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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 GIuUNR2B 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 GIUNR2B, reduction in the mRNA
level of GLT-1 and GIuUNR2A, elevation in NDRG2 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 GIuUNR2B, increased the mRNA expression
of GLT-1 and GIuUNR2A, 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

R M — B DL A4 I A RE R, A B B A 3
SME DA AR FE Sy R A T A R O Y e
AR B 9 4% SR SR I M S 25 7™ 75 i
MIIN D) RE LR T VB KOG Y B
i IR 1) 2 4 2 IF [) 79 B 4, < IF i A2 v 4 B B e 12
MIRE St 2 B R AR -8 W 4 9 Y 32 2]
AR 25 28 G 1 IR Bk R 22 1 A 9 R R O i T
20 0 /N JE T 200 o 5 S i 428 0 240 i A B BRE- b T 3 TY
Wl k4% % OB AE ], MOLDAVAN %55 1 BF 58
R, BT S5 A0 AT LA 3 e R A R R T R ) e
MR B, X R A AR . AT, B 2R
I 35 7 0 BIF 90 8 ok s 7 3 96 T R e AL R T
A Jf 35 M A 52 e e BT AN B A TR B A 2
2 T W B % M BI85 % v 2 ¥ 1 4R D, A5 B T Sy B R
I B 3L B B TR 9T

LR A CHER ), FIRIEMW ARG, &R
I I MR 1 28 3844 7, A A i 0100 9 2 8“2 39 T 4

2 B FIR 1) 25 K B HRE IR R 27 ST 122 BB T, I X 3
O R MCT MRS T AW T BN B I
20 Ff 48 R P R B R 2 R R A A 2T e A2
KO K KB S H N-myc K OiF O 8 3 A2
(NDRG2) . Ji 5 £F 4 i 1% 26 111 (GFAP) mRNA Fll 2
2RI B 52 MR, Ay i DR BIF 9 4 (1 BE At A5 4

1 #e

1.1 Zh¥ et SD KB, SPF 4,50 H , & it i
200~220 g, T 15 744 52 5 2h ) o wE A O sy, A
¥4 3IE 5 1107262011001043, ¥4 7] §IE 5 SYXK ( 2f )
2017-0067. fH iR 1H MR 57, SC50 AE B K h R 254
LRy A AR M R R TSR OE E AR AT RS 8 R S 5 5
P8 P15 OR3P AH O HE U HE AT 45 o AR SE 5 AR A W
A6 R 2 KA SR S WA B S By s At

1.2 W BORR RRRFF A R A TR A
AR K199, NS L4 K CHH%& 11 g,
ZT79, A8 LR HE& 49, THdLhBEZ R

. 19 .



5528 55 7
20224F 4 f

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 7
Apr. ,2022

=4 W B 520 I e W S, 22 11 b o B 2 K 2 2 2 e
Bk 2= 204 B8 58 A5 6 25 AR UE i o BT 2o B vk
45 % 1: 1 He 1 (100% ¥k B2 45 F ) i vh 25 K BSR4
MG AEAE T 4 °CUKAR 5 5 3 m) w4 (55 11 240 4 1A
A BRA AL 5 H4302190) ; RNA 2 U 71 & (7Y
4 WE W R A B A E L LS 1800714) |, 2 St
(RT)i& 7 & ( H /& TaKaRa 2y 7 , It 5 RS4501) , &
11 24 g -20( Tween-20, 1 4% 5 @4k TR A BRA A,
it 5 o4 20170918) , f Hit NDRG2 2% 4y 1 4% & R ¥%
iE R -1(GLT-1) Z s Bk . N S hi ik g-IL3h & 1
(B-actin) . BAR 1 & Ak P i (HRP) A5 i th E 41 %
HRP 4510 1L 2 #1 K Bl (Servicebio 23 &, #5543 91 K
GB111833, GB11096, GB12001. GB23303,
GB23302).

1.3 AXEs [ BE AR 2R A , ZH0065 B Morris 7K
KB A>T B G (BB SRR AR R A A BR A
H) ), MA-6000 ! 52 i 5¢ O o & R G W A o s N
(Real time-PCR) 1% ( it & K Molarray 2\ w ) , ABI
2720 A #AF I AL (5% 5 PCRAY , 3¢ [ Bio-Rad A
Al ), IX7TL-AL12FL/PH B % 56 8] & & f 85 ( H A
Olympus 24 7 ) , MLS-3781-PC I i & 7% ¥ K B 44
( H 7% Panasonic 23 7 ) , DY CZ-24KS #I 7 H H, Yk X
MBS R EAERLA),
WGXY Q0004 #! &f 1 #1 (Servicebio /A 7] ) , V370 #l
FHEL(CH A% Epson A #] ), 6300 AL fk. 2% & A (45 77
£ A BR A F) ), D3024R M 4 50 5 3 B O HL
(Dragonlab A 7] ) .

2 Hik

21 FhYEEREIE AN 2O G KRB
A 7 R B R R AR AR TS S G a1 o] B B R 2R
8,1 75 cmx 5 50 cmx & 36 cm , 4 P i E 6 4 iE 1K
H#E8cmxim 8 cem 4 g F- &, F 5 HI KW 15 cm, 5K
5o ok B R AR AR N TE WK, R AFFK TR TP & 1 em,
K 22~26 °C, F 0 25 k22 I, )k e Je Al sk
K B K EURAERDE - & L5 K4, KEAT R

AR ROK ST R B R T OR BB R 1 AR
EVES S MK R A RECGRZS G 25 LAk T
o fl G 7K T Pt T, DA 17 SR <F REM BRI . 34458 X6 R4
K5 e B ) 2 R AL, E7E & R OF & b oy il E B
W, PR UE R B A i I Bl E R BE IR S B AK
5 IR B R BRI T 4] 5 58 AR R 4 h, 457 6 e IR )
Zr14d7. FIH A FWESh A AGe R RN B 96
SO K B IE Sh AR A BT R G Ol 12 h R
12 h Y BREIREOG R, o A I Tt M HIR R 25 4, T 460
B AR K

22 S SHY KEBHENL ha Hd B
20, VG 25 A (SER] e ) RZE S PHIR s A L 45 10
S B B 025 2 J8 J5 FF 06 465 25, AR 7 300 1 s DR O 43¢
IR A A ) T AR S LR AR S R P 2 AL 4G T
YR 0.09 mg- kgt dMEH  WHESHE = A 4L
(4.55.,18.18 g-kg™-d™) 45 T A [] 5] = A 245 7K 751
HEH B S HHS THR0.9%NaCI#EH &K
LR ESE 28 e KB A BT IE B, 40k
FFE,RRKE RoKEREEMZ EL, A
RALTE BN AT, BB A%, A B e B AR 7T
TR, 1 BH A R T

2.3 Morris KK B/ E AL ALAT I 7J<L.D/‘

N A GIR R T K R B F BT K R
BRI, oK 5293 cm. ﬁj\%UU\4/I\§EI3E

TE rpRg R BN BE i A K G2 53k 90 s P R B R 31 [
T SF- & 04 U DK B TR 9 K B R AR DK L A R
B EF & 0 KB M L5 5 27 51458 15 s,
Y5 2 45 RN A 2 KT BR X4 41 K R AT 4T M2 K
W 3% 22 5 d AR AU 25, B R U2k LIk, 58 6 RAIK
B8 7K B T e AT SE . SRR R L
BTR T M BIE &, & A KR T KEE IR
— A BB A K 0 S KR 90 s W) IR A T A B
] 28 8T 5 OB B bR R BR A5 B k). FH Morris
KRB BGRB8 58 U R AR SR A R
PREFLE S, KBTS0k WK 1R A 2,

v S v I

/\F ‘/ ’w\)

E:A 2B A C A MG U DL i PHIR B4 S E. }‘t%ﬁﬂ:mifﬂ‘gfﬂﬂklz €l 417])

B 1 EMATREKRITIHIT

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

2.4 FEARRESE BUMAETLdAREEEE , REK, K
H 10% 7K & S R I, 76 VK 1 20 85 1 B2 o L ifg I 41
2 P R TEAR AT T 4% 1 22 38 Y I 7 T 1 7, L
RARAAT I 5 766 T80 *Cok A8 % H -

2.5 AEYOLRN K B E NDRG2 . GFAP [ 24
Mok BOH [ E B L2, il AU R, S8R
Bl A& 205 B 2 hy KBRS, % i NDRG2
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Table 1 Primer sequences

519 J741(5'-3") K ¥ /bp

GAPDH  Lif CTGGAGAAACCTGCCAAGTATG 138

Tif GGTGGAAGAATGGGAGTTGCT

NDRG2  LJf AGAACTTCGTGCGGGTCCAT 163

T i GCTCCAACGCCAACTCCAAT

GLT-1 i GAGCCAAAGCACCGAAACCT 114
T iif AAGCAGCCCGCCACATACT

GIUNR2A  L{j# CTCCTCACAGACTTTTATCCCCATC 201
T iif AAGTCTCGGTAGCCAGGGAAG

GIuNR2B il TGGCATCAGTGTCATGGTATCTC 127

T it GACAGCCACCGCAGAAACA
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i, S Xt s RoRn , 241 0] LR B R
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FH /N PE 25 9k (LSD) , 7 25 R 5B, 40 A] He A
% JH Dunnett's T3 7%, P<0.05 2% B A i it 2¢ 5 X,
% JH] Graph Pad Prism 8 24l K] A
3 #£8
3.1 XFREMRFIZF KRB A EIES MmO RIRER
W, 5 g A e AR A KRR T Bl R T A
T (P<0.01) , 545 7Y 2] be g, SC w) e £ 21 22 R
I e ) 20 K BT 2 i AR B I e /D (P<0.01) o
M PR T v, 528 A L A, AR 4 K BRI 3 B B R
B4 (P<0.05) , S5 A 40 HL A, 22 R PHIG 57 4 R R
1 2)) % R 98 2 (P<0.05) , 3L &) e 4 21 12 5 7 71
i 21 K BT 3l g R B 3 s (P<0.01) . Wk 2. O
WA, 525 (14 e, B A 4 KRR 3 3l A [
BN (P<0.01) ; SR A L g5, SC ) e 21 Fn e
SR PR | 791 28 20 K BT 2 s 1) S ) R 5 Ok
/1 (P<0.05), FBEIABE T, 6:00 4 A7 A AL 241 K L
T B B[] 4 2 1 2 4 35 38 i (P<0.01) 5 5 A AU 44 [
B, 3 E) WA 2R SR PHAIG R 2 K BRI Bl
[ A5 AN [) 72 B i 2 (P<0.05) . L3R 3.
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Table 2

G840 (X+s,n=10)

Effect of Anmeidan (AMD) on autonomous activities distance of traveled independently in dark/light environments of sleep

deprived rats(x+s,n=10) cm
SR R BT Sl i R Ot IR IR 2 i AR
4150 /g kg™
0:00 6:00 12:00 18:00
2 HA 908.62+82.55 596.80+127.00 585.85+61.06 608.08+87.91
TR 4] 1 042.80+272.40" 823.55+123.69? 801.52+91.72% 855.84+117.48%
RS 0.9x10* 743.34+101.2" 637.00+134.01% 686.50+107.64% 692.05+165.82¢
2R PHIG ) 21 455 815.14+275.80% 684.98+86.50% 546.66+145.25% 715.44+87.48"
B P A A 18.18 715.695+163.30" 604.50+159.77% 577.76+96.44" 692.13+92.04"
TE 578 (41 VP<0.05,7P<0.01; 5 B A L 4% ' P<0.05, 4 P<0.01( % 3-% 8 [fl)
3 ZRAMNEBRISFARBHE/ABHRETEEERBEMZM (X+s,n=10)
Table 3 Effect of AMD on autonomous activities time of rats in dark/light environments of sleep deprived rats (xts,n=10) S
BT PR BE 0 Bl TR 6 IR BT 1% Bl ]
4151 F /g kg™
0:00 6:00 12:00 18:00
4 114.19+3.20 100.21+8.94 89.81+3.73 97.45+5.42
AR 21 119.50+1.07 110.41+4.23% 106.01+4.00? 111.71%3.23%
prai s 0.9%x10™ 105.37£7.57% 103.205.64 94.12+5.75 105.03+6.70%
LR FHR ) 4k 4 455 107.50+6.73% 102.65+8.60% 95.79+6.82* 105.62+4.74%
LR v 79 Ak 2 18.18 104.54+7.02Y 103.89+7.96% 94.88+8.95" 104.12+5.76%

3.2 XPREMRAIZF KR ES AL 55
1A B AR A R B P 5 i AR 0 A K i Tk
B R B R (P<0.01) , R BB & B0 2
H #5 % BRIz 2l i 8] 9 /0, 2 b AR 4 PR S B R W 3
I/ (P<0.01) ; 5 RIY A b A, 30 wI w2 4 22 3
(SN RN A G = MR XV R R s Y i
¥ 4 2 45 0 (P<0.01) , 3¢ A e 21 22 S PHIC o5 5
2 09 K BRUEE BT 5 OB H AR 2 B A2 B B ) 23
e, gEE bR g IR R W] SE K (P<0.05, P<
0.01), WLK4FES,

3.3 X AR R 25 K BLHE St NDRG2 .GFAP 3K ik 7K
FSE I RRESOE IR BN, 5 AL
B R K B T CAL X NDRG2 (4% (058 )t ) |
GFAP (L 82 5t ) BH M 240 i %5 it 3538 i (P<0.01) 5

x4 ZRAVNERIFXRLEFS
(X£s,n=10)
Table 4

BRI EBRENT D

Effect of AMD on positioning experiment platform

latency and total swimming journey in sleep deprived rats (Xts,

n=10)
415 MR moms ek B R om
/9-kg

25 H 4 25.41+17.77 392.89+144.35
LRI 20 59.34+11.40  809.01%+155.26%
JCE) e 2 0.9x10*  35.43+16.35"  577.71+105.50"
GARFHIL 4] 4.55 38.07+17.76"  462.99+163.40%
LRSI A4 18.18 31.16+14.27"  456.79+106.45

L N I A R O I PR (RN
KR 5 CAL X NDRG2 il GFAP [H 14 41 it 54 = 34

B E > (P<0.01), WK 36,

F5 REAWMKRZERZENNEI (X+s5,n=10)
Table 5 Effect of AMD on space exploration experiment in sleep deprived rats (X+s,n=10)
4151 HlHElg-kg? LT 58Uk H b 4 FR i ] /s H AR S B S B FE fem

2 HA 4.80+1.69 27.77+5.46 381.23+91.23
I 2 1.70+1.16 20.99+6.71% 285.63+73.64"
Pl e 0.9x10* 3.40+1.51% 29.83+6.76% 392.66+103.35%
B PHIC ) 5 21 455 3.60+0.97% 29.21+8.98% 403.95£122.12%
B R 2R 18.18 4.60+1.17Y 28.65+6.32" 386.12+46.75"
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Fig. 3 Effect of AMD on NDRG2, GFAP protein in hippocampus of sleep deprived rats (IF, x400)

R 6 RHEANERFIFKXRIED NDRG2/GFAP #E i 7 St 38
G850 (X+s,n=10)
Table 6 Effect of AMD on hippocampus NDRG2/GFAP

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

. . ., NDRG2/GFAP 35 fif
Eigi| H /g kg™ i
S EA 39.966+5.887
BRI 82.326+2.260%
SC e 4 0.9x10* 64.941+5.145"
LSRR 41 455 67.687+4.074"
R v 7R ik 18.18 56.877+4.831%

34 XJ BE AR ) F K ¥ 5 NDRG2. GLT-1.
GIUNR2A .GIuNR2B mRNA ik sZm 525

2L B, B A R BT 5 b NDRG2. GIuNR2B
MRNA A Xf 3= 3k £ 1 % J+ & (P<0.01) , fif GLT-1.
GIUNR2A mRNA X} # ik i B & F# L (P<0.01) ; 5
P 2 bl A, ] A R 22 R PRI L ) 4K R

7 T NDRG2.GIuUNR2B mRNA #f X} 3 ik 1y I &
M, GLT-1.GIUNR2A mRNA AH % % ik £ W] @ 1 &5
(P<0.05,P<0.01)., W37,
3.5 X AR R 2F K UG S NDRG2 \GLT-1 45 FH & ik
MRz 525 A R, B 2 K B 5 NDRG2
EHREKFRBET R, GLT-1E A LB KT8
A (P<0.01) ; S A2 L i, 8 ] e 21 28 35 )
% L 75 77 21 K BUIE D NDRG2 2 H 3 1k K OF i 3
AR, GLT-1 45 A #35 KF % 7H i (P<0.01) . I
Kl afks,
4 itig

M I 2 A Mg ) 2 A AR BRI ik AR U2 RO B
A, W B S 25 6 2% 200042 R ) AT AR T
Al 1 B S BTG B AR A, R T B R
TR AR Al R AR S 28 R G 4 ATIRES AR 5 4
R B AR R 2 5, O I8 2 R WG R B 0 RO IR AT
T2 A B A 5 B s R AN TG Bl e A s T AL

. 23 .

1=
=4

1



5528 55 7 1
20224F 4 f

PEXEAFFERE
Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 7
Apr. ,2022

R7 RERAMERFF AR ESNDRG2,.GLT-1.GIuUNR2A (GIuNR2B mRNA #8%f R iX B A (X+s,n=3)
Table 7 Effect of AMD on relative expression of NDRG2, GLT-1, GIuNR2A, GIuNR2B mRNA in hippocampus of sleep deprived rats

(X£s,n=3)

205 F 4 /g- kg™t NDRG2 GLT-1 GIuNR2A GIuNR2B
=K 1.01+0.06 1.00+0.04 1.00£0.05 1.00+0.04
LT 2] 1.58+0.17% 0.34+0.07? 0.31+0.01% 2.03+0.20%
Bl 0.9x10* 1.30+0.09% 0.67+0.16% 0.46+0.04% 1.91+0.25%
TR PHIR ) 4k 41 455 1.23+0.20 0.76+0.14% 0.50+0.08" 1.76+0.35%
TR PF A A 4 18.18 1.30+0.22% 0.80+0.13% 0.57+0.04% 1.12+0.14%

. B 3205 S B B, R e 3R B W e 0y 2R B

NDRG2 W WP G W W 41 kDa

GLT-1 WD W S w— G- 3 D:

A B C D E
B4 RRAAREDNDRG2.GLT-1EAFRIKEK
Fig. 4 Electrophoresis of NDRG2 and GLT-1 protein expression

in hippocampus of rats in each group

®8 TRANMERINSFAREDNDRG2.GLT-1EBREHNF
fig (x+s,n=3)
Table 8 Effect of AMD on hippocampus NDRG2, GLT-1 gray

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

2531 F4t/g-kg® NDRG2/B-actin  GLT-1/B-actin
24 0.305+0.075 0.650+0.230
LT 2] 0.615+0.175”  0.345+0.095%

A e 0.9x10*  0.355+0.075”  0.470+0.140%

L PHIL T it 2 4.55
LIRS RA 18.18

0.370+0.080°  0.485+0.145%

0.360+0.081°  0.501+0.141%

N TR) AR B A 30 4 e R R 2 R B % R
BT HE AL . Glu J T AKX 32 2 10 2% P b R,
GABA J2 H X H 2 1 3 il 4 33 BT, 9T R, Glu,
GABA 78 5 1% Ji% 5 41 i i s A8 4 45 o 1 o 2 4
HEAE T, B I 0 40 AT LA i R A R 1A Y
B )% W I A B, o B R R A R e Gl il
1 WO N-H 56 -D- K (17) & 2R (NMDA) 57 14 & #%
YER W58 & B NMDAR 7K - 19 28 Ak A 5% Wi € figh ]
M RNCAZIE i, Horp R L NMDAR B9 P A~ 18 715
% Glu NR2A Fl Glu NR2B 2 [1] fi4) H 51 , 77 58 fiph
A YA R PR AR ARSI TR R
B E TG S B, IR FH Morris 7K 2K B 5256 4 T
KB 2= 20042 68 01, 45 R 7 R B R 357 5, R R
. 24 .

TN R OF BB TR A 2E ) e A Y g B
3o LRSI , KRB H 305 2 i (8] 5] # RE
W 2 ST IO RE AR LR A AR BR ST 4 R
PR, i AR 25K BUTE 5 Y GIUNR2B mRNA 3k &
TF 5 , GIUNR2A mRNA % ik & 0| [ fik , GIUNR2A/
GIUNR2B [t # & fiif , % FF T 5, M T
GIUNR2A 5 GIUNR2B 2 [a] (1) -5

WF 9% B, 24 A M 55 1 5 B R it B L
2 4 M A R AT 4 AR 45 22 D il 28 R G A
Ko GLT-1TEh MM & R g F 2040 T 2 IE K
A, GLT-1 9 2 I8 WT RE i o 4 20 R % Ay M 2 M AE
FH 7= A M O G il 2o B B . B2 T M I 440 M T 3
if GLT-1 9 35 4% 20 B2 (9 4 5 vas 1, o8 42 5 fik 4 411
B E R 2 AR T BE A i 2 il aT M. N-myc 2
Myc J5 g Jik PR G 05 19 B, 7E B 48 O A 3k R v A 1
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Jit H s SR 2 Gk R SE & B NDRG2 15 f J2 ik
B, 1 GFAP 76 ¥ D vh e ik M 3255, NDRG2
O LR AR AR AT DB e B R e I 40 M v 3 PR AR AR
NDRG2 ] LU il #% %% 5 I+ -« B (NF-xB) i £ ik
MUK /> GLT-1 [ 3806 o A58 2B, NDRG2 [ it 2%
U TR M R T S I A0 3 2B R AR BN X AR
TERE A e S B EAER, BB EREAT
GFAP & iy ik,

LR P IR 9T O IR A 28 3 44 7, W A I Hh K
B4R P AT A R0k R I R HE AR R 2
i A A A R0 b I R R 2 R RROPL IR A RE = AR
TR 2 B IR A, L A A B Rl R R
RS FNMI R 1R 22 2 BN S E 4
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