, AR LR L RE Ty o 12 P BEIR (SWS) N
I J5 &k ) oA A, T AN R R SR AR A BE L T
VAR R ORI R e S A PRI AR AR
50 R G Z AT — U A9 R, ERR
By M M 54 <5 o i 28 AE IR 1 19 i 30k 2 A HLAR ™
A G S 5 R IR 8] 2 41 R 285 S e o B i 2 e 4
U5, foe 2% 5 00N MR e 15 15 A R0 40 0 55 B B 2
9 HE— 2D R 3 S B 2 P 7 B R e 2 A 0L
LRI RIBE ) 5 % 2 IC KT B3 T RS iR
T2 0 B 5 Dk B B ) < AR R A BRI T P R
i (R (9 R IK K B e B 0L 5 RECIRE T
JEAE S 14 fih K2 A7 G

KEAMOPFLLL O F, He B AR Z .

— TR AR L PRI R R AE A Meta 43 87 3iE 55 H % T
A5 2 B IR T 2 K O IRD T RE IR T AROR D iR A
S5 5 A e WY 5 B A T i R R 2 R R A STl
125 RPUEACAE T, AR S Al R R AT
R RS e sl B N B | TR S Al e
TG, 0 B AR B A G AT R 2 S DT Al R R A
e 2 BE Ty, R i i AR R R A R 1B
(TL-18) , IR SR BE K F - ( TNF-a) , %A 4% 41 i #4 1k
K F-1(MCP-1) B FR ik ; K 0~ i v EB 6 515
LA 3(EBI3) , 4 L M5 = 94 57 B 5(ERKS) , p21
AL SR (B 4( PAK4) 1) mRNA 35 K, 83K
MO PE xR B HEE IR 25 74 5 5T Y 0 AR | E—
TR 2 2012 5 JE N R A AE IR R R AT
TR )25 UK I 38 2 11 3R 3K BIF 5 4 L i 0T B AR A
.57 .



526 B4 23 W) HEXBAFZRS Vol. 26,No. 23
2020412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020
1w HAL S50 S5 1 2 58 AR TR o 3 A 15 22 28 d, il

1.1 3% 6 JRWS e SPF 2% K Bl 40 2,1 [ it
B YT TE b, AR IE S SCXK (%R )2018-
0049, 1] 37 T 1 At v B2 24 2 22 4 B 5 i 58 BT sl
B, R (24+2) °C, 1 50%~60% , 't I /5 w5 F 1)
12/12 ho 2 ¥y 52 55 76 51 b B2 245 K 2% 2% 4F B2 it
FEPTIEAT , S0 AT A8 R PR M SR 7 d, AR SE I AR AR I
R 25 K2R SIS B W AR B DL S At o
1.2 2550 K E AR O PR ] 5 oK BT
EUR IS 4 CCUKFI IR & T o 275 PRS2 B A 9T
FE R R < AN O P ek B R o R M B
12 g, PR MIF1 K& EZL& HHEK9e, NS
R 2 X5 KT RE & WA S g, Kb
B 22, B2 e 4 il B A2 25 2 g-mL (1 /K R
o W2 R M A G R s 25K 2 R A
b B2 25 K2 25 2 Bl ik = B % 8 M IEdh .
A (T 11 20500 42 AT AT BR A | L 4it 5 H44021098) 5
2 A, H R R trizol iR ) (257 Bioswamp 24
") L5 43 5128 2018102218,20181017,201808) ;IL-
18, TNF-a, MCP-1 [if 15 % 58 W B I %2 (ELISA )i 5l
S(LEMmKAEYRHEARLE S 55k
ml064292, ml037361, ml1084571) ; ¥ %5 ik 7] & ,
Qubit™ ¥ i DNA 7 2§ FE 2¢ 6 i il 7 & (€ H
Thermo Fisher Scientific /A F] , #it 5 43 51| & 1841432,
1894705) .
1.3 U4 51600 AU A BN A7 A 2 74X (5
Stoelting 2% 7 ) ; RM-6280C # 3l 18 A= F {Z 530 Y
(P AR AL A A F T ) s ZH-Morris %1 7K 2% B (2 #4
IERRAEYLER & A RAF ) ; TGL-16M B &5 20 &
VA TR O ML OB e S D P BR A A ) 5 iMark
1 22 I fiE W A5 X ( 55 [/ Bio-Rad /A 7)) ; EF4577 4 #4
& ¥R AL ( 18 [E Eppendorf 23 ] ) ; Rotor-Gene Q !
Real-time PCR ¥ ({2 [# Qiagen /A 7l ) -
2 Ak
21 YA EER 40 LK RREEHL A HA .
BERUZ R FAbO PR RIS 2, AR 10 HBR
25 AL AN 2R F 2 °F 5 7K 0 35 3 0 A7 e R S 20 2
e R R <5 4R (72 cmx48 emx30 em) FFRCE HE
GIFLARS R 347 281 (1A% 8 em Y B AR B K A 45 40 F
BT EAKEZEKEKTFE L em, P& P
AT AN 55 A9 22 ) B 8 B8 itk e A ROK e R B H
X KBS AR B 2F 20 h(14:00 E K H 10:00) . M HE
B K R85 0] B8 7 A 1 R TS ) 28 P AL TR KRS ik
BEHBRI6em MG, T EEAANHEWLN,
. 58 .

S LA AR A TR 58 U, SR FH A AR M A T i
MBS e 53 KRR B AR A A . 5 A8 4 R g, B
U2 B B A () AN SWS I () X5 A B I8 4 e, 2 I i
SRR

22 %zy WIECh Y4B k) A S
BRI 45 24 50) B4 B B R E AN PR R RS 2
ARG 2 17.6 g- kg, % I8 B K B 24 M8 A FH
S, R 2 R B AN O PR 2550 5ol 20 g kg
WAL 14 dJE 4 T R EAMO P R 25K FRIE S X
AP 2 H 0.1 mg- kg I EOKIERIES 2S04
TR 2 VB R S AR AR Ak BER R A IR, 4 2 FR A
14 d.

23 MESELARAE A A7 dE S H AT N LRI
TR IR B AT I B 2 AR A I A N
Lt 22 4 RR B J5 I 1 TR, R BRI 7 A A7 A T 7 sk
L SR T R T T O O Sk R Wk L A A AR
oM SRR EENAENIBEE (K2 mm, A7
1.2 mm ) 4B A B [ 35 491 - 00k i 1 5 A e o il
22 55 B I R AN 25 s R I R 2 b P AN
TE SR 4% TE P T A029 2 mm &b, 2 N30 S5 B i T
F X1 A8 A 0 K 220 3 mm A 38 3 G800 0% 425 2% HEAT
EEGidsk . T ARG R BRI IR, L3 diE
FATUEER. ST 7dRER N,

2.4 FEbRkE I

2.4.1  BEMRMA KT R 11:00 2 15:00 % 22
4 h#F 17 EEG i 5% , i H A5 5 B i R R 36 (1~
30 Hz) J5 #EAT 80U fbad sk, i OB Ri#EAIT T —
PR B30 s —Ge it A B, R RN HRL U T 25 G 4y
4N S . 6% (1~4 Hz), 0% (4~10 Hz) , a %
(10~15 Hz) , B (15~30 Hz) . H 4 A [ 35 45 K
Ry B IS 5 1 ] 390 o QO 0, DA % S D) £
AV B D M Pl 5k @ 0k o R S RRAE RIS H) K R
Aib T 7R A BN SR A @18 D MR AR AR 1 B
SN o U [A1 30 HH B, v S Y AE 4 GE i 4y Berb i e
% F 50% , A0 24 T 7 B AR B Bt , ] 0 2% 31 KRR Rk
B A5 A N AR T 25 D1 ik B B AR 2 B B
A TR 55 1 B B, H S AE SR i oy Beb o B i
50% , FH 24 T % B B B Bt Lm0 5% 3 KBRSk R B
H , JL-F JC AT AT L PR 3 2l 5 @ PR AR 2 B B By B
(REM) , th BRAR R 6 3% , 55 5 T 490 i Fl 3pz 356 3l AL AR
AU B R RS AA LA 3 o A SE 5 48 0 Y A e
B 15f ) 422, 3% SWS 11 5 REM .

2.4.2 Morris KB L5 4245 18 )5 I th b 47



5506 B 23 HESXWHFFESRE Vol. 26, No. 23
2020412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020
Morris 7K 2K B, 2R FH 45 (6] 5 A 52 98 FlSE A AL A7 52 56 ®1 3IMF5
WA KBS 0L /e S, SefitEse s dpaE g bl ! Primersequences
Y2545 TIN5 20 B T KL 60 s F1 i R A 25 gk FAICs30) s o
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®3 REMOAMEBRIISERAREMLMITRZEEREHZI (X+s5,2=10)

Table 3 Effect of Tianwng Buxindan on localization navigation and spatial exploration in sleep deprivation model rats (x+s,7n=10)

SE AT S5 23 [0) A S 0
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Table 4 Effect of Tianwang Buxindan on serum IL-18, TNF-a, MCP-1 expression in sleep deprivation model rats (x+s,n=8) ng-L7!
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3.5 O B HR ) 2F K BRI EBI3, ERKS 5
PAK4 () mRNA Kk 525 HA i, B4
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Table 5 Effect of Tianwang Buxindan on mRNA expression of

EBI3, ERK5 and PAK4 inhypothalamus of sleep deprived rat
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J: R AE B I R IOk S B L R a2 A F 4
JitL A 25 R 1 3h 4 S 56 2 SR R AN 8 e Ay TR
5 Be [a) i & R A2 R AEFH B AT A 418 . ERKS 24
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A3 AU H 92 %558 3 MEK 5/ERK 5/MAPK 15 5 25 Bk
A 6 3 O B R U 0 N KLF4, A T 1004 P Rz 4
M. A5 K T Real-time PCR 5 Western blot X i%
i I B S AR A R AT R8BI 2 5 & B, ERKS HT
17 s S L SR S W 11 0 A A e O | =
JSC T 98 T 18 R AV 1 P B 200 LR 4 1 3R 80, AT &
FEPURAE P B 2k BEXE P9 TR P PAK4 (1 56 T8 1R
F— 0k B AR 58 4 300 TNF-« 55 ERKGH #§ - 2
A W R S T SR L A Sk IR B R 2
BB ST A B, W PAKA W] DL o B S X P13K/
Akt/mTOR 3 [H 1 0 |, I/ 15 40 B 14 78 5 0% 1=, 0 461
20 A A Ak R R N R E SR . Bk Ah , PAK4
B AE T AR T B, 0k e 2R AR K i
(Caspase)-3, Caspase-7, Caspase-8 2K 4% Bt £k hr {4 I
T 152 TNF-o 1 150 40 Bl o i) 2 5 J g 7>

AR S S5 R 5 7S 4 b B A 4 EBI3,
ERKS5,PAK4 i) mRNA KA 7K 2 88 3% T 1
SRR AL H R, K T A O P AL 2 A KT T A B [
Th o B R T Ab O FH 0 R AR R 25 KRR 2 2T iR
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HIfE & T TNF-a, IL-18, MCP-1 43 , & BT A
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AT DA 3 B A AR R %) i 5 U D IR AT S OIMIR AR
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