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Abstract: Objective To explore the efficacy and potential mechanism of cubebin in sleep deprived mice. Methods Firstly, sleep
promoting effect of cubebin on normal mice was investigated: Mice were randomly divided into control group, diazepam (2 mg/kg)

group, cubebin low-, medium- and high-dose (25, 50, 100 mg/kg) group, each administration group was ig corresponding drugs, sleep
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rate and sleep duration of rats in each group were recorded; Immunohistochemical staining was used to detect y-aminobutyric acid A
receptor a1 (GABAA«l) protein expression in brain tissue of mice; Flumazenil antagonism experiment was used to verify whether the
effects of cubebin are related to benzodiazepine receptors. Secondly, effect of cubebin on sleep deprived mice was observed: Mice
were divided into control group, model group, diazepam (2 mg/kg) group, cubebin low-, medium-and high-dose (10, 20, 40 mg/kg)
group, drugs were given for intervention, open field test was used for behavioral testing; LC-MS/MS was used to detect the content of
neurotransmitters [GABA, L-glutamic acid (Glu), 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA)] in brain
tissue; Immunohistochemical staining and qRT-PCR were used to detect GABAAal expression in brain tissue. Results The results
of study on sleep promoting effect of cubebin on normal mice showed that, cubebin significantly increased the sleep rate of normal
mice (P < 0.01), significantly prolonged the sleep duration of mice (P < 0.01), and significantly increased GABAAa1 expression in
cerebral cortex (P < 0.05); Flumazenil could antagonize the sleep-promoting effect of cubebin. The results of study on effect of cubebin
on sleep deprived mice showed that, compared with control group, activity of mice in model group was significantly increased (P <
0.05), GABAA«al expression and GABA, Glu, 5-HIAA contents in brain tissue were significantly reduced (P < 0.05, 0.01); Compared
with model group, activity of mice in cubebin group was significantly reduced (P < 0.05, 0.01), GABAA«l1 expression and GABA,
Glu, 5-HIAA contents in brain tissue were significantly increased (P < 0.05, 0.01). Conclusion Cubebin has a sleep-promoting effect

on both normal and sleep deprived mice, and may exert its effect by regulating the content of GABAA1 and neurotransmitters GABA,

Glu and 5-HIAA in brain.
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JREDE=98%) L-BAMR (L-glutamic acid, Glu,
fit5 B21916, R E=98%) M4 H IR YR
HIRAF: % % DNA &R RF&E (S
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Table 1 Mass spectrometry conditions

s Q1-Q3  FERHL NI flff#AE/ flfd =t O
UEZSr i
(m/z) E/V BV eV HLE/V
GABA 104.1-87.1 26 10 15 4
Glu 148.0—84.3 26 10 21 4
SHT 177.2—160.0 16 10 15 4
SHIAA 192.2—146.0 24 10 35 4
DHBA 140.1—123.1 10 10 17 4
S-HIAA DHBA
‘V
10 15 0 5 10 15 0o 5 10 15
t/min
S-HIAA DHBA
5 10 15 "0 5 10 15 0 s 10 15
t/min

1 EWHZBERITER A) ShiHER B) B LC-MS/MS 734

Fig. 1 LC-MS/MS of each neurotransmitter reference substance (A) and brain sample (B)

GABA Glu 5-HT
A
0 5 10 15 0 5 10 15 0 -
GABA Glu 5-HT
B
0 s 10 15 0 5 10 15 o
*x2 tEhZRE&MESEE
Table 2 Standard curve and linear range
ks ANETE R
A - EVEpEEs R?
(ng'mL"")
GABA 5.0~250.0 y=7.66X10%x+5.24X10° 0.992 9
GLU 2.5~500.0 y=0.95X10%x+1.48X10* 0.999 2
5-HT 5.0~500.0 y=2.9X10*x+2.32X10° 0.9953
5-HIAA  5.0~250.0 y=239 x+3.96X10° 0.990 6

PLX+s Ex, RHBEKRZETTZ75H (One-way
ANOVA), 77 %KM LSD %, J7ZAFKH
Games-Howell 7%,

3 HR

31 EEBMRMIER/NRAER

311 JRELZMFESLE B TR R (R4
XK, S5XTRRALE, HPEPRAREER R T &
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Table 3 Accuracy and precision

MZHR BRI/ (ng-mL™") HEHE RSD/% K52 ¥ RSD/%

GABA 5 0.85 7.81
50 0.80 2.31

250 1.34 1.30

GLU 25 0.56 2.86
50 4.05 3.38

500 2.44 2.52

5-HT 5 0.07 5.06
50 0.32 4.62

500 0.43 1.84

5-HIAA 5 0.14 6.60
50 0.57 2.48

250 0.75 1.15

x4 EEMERKEKXBHEZMWHTHE 30 mgkg™) F
INRABRRAIFZIE (n = 12)

Table 4 Effects of cubebin combined with pentobarbital
sodium subthreshold dose (30 mg-kg™!) on sleep of mice
(n=12)

2H 51 7§ /(mg-kg™) NHEZR /%
pagis — 10
otk 2 90™*
BEVE SR 25 50
50 80™
100 90**

5XMHAH R *P<0.01, F&EE

**P <0.01 vs control group, same as below tables

BEVE AR 100 mg-kg™! piLipAe

SXRAL g "P<<0.05

*P<0.05

VR )

AR W E I NMESI Y EL (P<0.01), HEE
BRI SDRANEER ZFIEACE . B s s
B S) R, SIEH L, g eEnT DA B4
RN RN A (P<<0.01), ZEE IR &7
ARG 3 K/ IR (8] (P<<0.01), HE
FIRAH A o

312 fyEdAfsEe Wl 2 Bin, EERA AL
PURE B ERI/NR Y E GABAAal EERIE (P<
0.05. 0.01), XS4 GABAAal Fik T &
M, RPEBMEATREEIEHNTKE
GABAAol RAE/EF .

*x 5 EEMEKAKBHEZAHLTIE 45 mgkg™) 3
INREERRBISE (X £s,n=12)

Table 5 Effects of cubebin combined with pentobarbital
sodium suprathreshold dose (45 mg-kg™") on sleep of mice
(Xts,n=12)

'%E«"}

o 7 2/ . . .
2H 57 L AEEERH)/min BEIR )/
(mg-kg™)
ot R — 3.634+0.94 1.55+0.39
H PGP 2 2.2940.66™ 6.35+1.52™
TEER R 25 3.23+0.50 6.95+1.56"
50 3.2040.93 8.8542.93*
100 3.0840.59 10.0040.00"
1 T4
X5 o 0.4
=
= 0.3
’E 0.2
= 0.1
X20 = .
0
SR BEE MR BTN R
2
X5 K 6 ok
=
= 4
ﬁ X
o
=

*

- i X EE IR M BRI
B0 B

P<0.01

**P <0.01 vs control group

E 2 EEFEMEXIEE/NBRMKA GABAA«l EEFIEMEM (Xts,n=10)

Fig. 2 Effect of cubebin on GABAAa1 protein expression in brain of normal mice (X £ s, n=10)
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Fig. 3 Proportion of sleep of mice in each group induced by
flumazenil combined with pentobarbital sodium

subthreshold dose (n = 8)

250 - 150 400 1
. 200 - 'n < 3001
£ 100 = =
>D':] b ‘ﬁ_@ 50_ ﬁ
50- ® #1004
ﬁ g ﬁ
O- 0- 0-
X frﬁi piLYiiee 10 ot *;i Hh 10 20 40 X ffﬁi i 10 20
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= 2.07 501 # 2~ 200 7
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S 151 * o g 407 E 150
z 2 30- =
= 107 B % 100 -
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FEIE R (mgkg ) %m%«mg kg D) T (mg ke )
XA #P<0.05 #P<0.01; SEALLE: "P<0.05 *P<0.05, TEHE

#P<0.05 *P<0.01 vs control group; "P < 0.05

**P < 0.01 vs model group, same as below figures

B 4 ZHNREIHSLIENIER (X+s,n=06)

Fig. 4 Activity of mice in each group in open field experiment (X = s, n = 6)

1.5 T H L

1.0 1

i]ﬂiﬂiﬁ

pagii:a el ﬂﬁﬁﬂr 10 20
AR/ (mg kg D)

GABAAal 3:RMN LK ILE

10 7

Efj#‘ﬁﬁ

XPRE BERY HhPEPE 10 20 40
BEE B/ (mg: kg b}

GABAAal FEPAAARTFRIL &

5 Eiﬁ?ﬁi%iﬂ‘ﬂﬁﬁ&%ﬂvd\um’ézhéﬂ NFEES GABAAal EERIEZHFM (X+s,n=16)

Fig. 5 Effect of cubebin on G4BAAal gene expression in hippocampus and cortex of sleep deprived mice (X = S, n = 6)
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GABAAal mRNA FiE¥ 5T+ (P<0.05. 0.01).
323 R A I N RS 2R H
GABAAol HARIE W 6 Frr, 5x A,
FEARZH /N SR RN 242 GABA Al B ARIA
PIRFERC (P<0.05); HEAIALLE:, BEEMNER
& BRI BN ZEHLSH GABAAal FEAKIZE
m‘ﬁﬂ‘m (P<<0.05), ®EEMEmEFEANRED
ML GABAAal HEFRXEEFm (P<0.05),
ﬂﬁ@#éﬂ/& %MF fﬂ,/\tiﬂ GABAAal %E%ﬁi’]

i . TEEIE 10 mg-kg1 E—Ef‘ﬁﬁ 20 mg-kg™! E—Eﬁ?}:ﬁ 3

1.5 f@ UJQE.V/\

Ranail.

FHE BRSO 10 20 40 HupuRE KHL&LXTFE
EEE M H/(mg-kg™)

FH Y 212 AH o THIAR

6 EEEMEIMNERRT/NREDHEAMKEALR P GABAAwl EARIEHIF

BETE (P<0.05).
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