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[ Abstract]

of sleep-deprived rats and the mechanism. Method: A total of 50 SD rats were randomized into control group,

Objective: To explore the effect of Anmeidan (AMD) on the learning and memory ability

model group, low-dose AMD group (4.55 g-kg'+d"), high-dose AMD group (18.18 g-kg"'+d"), and estazolam
group (0.09 mg-kg'-d"). Insomnia was induced in rats with the self-made sleep deprivation box (21 days). The
learning and memory ability of rats was measured by Morris water maze. Immunofluorescence method was
employed to detect the number of cells expressing N-myc downstream-regulated gene 2 (NDRG2) and glial
fibrillary acidic protein (GFAP) in hippocampus of rats, real-time fluorescent quantitative polymerase chain
reaction (Real-time PCR) to determine the mRNA expression of hippocampal NDRG2, glial glutamate
transporter-1 (GLT-1) , and GIuNR2A and GIuNR2B N-methyl-D-aspartate (NMDA) receptor subunits, and
Western blot to examine the protein expression of NDRG2 and GLT-1 in hippocampus. Result: Compared with
control group, the model group showed increase in the latency to reach the platform and total swimming
distance, significant decrease in the total distance moved in the target quadrant, time in target quadrant, and
times of crossing the platform (P<0.01) , rise in the number of cells expressing NDRG2 and GFAP in the
hippocampal CA1 region (P<0.01) and the mRNA level of NDRG2 and GluNR2B, reduction in the mRNA
level of GLT-1 and GIuNR2A, elevation in NDRG?2 protein expression (P<0.01), and decrease in GLT-1 protein
expression (P<0.01). In contrast to the model group, low-dose and high-dose AMD improved the learning and
memory levels of sleep-deprived rats (P<0.01), reduced the number of cells expressing NDRG2 and GFAP (P<
0.01), significantly decreased the mRNA expression of NDRG2 and GluNR2B, increased the mRNA expression
of GLT-1 and GluNR2A, reduced NDRG2 protein level (P<0.05, P<0.01), and raised GLT-1 protein level (P<
0.01). Conclusion: AMD can improve the learning and memory ability of sleep-deprived rats. The mechanism
is the likelihood that it regulates astrocyte activity, thereby affecting the neurotransmitter level and synaptic
plasticity in the brain.

[Keywords] Anmeidan; sleep deprivation; learning and memory; astrocytes; excitatory toxicity
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Fig. 1 Action track map of rats in positioning navigation experiment
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Fig.2 Action trajectory plots of rats in spatially explored experiment
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2.6  Real-time PCR #& ] NDRG2. GLT-1.
GluNR2A .GluNR2B mRNA 5k M i RNA £
WO ) & AR 20 R 58 BT 5 20 20 P S RNA 1 42
B, 3055 55 0 cDNA J5 4k 15, 40 B . 95 °C i A8
10 min, 1 MG, 95 °CAEME 15 5,39 MG, 58 °Ci
k 60 s, 65 °CHEAf 5 s, ¥ GAPDHAE AN =, H
PCR {SCKG I H B 3 PR A AR 6 3k K, R 48 A it
BCAH 220y et 5 H Y BRI RGOk is
H Prime 5 3 F 803519, F ] Blast #6000 51 47 4%
Jei 7 5 RN R 900 1 DG B AR L 51 el AR TR AR
WHARARA R B G, R,

2.7 % B ik (Western blot) 4 Il NDRG2
GLT-1 &AM EE BURGRANKRIESAH4,
Pt 4 23 B i A A O AR R 2R (12 9) I m
A PMSF 1 pL T 2 f# W 100 pL (% & H
100 mmol-L") , 7E 7K LA il & E AW . K
Western blot 2 B¢ 5¢ i J5 2L #: /E , H f , NDRG2,
GLT-1 — Bt 19 Fi B A% 27 %1 1:1 000, 1: 500,
NDRG2 .GLT-1 ZHt i #i BeA5 %0y 1:5 000, B-actin
BEAERN S 550 19K B (H H Image T/
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Table 1 Primer sequences
Gk JFA1(5-3") K /bp
GAPDH i CTGGAGAAACCTGCCAAGTATG 138
T GGTGGAAGAATGGGAGTTGCT
NDRG2  Liif AGAACTTCGTGCGGGTCCAT 163
T it GCTCCAACGCCAACTCCAAT
GLT-1 i GAGCCAAAGCACCGAAACCT 114

i AAGCAGCCCGCCACATACT
GIuNR2A |13l CTCCTCACAGACTTTTATCCCCATC 201
T AAGTCTCGGTAGCCAGGGAAG
GIuNR2B |1 TGGCATCAGTGTCATGGTATCTC 127

Fiif GACAGCCACCGCAGAAACA

2.8 Siifopabs fdiFH SPSS 22.0 #4444y Mk
i, S G ks R, 241 0] LR B R
23 1 (One-way ANOVA ), J5 22 55 I}, 4[] H 45 2%
FH /N B 3 PE 25 59k (LSD) , J7 22 R 55, 2 1] be 4
¥ J Dunnett's 73 5, P<0.05 N 2 R B G it 8 X,

% F Graph Pad Prism 8 Z: il &l | .
3 #7
3. XFREMRFIZF KRB A EWES MmO IR SR
o, 5 s 2 LA, R A 2 KRR I Bl B R )
J(P<0.01) , 545 AU 2] b g, SC w) e 21 22 R
I e 790 o 2 K BRI S i R BH k2 (P<0.01) o 2
M PR T, 528 A LA, AR 4 K BRI 36 Bl B R
B (P<0.05) , SR A, 22 R PHIE R B R R
15 2l % AR 0 (P<0.05) , S ) W 21 42 5 v )
1 21 KRR 3l g R B 3 s (P<0.01) . W2, O
TS, 525 (4L g, B A 4 KRR 3 3 i [l
ERM(P<0.01) 5 5B A A, S ] e 41 Fn %
ST v 390 2 2 K RRUIG o BF JR) A [ RE E O
B (P<0.05), FBBEIAIE T, 6:00 4 A7 AR 21 K L
T 3y i 8] 452 =5 Héﬁﬁ‘%i‘ﬂﬂ(PwOl) SRR
A, ] s 2R 22 SRR PRI | e 7 2K BRI Bl
) A AN [] 2 5 ok 2 (P<0.05) o WL3& 3.
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x2 ZRAMERISARBESLRANETAEFHEE

Y8 (x£s5,n=10)

Table 2 Effect of Anmeidan (AMD) on autonomous activities distance of traveled independently in dark/light environments of sleep
deprived rats(x+s,n=10) cm
SRS B Zﬁ]ﬂﬁ& ﬁ'ﬁ'lalﬁ:i}%{ﬁﬁﬂﬁﬁfi
215 Fl /g kg
0:00 6:00 12:00 18:00
25 H 4 908.62+82.55 596.80+127.00 585.85+61.06 608.08+87.91
H 200 2] 1042.80+272.40" 823.55+123.69% 801.52+91.72% 855.84+117.48%
36 e 21 0.9x10™ 743.34+101.2Y 637.00+134.01" 686.50£107.64" 692.05+165.82"
B HIC ] 4 2 455 815.14+275.80% 684.98+86.50° 546.66+145.25Y 715.44+87.48"
BT i A 18.18 715.695+163.30" 604.50+159.77" 577.76+96.44% 692.13+92.04%
52 AV P<0.05,7P<0.01; 515 20 Y P<0.05,% P<0.01( % 3-% 8 )
F3 RRAMNEBRIISFAREBHE/AXBAETEEEIRBEHZM (X+s,n=10)
Table 3 Effect of AMD on autonomous activities time of rats in dark/light environments of sleep deprived rats (x+s,n=10) S
RIS FR BT 0 B 5 fi O HE B 558 15 Bl s ]
2 51 Flt /g kg
0:00 6:00 12:00 18:00
254l 114.19+3.20 100.21+8.94 89.81+3.73 97.45+5.42
IR 2] 119.50+1.07 110.41+4.23 106.01+4.00” 111.71£3.23%
WElme 2] 0.9x10"* 105.37+7.57" 103.20+5.64% 94.12+5.75" 105.03+6.70%
78 SRy (il 4.55 107.50+6.73" 102.65+8.60>’ 95.79+6.82% 105.62+4.74%
LR T e ) k4 18.18 104.54+7.029 103.89+7.96> 94.88+8.95" 104.12+5.76"

3.2 R R ZF K R 2T CICRE s s
FI A B R0 A R B P £ A AR 0 A K i Tk
S B R B RN (P<0.01) , R BUSE BT &5 B0 2
H #5 % BRIz 2l i (8] 9 /0, 2 b A 4 PR S B e W 3
W (P<0.01) 3 S5 REI A b, 3 w) s 4 A2 SR
I R0 0 A R BRSP4 T R U R U Tk R i AR
P 0 2 46 0 (P<0.01) , 3¢ A e 20 22 S PHIG o5 5
T2 0 K BRUEE BT & OB H AR B A2 B I ) 23
e, 2R R B bs 4 BR B R B i RE K (P<0.05, P<
0.01), WiR4FFES,

3.3 %k B AR 31 2F K B 5 o NDRG2 . GFAP £ i5 K
RS REROL IR BN, 5E A4
iR R BLUI D CAL X NDRG2 (4% 15,94 5)
GFAP (L2 5 ) BH Pk 20 M %5 i i 2538 I (P<0.01) 5

x4 ZRAVERIFAREFES

(x+s5,n=10)
Table 4

BRI R EBENT D

Effect of AMD on positioning experiment platform

latency and total swimming journey in sleep deprived rats (X*s,

n=10)
415 MR pamoms ek B em
/g kg

2 25.41£17.77 392.89+144.35
TR 20 59.34+11.40  809.01£155.26%
YEmE S 0.9x10*  35.43+16.35"  577.71+105.50"
GARFHIGH 4l 4.55 38.07£17.76Y  462.99+163.40"
AP R4 1818 31.16£14.27Y  456.79+106.45

SR 2 bl R, D M 4 RN 2 PR L R
KU D CA1 X NDRG2 #1 GFAP BH 4 41 g 5 5 15

BEW /D (P<0.01),

WK 31K 6.

x5 REAVMKBRZEERENNZIE (3£5,n=10)
Table 5 Effect of AMD on space exploration experiment in sleep deprived rats (x+s,n=10)
4 5] Flt /g kg FREOT B8R H A5 52 BR A 1] /s H A7 5 BR G B% F2 /em

2 H4H 4.80+1.69 27.77+5.46 381.23491.23
A 2 1.70+1.16% 20.99+6.71% 285.63+73.64"
prai LR 0.9x10™* 3.40+1.519 29.83+6.76" 392.66+103.35%
B PHIC ) 2 21 4.55 3.60£0.97Y 29.21+8.98% 403.95+122.12%
BP0 ) 2 18.18 4.60+1.17" 28.65+6.32% 386.12+46.75Y
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Fig.3 Effect of AMD on NDRG2, GFAP protein in hippocampus of sleep deprived rats (IF, x400)

R6 ZFEAXERFZFARED NDRG2/GFAP £ E LN IR E
KIS (x£5,n=10)
Table 6 Effect of AMD on hippocampus NDRG2/GFAP

fluorescence intensity in sleep deprived rats (x+s,n=10)

, .  NDRG2/GFAP#t5E i
A it ke O 3 I
skl 39.966+5.887
H IR 241 82.326+2.260%
SRl A 0.9x10™ 64.941+5.145"
LR PHIG R A A 4.55 67.687+4.074
§g PR g 18.18 56.877+4.831"

3.4 X BE MR F 2F K W B & NDRG2. GLT-1.
GluNR2A .GIuNR2B mRNA £ ik m 52514
20 bR, B AU ZH K BT 5 NDRG2. GluNR2B
mRNA % 2 35 & W 3 I+ & (P<0.01) , 1] GLT-1.

GIuNR2A mRNA HH % 1k & 2 3 FE AR (P<0.01) ;5
B A 2 b A, 3 ] A R 2 R PRI L 7 4K R

7 & NDRG2 .GluNR2B mRNA A %} % 35 & 14 I &
MK, GLT-1.GluNR2A mRNA AH % ik & 8] @ 1 &5
(P<0.05,P<0.01)., W7,

3.5 X HEHR R 2F K R S NDRG2 . GLT-1 8 H % ik
B52 528 F A R, R4 K L B NDRG2

EHERIEAKERETE,GLT-1 EA XA KR E
FAR (P<0.01) ; S4B 21 L g, & ] e 21 FN 22 3 %
i v ) 4 K B NDRG2 1 %k K B3
FEAK, GLT-1 85 1 R ik K F B F T/ (P<0.01) . I
Kl 4fEs,

4 g

e I 2 A Mg ) 3 A AE BRI R RE R I 2 RO B

Y B B R 25 6 2% 2982 R T BT SR T

fil 1t AR z:WJﬂ’»Jﬁmﬁzdﬁ“% T B
AR A A AR Bl 28 FR G AR A BT 4
SR R AR SR 25 iﬁlef%EHuITFLIEJ'LHEHF
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£7 RHEAXEERFZF KR ES NDRG2,GLT-1,GluNR2A .GluNR2B mRNA #8% RiZBH I (¥+s,n=3)
Table 7 Effect of AMD on relative expression of NDRG2, GLT-1, GluNR2A, GluNR2B mRNA in hippocampus of sleep deprived rats

(X+s,n=3)

2051 Fl /g kg NDRG2 GLT-1 GIluNR2A GluNR2B
sk 1.01+0.06 1.00+0.04 1.00+0.05 1.000.04
LRI 1.58+0.17% 0.34+0.07” 0.31+0.01> 2.03+0.20”
g |t 0.9x10" 1.30+0.09" 0.67+0.16" 0.46+0.04" 1.91£0.25%
B S PHIE ) 4k 2 455 1.23+0.20" 0.76+0.14" 0.50+0.08" 1.76+0.35"
RS iR ) e A 18.18 1.30+0.22% 0.80+0.13Y 0.57+0.04% 1.12£0.14%

_ B H 3G S B B, (R R B B 0 B B

NDRG2 W WP G - W 41KkDa

GLT-1 D S Sy sumw S 53 kDa

e D G

A B C D E
B4 KAAREDNDRG2.GLT-1EARIKEK
Fig. 4 Electrophoresis of NDRG2 and GLT-1 protein expression

in hippocampus of rats in each group

x8 ERAMERINFARIEDS NDRG2.GLT-1 EAREMF
Mg (x+s,n=3)
Table 8 Effect of AMD on hippocampus NDRG2, GLT-1 gray

value in sleep deprived rats (x+s,n=3)

205 F 4k /g kg NDRG2/B-actin  GLT-1/B-actin
2 H 4L 0.305+0.075 0.650+0.230
LRI 2 0.615+0.175”  0.345+0.095%

gy 0.9x10*  0.355+0.075%  0.470+0.140"

BSR4 4.55
LRSI EA 1818

0.370+0.080  0.485+0.145

0.360+0.081°  0.501+0.141¥

AN TR T 38, B i R R 25 R B % Ay MRS
AR AL o Glu & A 32 Y % Ay R
GABA J& X H %2 % 41 i) 7 36 5T, B 9% R, Glu,
GABA 7F 5 ¥ i 50 240 Jf o 4 A= 9 777 e ol 2 op K 4%
FEEAER BV B 0T 240 M T DL o Rk A A R R T
B )2 W I A B, X B R A A R e Y Gl il
1E WO N-H B -D- K (177) 4 %R (NMDA) 57 1 & 4%
Y H W58 % B NMDAR 7K - 19 28 4k AT 5% i) 28 fih mf
SAME R AZIE B, Fodh JE LU NMDAR A9 A4~ 18 15 31
% Glu NR2A Fl Glu NR2B 2 [8] {14 H FSF- 167 , 75 58 fit
CIRREEE R il A (S BN N TS U R - N )
B H 3G shE B, I R Morris 7K 2 B S2 8RR I T
KB 2 0 A2 A8 Ty, 45 2 o oR R R 35 J5 , KR
. 24 .

BRI ANE R I B B TR R 2E 2D e AL Y g
3o LR T W , KR A H 05 2w (] 5
W 2 ST IO RE AR LR S A R BR ST 4 R
B i AR 25 K BUTE 5 Y GluNR2B mRNA 3k &
JI # , GluNR2A mRNA % ik & 0| (% ik , GluNR2A/
GIuNR2B [t # % fiif , Z B FH T #lJ5 , W T
GluNR2A 5 GluNR2B 2 [i] {1l .
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