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Effect of Anmeidan in Improving Learning and Memory Levels of Sleep Deprived Rats

Through Mitochondrial Mediated Hippocampal Neuronal Apoptosis

XIE Guang-jing, XU Bo, HUANG Pan-pan, WANG Ping’
(School of Basic Medicine, Hubei University of Traditional Chinese Medicine, Wuhan 430065, China)

[ Abstract] Objective: To explore the effect of Anmeidan (AMD) on the learning and memory levels
of sleep deprived rats through mitochondrial mediated hippocampal neuronal apoptosis pathway. Method: Forty-
eight SD rats were randomly divided into blank group, model group, low, medium, high-dose AMD groups
(4.86, 9.72, 19.44 g-kg'-d"') and estazolam group (0.1 mg-kg'-d"'). Insomnia model was prepared by self-
made sleep deprivation box for 14 days. Morris water maze was used to detect learning and memory levels,
enzyme-linked immunosorbent assay (ELISA) was used to detect the expressions of cytochrome C (Cyt-C) ,
cysteine aspartic acid protease-3 (Caspase-3) in hippocampus. Transmission electron microscopy (TEM) was
used to observe the morphological structure of mitochondria in hippocampus. Protein and mRNA expressions of

Cyt-C, Caspase-3, Bcl-2, Bax were detected by immunofluorescence (IF) and Real-time fluorescence
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quantitative polymerase chain reaction (Real-time PCR) respectively. Result: In the model group, the
incubation period of the platform and the total distance of swimming and the time of first arriving platform were
prolonged, the number of platform crossing and the time of target quadrant movement were reduced, protein and
mRNA expressions of Bcl-2 dropped, protein and mRNA expressions of Bax increased (P<0.01) , and
mitochondrial structure was abnormal with crista fracture, swelling and deformation. And protein and mRNA
expressions of Cyt-C, Caspase-3 increased significantly (P<0.01). Low, medium and high-dose AMD groups
could improve levels of space exploration and navigation of SD rats (P<0.01) , increase protein and mRNA
expressions of Bcl-2, decrease protein and mRNA expressions of Bax, improve the damage of mitochondria,
and decrease the protein and mRNA expressions of Cyt-C, Caspase-3 (P<0.01). Conclusion: AMD can

improve the learning and memory levels of SD rats, the effect is related to the mitochondrial mediated

hippocampal neuronal apoptosis pathway and decrease of Cyt-C and Caspase-3 expressions.
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WICMILE R XCEZ MARSFHICNC T
F#1 WILCKENS %5V 2 1 B AR 5 I 60 2 fiE )
B, KA N RN J0 D i 25 Bl o e PRk HIR 2 i
I (NREM ) 25 44 () 28 A0 T 2405 o 17 — 204 X 41 437
SZ AR A 20 BB AT A R BLR IR R S R
HE o BH S A O T R B A G T SR B A 32 B
T 05 25 0 B R A B B 6 4 D) G BE fi dn
RAEPERIRNRE T R A, i — 2D S il i &
Gy AE 2R AL, B R AR R R AR R

TSI ACAERZE) , AAS R 12 %
& HE R A AR BRI BT Y RO
SR N S NN I = i R (0 i N N
WIBIE 5T e B0 42 SR 16 O[] 4 i B 174 e B ) 25 (SD)
KR 3 B HR LA K 24 ST A0 A2 O FEE 7E I S Rl
b ARSI — 2 as AT N R AR
SREETT R NI I UR T A R 5 4R T X SD K R
2 20K Fe 4 £ C(Cyt-C) , - B R K &
R TE (-3 (Caspase-3) &5 T I R K 20, Sy 2k
MR % HE H 1) 3y Al B 55 14 57 36 2 14t JEL %

1 ##
1.1 5y

Sprague Dawley K Fl 48 H , #fi 1 , SPF

Anmeidan; sleep deprivation; apoptosis; learning and memory; cytochrome C (Cyt-

R (200 ~ 220) g, W T d04A SL 5 S W oE
b, AR IE S SCXK (AL )2016-0002, F4 18 {52 5
Y AR ) BRI 3R o IR EE S ) b fE R E
W, ROK iR OB AR R AR B AR SIS AR A W L
o R 25 R AR S S ) AR B R S .

1.2 25 Rk LR P A R 45 20 g,
NS R B R CHAK 12,158 g, AETE.
TR T CH R 45 4 g L (AL b R 25 KA [ R
IR BHE L2 b, 2 W b b B 2 K2R 2 B K &
HREENFALHMME, RAKRFE W TEY
2 g-mL" B HIA] 4 °)CLRAF ) ;s SE R M4 (AL A e A
Vil 254 B2 w45 H42022458) 5 K Bl B itk 12 44
Jf1983 -2(Bel-2) , B ik [ 40 i 87 -2 OCHK X 2 1 (Bax ) ilf
B¢ 0, 58 W B I 5 (ELISA) 3 F £ (b 96 i 156 4 1 BF
ST T, 45 43 51 m1003257, m1028370) ; Cyt-C i
Uik, Caspase-3 S HL A , BUR i A AL 9 B A5 i L
P RBERRE M (1g)G P (RN B R wEY
BHH A B A S 4 i o A0225, A19654,
ASO011) ;trizol RNA $2 BUA ) (55 E FE 8K C i /R BH
2 H) L, #E5 15596026) ; PCR J % 55k 7] &, PCR 2
N AR R (BRICE R s AR R A R A AL S
W1 RK20400,RK20600) .

1.3 XA F ] AR R ZF A, ZHO0065 B Morris 7K
TR E I 3 BT R GE (R BOE SR A YRR & A A
7] ) ; SpectraMax M5 ! £ I fg W b5 1L ( 3 [
Molecular Devices 2\ & ) ; DVM6 %l i 5} 6, 55 ( 1 5]
Leica /2y Al ) ; IX71 8158 56 48] & W 3385 ( H /K Olympus
75 #l ) 3 AVANTI J-15R A i 3 ¥ VR 25 0 L ( 55 [
Beckman Coulter 7 BR /A #] ) ; CFX96 Bl 52 i} 9¢ Y &
55 W BE XV (Real- time PCR)AY (32 [ 1A 4R
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YNEIDE S8 Mo SC MG I AR IR A, 4 R OK IR T 22 ~
2 FHik 25 °C,

2.1 SDHEAINI & S35 AH I ki1 T 27 5 K3
BioME NG H F . MEIRFFR LR E AS, K
75 cm, %t 50 cm, 5 36 cm, W EPE 6 N i#E K H A
8cm, i 8 cm 4 J@ F &5, & 2x3 HEF , °F &5 A B@
15 omo 5250 ok A% v AE A N TR K AR RE K IR T
P lem, REFEFH L AHE . 2 KA RE
HRTR 25 I A1 4 B JUL PR 0 T Ik il K T TR L AT
FZF REM MR AR . 0358 X6 HR A 5 0 B 3410 25 AR AR 01, (2
FE4 BV b RCE Bz W R E K B A R Bl
TE R AR 0 AN B A K R B R AT A AR, B 4
K, SR R BRIP4 % G N R B 4 b, R 25 e I R
ZF 14 d.

22 SHIKRZ KEBEHLECTE R N IE R4,
BERY2H S e 2 R SR PHIE P s R = AL
H8H, B A K20 g, NS EL LY
H& 12 g, 1238 e, AEWH HKT HEL4 gL
A AL, K 15 A% &2 i 30 min I 3C kAT
30 min, RN 10 £% 57K, BiZ% 20 min J5 i 98, & I
iU R A ARG 2 gemL . ARHEC 2 25 BT S
) 2 D) RS A 25950 B 5, )kt
i I (4.86,9.72,19.44 g-kg'-d)HFEE A
[ei) 70 i (R K R o SCRD e 41 H 42 0.1 mg-kg '
MR, AU L IE WA TR A K LG
14 do XEAKRRA LGN RGEILE24h N
W HI: ES B R0 3 20 fi R o A5E 28U 2 % LU IF R 2 B AR B
V) 47 5, 1% Sl R R AE K (P<0.01) , 0 B A R g 2 1)
W1,

F1 BREFDLELER (I+s5,n=8)

Table 1 Experimental results of autonomous activities(x+s,n=8)

215 I M B[] /min 1% 3l F§ A2 /em
1EH 389.20+13.01 598.63+16.24
e 167.54+16.63% 896.12+20.17%

S IEH 4 e DP<0.05,2P<0.01.

2.3 Morris KR E KM KEE 4RI, E L
FLAT 52 58 73 591 B 4 4> G BR IE v I BE A K R 30 5%
K90 s & 38 £ i 1], 3 D ok ik v AR 30) ol it
RAEFR BN WK KRG 2 2P 648 15 soifk. BX
PR 17825 do 2SRRI 5 6 RIEER-F
G5 # WP F — R A K TR SR KR 90 s IR 5
M A, H bs 5 RR 5 B I ] LR 5 5
B, BoHE R 4R B Morris K i B BRI R 4
. 40 .

24 FEACRAE BUOMET1 dKRREEEAEEK,KH
PL10% /K& G5 3 mL kg BRI K B, K4 o B 4
M, AR AR BT mmx1 mm i SHAEFE T 2.5%
80 R, DO hR AR [ E T 4% 1 2 3R
W, HARFEARVRAE T80 *CUKFa £ H -
2.5 ELISA A K BUE 5 Bel-2, Bax Fr it
FE 0 M By 21 1% R R S ST 3K AR TR B O HL
15 000 remin" & .0> 10 min, W4 3, AR 5 Br 5538
& UL B RS R AR B AL 4 0 R DR
100 pL, F 450 nm F £l Bel-2, Bax MG E 4.
2.6 iE GBI D R R KSR [ E T
O3 ) 2 W R h 2% vh i (PBS) P %k 30 min, 1% P44 1k
1 7 2 b, ARV VR B R R T R K A B IR SRR
JR¥2 5 AL WD) (70 nm) fl e BT YL A FE 0B
S T MERIF IE, FE MR LRI R K
s 1 e A 5
2.7 PE DKM Cyt-C, Caspase-3 Y 25 F1 2 3K
Qs O el o O ) B e 7 Dl i DA W8 3
Jei, 3P 2 hy e B A, 4 i i TB'S 28 b id
il B Cyt-C, Caspase-3 HL /R Fi B (1: 100) 9 7 1
W IR B R YUAR T AR, TBST #E %% 17K, 5 min, B
T WEOGIE N2 BT (1:1 000),37 °C,#E, HEH
1 h, TBST ¥ 17K, 5 min; 28 wf ik TBS ¥E 4% 3 1K,
5 min/¥K ;7 i DAPLAE YL 4l % , Z5 Bk TR, 2% vh
T TBS PRI 3K, S min/ik ; %6 I flUBE N WLER .
2.8 Real-time PCR £ {ll Bcl-2, Bax, Cyt-C,
Caspase-3 mRNA ) & ik F il 5 4 81{H A} RNA
f2 MW (trizol) ¥ 2 MU S RNA., & RNA
(0.5mg-L") 1 pL, MAGI# (0.2 mg-L") | pLii%%
5S¢ cDNA,cDNA 2 pL 4k 438 45 BEAK R Ry 1148
94 °C 3 min, 1 M E X, A8 1 94 °C 30 s, i &k 8 °C
30 s, ZEMH1 72 °C 45 s, JEF 40K . RG H a5 C,
. PhB-actin AN S, K H 229 B % 41 mRNA /K
L5191 is H Prime 5 844, B Blast K0 5| 4
P34 J5 17 50 L R A0 B DG RCRR B T 51 R
DUBEAE IR AL W AR AT B "G L P8 L2 2.
2.9 HiiteEAb PR SPSS 21.0 48 i b PR A A %K
P5 , DL x+s F 7R, Morris 05 2% H & 2 0 & /9 7 2243
Br, A Bl P B R 22 0 22 4 M gEAT AL I L 3R, P<
0.05FREFAGI¥E L.
3 &R
3.1 Xt SD K= iCRE T sgm 2 6 AitA T 5
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#2 PCR3|#FETF
Table 2 Primer sequence of PCR
519 Feal(5°-37) KB /op
Cyt-C Fiif AGGAGGCAAGCATAAGACTGGA 215
T GGTCTGCCCTTTCTCCCTTCT
Caspase-3 % GAAAGCCGAAACTCTTCATCAT 93
N if ATGCCATATCATCGTCAGTTCC
Bax i GGTGGTTGCCCTTTTCTACTTTGC 113
¥ GCTCCCGGAGGAAGTCCAGTG
Bcl-2 Fif GGGATGCCTTTGTGGAAC 148
T GTCTGCTGACCTCACTTG
B-actin [ lf CCCATCTATGAGGGTTACGC 150

N TTTAATGTCACGCACGATTTC

B4R WK, 5 IE R A R SRV OV A0 R
B0 A, SRR 2 LU AR, 2 BRI L ) R 2
TS VR AR 8 B 4 R (P<0.05, P<0.01) ;%5 ] 45
LW R BN, 5 IE 54, B4 9] K 8] ik

£33 ZRAMSDAREMMITERFEERBHIRI (x+s5,72=8)

- B ] RE A B T B> H AR R B2 )
B[R] D (P<0.01) s 5SS AIA] b4, 23 PG P
A ZF R EOF 5 OO E AR 52 BR S [R] 35 580, 40 9K 2
- 45 B 18] 45 %5 (P<0.05,P<0.01) . WL 3,4,

Table 3 Effect of Anmeidan (AMD) on positioning experiment platform latency in SD rats (x+s,n=8) s
45 /g kg! EAN Hi2 K H3K %4 K HisK
IEH - 20.40+1.36 18.22+1.25 17.21+0.98 13.65+1.42 10.40+1.95
B - 60.63+2.96%) 61.03+2.36% 58.36+2.03%) 60.93+3.39% 59.52+3.46%
LA e 1x10* 57.36+3.21 55.36+2.39% 47.69+£3.01% 42.87+2.35Y 36.23+2.08Y
RS 4.86 59.63+£3.45 56.23+2.02% 56.32+2.29% 53.26+3.13% 50.92+2.214
9.72 58.66+2.86 51.23+3.23% 45.32+2.01% 41.20+2.36% 40.23+1.06Y
19.44 59.63+£3.25 54.47+3.51% 48.25+3.15% 41.87+£3.14Y 38.20+3.01%

W S IE R 4L Y P<0.05,2P<0.01; SR L Y P<0.05,4 P<0.01(£ 4~7[F] ) .

R4 ZRAXNSDARZERFIZWAMFI (3£s5,n=8)
Table 4 Effect of AMD on space exploration experiment in SD

rats (¥+s,n=8)

£S5 RFEAISDKXRED Bel-2,Bax K FEHIHIM (xts,n=8)
Table 5 Effect of AMD on hippocampus Bcl-2, Bax levels in SD

rats (¥+s,n=8)

4] 7 LN e FREWRE  HRRRiE ) g1 billh=:s Bel-2 Bax Bel-2
/g kg 15 [ /s IR I [H] /s /g kg /ng-L"! /ng-L"! /Bax
EH - 6.35+1.12 6.63+0.68 32.05+£3.45 1 - 24.75+2.54 46.41£3.78 0.534+0.05

iR - 19.83+1.91%» 1.23+0.29% 10.78+3.53% Y - 6.23+1.202  106.33+8.45  0.06+0.01%
L 1x10*  11.88+2.09% 3.20+0.45% 20.12+2.52% pasilliEey 1x10* 13.20+1.08% 75.29+£5.19  0.18+0.02%
RS 4.86 16.56+1.03% 1.69+0.13% 16.01£1.56 LIETT 4.86 8.87+0.42% 90.28+4.16%  0.10+0.02%
9.72 12.96+1.05% 2.12+0.36% 20.32+2.019 9.72 12.07+1.16Y 80.20+4.179  0.15+0.02%
19.44 12.05+1.15% 2.25+0.24% 24.30+2.28% 19.44 14.23£1.109 78.45+3.567  0.18+0.02%

3.2 % SD K 5 Bel-2, Bax K FER 0 5 I1E
WA H R, R AL 4 41 Bel-2 A R W R Rk,
Bax /K F i 2 F+ &, [6 I Bel-2/Bax [ 4% (P<0.01) ;
SRR B R PR b R S R R T
T Bel-2 /K F i B A% T Bax 7K °F , Bel-2/Bax F+ 5 ( P<
0.01), H i ¥ & AR S i . DLER 5.

3.3 Xt SD KRG DR MARIE SR RZm 1 & 4140

i 25 K B 58 e, SORE AR OR DL T S B B, R/l
o R SR SR IE IS RS BB SR . SRR 4L I
B, B SR ATE 25 i A R W M Ik A A
WAL, BT RE AR B, s 7 2R B R e
50 R AL L, B R v AL R A 45 4 ek
B, AN DL o 0 T 2R i R R R IS AR X R . R
R G B TR . W 1.
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AGEH A BRI C L AIME S A DR FHIR I I 4 B2 R T
R e 2 5 F 22 R PR e R AL (18 2,3 )
E1 XEAXNSDAREZEZNERS
5000)

935 M (3 6 BT, x

Fig. 1 Effect of AMD on hippocampus mitochondrion in SD rats
(TEM, x 5 000)

3.4 XF SD K R & 41 41 Cyt-C, Caspase-3 5 H %
KB FE R A A A 2089 Cyt-C,
Caspase-3 FE M FiA, TEEHMF M EIL, SIEW
21 L, R 4 Cyt-C, Caspase-3 8 H 315 13 i 3%
B (P<0.01) , ¥ DX 43 4 45 £t 30 25 4 < DB
A7 GEIRA L, B PHIR R R 4 Cyt-C,
Caspase-3 £ [ 15 1 A [A] B2 B F B (P<0.01) , 4[]
xR BAGIT¥E L, WK 2,3,%6,
3.5 Xt SD K R ¥ & Bcl-2, Bax, Cyt-C, Caspase-3
mRNA £ 5 IE % 4 AL, #1584 Bax,
Cyt-C, Caspase-3 mRNA A X & ik & W 2 F+ /& (P<
0.01),Bcl-2 m RNA A X} #1553 T F&(P<0.01);
5B PR, 2 R PHIK L R i 2 24 i Bax,
Cyt-C, Caspase-3 mRNA #f X} # ik i T Ff (P<0.01),
Bcl-2 m RNA M X 3 ik & 7+ 5 (P<0.01) . H L& 57
i 2 RO TR 4 W3R T,
4 itig
i B 5 112 2 TR i e e A 1 A B I RE e AR
- 40 -

E F
B2 ZEAMSDARBED Cyt-CEE FRIZH M (K
G, x 200)

Fig. 2 Effect of AMD on Cyt-C protein in hippocampus of SD
rats(IF, x 200)

A B
c D
E F

Bl 3 Z®EAXSDXRED Caspase-3 FE A 515 89 I ( f g 5%
I, x 200)

Fig. 3 Effect of AMD on Cyt-C protein in hippocampus of SD
rats(IF, x 200)

7 Mo IR B BE IR (REM) F1AE e IR 2 bR AR
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YRR, B 47 A e IR 3 o 42 ey 2 o w398 P a3 i 45 Bl i
TCH A o T I B S 2 2 5% e ¥ T 4 2 4 Ak R



526 B 24 ] HEXBAFZRS Vol. 26,No. 24
2020412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020

R 6 RFEISDARIED Cyt-C, Caspase-3 B 5 RiE R ELLE
(x+s5,n=8)
Table 6 Effect of AMD on hippocampus Cyt-C, Caspase-3 gray

value in SD rats (x+s,n=8)

21 51 il /g kg Cyt-C Caspase-3
EH - 28.82+3.65 32.26+2.48
LAY - 109.17+4.362  98.43+4.25
A 1x10+ 54.69+2.18%  47.24+1.959
LS 4.86 88.07+3.329  75.62+1.07%

9.72 75.14£2.47%  69.21£2.179
19.44 69.47£1.90Y  60.53+2.41%

WK, 3 B VR 1 #2488 5% 9 (BDNF) 45 33k
T R B AR 5 il T 3 R e AR g e A2 [
T A 14 AT 5 K S0 B I R 2 2 T R M 40T A
Wit S8, IR I X — B4 AT RE 5 IR R 25 BT 8000
TR T REAR G, ARSIk TR PR A A A
M 2 > 842 K7 3 Morris K KB 45 & LY
REM B B¢ 3 25 J5 , SD K B 30 B 1 1Y) 2% > e 12 B
T, 0 42 5 P15 AS )RR 3 o035 T SD R BLI 2%
SIRISE VY, & o

20 L TR A AR W IR N T AR R e i
TR B R A R PR N A R B A AT

X7T1 REAXSD KRiED Bel-2,Bax, Cyt-C, Caspase-3 mRNA FRIZEHI MM (¥+s,n=8)
Table 7 Effect of AMD on mRNA expression of Bcl-2, Bax, Cyt-C, Caspase-3 in hippocampus of SD rats (x+s,n=8)

2 53] /g kg! Bcl-2 Bax Cyt-C Caspase-3

EH - 1.00£0.10 1.00+0.08 1.00+0.09 1.00+0.08
AR - 0.23+0.022 3.53+0.14% 2.96+0.13% 3.87+0.08%
B 1x10* 0.68+0.08% 1.96+0.06% 1.83+0.04% 2.07+0.07%
LS 4.86 0.32+0.03% 2.57+0.11% 2.16+0.079 2.88+0.11%
9.72 0.51+0.08% 2.13+0.109 1.90+0.10% 2.31+0.109
19.44 0.59+0.06% 2.06+0.07% 1.880.08% 2.17+0.07%

BT, JEALR R T 0T g 38 R A A7 2 85 i A B —
P EBh R (BB T B AL W dE T AR
PaE W25 T s & B, QBT JR 2206 3R (AD ) ik
SEE YN R T % V1A 5, AD BB H AR BE A B
Ir BUEKTFEER 1 (AB) Al L 5 I T 5L {2 i A
A2 A R B R AR S 2R RIE L
JRT M A A TR Y AT R,
Cyt-C Fll Caspase [ 3 76 & £ Z/EH k7. H
R RAE S A T T EE S S T Xk
20 A 1) R 4R 5 R . Y Cyt-C Mok A rp
BRI IS T AN T 1(Apaf-1) 45 &, T
P I B B B2 1 AP T I 3R A ) i — 2B BT
Caspase ¢ Jfi , H 4 45 2 21 5C 845 H] 19 Caspase-3
S5 b A — 7 D 2 R H 5 DNA B E 1A Kl
J5, BH W 40 B DNA &2 i B2, ) i B B2 i 3K 40
iR O A I VI I 1 O S T i I R
AN

W AR 5 9014 [R) @ T v B B B 9 W | O R
(58 ST = vl VRS BT v e 8 2.9 S N = 7 N
Wy 2s R M il s o 2R PHE D — B IR YT R IR AL 58
J7 AL e IR O B R, PR IR A
AR A T A B I S B AT A T B A IR AR
e fie oo 0 10 2 H AB, L, 5 B0 N R T) RE R

ICESFUNE 3 I - S/ IR e kgt
TG M R R RL T IH S A E
JIr UL 3e B A A6 205 1l | 8 ik O 75 AR R B0 i
T AT DLl 3 B IR [R] B R EL A £ A e A, ol 3t
WCCHIPERT 2 — B R IR WA 1 5 /) o S B 445
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