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[ Abstract]
the synaptic plasticity marker protein and synaptic ultrastructure of the hippocampus in the model rats with sleep deprivation,

Objective: This paper aims to study the effects of four weeks of aerobic exercise combined with Anmeidan on

thereby investigating the possible mechanism of its action to improve the learning memory of rats with sleep deprivation. Methods:
50 Sprague-Dawley (SD) rats were randomly divided into blank control group (group C) , sleep deprivation group (group M),
aerobic exercise + sleep deprivation group (group MEX), Anmeidan + sleep deprivation group (group MA, 18.18 g-kg"'-d"), and
aerobic exercise + Anmeidan + sleep deprivation group (group MEXA, 18.18 g-kg'+d"'). Anmeidan was administered by gavage in
the MA group for four weeks. Aerobic exercise was performed in the MEX group for four weeks. Anmeidan was administered by
gavage in the MEXA group in combination with aerobic exercise for four weeks, and sleep deprivation was performed for 72 h by
using the multi-platform water environment method. At the end of sleep deprivation, Morris water maze was used to assess the
learning and memory ability of rats in each group, and hematoxylin-cosin (HE) staining was used to observe the morphological
changes of rats' hippocampal neurons. A transmission electron microscope was used to observe the synaptic ultrastructure of rats'
hippocampus. The expression levels of brain-derived neurotrophic factor (BDNF) , tyrosine kinase receptor B (TrkB) , cAMP-
response element binding protein (CREB) , postsynaptic density-95 (PSD-95) , and synaptophysin (SYN) were detected by
Western blot, and the real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) was used to detect the relative
mRNA expression levels of BDNF, TrkB, and CREB in the rats' hippocampus. Results: Compared with those in group C, rats in
group M had significantly longer latency and total swimming distance on the platform (P<0.01) and a significantly reduced number
of traversals across the platform as well as the residence time in the target quadrant (P<0.01). Part of the hippocampal neurons
damaged, with a reduced number, disorganized arrangement, fuzzy synaptic gaps, thinning of post-synaptic dense material, and
uneven density of synaptic vesicles. The protein expression levels and relative mRNA expression levels of BDNF, TrkB, and CREB
were significantly reduced (P<0.01), and the protein expression levels of PSD-95 and SYN were significantly reduced (P<0.01).
Compared with those in group M, rats in MA, MEX, and MEXA groups showed a decrease in latency to platform and total
distance swum, an increase in the number of traversals across the platform and residence time in the target quadrant (P<0.05, P<
0.01), a reduction in hippocampal neuronal damage, a better arrangement, a more intact synaptic structure, a thickening of post-
synaptic dense material, a uniform density of synaptic vesicles, and an increase in the protein expression levels and mRNA
expression levels of BDNF, TrkB, and CREB (P<0.05, P<0.01). The protein expressions of PSD-95 and SYN rose (P<0.05, P<
0.01). Conclusion: Aerobic exercise combined with Anmeidan can improve learning memory in rats with sleep deprivation, and
its mechanism of action may be related to the modulation of the BDNF/TrkB/CERB signalling pathway, up-regulation of the
expression of PSD-95 and SYN, and improvement of synaptic structural damage. The combination of interventions is superior to
single exercise or drugs.

[Keywords] Anmeidan; aerobic exercise; sleep deprivation; learning memory; synaptic plasticity; brain-derived
neurotrophic factor (BDNF )/tyrosine kinase receptor B (TrkB )/ cAMP-response element binding protein (CERB)
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i 190~230 g, W 3E F I 7 KA EWHE R B A RA
A, A IES SCXK (L )2020-0001, 4 7 F 1t
e 25 K23 W B b DR R D7 IR EE 20~24 °C , A X I
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S, RH 10 H .

1.2 ¥ AR5 R R EH AR A R
oy Fl AR B ZE 51 23 o A (4 5 HLK20230524001) , 5%
5 G B EER
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RNA B & (b R ER A RA A, 85
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W52 324 7 £ (26 18 Thermo 23 1), 585 A53225) ; Hi AR
o AL P B (HRP) - 1L E 40 e e 2 BR 11 G (1gG) .
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R A RN AL B85 PO013D) 5 e T A&k — 4t
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TESR L R BRI i R BRI . 7K ok B A T 43
POk RS AN S R TR 73 S Fav TR e ¢ A IV
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A =80 °C KA A7 %5 FH
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PR o i) 4 2 BB B R R AT K A
WG BT Y R L g SR ) (& 4 pm) ,
T P 2R 2 T O 0 A B RS 95 K R G 4 it
W LT Y A R, e 2 K R TR R B R A
IO WA T R 2 e IR A A5 4 HESIE DL .
2.4.4 U SR ZUE G EOW A R E T B E
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Pk 3K, 1% SR & 5 2 h, B 5 6 P9 R A 2
K, N B AL R 4 B E I E B EREG 2RV
Rl U 8, SR T AR O S LB WL SR AR
fik 7 TR A A

2.4.5 2 905 B3 v (Western blot) K6 I 5 T4 A&
HAEE W URAE I T AR 2 2187 sl /N R, in A
22705 TR 2 U BT A R AR R AR AR e LR
VK 30 min ff 2] 3% W 5¢ 4 24 % , 4 °C .12 000 r-min’
B 5 min(BOFER TS em) I FIER . R
BCA B E & M R R U B3l S s<aEH T
FEGE T BIR A J5 TR K TP N 10 min, 118 A
SEAEME L B 10% 43 35 R 5% We 46 B, F 4% U
AR R AR BEAT HL UK (B T, SR 5 o 2 o 1) 3R A — 9
27 (PVDF) BT A 5% Bt g Wik vf  7E 45 K 1R
M1 h, i A #i B — 4T BDNF (1: 5 000) ., TrkB
(1:5000) .CREB(1:500) .\PSD-95(1:1 000) ,SYN
(1:20 000) ,4 CHHAL KIS, BE R Z R —B1 B
ZH(1:10 000) JFFE PRI E 1 h, FH TBST I 6 , Wi
BB T 0 1Y 9 A R OGEE (ECL) R & v W 3 5 1Y
AR ETEAN R . AR S AN [ i R R R O A
5%, R Hl Image TE 53 B B AR SR 1K BEAH -

R2 BEEPERKERRAXMERINSZKREZIBIZHFME (x£5,7n=10)

2.4.6 Real-time PCR K IV 5 {241 21 mRNA % ik

ILUR AT 10 330 40 1 T A 20 US| ] TRIzol 42 HUiEE
ok 4] 41 5 RNA, 5% 5% 3k ) & 30 5% 5k
cDNA, 5Lk ¢cDNA i B4l i#F 47 PCR ™3 o [ B 44
Z MM A SYBR Green i & W, I N5 4%, DNA
template, ddH,0 %5 . KN 554 : 95 °C .5 min; 95 °C .
105,60 °C .30 5,40 M i3 . L GAPDH NN S, fifi
FH 22915 H A5 mRNA £iK & o 5149 B 04 24 m A=
PR A RS B, 51 LR 1,

*1 s5|¥F3
Table 1 Primer sequences
EE7] JFE1(57-3") K /bp
GAPDH ¥ ATCTTCTTGTGCAGTGCC 237
i CAGCTTCCCATTCTCAGC
BDNF - AGGGGCATAGACAAAA 100
T it CCAGCCAATTCTCTT
CREB W TTGCCCCTGGAGTTGTTAT 113
T it CTTGCTGCTTCCCTGTTCTT
TrkB |- TCGCCAGCAGTAGCAGAG 174

T it ACTGCGGTAGCAGGACAG

24.7 HiiteEdiiE R SPSS 26.0 B 47 £
Oy M FNALER SRR X £ s K, 4] AR H
2 7 2243 BT (One-way ANOVA) . P<0.05 2%
SR

3 &R

3.0 XFREMRFZF KB 2E i w20
AT LB S5 R BN, 52 A4l e, B K Rk
I VR R JUD R U kA R W 3 AE K (P<0.01) , FF
B UCE 3 | H bR 4 RS B ) B S 4 (P<
0.01); SR A A, A7 08 B+ B2 28 R P A
RV A SR8 B+ 3R FF 55 78 2 K Rk sk v AR 0
T Uk B R I 45 5. (P<0.05, P<0.01) , ZF #F 5 1k
B 5 2 | H bR 4 PR A5 B ) B B E K (P<0.05,
P<0.01), UL 2 345 H R B bt Ak

Table 2 Effect of aerobic exercise combined with Anmeidan on learning memory in sleep deprived rats (x+s,n=10)

4 51 /g ke b B TR 01/ U7 Uk A /em SO B IR H h G2 BR A5 B s Il /s
2 H4 17.56+4.36 210.71+45.24 4.40+1.26 35.59+5.90
R 4] 31.79+5.55% 397.74+50.56% 1.60+0.84> 21.83+5.41%
R E s A gL 26.60+4.34 295.02+48.33" 2.80+1.03% 28.68+4.35%
'3 I SRy S| 18.18 26.22+6.117 284.26+47.71% 2.60+1.07> 27.67+5.78%
A 4B B+ P R 2 18.18 24.78+3.50" 247.31+32.84Y 3.60+0.97% 30.31+6.74%

T 5 AL A P<0.05,7 P<0.01; S BERI4T 14 Y P<0.05, P<0.01(F 3 & 4 [d])

3.2 A Ras B IBE RN IR R ST R R S iR
MATTIL S IRI 23 1 4R U 5 A X 4
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A I TC U], 358 43 240 o A T 4, % € R 5 A
T F 35, 47 SR8 B+ B 4] 22 B P+ R 4] A 4R
I8 B+ B PR AR R 2 K RV T A b 2 2 R
Z AL 25 B ot 4, HEB B8 5, 0 43 40 i A A
W AW MR EE . WL,

HAE HH BRI  COZ RS HE BRI DA s B IR A
W E A RIS B+ R BRI (P 2-181 3 1)) 5 21 6 3 Sk A T A0 iR
SRR A 5 B (T Sk bR U AN BT S A 5
E1 AREFBREREAVNERINFAREILAHETHRERS
40 (HE, x400)
Fig. 1 Effect of aerobic exercise combined with Anmeidan on
pathological morphology of hippocampal neurons in sleep-

deprived rats (HE, x400)

3.3 A RIS SR LR B HIR R S O L L A
LE R e TSR SR N W RIE DN R
L A fuh 25 AR ABERH , 5 fk i i M S FRAS 6 , % e [8] B
PR3 Rl R Ml i B TR R AR O fih /N E
— SRR LR A s BB 2 R R T

U ARG B+ R AR R R ik S5 R B e
I fih = U P3G R, 5 Mk /N T X 5T 5% T I
FBRE 5 Mk IR BR S BE IS R o WL 2.

T+ G S s T % A i A 5 280 €0 7 Sk o 3 2 B S L Sk
i T 5 fik /1N
B2 AEREFKARRAMNERINFXNREDERMBMEGH
M GBS, 15 000)
Fig. 2 Effect of aerobic exercise combined with Anmeidan on
ultrastructure of hippocampal synapses in sleep-deprived rats

(TEM, x15 000)

3.4 A s BN ER G LR PR i IR 3 25 R R E R
BDNF/TrkB/CREB {55 7 il % & (1 R L 5%
20 Ho Az, 17 4 3§ T {K BDNF , TrkB .CREB & H %
TR AR (P<0.01) s AU LA, A s sl +
GRS SRR B R SRR R S PR S E UK
¥ T K TrkB.CREB ,BDNF & [ % ik B . 7} & (P<
0.05,P<0.01), UW.3&3.El 3.

%3 BEEIHARFEAVERISTAREDKBDNF. TrkB.CREB.PSD-95 . SYN & B RiLHI M (F+s,1n=3)

Table 3 Effect aerobic exercise combined with Anmeidan on hippocampal BDNF, TrkB, CREB, PSD-95, SYN protein expression in sleep

deprived rats (x+s,n=3)

4151 H4k/g-kg'  BDNF/GAPDH TrkB/GAPDH CREB/GAPDH  PSD-95/GAPDH  SYN/GAPDH
= A 0.94+0.12 0.91+0.16 0.92+0.14 0.94+0.11 0.89+0.19
H R0 2 0.22+0.04> 0.20+0.04> 0.30+0.10” 0.33+0.18> 0.28+0.02>
A 4E 38 B+ R 0.42+0.05% 0.52+0.22% 0.55+0.13 0.58+0.09% 0.50+0.09%
TS+ 18.18 0.52+0.01" 0.51+0.07> 0.59+0.18" 0.67+0.08" 0.57+0.05"
A B B+ RS ] 18.18 0.70+0.04" 0.62+0.08" 0.79+0.10" 0.76+0.09" 0.72+0.14%

3.5 X B AR 0 25 R BRI B 14 58 fil A7 3 AR 1 PSD-95.
SYNEE AN 525 (4 g SR K U
L {& PSD-95 . SYN 4 H ik K F- 2 3 FE AR (P<0.01) ;
SRR L, A RS B R R R R PR A
B B+ R PR R 4 1 B fA PSD-95 SYN £ 138
KK B TR (P<0.05,P<0.01) ., WL 3 FIE 3,

3.6 % il A% # 25 K BLI 5 & BDNF ., TrkB . CREB
mRNA KL m 525 (Al i, AL i 5

BDNF.TRKB.CREB mRNA % ik /K - i 3 A% (P<
0.01); SREAIY] LA, A A8 B+ AL 28 R P AR
I A B B+ 2 AR PSR 4 1 5 &K BDNF | TrkB .
CREB mRNA FRik KV # T+ (P<0.01). WLFE 4,
4 iTit

i A 1) 2 114 s T 22 07 T 0, 95 S A L B
KA AT R WS WoR 2 2 R AZ B DL A T
B G 1 B I, 7 IS ) 2 25 3 B0 T e SR N g
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BDNF ‘—

S 15kDa

TrkB —— e e—— — — 92 kDa
CREB = we— 43 kDa
PSD-95 | we— 95 kDa

SYN S s st s S 34 kDa

GAPDH | " s S s smm— 36 kDa

A B C D E
E3 HEERFZKRiEDK BDNF.TRKB.CREB.PSD-95 . SYN &
B &Rk B ik
Fig. 3 Electrophoresis of BDNF, TrkB, CREB, PSD-95 and SYN

protein expression in hippocampus of sleep-deprived rats

F4 FEEPBFERRAMERZRFKXRED A BDNF, TrkB,
CREB mRNA RIEH M (¥+s,n=3)

Table 4
hippocampal BDNF, TrkB, CREB mRNA expression in sleep

Effect aerobic exercise combined with Anmeidan on

deprived rats (x+s,n=3)
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