Sports Science 2021, (393, 3=
Vol.39, No.3, (31)December 2021: 207-214 | http:////doi.org/10.46394/1SS.39.3.24 | ISSN(Online) 2093-3363

250| =0l x|z H ool O|Xl= St

The possible mechanisms of exercise-induced neuroprotection in depressive disorder
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Abstract

Depressive disorder is one of the psychiatric disorders that are accompanied by persistent low motivation and depression, which leads to
a decrease in daily functioning. Depressive disorder is known to be caused by abnormalities in the neurotransmitter system in the brain
and stress regulation. Currently, as a treatment method for depressive disorder, monoamine-based drugs increase the activity of neuro-
transmitters to relieve symptoms of the disease, but various side effects are reported. Regular exercise has been suggested as an effec-
tive non-drug treatment method that improves symptoms(reducing tension, anxiety, and stress) and the quality of life in patients with de-
pressive disorder. However, the underlying cellular and molecular mechanisms responsible for exercise-induced neuroprotection remain
unclear. There are growing evidence indicates that neuroplasticity, mitochondrial dysfunction and oxidative stress involved in the patho-
genesis and progression in depressive disorder. In this review, we focused on the potential mechanism for the treatment and prevention
of depressive disorders through exercise intervention.
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Ao AAH Z0 gl Ho) A WeE AA
E3 gzol} #5e FASH: SAHel ¥ $9I9 AATY

N gt A AAA Y] B34 ws epa, AREY, =2
udzd, =l 22 AARHAGEHY A =31 2 AgH
QA gEFo] oo} WA o] Qe ZoE HiE §lA
B olA71A] A T 19l WA A] ektiliu et al 2017
Han et al, 2021, Bonde, 2008).

S2gole] AEpioE tEHoR HYd AMEZEY AT
A A(selective serotinon reuptake inhibitors, SSRIS)S} Ei-ofql
Aket a4 Al Al(monoamine oxidase inhibitors, MAQOIS)S3 #2-&
HEicoldl Alge] okEo] AMEHI Utk ol d-2Ale 41
Az oA AAAGEALY] SHES STAA =2 T4 o=
AL T8 FE= 202 HuHy A "HThase et al, 1995), F
5, 7% Aol At 5 FAEs et Sl Bt
$3A e x| Hlgo] %Y v EAZF HuEa o
(Krishnam & Nestler, 2008). wheba] 2} 711e] 9Ed X 5w
HIOREAQl A gigo] WaEojol & Zlojth AAEES 233t
&S A73ER T APl AR WHoE, $-EENE X
gk AEd A% =44 A% 9 AAEYAY F3 5 ot
o] o 9 250 AL gle AEHOE A qloh

AT -2 SAE] 1%, B 9 2EHAE Ta
ANA & T skt Rasa gk H ATFelA Al
SEs Yol 3 ARES T84 2 ARl HIs) &4 71
Eo] 17% +A¥vky B ustglaSchuch et al, 2018), ¥l AAEE
S NS ks T8% 8<olgt HusttiMammen &
Faulkner, 2013). A17+48 &3 A &5 BF $244E 71
A7) E3H4Ql WEos BTk 9lom, Mores et al. (2018)
S Aot AT SEo EIE vleHRAe A3 45570 ¢
4o S WdoE FAEY S5 Wi oFF 458, T 33,
9277t ANk Aol 2375 MAATIE ARl o=s
AABtaTt =3 Gordon et al (20182 A3 5o AHE v
EREAM3E A3 18779E tidoE A Fe ¥ 2w
(Beck Depression Inventory) AARE &3l $-254e A7l
Ao Hisigic

{4

7l F4E glve AR E oA Qi AN &5
AoE galsh= A8t 71-(mechanisme] #3F A= FE53E
Aot B uEL MY A7 uiEoE AR ezl &
ol Aol A TS WATIE TARAR] FIFE A7)
2J(Neuroplasticity), F]EZEg]o} 7]s(mitochondrial function)
AFsl-EgAoxidative stress)E FAILE I 71HE AASH=T
71 EZo] itk
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Fig.1. The potential mechanism of exercise-mediated behavioral
improvement of depressive disorder,
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Wslehs Aozt & 4 Atk -9 WHI|IHE ofH7A|
A2 AT o) =] A7 7 Z(pathway)
o] ojato] VeI (Pittenger & Duman, 2008), 1E21&] sfuiet
AATFH] A7])9] 7HBora et al, 2012, Kempton et al, 201)¢}
¥ ZkARl diRe ool ek £4& 7HItHCooper et al,
2019). mebA A7 S AATIE Aol 27 $Ate] o
E Hoske 783 71dY Ae® Huslal driKays et al,
2012).

2N 53 AT 2EY g 2Hshs H9 dupEed
H3LE 7R o, Al 217443741411 Brain-derived neurotrophic
factor BDNF)E ®3A7I= ZoE deiA ¢lckMolendik et al,
2014). BDNF= Al7AAMEe] et g g 2ol 583 985
ah, B APATE T3 24l slivket EF BDNF
S ZHeAFlE Ao Busta oiYu & Chen, 2011; He et al,
2019). Rasmussen et al. (20092 PHel] EAJsH= BDNF] 70~80%
= oM Enlss g9 ) A(Blood-Brain Barrier)e E3sko]
Yollof] 3F= Z o7 Bkl 9lo] o BDNF 42| 7j4do]
Sl Aol S ddlelet] 8% 9T & JoE A
ZALS]= 1

e Tl S HIREA AEHPHOE UdHA 9o
o, dfjuie} tixa)de) A7|E S AR HuHa Qloh
APaTo] m2d A7 S5 AP &5 BF 24 8
A=e] BDNF 2 71 A7l ZAS® Rustal gltkPereira
et al, 2013; Du et al, 2021). Kurdi¢} Flora (2018)-2 +=2144 359
< O/do= 2897 EF=Y 55 AN A7 ¥4 BONFG=
o] Z71e AL olelgl T, Aguiar et al014) $-<Ho] FER
4 o R 65710 A & WL sfvke] BINF 425 &



TWM71E ALE Ruslth olgle ik 58 3 4T
o] =07 Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1¢a)9} Irising Z7HAA, <] sfinl, o
Hud gl FHELE AF3te] BONFO 8RS S7HA719, 57t
¥ BONF= AZEUY &30 $58 FIAA 2730 349
S-S AATIE AoE Haska QJtkMurawska-Cia t owicz et
al, 202D).

L5 T HERY Tk dHuREIAtY] #4s
ANA N2 dA-S HAangiogenesis) S 3H= Ao 4#A gk
(Morland et al, 2017). 53] &5 483 FHALAASZI/A
ol Vascular endothelial growth factor (VEGF) ©haS& Z7IA1A
ARRSAES k= Zlo® A UrkE-Sayes et al, 2018).
Kiuchi et al. (2012 &4 &R sfjnf] d# U=rt
oy gllom, 23719 EYeY £5& VEGFE Z7MA 8
npe] ¢ WEE AT Eusigith E £5s 5%
VEGFS] S7h= o B &9 4kAo} AARARIAE 21gA 2
Agste] A 7EAA A2 AAA ZAY S (neurogenesis)&
£ B askithDe Rossi et al, 2016).

2= Suptele] MZE AAMEIYEE TAAA -2,
e g 2Ef 2 2AS Weliske Zlo® g ArHAnacker
et al, 2013). A7t AZBME Aol Wel=A AFAEe] Y53
Al olg oA Az AFES frttiChanudhury et al,
2015; Song et al, 2017). %< BDNFS} VEGFS] S7HAA =22
AAAE S EAANT = Aoz dHA Joiliu & Nusslock,
2018; Fabel et al, 2003). =3t 52 A& FAF AARIAF I
Insulin-like growth factor D} AdfrobdlE  A3AIKfibroblast
growth factor) 2 A7F88RIAES S7HIA slinte] A& 4l
AAE AT 7S T AeE Bastal SItkBolin &
Lucassen, 2015).

wehA 5o oJgk AR 2L ERAAEY ke
O A& AZFAE AR opet ABANE BEsta -4l
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Fig.2. The molecular comelates of exercise-mediated neuroprotection
against neuroplasticity dysfunction in depressive disorder
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= 8 Bl 7 B oUAE AMSSkE 7|RoE W
FAE Ay 2% BH3ATE A AUA 9] 20%E ARSI
nEFEol= LA o) 4k <l idsHoxidative phosphorylation)
A4S S Aol Zadk ATPE HAsHE AX Ul 47]doltt
(Georgieva et al, 2017). =3 mEZE=glols Zg, 444
(reactive oxygen species) % M|ZAFE S zHslo] Ao A
= AT mebA WEZSgole] 7)ol oA 4449
Gt ofyel AAA e 2l Hsignaling pathway)Z A=
3|18 e&X(cellular resilience)dlE FEFS wHTHQuiroz et al,
2008; Rezin et al, 2009).

nEZEgol 7gol e Faldeke xesle] 24EYA A
3 ¢ L35 fiele Y9loe® Rysly oiBhatti et al,
2017). ATk} thekst g2l A3 1EAN, AAAS], B 2
AL TEDMA A T2 FHH o wEZTE ol DNAY
Hao] Yepdtiy B uE 1 9JtkGorman et al 2016).

AAMEE A 93 (glycolysis)S B3 mlEE=go}
oA RIS LA =
AYle] FFIAE AT 3t} AAAES ATP o] ZolEd
oheksk AEld wsp Yehetl sEAES B sH3A” 7|
& 2Eg e djnf, tiHud 9 APsHE 599 nEZEo}
Ak Qlikskel Rt vehH, mEZEgol #t A9
(membrane potential) B! F]EZT o} wjA|lFxe £4fo] dojk
Tk B 13kthGong et al, 2011; Rezin et al, 2008). o]2{3F Azt
T 2Ade vEZEZ} 7)5olde 9oA Hel AquA| B+t
P& frdet] 23k Mg F7M7Ie Aojzta Baska ¢l
(Gardner et al, 2011; Morava et al, 2010). o]} w=3kA -4
of e AAFHNA SFZ2 AT oUA] thake] Tha
7 UeRtomDrevets, 200D, -] 3kl AS o
(postmortem brain)ol|A v]EZ=g]o} BekA] [ 3} ATP A &40
Z+27} VegekBen-Shachar & Karry, 2008). Az Ao g nEZ
Tole] 7T 2 B o 7S RSkt wlE-
83 98E T Zlog A7,

A= FFFFAZE o] =(glucocorticoid ] F7HE <la)
A aRE- a8k - 54 Z(Hypothalamic —Pituitary- Adrenal  Axis:
HPA axis)®] #=3k &4o] Yehle 54S 7RIt Gllespie &
Nemeroff, 2005). 2FIZF2E]Fo|Ex HEZEL o} 750l Jd
A qQds she ACE g ok AEARS Sl AEAE
A SFIIZEICIEE AAF A WEZSeol ol
k9, SFIIBEFCEE HEZEEo} YRR o7}
g A ZAFEIAIR] B-cell lymphoma 2 (BCL-2)2] =719} A=A}
=o1z}el BCL2 Associated X protein(BAX)2] 7+ 2 w]EZcg]
ofe] Al|ESE Co| WS ZAaNA, Az oz AEAPES o
AstHTHDu et al, 2009). ]9k ¥ 2 FFIAIAZEF|EE A
2o g sfu} ML A3 Ad} nEZ=Eol SFAE 7]
o[, EitAh 37 2 NEAES IV ZoE B3
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CHMcEwen, 2005). wehd I=siAl F71d SFIIZE|Fo|=E
nEZEZol] FFe Fol ASH-HsEAl- A S0 A%
& dorle AoE A7tHT

HEZCoks BUflol A3(biogenesis), §3Hfusion), £
(fission) 5! PlEZ=gor A7kE4{(mitophagy)& 3 2 Feisk
7155 AT 53] mEZEEoL A Bl AE AR
& PEZEYoks sida, At QiislE F7MA REEE
gloke] thARsES A 71t Jomayvaz & Shilman, 2010). $-27%
o= WEZCgol A (fragmentation)?] 719} AEAe 7ot
dojupm 1218 ATP dAe| ZHavt Uehs 2108 Rusial
ATHScaini et al, 2021; Kkinedinst & Regenold, 2015). *&2 U|E
2ol 7)%g A= tEAQ 2900 F  Fattahi et al
Q0182 &4 SERDS doE RNY] AWy 2 &5
< ¥ sfup F9jo) ATP 9] F71e} -2 59 W3lE 7}
Atk AAEITh 18l Luo et al (202008 657te] EF=
g 2EE o FEREY HEZCor YA HEE 4
71 Adenosine 5’ -monophosphate (AMP)-activated protein kinase
(AMPK)9} PGC-1 ¢ ©] mRNA®} Tl 38 J7HAA HEZE
glol A ATP 29 7H Hasigith =3, Wu et al
019 -4l FERHLS nEZCo} 7|53 FHAH A
(UCP3, Slc25a21 1211 IDH2 )9 Wslke uUehd 2s g<lstsia,
4771 EYEE 252 vEESol kel T2 2E(cristae)
U5 37k} 9uke] Axz(vacuole)e] Aol F7ketdoH, RlES
Sajo} vt H9fe} ATP XS] 718 Harsieith

AEHOZ LF2 NZE vEZCols AAste o A
g STMA REZELC} 715 FEHE WH3tA7IH, ATP 348&
7RI TetA 58 B PIEZEC} 7Tt =2
of AANEE Hasty Yo E AspAZE Zlolztal AZErt

CEXERCISE)
4

Mitochondrial
Biogenesis
(ATP synthesis )

(Neuroprotection)

Fig.3. The molecular correlates of exercise-mediated neuroprotection
against mitochondrial dysfunction in depressive disorder
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V. 231 AMstAER A

B2 APATE 53l N ASEY 2Tt Sk §
Aol yepdt}, AslAEd A ksl Eaxantioxidant) 9} AFsh &
A (pro-oxidant)e] E#FCZ 3] vERE, AE W T,
A4 2 DNAS EMAA AZe AFES fradicDurackova,

|

2010). AElAEG 29} 28 £ gl H2E ) i
o, HEZCgol &go Q) 7P B EAd4HAF(reactive

oxygen species)= A3t Harskal gk w3 Aol ¢
Hibst g (xanthine oxidase), 4HFE4A FAHEA (nitric oxide
synthase) ¥ NADPH(nicotinamide adenine dinucleotide phosphate)
abstg o] ofsf WA, MEd 2FA(endoplasmic reticulum)
o} HSAIF(peroxisomes)E A= AL 4 ¢ltkPhaniendra
et al, 2015). AA ] SAaALZO NAMNLY AT} W] Z
23 J3S sl FFEOIE o&EA 7HE Faf ANAAEY
2712 7¥3llong-term potentiation}s Z7HA1It}. SFAEk 2hA A
07 M FHNATE BIREYAE FTMAA 28
W S FRAIE ZeE oA dtklindgvist et al,
2017).
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319 4 SthSchieber & Chandel, 2014). wh2bA A
3 Rslase] EAEe Ho| 75 ARAMES Asg|
&S TAA Aok Al FTHE SNAETS AP
HarA-2al 20 B8 Z7HA)71H, superoxide dismutases, 2
FEFE] Fakela A(glutathione peroxidase) 9 IpakelrARs] &
Alcatalase)9} 22 kst Gao] S AT =S
ASAEY AE TV Ha AZATE ARE Bl AAA 2
Apdo] Yofdti(Bhatt et al, 2020).

e = 2@ aaksllipid peroxidation)?] A¥7} HE TEL
2| 8] =(malondialdehyde)®] 717} ViR, 3-627te] a-9-&A)
£ B83ld o] 7o) 7hadh= Zog Bt JkStefanescu
& Ciobica, 2012). 71 AAIsl= 2N E skt &
83 9GS she Ao dHA 9o, duldy DNAS /A
A Azute] B, 849 FEA1Y 7|50l ds gt Ayala
et al, 2014). o3+ Axp= AEY iAo FFS mAH E3F
A A e A=EXSA o] ol 23k o FF
< 7AE F 9tk

&S AHF0E MBI ELE FTHA ASREYAE 9
Aske Aoz dwEA 9otk Schuch et al. (2014 2699 =4
of e o =E F 33, 125 EdEE, A4 A 2
2HAE o] g3l 55 AAIRH Ax AF ) =(thiobarbituric
acid-reactive substances)®] #ZAE I8t 1g]ar La Siva et
al. (20192 16W9] 24l A5 o= 315 458, F 23],
125319 FEsd 9id Fl2rdsie) AslEart 247t 46%,
60%2] 747t UeRskom, g4ksl 341 S FERX]23 superoxide

e
of2 o\

2
%



dismutased] = 170%, 160% =7MAA AdA oz 3late] Bk
3 oe7ks s NAT Bustgch =3k Miradi-Kor et al,
(2020)2 -4l FEZES oz 1597t A & &5
2 2 s dsAFom, HEOYUE =} st
o} e ABIAEY A AR 59 7HA9 kel g0l FF2
E}E] ksl gae S7HE Haskith

ARHOZ T 2R EikA) ksl T H
< 2H3 ASIAEYAE AAA AHNERSE B3l Bt
3} -7 NN FS Aolgta Azttt

(EXERCISE)

( ROS )(Antlomdant)
(Neuroprotection)

Fig.4. The molecular correlates of exercise-mediated neuroprotection
against oxidative stress in depressive disorder
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