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Abstract

Keywords

Background & Aims: Neuromuscular junction is a synaptic junction in which motor
neurons are connected to muscle fibers. Neuromuscular junction is a complex structure Neuromuscular junction,
that changes under the influence of various stages of development as well as
environmental changes such as pathological conditions and genetic and non-genetic
diseases and physiological conditions such as physical activity and exercise training. Exercise training
During about a first third of life, the growth of the nervous system naturally promotes

an increase in strength and muscle mass. However, with age, the function of the nervous

system also slowly decreases. Neuromuscular junction is one of the structures that are

damaged due to aging processes. Neuromuscular junction are important for

understanding the basic concepts, diagnosis and treatment of atrophy and reduction of

muscle mass. An active lifestyle is particularly important for understanding the function

of neuromuscular junctions in changes in muscle mass and their application in clinical

settings. Exercise training and physical activity as a metabolic and neuromotor stress Received: 01/03/2021
can improve the oyerall fu'nction. of the neurorl}uscular junction by %mproving Published: 26/05/2021
neuromuscular signaling, and improving muscle function, a factor known to aid growth.

Exercise training leads to impressive changes in the neuromuscular junction of young

and old animals. However, large studies aimed at investigating these effects have

introduced methodological variables that show effects on the results under study.

Therefore, the aim of this study was to systematically investigate the effects of exercise

training on neuromuscular junction and related diseases in the lives of young, adult and

old animals.

Methods: In this systematic review article, the results of articles presented on the effect

of exercise on neuromuscular junction in Google Scholar, Web of science, PubMed

databases, which included five thousand article titles, were reviewed and analyzed. In

this study, two independent evaluators, WKN and EFG, reviewed all titles during the

analysis. Then, the abstracts of the articles were evaluated using PRISMA. Of the

articles reviewed, 109 articles were used for the initial analysis of chicks. The selection

criteria were such that the abstract of the article should have sufficient data on the

parameters of the neuromuscular junction components, the animals studied as well as

the therapies, and the measures used in these studies. Among the articles, 26 full-text

articles were analyzed and among these 26 articles, 11 articles were used for systematic

review. The results of the study showed that the breeds of animals used in the selected

articles were rodents including SD (Sprague Dawley) rats, Fisher rats, Vistar rats and

Physical activity,
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C57BL / 6NNia rats. In terms of age and gender, all articles provided information on the
effects of exercise on the neuromuscular components of both young and adult animals.
Among these articles, four articles examined the effects of exercise on the parameters of
neuromuscular connection and in all studies, male animals were used. Most of the
exercises used in the research were endurance exercises. Only two articles were done on
strength training. The duration of the training intervention in the research varied from 6
weeks to 15 weeks. The number of training sessions was 5 times a week. None of the
articles examined seasonal exercise to prescribe exercise intensity.

Results: Regarding the effect of training on the presynaptic part, the results showed that
endurance training caused hypertrophy of the presynaptic part, including area, length,
total area and complexity of neuromuscular connection. Endurance training had an
effect on the morphological adaptation of the neuromuscular junction in muscles such
as the soleus muscle and to a lesser extent in the long toe extensor muscles of the
gluteus maximus as well as the soleus muscle. Most of the results obtained from the
systematic study showed that in some of the analyzed parameters such as mean and total
branch length as well as branch complexity, there are high levels of heterogeneity. The
results also showed that endurance training did not have a significant effect on the
postsynaptic sections of slow-acting neuromuscular fibers. However, many changes
were observed in fast-twitch fibers. In addition, the analysis shows the general effects of
an increase in the overall environment and end-plate dispersion as well as a decrease in
the drug spot environment before and after synaptic mating of fast-twitch myofibers.
The whole postsynaptic section showed similar changes to the process of presynaptic
changes. Although thethey were more dependent on the type of exercise provided. In
endurance training, for example, it reduced the spotty environment of slow-fiber
neuromuscular junction in the soleus muscles, while not showing morphological
compatibility with strength training. Regarding the effect of aging on neuromuscular
connection, the results showed that the aging process is naturally associated with
various adaptations in neuromuscular connection. Exercise also increases longevity and
also strengthens the structure of the neuromuscular junction in old age. Studies in young
and old animals during exercise have shown that adaptations that occur in the structure
of the neuromuscular junction may vary with age. Exercise can be positively involved
in the up regulation of genes and the protein expression of several molecules and
growth factors. Physical activity and exercise naturally increase the expression of
growth factor such as neurotrophic factors which can effecting on quality of function an
Structure of neuromuscular junction.

Conclusion: In general, the research findings showed that the neuromuscular junctions,
including presynaptic and postsynaptic, as well as its morphological structure are
affected by different developmental stages and undergo changes during development
from embryonic to old age. Also, pathological conditions such as the type of disease or
injury can cause changes in the structural components of the neuromuscular junction,
which ultimately lead to changes in the quality of motor function. Also, exercise can
play an effective role in improving the structural and functional quality of the
neuromuscular junction. Therefore, regular exercise can be a preventive method in old
age and its negative effects on muscle mass and motor function, which is created by
improving neuromuscular connections. Due to the difference in results between aerobic
and resistance training methods, more research is needed by applying the main variables
of training, including training intensity, training volume, etc. for better conclusions in
this regard.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

Cite this article as:

Jafari M, Ghalavand A, Rajabi H, Khaledi N, Motamedi P. A review of the effect of exercise training on
neuromuscular junction in throughout life: A logical analysis of animal experimental studies. Razi J] Med Sci.
2021;28(3):37-47.

*This work is published under CC BY-NC-SA 3.0 licence.

Y4

VEer sls 5 O oyl YA 0,53 5jl) 1xSibijs ogle alan http://rjms.iums.ac.ir


http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

O-Sae 2y =l eogdlay el Joboo o0l (6525l
A V) 058 Ly Slo 5 )len crge o

Ly oo Gdete jplate a3l il (nax
e 3 Liyg S (65lo 9y (59,5 eg-Sae
aslllas 5590 G Rl o 4 (Dae Gl rals
) S e Q) a5 5
5 sl 4810 | 0alit il i & olais] il
Sollad el 85 il (] (g9, Dl oyt
Sl el (V) ) 0) adlione (8559 Sl el 5 (S
Doge & S (G Sellad Gy @ Gl |y (0555
plnl ($85,5 Gl ;o b s Al 0 0ad sanle;
5 s e ol s alal, S8 I 50 56,5 e
0R ) s Yok slesoe sln (ac - rae Sl
P9 Sl 4585 8 o g addllae 390 iy
5 08 SoS SMac - ceac Jlail 4y wilgs oo (0,5
i 9 0y do algi oo 9090 Cnl K00 B)b
5 oo 3 Ols slapladl oo 50, 8hee slacd )b
4 faoge o) Ol oS SeS Slilg> puoren
OF) Gl o0l 00ls odgi (gomins Lawgl g
5 oS Jrols bl sl e g5 ol dims
b glej Job )0 (S5 69 ,See Ll 5 S
5 Sl gz el Eanl Bl lans 95
(Hoae - omae JLail o ()9 90, 95— 50
(Pl o yig, a5 Wiyl 5925 (s0b ) Slallas
Syg= 1y (5359 Elsl s e SSgp Sl SMLae
O Lo g,y Dglis losls |18 Ll ¢ 4y iz
Sglite g ouiiSm S (allie bl 4 e el
g

o SIS sl aS wS )l 0ez g ook sl JoSdse
Sty (B9 L (bode - (oae JLail )55
Gl s 5 degin (ogas res 50 slond
0355 V=0l 9,55 (garen slasS)ge a5 3o S
Ll 5l Jlsd o LlS g5 (g iS5 oS Jed
3 Fte Sy g Jele ol gil and ) 9556
S5k daJsSge S0 5 ¥-irdg gy JWIS Jsko
o (Hhae —(gras Jlail (S59le 90 9 (Solg
ot Lo 3515 (S0 (VY) S oo Gy 1y (3559
el S (oo mal B ) S50 (Mlae g (srae Jlml oS
ai o 3 w35l ol <l (ACHE) 51l () S

Ohen 5 g b 500

dodlo

(oS 4l Sy gl )0 (mas g (Hlas LU
b Jlail SO ((Hlde —(omae Jlail o
(e s (o LI LSl 1 s a S el
(V) 55 so wilyp Sl odlae glayb by o
S el oo sl Sy e — s L]
0909 3 S dbanl 550 LU 6530 ol
Pl ploy plyte o (gl aliae 4 (S >
clacd iy U sdS Jlo Yoo Job 4o ail oo
—mas JLal o) LSl il e (5,58
sl ol g g ol 0al il o SLae
2l 8 leend ploj ply JoShe SO plgae 4 oS
Gotalwld Ao g a o «F (V) cl sul
) b Gy e albly 5o S92 50 o JsSu 39
cemle el o)l bl S g oad glulis
g 9S s ol 8 (Dloae g (oae JLil (oS
dlae w55y (b Sz Sl 6505058
542525 (1) w00 LS 1) (5 (e Canm)ld
b b Sooeisn ez Ol J5¥se Sl
G=d0 a8, iy 4ol SO gy a5 Canl 00,5 wuls
Lia ae gla LS bawgi 5 05 5 o Culin
—eras Jlail by carge Olpd slashe 39 o0
~rae Jlail Li> 3 g Wgdi oo JIb Y 5 (SDlae
(V) s i jlows Sdlac

5 bbiSn,) Lol o S5 Jslse 5l S0
ady e (Hlde —(omae Jlail g pdn b
P e Gl L (orb jobds 45 aBL
S5 0dnd S (o slmosls g b e ks
sbobsse sl (Hlde —(omae Jlail 3 i
L o(F) s s lad b slabge 4 S (s>
Dde 1od (s 4 Sl e hee (e o)
ole yu Condg & (oras Wiy Cundg l SUS
by s SOl b b (Dlde - e Jlal
VL s )2 (0) o SRl pglae g ol 50
WS oo 5ol ) cuas alad Wy ) (SMae - (pras JLa]
AV #) 29 o0 (395 pe (Sl 0 ,Sloc 4 poxis &5
St lm (Bl (b joba o1l
S e L jsmsl sl g (Dlae glo o cuas pl


http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

SH) Job 3 (s —(gas Jlail p (o3))9 Ol yed SIS 2 5900

Cnusus ObwIou 1w BEAZICEAA

IucLeg262 Mmiyp eIUILA
.ExbLe22i0u O} SCefA|IcpOjIUE2[6LI26

wclsgz2e2 mup newiud
MNNwpseL suq qizbsiL2iou o} Ltecsbior2

wvceiAicpoueziersz26 (YCHE)

Sl
bo2i2Ausbic

A PR

vCe[gie /® 9

CcuHojue

feuwius]

wXou Wyocpouquou

wcLes2e2 mup nIwILa
ICEAICUO|ILUG [LIUZIELT26
~WYWwonuyg oy cuyojiue

:

>/

Aezicie
2Ausbpic

1O LUSKE WOLE YCU*
Y6 SXOU [ELWIUS] SUq 12 N26q

cuonuerdic €D cponue 12 nsuzboleq pSCK WO

scefA|IcPOIUG2{6L926"
PLOKSU QOMU PA (U6 SUSAWE
U fpe 2Ausbiic cjey vCP 12 LgbigA

Low cponuse suq Sce()\l Ccov”
€) vcesiicponue (vCp) 12 wsge

AS2ICI62 IUCLeg26 MIP fSIuIud
.MNwpeL suq gizberziou oy

5509 Dlizyed ) b gl 5 o 53 Sl aladiges 5 (e uas Jlasl Joo 15 (ACDE) Szl 05 Sl 5 Slos ogs =) JS5

15 g Loyt 5] ol eVl (il Jls o

Slallae el S wlalllas jo S S5l g,
Ot ilin g pasuie Epd90 Sy (59, p odd el
S o ool et in le e S gl Slladl
9 oé).';_mf oS AS_: ‘AL’>U| Jlas U"‘ RV ‘LJ'{‘)"L“"
ol b, slag lon 5 Hlac - cmac Jlail

SLEETY
Juail o (e DI 55 LT Al gy 2 sl
g Jold &5 otz 3 b o)l (s - pras
A Jitae Oyl 50 s el o9 Al lyie e
Jsbo 1o 1, Laplsie olas BFG § WKN slapls
Sleslaiwl L s 0 led o Jdo g a3
SV wocs oLl leallis sloossS> PRISMA
94575 slp Alie VR (g 0 090 Allio oled o
Aad S 18 eolaiwl 050 oa S plawl o
Sl adlie ou S aS 0l e 4SS (ol Ll

VEov sl 5 P oyled (YA 6595 GjljuSﬁJH'ﬂgj.l:njﬂ.ﬂ

1A

YY)

looi 2 b S0 & jglne 5 (cumbiow (2l
3e=ase (V) cwl oals 55 et g ST Lol
Jl_.a.'{‘ 0O oW )8 &_JL;J)AJ )‘ 0l S LgL:bLg)lf)'Lw
Ol Jetol Ol sy cde 4y OMae s Jood
OF) oib o (23,9 OLs yoi Bluis AChE
e~ e JLabl (Seis e slo s ik
VD e Gl ) (s Sl el A e
A o)f odaliwe
g Sl 5Ls 0550 (5 i Sledbl o)lbiplyo ez S
sl ably il (6 s (Gl ol S
3loslewl 4 el ool lgue 0)lg0 31 6 L o
SISl 53 GogSns & i WilgS 0 (5559
clacJled il L aS 0gd s ol LA
At o3y (SUS) Sl uizred 5 (S5
&S 59 5l S5OV NB) wb e LS ol
e S8 Glowr Condg Jlgs L ablie sl el
A F503 sla iy ped 0,5 oo )l ,8 oolail 5 g0
O L S yminS ol 38l 0l o S oS Lo pl 4
30 5l S 0,0 0 L YO sga Jlo Ve 5l i

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

alac Ly gloa S alac e 5 (Maximus
Lgs .asols 13 = 5,90 1, (plantaris) s LM
OLis 1) a0 oyl a5 W5 ls 3525 (5,550 Dlalllas
A oo Ll Fadg 4y aS 5o seg Allae S LSl
Hoae yod ggi axg b (Dl - cuae Jlail &

Al Gl ol i b Jelaie abay

pladl b wiod Jdow g an o a5 SYlae ST

Sl yod aS aoly lis ey g Jmdow 0] 3
sl Glomy it (995 pd cge (ol
(YY) Gl )l g jiins sloaidl b gollas .asous
6 ol Jle ploie e GMas b Ly &l et
shac - gmac Jlasl ojlosl 4 oy, e Sdlac
S8 o 090 Lol o a S Jalaie mmls o)l
wbo Gl L adal, o ola Jod i aslazs )8
03 wﬁﬂwwémsﬁu}lﬂm ‘LJ?'L’
J}‘ Ad=,0 40 er.u.b )9_104_) u*’jﬁj—“’ alac .ol
s Loy Gl g 09—d o B0y (—dalu)b
(V) e g 5ias (YY) coul S Sloogas
ol Gerren DAae (55 p e Sl 3l (B0
Shac - vac Jlasl Jlwo i sloazls Jsb g olass
R Olgie 4 alae ggi (23555 Sl ped DSl (o)
2 4§58 Dl ped plosil a5 w0 a5 4 S0
G o slesSse 9 (Sl cage Olgie
pladl sl oals olon] Ol osi b asline cwnlew
a_ae oo 5 > 5l sl Cewss ol b altecs )
S5 9 el Sl ped planil Jobo jo (gtlgm
L soliwl ol pod i oanlie 45 jshiles

5 ool e Gozmen (Dlae )3 (SMas —(uae
dgb caus 5L e Olac 6,508 lme 4

http://rjms.iums.ac.ir

&y

Ohen 5 g b 500

Jail szt sl ol )b 5,50 0 SLS slaosls
ooliiwl 090 Olllas cpl jo a5 Sleladl g laylo o
VP o¥lae oolod oy 5l ol asls 1) wlaid 37 1,3
I8 Jlos g 4y 8590 Sl i sl adlie
el o ad 3 8 ol wl 0,50 Silesnnw
9 LT“’))[J d_is) LTIG as \)—A—A‘SGA oo live ‘) 60)‘9.0
a0l 518 s 0550 | o] a0
ulfd_:y ol)a ol ol oY lase 5o u‘ﬁ*’ o‘)) A
Sprague  SD o35 (&) ale—o Sig—e Juli

g YT i olis ol o sla jise Dawley

o2 Solas - grae Jlail gzl 5 (5559 Sl e
o=l e 3 asles S Al Jb e g Glex DUl
slayoll p (A9 Sl &S Wag allie Lz YL
olod 30 Sy |y Dlac - pmae Jlas]
38,8 solaiwl 5 Sllges 5l Slllae
plosl slo iy 25T ol plamil la 5559 g5 ¥
90 L aiogy selaiwl Ol yei g45 51 OYle jo 0ul
D3 (&8 Dl yei b alal,y o dllis
4 )'| oolawl S )90 ‘_gLQJ:-.o‘)L& g e Lgl.c’b,’l.o‘)l.; ¥
plol aan 1o L0 Sl yed Lad0g Dl i VO U
aslllas 0,50 1) cleldiwl Ol yoi a5 Y .aials
3 90 1y shad Ol jod SVl 31 plaS e wols 1,3

e — e Jlail 552 0 sy
b5 oloz il
abae jlolallbe o1 cumliw (i slagisy
Sl yed 4 ol calice g «io S oolaiul ugdguw
Sy eian 5 s oo aibly ielis
aS 0l asuiee @z SToadols ulidlly ccac Jliw s
e 93, Shas dn azrsi b Sl (S Dl s
Sy dslllae dws il &glite aliae £o3 CophsS
oS 5L e dlac Jolss calises SAe a5 clils
Gluteus ) S5 &y (EDL) LS5l Josb

Vel eled YA oy 5jly pSiisjs pglealan


http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

S5 sk )2 (Mas —ae Jlasl p (559 Sl yed Sl (695

Soa ST b e ctalaiwl Ol yed jo a5 wisls ol
CHlas jo alwsal gla,ud Hlac - ac Jlasl
6)l§)Lw d_ft;b)d AR uw.bl_f ‘) w}i.[a_u

o3 god (LS Ty (5508 Sl i b (059058 )

2t hac - wac Jlai/

L dig-doe ym (515 yobas oniy Slogzge (ooles

SLppians ;5 (il Dl ki o a8
1y i Il el (l g an e 252 s (So3els 50
O disl 3 (YO ) 0,135 o ol 3l 60 Sles lgs
St o ilin glacs 5 3lo b olyan xmsks bty
sk 4 laay, (ol (V7)) abloe (SMlas - (ae
5 smas gl glaanl)d sl 5l o8 ol Gl
A ool (e djlge 0,bgs Slu) caac
sl gl g Ul ) 45 o sanlie opuizman
cas (b ABgte crge eas gl gladiy, ¢y
Oy S Sl cage ol (pl a5 W9k oe 0)bgs (Sl
lode ad a9 5 (S > oy eyl
) Sl sl Saadl oLl (il 105 e
slom! w iali-8l Jds a oS cuac ahad slaasy,
19 ohSan 5 ok el Cranl Pl Ly Wigh o
eas blhssl el YU a5 Wl oyl liddox
gh RalS 5 Lagyg o990 038 Gm 5l dlas 4
S Sa Yy 3ilS s L (ol i 5] e
S so Dl (nl 5l @le (8559 Dl ye3 g 1390 o0
oS Lagygys)959e S o Jd e slaige 59 5
——as SYLal 555058550 St cge 5 S
Jsl goalS slausgm b g (Dlce
33 LVY) $9-b oo Loyg)98 9590 )0 ScomdlgtlS'ss
s (e S e P — e ] il
g ool quolivw (hn i )3 ilex slagtse
sl SaSTy e oo lid |y b ye o) alg>
&3bile Gl b olyen (3blis 5l (> 2 4 Ll la
95 gSg oo Sl 5 a0l oanlive
8IS S ssmerks o Lol bl Sl
G, VY Jials ( pvac all 4l o gm0 ¥
S )3 IYYD Lialsdl e sl 5S35 o515 50
il (25 3 1O GlBl o 15, sla oS ss
sl SISl slaSalas] St gy 5 SIS

VEov sl 5 P oyled (YA 6595 lsjljbs.l:-lj._l:'ﬂglﬂ!d:.l.ﬂ

¢y

e Gizmed § ger—Sle (g5l (LS
YY) Gl g pios ailaalds 5l oLas
Jliey a3l Jobo gt jo (20l £5-d9 @
sle b o (Hde ~(gras Jlail 4 by jo (orae
Jlail gladsli slass o oli8l ooren ¢ aiusl
alas plodil ws slo s jo (Hlde -
adoly las |y (eetd g

el ety Sl gy 5l a5 ol ST
odl Jdow sl ol il 5l oy o a S ols lis
Oz 9 4L Jo b S5 g (nSle 9aree
S92y puilad pas I QYL ok a3l Saazy
S5l

5 st alae aal glopd L Joayas
—s—as Jlail 6,55 b adasl) o (gl o LM
as A_S‘_s_.o Q‘ﬁ““c &9 st)l—%.g .Q)L) S99 sd)lda_c
.Ia,«:.’z.a 9 IS WA 59 chsuu‘)s‘ as ols ul.w.’ 59 -
s wls lis |y wetds—w (End plate) olos! axion
Eos aS o0l et (VF) a8l als o ,Lod
~rae Jlail sSldcsy, 685l o) 5 e e
ST oloml el cnliwl Sl o 0)ls S Sdlas
2 sl annl jd (Dlae - e Jlail o Ol
el wah o) wd pladl las a5 Lo 1,8 g
2 Gpeiz Sl celisl Ol yed a5 w0 lis
Jlail anl glayd (gl 51 Gy glogise
30 Gl Ol ax STailaclilisSS Sdlac - cwas
g 4o gl ah cdlive il ol ole 8
SS9 A ey olidl S IS o
gl asd o oo yo alS ioren g LS’LQ""" Ao
Lo rdore (ol 5l i U Gl 3w
il oy sloasy, e oo i ) pldslas
Ol (el Gl sloasy) L oioline Sl
dly 00l il a3 g9 @ yiin gyl ST assls
(YY YY) Gl )lSen ¢ iion (Jline ol 4y aiog

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

G Bllasil o ol w JSis ales 5l mac
ol 8 liams (V) S o pubats |y cwoliow
S5 s Ol Gl e (o059 Dl yeT a5 ol
izman 3 aliae Edl 5o, sla,giSl 5
Sl ar g b (VY XY Y0) 09 o oot s
a8l o em P — e JLsl 5L 5l 2
Sl 5o Goshe (i Wl oo (sras 00 sla, 25
O Bl adls sl Gl Gl 5 bl
Sl o3 a5 W0,S (515 (heiod ) o) en 5 (y5lsS
ghw 9 Job 5o iloisine Ginli8l cezrge (855
e g OMac 10 0ulds (il K, olil Sl
odaline Sy inS 09,5 L dnlio ;0 00,5 (el
Slyome Gialidl Coons (0] S Giznen 09d o0
oS gle slaise OMlas ;5 GDNF (.25
ol b et oalie J 25 sla ge b aslie ;5 00,5
O S e 35 el ((pizmed B985 )lo e Sl Jl>
oo LaCol 3 el 5ilsS il 5 GDNF
A5 e o slis leaisl pl oy ogie ol o
S Dl 58 s el iy lad il
Yazol g 05-i oo e — soas Jlail jolic ,o
Sy-ds (SHde g (a0, Ko Al 4 i
3 St Sjgmo dy Al o0 (289 Sl ped (V)
5 JrNoe iz (o Ol g L)) (o2l Bl s
Sl el g (o Smdlad il oo o) alge
Gt (230955 )5S Gl ek jsbar (20555
Solase y90 4 |y (GDNF) JLIS slo Jolo 31 oo
S ol aST g el as Mlae oyl o
b (S5 (9y98 Al 4 e dmil 50 g wms o
To29 4 (T0) WlLSen 5 (ls)5 (TF) Wi oo
SS9y GPhy9 plasl aie ez a5 wsls i
al_ac ;0 GDNF (glg e isli 8l om0 Jmed 5
ool Slae frimren g Sl alae (g
iz el (S o o Sl )0 09 o 9 il8
6,520 0y Lelse odley S o alal |, i1 ol S
il (5 mgn smurle sobts 45 35 3923
bwg o Jslge (ml 45 Wl oo (Dlas - oras
S L o5 ghalan i e K25 s
A5 dwy oo A 8T 1S ) 050 (TF)
Al ey s S F (g 89,98 Ol Gl

http://rjms.iums.ac.ir

123

Ohen 5 g b 500

(TA) o oanlin ((ras sl Jshw 5 b Jn959,500)
il 55 ool oSt | S oSyl 4y argi b
=359 Dl i 10l o 0 ,Shoe g (SHie and
Sl die (mgylo s LSl S e 4 Wil oo
S ySdee 35— g (Mot —(omas Jly; | 2SI
Sgl a8 5 IS a0l 3l s oS >

coily ale SV o 45 ol il 5l 55
@bl Gle ar goy called g (059 5l oy
"o A3 oS iz 5 Sl T LT el a8
s (78) il LS 5 Sz sl ot oly ozl
SIS Sz a4 sy yg Dl ped plol a5 sl
Jlail Lobe (rizmed g ins o (Rl ) jee Jsbo
SLIVL G 0 1) 650515 (Dlae —(pras
SIS mbs GhlSes 5 putd Gaiod )0 S (oo
O ol g (orae ably maw ;o ooy T Gl
2 Ty b ple Glagiss ;o sy e
VA malS czge g 09 Sgliie @l o sla (Ao
slass Giolidl ol yan 4y oac Abl mhaw oo,
4 (VA) 0B e slohge 5o 530y WYY JoS 55
SUPR50 S ST )0 DgliS p ogdle dany oo LS
Somd 5 3L Sl Bl lox 5 slahge
Al Dgliie 525 0559

lo (99,75, Ol w (isg Sl red slodoly
Hac - wac Jlail jo

MalS™ 359 Ol i plonl Wlsd ¢y yon anlg> 4o
3y9—0 ;0 pS s 3l oS Slaad ax I loalds anslis
(YY) asyls ‘_ga:l_ﬂ AiS o Soalen 1) i
9y 2 00=b plml Sla ) @l jo &5 jshailen
OLas (85,9 Dl o3 plodl plin 1o 5 plgzr Ulge>
- —as Jlail JLSle o a5 Slas 55l ol oolo
sl Selae lusl

&l sl 55w L ag e Jolse alox |l
L omac 0l sl a5 Dlac- oac Jlasl
Ols=e am Laiyds )05 (Ve ) anily oo baiseds g 5
5y Shae g 0 5l (6obmn sloacs loyl ools oylas

Vel eled YA oy 5jly pSiisjs pglealan


http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

S5 sk )2 (Mas —ae Jlasl p (559 Sl yed Sl (695

Ol adg sl 5l 0 90 5emST Jigod 9 Jlad Ddlae
La b, plosl slin oiiwd ool )5 jlews (55,
Py 053 b jeba (Hlae S, ololal
Gk (i 5 a8 e Sl (SMlae piacas jli e
S5 gl a6l (69 ghe 4 1) ST
Ol it L 9090 (nl o0 oo oo Slind
oS alas Q)5 e 5 o Dlas —(gras 2o LK
Wl Ay 4 S8 gl [0 sl aslils 558 SO
i GNeae - pmae Jlail (S o Sles g0 4

gl 50

o Jlasl a5 ol Lt ol Gisw gl
30 Sl dn Cond o uliw plo asle Dlac
mazg by Sl s 095 solaiul 59Xl
Sl o3 39 o0 )5l Dl 5l (A6 slapm
Syt ee (e - orac Jlail So o8 g (o))
Ol )0 (2395890 9 (69 e (g5lwl sl
S5t Sl ) 5h O A & 355 g0 gl
2359 Dl el ((Selg e Sl adl oo 0 Shee
BRISESUES IR SV I U] ESIN S K P S| UV
Jo25 9 355 o (smas oaims JUl mh 5 g (e
iy yos aiile pglie slacS e lio o 1, Sius
oS iS5 et co S5 (Sreliul
O wmas Jlie 5 4Ll Cagl 4 e (2559
S g Sas ol o ay Lo JoSG g ol o gl
oS E95 99 B 35D s (sl (g 085S
—ras Jlail 5 )55l czge (Saglie 5 (Selil
Sl ol 4S5 a0 4 Ll 5800 (SDlae
Sy pglie g Dae GYsb SOy e 4y celal
aomds o g abl Mas - ceae Jlail gl 6 5668
Sl ol 5k Sl cnl poseie ol sl 55l
g 9dlise ddo ;5 Oz la Ghge sl (2559
72 53 (Ploas - (pras Jlail i sllottul iz ge
Lo 55k jo wiz 52 39800 Oloz 9 5 Shae 50
Uhes e — cae Jlasl s Sl a3 ) 0k canS
D,l0 0429 slaglas e g o sl
S5l carge Wlsi oo (o359 Dl yed 4z S
3l gaioll b (SosS 5l alies i jo 50 b

VEov sl 5 P oyled (YA 6595 lsjljbs.l:-lj._l:'ﬂglﬂ!d:.l.ﬂ

$o

45 a)lo 092y (B9 b L e Jele (paiz ez S
HSL8 aS 09 oo aaS pl poogdle asloauis Ly
o359 el L (BDNF) jae 5l oo giie 215 (39,55
5 gl A 0y S BT o g sl e il
iS5 S lyte & S Sn
ol A2l s Sy n LS g s 45
Sl2,9:51 ol Jloial an aS was oo Lid g9090
ks 5 Hlas - (pmas Jlasl )55l 5, 5 9,
SIS e S 25 > g, s IS eas 5 cuas
g b yo Lo (89,595 (il 4 4 L(TA YY)
S Gy (s —(oras Jlail 5 Ll 9
595890 Dlsd J5e slas, 55l 5l (S oS
=559 Dl el dy Sl (Dlde - gas JLa]
Sl s Loy g il B
—sras JLal  Ghys SIS (o) e (ol Bue
S5y e ol 50 ol ai e glogleny 5 (e
e Sle SUlge> 5o (Seliul Sl o3 plxl
3 4l Jorb «sat sloailly IS corls 253
|y ials el amio 1o aS) Lusms oy Slilses

oIl cge (0359 Sl yed cnlplis rams o plis
Olyz o 93 2 3 (s~ ouae Jlail 595,00
Juasl Bk ol » Sl ped g9 09800 3 g
A a s Lol 5l as I8 e Sl Dlac - cac
e S golil gla 55 50 SISl aS s o0
48 b oaline (v e (5,08 sl b))
Do 4y Sl el SS9y 50 1 s 5 Lo by glis
0 )8 o Sl osel Cwdy slaguly i
=23y9 Dl yed 45 a2 oo (S anlllas ol ol b
Iy as - gmac Jlail Gglate & g0 4 wilys oo
A2 o | i ooled o
Oizred 9 OeaS| lp LALE (25,9 Sl o3 plox]
s oo Gl Ty (58 (LMl (6,95 (A5 0 Ses
spban OMde (S ESy ()9 Sl yed el (b
g (il § SS9 sLoolS )35 Lags (ol
OFeST 052y sl Caled )0 o5 Wed o Sl
Sl SLa by oeizeed lahs g (nl 09 winlss
3 b seban Gl slo )5 s e 0usl
Sl b )9 551 e Ol S (ol

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

11. Yoo S-Z, No M-H, Heo J-W, Park D-H, Kang
J-H, Kim SH, et al. Role of exercise in age-related
sarcopenia. ] Exerc Rehabil. 2018;14(4):551.

12. Nishimune H, Stanford JA, Mori Y. Role of
exercise in maintaining the integrity of the
neuromuscular junction. Muscle Nerve.
2014;49(3):315-24.

13.  Deschenes MR. Adaptations of the
neuromuscular junction to exercise training. Curr
Opinion Physiol. 2019;10:10-6.

14. Wen G, Hui W, Dan C, Xiao-Qiong W, Jian-
Bin T, Chang-Qi L, et al. The effects of exercise-
induced fatigue on acetylcholinesterase expression
and activity at rat neuromuscular junctions. Acta
Histochem Cytochem. 2009;42(5):137-42.

15. Radak Z, Torma F, Berkes I, Goto S, Mimura
T, Posa A, et al. Exercise effects on physiological
function during aging. Free Rad Biol Med.
2019;132:33-41.

16. Ojagbemi A, Akin-Ojagbemi N. Exercise and
quality of life in dementia: a systematic review and
meta-analysis of randomized controlled trials. J Appl
Gerontol. 2019;38(1):27-48.

17. Davies C, White M. Contractile properties of
elderly human triceps surae. Gerontology.
1983;29(1):19-25.

18. Vikberg S, Sorlén N, Brandén L, Johansson J,
Nordstrom A, Hult A, et al. Effects of resistance
training on functional strength and muscle mass in
70-year-old individuals with pre-sarcopenia: a
randomized controlled trial. ] Am Med Direct Assoc.
2019;20(1):28-34.

19. Beckwée D, Delaere A, Aelbrecht S, Baert V,
Beaudart C, Bruyére O, et al. Exercise interventions
for the prevention and treatment of sarcopenia. A
systematic umbrella review. J Nutr Health Aging.
2019;23(6):494-502.

20. Liberati A, Altman DG, Tetzlaff J, Mulrow C,
Gotzsche PC, Ioannidis JP, et al. The PRISMA
statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care
interventions: explanation and elaboration. J Clin
Epidemiol. 2009;62(10):E1-E34.

21. Deschenes M, Maresh C, Crivello J, Armstrong
L, Kraemer W, Covault J. The effects of exercise
training of different intensities on neuromuscular
junction morphology. J Neurocytol. 1993;22(8):603-
15.

22. Delp MD, Duan C. Composition and size of
type I, lIA, 1ID/X, and 1IB fibers and citrate synthase
activity of rat muscle. J Appl Physiol.
1996;80(1):261-70.

23. Deschenes MR, Kressin KA, Garratt RN,
Leathrum CM, Shaffrey EC. Effects of exercise
training on neuromuscular junction morphology and
pre-to post-synaptic coupling in young and aged rats.
Neuroscience. 2016;316:167-77.

24. Hirsch N. Neuromuscular junction in health and

http://rjms.iums.ac.ir

1

Ohen 5 g b 500

sla )Ble (o b bl e slacslas Jds a0 s

l—")—*"l’@“-’fl—ws“-‘sﬁ GAs)JaJ)‘onMS
Slipiog 25T odd (pw)p Slidod )0 aSiyl 4 ax g

2 &S 0gd oo Slpiioy o oal el iz (5,
§ o> (o)y9 Sl ped Sl ogdle oo | lidss

A 50 35 e el 4 55k 5o Sz sl glis
Lo Bl asiul an 4z b ()b ) ogd a8 F
0‘9_? SUlgus 4 Cod o Sllgas 10 oul conS
L Glp s Cladsd 4 5ld adl e Sglate

USRI PSP SN NEEL PRV

References

1. Lepore E, Casola I, Dobrowolny G, Musaro A.
Neuromuscular junction as an entity of nerve-muscle
communication. Cells. 2019;8(8):906.

2. Tomas J, Garcia N, Lanuza MA, Santafé MM,
Tomas M, Nadal L, et al. Presynaptic membrane
receptors modulate ACh release, axonal competition
and synapse elimination during neuromuscular
junction development. Front Mol Neurosci.
2017;10:132.

3. Hughes BW, Kusner LL, Kaminski HJ.
Molecular architecture of the neuromuscular
junction. Muscle Nerve. 2006;33(4):445-61.

4. Ma J, Smith BP, Smith TL, Walker FO,
Rosencrance EV, Koman LA. Juvenile and adult rat
neuromuscular junctions: density, distribution, and
morphology. Muscle Nerve. 2002;26(6):804-9.

5. Gault ML, Willems ME. Aging, functional
capacity and eccentric exercise training. Aging Dis.
2013;4(6):351.

6. Kang H, Lichtman JW. Motor axon regeneration
and muscle reinnervation in young adult and aged
animals. J Neurosci. 2013;33(50):19480-91.

7. Shi Y, Ivannikov MV, Walsh ME, Liu Y, Zhang
Y, Jaramillo CA, et al. The lack of CuZnSOD leads
to impaired neurotransmitter release, neuromuscular
junction destabilization and reduced muscle strength
in mice. PLoS One. 2014;9(6):¢100834.

8. Stangl MK, Bocker W, Chubanov V, Ferrari U,
Fischereder M, Gudermann T, et al. Sarcopenia—
endocrinological and neurological aspects. Experim
Clin Endocrinol Diabetes. 2019;6(01):8-22.

9. Sanchis-Gomar F, Pareja-Galeano H, Mayero S,
Perez-Quilis C, Lucia A. New molecular targets and
lifestyle interventions to delay aging sarcopenia.
Front Aging Neurosci. 2014;6:156.

10. Montero-Fernandez N, Serra-Rexach J. Role of
exercise on sarcopenia in the elderly. Eur J Phys
Rehabil Med. 2013;49(1):131-43.

Vel eled YA oy 5jly pSiisjs pglealan


http://rjms.iums.ac.ir/article-1-6316-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-12-31]

disease. Br J Anaesthes. 2007;99(1):132-8.

25. Dana A, Fallah Z, Moradi J, Ghalavand A. The
Effect of Cognitive and Aerobic Training on
Cognitive and Motor Function, and Brain-Derived
Neurotrophic Factors in Elderly Men. J Develop
Motor Learn. 2019;10(4):537-52.

26. Cheng A, Morsch M, Murata Y, Ghazanfari N,
Reddel SW, Phillips WD. Sequence of age-associated
changes to the mouse neuromuscular junction and the
protective effects of voluntary exercise. PloS One.
2013:8(7):¢67970.

27. Gillon A, Nielsen K, Steel C, Cornwall J,
Sheard P. Exercise attenuates age-associated changes
in motoneuron number, nucleocytoplasmic transport
proteins and neuromuscular health. GeroScience.
2018;40(2):177-92.

28. Fahim MA, Habak C, Seghier M, Hasan M.
Exercise Modulates Remodeling of the Diaphragm of
the Neuromuscular Junction with Aging in Mice.
FASEB J. 2020;34(S1):1-.

29. Dumitru D, Amato AA, Zwarts MlJ.
Electrodiagnostic medicine: Hanley & Belfus
Philadelphia; 2002.

30. Cintron-Colon AF, Spitsbergen JM. Effect of
long-term exercise on GDNF expression and
innervation in rat skeletal muscle. FASEB .
2019;33(S1):700.25-.25.

31. Reichardt LF.  Neurotrophin-regulated
signalling pathways. Philosoph Transact Royal Soc
B: Biol Sci. 2006;361(1473):1545-64.

32. Jiménez-Maldonado A, Renteria I, Garcia-
Suarez PC, Moncada-Jiménez J, Freire-Royes LF.
The impact of high-intensity interval training on
brain derived neurotrophic factor in brain: a mini-
review. Front Neurosci. 2018;12:839.

33. Hall JM, Gomez-Pinilla F, Savage LM. Nerve
growth factor is responsible for exercise-induced
recovery of septohippocampal cholinergic structure
and function. Front Neurosci. 2018;12:773.

34. Gyorkos AM, Spitsbergen JM. GDNF content
and NMJ morphology are altered in recruited muscles
following high-speed and resistance wheel training.
Physiol Rep. 2014;2(2):¢00235.

35. Wehrwein EA, Roskelley EM, Spitsbergen JM.
GDNF is regulated in an activity-dependent manner
in rat skeletal muscle. Muscle Nerve.
2002;26(2):206-11.

36. Funakoshi H, Belluardo N, Arenas E,
Yamamoto Y, Casabona A, Persson H, et al. Muscle-
derived neurotrophin-4 as an activity-dependent
trophic signal for adult motor neurons. Science.
1995;268(5216):1495-9.

37. Neto WK, Ciena AP, Anaruma CA, de Souza
RR, Gama EF. Effects of exercise on neuromuscular
junction components across age: systematic review of
animal experimental studies. BMC Res Notes.
2015;8(1):713.

38. Cobianchi S, Arbat-Plana A, M Lopez-Alvarez

1Y

Ohen 5 g b 500

V, Navarro X. Neuroprotective effects of exercise
treatments after injury: the dual role of neurotrophic
factors. Curr Neuropharmacol. 2017;15(4):495-518.


http://rjms.iums.ac.ir/article-1-6316-fa.html
http://www.tcpdf.org

