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[ Abstract] Active physical exercise can effectively alleviate the pathological process of chronic cerebral
ischemia(CCH) and improve learning and memory ability. This paper reviews the possible biological mechanisms of
aerobic exercise to delay the pathological process of chronic cerebral ischemia and improve learning and memory.
Previous studies have found that aerobic exercise can improve the neuroprotective effect, enhance the plasticity of
hippocampal synapses, improve the activity of the upper and lower pathways of hippocampal tissue, and improve

learning and memory ability. However, the intervention effect of aerobic exercise on chronic cerebral ischemia

should be fully considered at the intervention time, and the intervention effect is also different.
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BT EALRE SIS o Tz S5 ROS 7 A X fii
MEAWTEMN, Al gelk Tz shiiE ROS 77 4E
7K P55 40 T S A R GE OR3P A A A2 S8 A 3
AE ) Z A P4 . 28 SRR g AT LA i B B 1
AR R RE N A BT EALRE ) . HEDY, B3
AR o B B BT A AL BE ) AR LI JEUK
P QT R e 1K SR AR Sr A N0 %
Xf 2 RACRE I BT IESE R B, 8 R
iz 2 K U S 4400 SOD M N . MDA % &
AR, R W02 S AT ROy B AR T o 2H SR AR
WK, G2 A RN R AP 5 20 2 e 1l P 451 3 5
25 HRIEFREHE AR BIiERK

RIgih AR & P2 H ™ A 5IE R/ Z
[ AR E R, CCH R X F-EH s T, AR 1T
ML, B A B BEHRAEA ZE T 22 e o Ji] R AR
RN ZEBE, LT Zﬁé@éﬁ(neumfibrﬂlary
tangle, NFT)BEIEZ . 76 AD FEEE/N AR
H B HI5R 3832 3z 3 T HUR &3 152 FHE gy
B, JREEBE A B PRV NFT 380 /0B, Il PR A
FERIL, AR IITE BK 5 R R 5 A8 22 4 Y I
TR A B S ARG, MBI 1 3l 250
AR A XA MCTIAMAETT 6 A Y
HRZBHTHG, MM AR 42 K FREILT 24%1,

TEXT APP/PS 563 R /N B TS A B, 10 JH #Y
HIEE S BEAR T AR By BE B 17 A AR/
AR FERMEA TR . APP/PST % 5L K /N B
SR A /N VE AT H (amyloid precursor
protein, APP) iz 42r Bl £ £ 1-dE9 (presenﬂinl—
dE9, PS1-dE9) HyRUFHER/NR, B Xy 322802
MR RS, DR G BERRBIMH AR 1Y
Az ORI 5 o8 Ak, FTEY A B FR i i i
12 R NRETTIH BRI A B Sife st A=
Y A B BRI, AP RIIHK B A A
i g/ B R A 2 AT S Fc A ks, (H 2
AB & tau BERR ALK P I AT B, 7R

1 BRZSTIT IR AT AT O T bR AR, A SRAE S
B BURBEAT T B, WA %0z S REA RO BR
AR HERAINVIABET PR ML, ARizs) T8
(3R T BE A2 2 F PN AL 2, B R i Tk
RGF . CCHAEN AD KRN Z—, fEREE
AR BRI £, K iAoz 3 T e e i
AR BHEBR, 4EfF AR A AT R, XLk
SERARE W] T Az e A AEVEBR A B J7 HIAY
VR, RmeeJiciche

3 NG

B R CCH REIR Y B R JEE ) 52 i e 291 4
MIEZAEH] . RERITE—E0A N, Az dhife
>J LA AN By RE F) ke 5 S ) BB 14 2 E A
Az sl CCH B AR RERPLE], mTRES
A 48 SRR P AR A R OK -, 871 T B 5 fih
nRE KR R R, 2O K A Noteh i
BETEYE, AN AR AIHERRA G, Rkl
il Al BERARAA Fiz shdE CCH BFINIIAER
HEMT T ARy, . WA
IPHLAERS CCH % I L2 RE T BURZ LTS 2 2 T2
P, A, CCH BUmR R k. 74
73 T HLHAR A A AR . RSR BTSN 0075
ERRER, B AN [ B R B
LURSE=RRmI i 38

[&3E30#k ]

[1] Shibata M, Yamasaki N, Miyakawa T, et al. Selective
impairment of working memory in a mouse model of chron—
ic cerebral hypoperfusion [J]. Stroke, 2007, 38(10): 2826~
2832.

[2] Flak M M, Hernes S S, Chang L, et al. The memory aid
study: Protocol for a randomized controlled clinical trial
evaluating the effect of computer—based working memory
training in elderly patients with mild cognitive impair—
ment[J]. Trials, 2014, 15(1): 156.

[3] Wrann C D, White J P, Salogiannis J, et al. Exercise in—
duces hippocampal BDNF through a PGC-1 a/FNDC5
pathway[J]. Cell Metabolism, 2013, 18(5): 649-659.

[4] Berchtold N C, Castello N, Cotman C W. Exercise and
time—dependent benefits to learning and memory[J].

Neuroscience, 2010, 167(3): 588-597.


https://doi.org/10.1161/STROKEAHA.107.490151
https://doi.org/10.1186/1745-6215-15-156
https://doi.org/10.1016/j.cmet.2013.09.008
https://doi.org/10.1016/j.neuroscience.2010.02.050

190 EUIN RSN S %45 &

[5] Hoveida R, Alaei H, Oryan S, et al. Treadmill running im— cortex [J]. Neuroscience Research, 1994, 21(1); 1-11.
proves spatial memory in an animal model of Alzheimer's [16] Phillips C. Physical activity modulates common neuroplas—
disease[J]. Behavioural Brain Research, 2011, 216(1): ticity substrates in major depressive and bipolar
270-274. disorder[J]. Neural Plasticity, 2017, 26(4): 1-37.

[6] Cassilhas R C, Tufik S, De Mellom T. Physical exercise, [17] Tukacs V, Mittli D, Gydrffy B A, et al. Chronic stepwise
neuroplasticity, spatial learning and memory[J]. Cellular cerebral hypoperfusion differentially induces synaptic pro—
and Molecular Life Sciences, 2016, 73(5): 975-983. teome changes in the frontal cortex, occipital cortex, and

[7] Robakis N K. Mechanisms of AD neurodegeneration may hippocampus in rats[J]. Scientific Reports, 2020, 10(1):
be independent of A and its derivatives[J]. Neurohio— 1-10.
logy of Aging, 2011, 32(3): 372-379. [18] Neumann J T, Cohan C H, Dave K R, et al. Global cereb—

[8] Sopala M, Danysz W. Chronic cerebral hypoperfusion in ral ischemia: Synaptic and cognitive dysfunction[J]. Cur—
the rat enhances age-related deficits in spatial memory [J]. rent Drug Targets, 2013, 14(1): 20-35.

Journal of Neural Transmission, 2001, 108(12): 1445~ L19] U5, 4635 2R, Wpde, 5. IR 285 3R N Tt se b
1456. (. Pl RS D5 (FL R, 2013, 7(9): 88-90.

[9] He J, Huang Y, Du G, et al. Lasting spatial learning and [20] Shamsaei N, Khaksari M, Erfani S, et al. Exercise precon—
memory deficits following chronic cerebral hypoperfusion ditioning exhibits neuroprotective effects on hippocampal
are associated with hippocampal mitochondrial aging in CA1 neuronal damage after cerebral ischemia[J]. Neural
rats [J]. Neuroscience, 2019, 44(4); 215-229. Regeneration Research, 2015, 10(8): 1245-1250.

[10] G alvez—M G rquez D K, Salgado—M é nez M, Moreno— [21] Ahn J H, Choi J H, Park J H, et al. Long—term exercise
Castilla P, et al. Spatial contextual recognition memory improves memory deficits via restoration of myelin and mi—
updating is modulated by dopamine release in the dorsal crovessel damage, and enhancement of neurogenesis in the
hippocampus from the locus coeruleus[J]. Proceedings of aged gerbil hippocampus after ischemic stroke[J].
the National Academy of Sciences of the United States of Neurorehabilitation and Neural Repair, 2016, 30(9): 894~
America, 2022, 119(49): 1-17. 905.

[11] Broadbent N J, Squire L R, Clark R E. Spatial memory, [22] fofate, sk, 25 45 KA 4 shnd K RUN 8 &3
recognition memory, and the hippocampus[J]. Proceed— theE 202 5 SBDNFR AR (1], h EEZ 3 E
ings of the National Academy of Sciences of the United 2F4iE, 2015, 34(8): 750-756.

States of America, 2004, 101(40): 14515-14520. (23] TER I, BlivfeAk, JBIE 2. BUAHE A Sz ot i Bk i ok

[12] Zhang G, Wang F, Geng M, et al. Comparative proteomic SRR i G/ FH AL 3T (). o ] SE 56 sh 4t
analysis of hippocampus between chronic cerebral 2021, 29(5): 618-625.
ischemia rats and normal controls[J]. Zhong Nan Da Xue [24] Leardini-Tristdo M, Andrade G, Garcia C, et al. Physical
Xue Bao Yi Xue Ban, 2011, 36(10): 992-998. exercise promotes astrocyte coverage of microvessels in a

[13] Yonemort F, Yamada H, Yamaguchi T, et al. Spatial model of chronic cerebral hypoperfusion[J]. Journal of
memory disturbance after focal cerebral ischemia in Neuroinflammation, 2020, 17(1): 1-14.
rats[J].  Journal of Cerebral Blood flow and [25] Bae S, Masaki H. Effects of acute aerobic exercise on cog—
Metabolism:Official Journal of the International Society of nitive  flexibility — required  during task—switching
Cerebral Blood Flow and Metabolism, 1996, 16(5): 973- paradigm[J]. Frontiers in Human Neuroscience, 2019,
980. 13(7): 1-9.

[14] Bizon J L, Lasarge C L, Montgomery K S, et al. Spatial ref— [26] Serra F T, Carvalho A D, Araujo B H S, et al. Early exer—
erence and working memory across the lifespan of male cise induces long—lasting morphological changes in cortic—
Fischer 344 rats[J]. Neurobiology of Aging, 2009, 30(4): al and hippocampal neurons throughout of a sedentary
646-655. period of rats[J]. Scientific Reports, 2019, 9(1): 1-12.

[15] Funahashi S, Kubota K. Working memory and prefrontal [27] skibEE, f136, 2295, 45 45 Sz S BT /R 2ot BRAE /N R


https://doi.org/10.1016/j.bbr.2010.08.003
https://doi.org/10.1007/s00018-015-2102-0
https://doi.org/10.1007/s00018-015-2102-0
https://doi.org/10.1016/j.neurobiolaging.2010.05.022
https://doi.org/10.1016/j.neurobiolaging.2010.05.022
https://doi.org/10.1007/s007020100019
https://doi.org/10.1097/00004647-199609000-00022
https://doi.org/10.1097/00004647-199609000-00022
https://doi.org/10.1097/00004647-199609000-00022
https://doi.org/10.1016/j.neurobiolaging.2007.08.004
https://doi.org/10.1016/0168-0102(94)90063-9
https://doi.org/10.1038/s41598-019-56847-4
https://doi.org/10.2174/138945013804806514
https://doi.org/10.2174/138945013804806514
https://doi.org/10.4103/1673-5374.162756
https://doi.org/10.4103/1673-5374.162756
https://doi.org/10.1177/1545968316638444
https://doi.org/10.1186/s12974-019-1655-5
https://doi.org/10.1186/s12974-019-1655-5
https://doi.org/10.1038/s41598-018-37186-2

T, . A RIS ST U PR BRI 2 T TC L RE WS 191

AT NS E L A s e bR DI R S A
REAIFSE, 2023, 27(20): 3188-3194.

(281 sKinh, Bof~%, W, 55, A7 408 g e vl i A R B
FRRELRI K B T 2H A pCREB ., PICK1 X GluR27E FA 31k
R 1], H RS B2 2k, 2018, 33(7): 777-782,
799.

[29] B%a, ARV, B, 55 A 40z sl 5 4R/ e ik
Cded2 SDNA 5 5 58 AH 5 PR 1~ 9 S 391 00 < 300 5 i
(7. e AR A, 2023, 39(11): 1956-1963.

[30] Zhang H P, Sun Y Y, Chen X M, et al. The neuroprotect—
ive effects of isoflurane preconditioning in a murine transi—
ent global cerebral ischemia-reperfusion model: The role
of the Notch signaling pathway[J]. Neuromolecular Medi-
cine, 2014, 16(1): 191-204.

(311 Brfh, Brssh, i, 4. A s AR 2T
8 P A e 1L/ BRI T 997 K Notehaiii 6 AH 9 K] 7 1) 2H 21
ZeseAak (. b [ g bk e 2% A, 2017, 25(8): 783~
790.

[32] # 3 08, sl e, 2eaebh, 2. A Ras shll 2Rz ma by R ok
T BRAE /N B S Noteh 1, Caspase-3A93 34 [J]. H[E £H
ZUT Y, 2024, 28(26): 13-20.

(331 ERR, Ui, TN, 5. 5 AR sy 7 AR/
ST S 20 R T s e [0 R AR R B 2 2R K, 2020,
35(10): 5247-5250.

[34] Sim Y J, Kim H, Kim J Y, et al. Long—term treadmill exer—
cise overcomes ischemia—induced apoptotic neuronal cell
death in gerbils[J]. Physiology & Behavior, 2005, 84(5):
733-738.

[35] Aksu I, Topcu A, Camsari U M, et al. Effect of acute and
chronic exercise on oxidant—antioxidant equilibrium in rat
hippocampus, prefrontal cortex and striatum[J]. Neuros—
cience Letters, 2009, 452(3): 281-285.

[36] Pizzino G, Irrera N, Cucinotta M, et al. Oxidative stress:

Harms and benefits for human health[J]. Oxidative Medi—

cine and Cellular Longevity, 2017, 2017: 1-13.

[37] Rosa TS, Neves RV P, Deus L A, et al. Sprint and endur—
ance training in relation to redox balance, inflammatory
status and biomarkers of aging in master athletes [J]. Nitric
Oxide:biology and Chemistry, 2020, 102(1): 42-51.

[38] TJ5, bk, kA2, 5. MG s dhild fhii B4 b n;
WOKF R VDR BUARIEIBE [C). S+ —Jm A H
Rl R 218 3C8E, 2019: 7461-7463.

[39] Adlard P A, Perreau V M, Pop V, et al. Voluntary exercise
decreases amyloid load in a transgenic model of
Alzheimer's disease[J]. The Journal of Neuroscience:the
Official Journal of the Society for Neuroscience, 2005,
25(17): 4217-4221.

[40] Stillman C M, Lopez O L, Becker J T, et al. Physical activ—
ity predicts reduced plasma B amyloid in the Cardiovas—
cular Health Study [J]. Annals of Clinical and Translation—
al Neurology, 2017, 4(5): 284-291.

[41] Um H S, Kang E B, Koo J H, et al. Treadmill exercise
represses neuronal cell death in an aged transgenic mouse
model of Alzheimer's disease[J]. Neuroscience Research,
2011, 69(2): 161-173.

[42] Tapia—Rojas C, Aranguiz F, Varela—Nallar L, et al. Vol-
untary running attenuates memory loss, decreases neuro—
pathological changes and induces neurogenesis in a mouse
model of alzheimer's disease[J]. Brain Pathology (Zurich,
Switzerland ), 2016, 26(1): 62-74.

(4371 A, TR, 2=, 55, fie AR 18 3 T B AD
YRR A B -TER L RIS (1], BIRE
Bi2#4it, 2014, 38(5): 50-55, 69.

[44] Yuade C M, Zimmerman S D, Dong H, et al. Effects of
voluntary and forced exercise on plaque deposition, hippo—
campal volume, and behavior in the Tg2576 mouse model
of Alzheimer's disease[J]. Neurobiology of Disease, 2009,
35(3): 26-32.


https://doi.org/10.1007/s12017-013-8273-7
https://doi.org/10.1007/s12017-013-8273-7
https://doi.org/10.1007/s12017-013-8273-7
https://doi.org/10.1016/j.neulet.2008.09.029
https://doi.org/10.1016/j.neulet.2008.09.029
https://doi.org/10.1523/JNEUROSCI.0496-05.2005
https://doi.org/10.1523/JNEUROSCI.0496-05.2005
https://doi.org/10.1002/acn3.397
https://doi.org/10.1002/acn3.397
https://doi.org/10.1002/acn3.397
https://doi.org/10.1016/j.neures.2010.10.004
https://doi.org/10.1111/bpa.12255
https://doi.org/10.1111/bpa.12255
https://doi.org/10.1111/bpa.12255
https://doi.org/10.1111/bpa.12255

	1 CCH造成学习记忆损伤
	2 有氧运动改善CCH记忆能力的可能机制
	2.1 有氧运动提高CCH脑内神经保护
	2.2 有氧运动改善CCH脑内突触可塑性
	2.3 有氧运动改善CCH脑内海马Notch通路及蛋白表达
	2.4 有氧运动提高CCH脑内抗氧化应激能力
	2.5 有氧运动促进Aβ的清除

	3 小结
	参考文献

