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ABSTRACT

Regular aerobic exercise improves learning, memory, and cognitive and Syn-
aptic Plasticity in Alzheimer’s disease (AD) patients. The aim of this study was to evaluate the levels of
calcineurin and Ca*/calmodulin-dependent protein kinase Il mRNA after four weeks of aerobic training
exercises and before AD induction in the hippocampus of male Wistar rats.

Thirty 8-week-old rats with an average weight of 19520 g were initially randomly
divided into two groups of aerobic exercise or rest for four weeks. Then, each group was divided into
three groups of AD, sham, and injection. Then, 48 hours after the last training session, AB1-42, or DMSO
was injected into the hippocampus. Finally, after the isolation of the hippocampus, CaN mRNA and CaM-
KIl mRNA levels were measured.

[{EETE The results of this study showed that there was a significant difference between the groups in
mRNA CaN and CaMKIl mRNA levels (P<0.05). The results showed that aerobic exercise and AD pre-in-
duction had a significant effect on increasing calcineurin and Ca?*/calmodulin-dependent protein kinase
Il levels.

[@TEIERT Overall, the findings of the present study showed that four weeks of aerobic training im-
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Extended Abstract

Introduction

illions of people around the world are

suffering from Alzheimer’s disease

(AD), and this disease is characterized

by advanced and irreversible destruc-
tion of neurons [1]. Currently, the amyloid-beta (A)
hypothesis is strongly supported based on the fact that
the early neuropathological signs of AD are extracellular
deposits of Ap plaques and the formation of optic fiber in-
tracellular cells [2]. Although not all features of AD have
been completely recapitulated, various animal models of
AD have shown important features similar to the onset of
the disease in humans. AD animals have a certain impair-
ment in learning and memory function and have problems
in various behavioral tasks, such as Morris blue maze, ra-
dial maze, and radial blue maze [2]. In addition to cogni-
tive deficits, AD transgenic mice also have non-cognitive
disorders (temper tantrums) compared to their wild-type
counterparts. Learning and memory impairment in AD
animals at the cellular level showed increased long-term
depression (LTD) and suppressed long-term potentia-
tion (LTP) [3]. In addition to progressive memory loss,
patients with AD often exhibit noncognitive symptoms,
such as depression, anxiety, and aggression that worsen as
the disease progresses [3, 4]. Therefore, there is an urgent
need for a new therapeutic approach that can improve
cognitive deficits and reduce non-cognitive impairments.
Auvailable evidence shows the beneficial effect of regular
exercise on both cognitive and non-cognitive functions in
humans and laboratory animals [2, 3]. Trained animals
showed an improved performance in spatial learning and
memory tasks, such as Morris’s water maze (MWM) and
radial water maze (RAWM) [4« 5]. The aim of this study
was to investigate the effect of aerobic exercise before
AD induction on calcium calmodulin kinase type II and
calcineurin expression levels in the hippocampus of male
Wistar AD rats.

Methods

The subjects of this research were 30 eight-week-old-
maleWistar rats with an average weight of 195+20 grams,
which were obtained from the Pasteur Institute in Tehran.
After a week of familiarization with the environment, all
rats were exposed to the treadmill running for one week
(10 minutes at a speed of 10 m/min and five days a week).
Then, the rats were divided into two groups by a simple
random method: the exercise group and the rest group.
The sports activity group performed aerobic exercise for
four weeks, and the rest group was exposed to the silent
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treadmill running at the same time as the exercise group
so that the environmental conditions were the same for all
rats. The aerobic training protocol was such that the rats
were trained on the treadmill five days a week for four
weeks. The speed of the treadmill in the first and second
weeks of training was 10 m/min, which was performed in
two 15-minute shifts with a 5-minute break in between.
In the third and fourth weeks, the speed and number of
turns increased to three and four, respectively, with three
5-minute breaks between them [9]. The rats were divided
into three groups by a simple random method and each
group was again divided into two subgroups. After sacri-
ficing the rats, the tissues for immunohistochemistry were
kept at 4°C. RT-PCR method was used to measure the
expression levels of CaMKII mRNA and CaN mRNA.

Results

The results of the present study showed that there was
a significant difference in the CaMKII levels between the
groups (sig=0.0001,12=0.98, F=192.83). There was a sig-
nificant difference in the CaN levels between the groups
(sig=0.0001, 12=0.98, F=296.53). The results of Tukey’s
post hoc test showed that there was a significant differ-
ence between the A injection group-rest and AP injec-
tion - aerobic exercise in the level of CaMKII (P=0.0001)
and also between the A injection group - rest and DMSO
injection - aerobic exercise (P=0.0001). In addition, there
was a significant difference between A injection group -
aerobic exercise and DMSO injection - rest (P=0.0001),
AP injection group - aerobic exercise and no injection -
rest (P=0.0001), and AP injection group - acrobic exercise
and without injection - aerobic training (P=0.0001). Also,
there was a significant difference between the DMSO in-
jection- rest and DMSO injection- aerobic training group
(P=0.0001). In addition, there was a significant difference
between the DMSO injection group - acrobic exercise
and no injection - rest (P=0.0001) and the DMSO injec-
tion group - aerobic exercise and no injection - aerobic
exercise (P=0.0001). The results showed that there was
no significant difference in the levels of CaN (P=1.00)
between the AP injection-rest group and the A injection-
aerobic exercise group, but there was a significant differ-
ence in the rest of the groups.

Discussion

The findings of the present study showed the neuro-
protective effect of exercise in the AD model. CaM-
KII phosphorylation decreased in A rats. The possible
mechanisms of the protective effects of exercise activity
against brain dysfunction caused by AP are different. One
potential role is probably the maintenance of molecules
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that affect the central and peripheral nervous systems.
The main factor among these molecules is CaMKII, es-
pecially the a subunit. Although a-CaMKII is the most
abundant protein known in the brain, it is also present in
skeletal muscle with an apparently nonfunctional kinase
role [28]. In addition, it is well established that a-CaMKII
plays a key role in learning and memory processes, as
well as the induction and durability of LTP [6¢ 7]. Ge-
netic knockout of the a-CaMKII gene results in cogni-
tive deficits and LTP inhibition. Heterozygous mice lack-
ing a genetic mutation in a-CaMKII showed deficits in
memory and behavioral performance indicative of mood
changes [29]. Consistent with the findings of the present
study, other studies also have shown that regular exer-
cise increases CaMKII mRNA expression in rat hippo-
campus and CaMKII expression and activity in human
skeletal muscles [30]. These exercise-induced molecular
effects appear to contribute to the ability of exercise to
prevent AD-induced depression. According to the find-
ings of the present study and the cellular importance of
the mechanisms involved in the improvement of cogni-
tive and memory factors, it is recommended to investigate
the other variables, including A plaques, tau protein, and
BDNF in future studies of aerobic exercises in periods of
8 to 12 weeks in human and animal samples. Also, cogni-
tive tests should be investigated in future studies. In gen-
eral, the findings of the present study showed that four
weeks of moderate-intensity aerobic exercise on a tread-
mill increased and improved neuronal plasticity and cell
signaling and prevented memory disorders in male Wistar
AD rats.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee of the
Faculty of Physical Education and Sports Sciences, Uni-
versity of Tehran (Code: IR.UT.SPORT.REC.1396018).

Funding

This study was extracted from Mehrara Soori’s mas-
ter’s, approved by the Faculty of Physical Education and
Sports Sciences, University of Tehran. It was not funded
by any organization.

Authors contributions

Conceptualization: Aliasqar Ravasi and Abbas Hosseini;
investigation: Mehrara Soori and Abbas Hosseini; Editing
& review: Faeze Heydari and Abbas Hosseini; visualiza-
tion: Hanieh Yousefzadeh and Aylar Birar; Supervision

July, August 2022. Volume 21. Number 3

and Project administration: Aliasqar Ravasi; Funding ac-
quisition: Faculty of Physical Education and Sports Sci-
ences University of Tehran.

Conflicts of interest
The authors declared no conflict of interest.
Acknowledgements

The authors would like to thank the staff of the animal
laboratory of Pasteur Institute of Iran for their coopera-
tion.



http://jsmj.ajums.ac.ir/?lang=en
https://ut.ac.ir/fa
https://ut.ac.ir/fa
https://ut.ac.ir/fa
https://ut.ac.ir/fa

¥ oylous .Y 0590 1F+ ja9 s 9 010 30 & .
s gu—=

p S‘m 9}%4’&9

[Ca?* & diunaly S 5953 9 (ot ybemedS (55 Ot 32 yoal T SN 31 iy (53lg oy o5 S
70071 (5 lowt d¥line (S ) CaoS gand Il (sd2901S

st ol 005 gy ale 075yt 0B 0l T 0l rol e 5y | e

Ol el 5 o0l 4 ol8ails (359 pole 5 (i a5 00D ¢ 559 (S59lg2 528 09,5 )
ol e s i Sty o olitl 5 o5 e oSS ¢ b9 (&olat 50 oS Y
Ol el (sl 5 (58 A ¢ 23359 pole 5 (St Ca T 09,5 Y

Use your device to scan
ndead the arideonine [SIZLE0ET7) Souri M, Ravasi A, Birar A, Heydari F, Yousefzadeh H, Hosseini A. [The Effect of Aerobic Training before Alzheimer's Induction
[=15 e on the Expression of Calcinurin and Ca2+/Calmodulin-dependent Protein Kinase Il Gene Hippocampus in Rats with Alzheimer's Dis-
L4t I"i'_-. L ease (Persian)]. Jundishapur Journal of Medical Sciences. 2022; 21(3):362-375. https://doi.org/10.32598/JSMJ.21.3.2548

https://doi.org/10.32598/JSMJ.21.3.2548

0 S-

o oee

Olons (Fmeadlyg 98 9 (U (5l yeiin g Aladlo- e 2ali3l o6 S 3k Ogatp cnsw (5319 el (o359 Collad
SIS iy 55519 003 ¥ 3l o 155 (rudo9allS’ S 5 (o0 s900mdlS” ol (502l dalllas | B 2395 o0 50l
2l o sy o153 53 o) aS g 5 saulill

Cadody Syl b (53192 02005 09, 90 4y ol o jgoty L3l 50 0,5 VABEY (59 (Silio b (latin A o, Y [EEDTEIEETY)
strad duadz 0051 5l g s PA 0308 s 32,55 5 oyl T (6 lon 09,5 ¥ 43 09,5 1 (s Wi s i ¥
MRNA CaMKIl g MRNA CaN (eoS gusd 55bshdr 3 o il 38 208,385 & y900 caoS 3o (39,0 4 DMSO L ABL-42 5, )55
A (5 Szl

3l 3429 (5 lolize cuglis MRNA CaMKIl g MRNA CaN (gl yuiie 4o divog S s a5 oo )lid yidrghy oyl ulis
1S clogall ool 583 st 5nlS e 53yl A1 S 5 53l o3 45 s Gt s (P 1-0)

s 5 lolins 3k
9550 i JliSns 092 omss youl 3T GA 5 s (5319 (s o5 a2 ¥ 45" 0 ()it puolo> dalllane slaaidly IS glods IFTETESE VFes oo 5 Yo il s u b
Spdi ga gl gpmadly VE) 5 F sy s
PSR COUYE-JODC W, FRCIVRVCIUI 2| 5 EUC QN [PON Ly PRI | g 1 PP PPN {155 oIS TR VP 313 0 0 il 2 6

e ociang i 2

e s

(339 G950 03,5 ¢(s3y pole 5 (S Sty 00l 1l o8 oKty ¢l 5 1 LS
+AA (ATV) DYDY iy

abas.hoseiny69@gmail.com :aelils,



http://jsmj.ajums.ac.ir/
https://jsmj.ajums.ac.ir/?lang=en
https://doi.org/10.32598/JSMJ.21.3.2548
http://jsmj.ajums.ac.ir/?lang=en
https://www.orcid.org/0000-0001-7289-7855
https://www.orcid.org/0000-0002-9221-8554
https://www.orcid.org/0000-0001-7506-4437
https://orcid.org/0000-0003-4549-2574
https://orcid.org/0000-0003-2135-5647
https://www.orcid.org/0000-0003-2855-5203
mailto:abas.hoseiny69%40gmail.com?subject=

Slebgl5 (g 5lussls] 9 o (Satig s e il b E-LTP
L olyan 5 w8 g0 Jlad 1) (ol oy SLabslS glaons S
Sl i 00 03 My (IS sy | (glims g sl
onalS” 3935 03121 Yl w50~ o] (sl Mg?*
1y OelgogallSICa™ (ys poe 03050 G 51y Jshes 00950 &
&9 elyo9allSICa™ LS (a9 s 9 05 0 bz’ (il 5 5]
aly ygind 5095 bty (A Jlad 5 g o5 S g0 Jled
& WS o0 Joo (Sl Js¥go S lgreds CAMKIL 355 oo
TP (g bl b JUal oaisS peens o] oy Jlad osle e

Iv £ asl e

5, les g on (Sihe o] 2alS Eely plate 54

g pe o abidl> galS gl g aes e il 1) bl
Juloeigas 5265 ¢ lgu Slalllas yogdle [A] S o (6,055l
g oo plaie (39 45 a8 o0 LaS Gl 3 Kol gmasy]
Mee) gxslids SIS il gy 40 il oKty loyo S lgicay
WS Joo (il Sl g auze Jlas b (Jie Jlg; oDl 3
Galises slap uilSe 3 ol omae Cbilis duny oo jlaias [#]
5 ("BDNF :aile) b yadg 59,95 00iiS polais aloz 3l JoSUge
aloxjf aladl> 5 (650l 0 Slos bt ol yo (sl JsSge S0
o LTP Liglsdl cacly 35 asgi 43 a5 & oy, 9imundS” 9 CaMIKII
sBg%s 4O ] O A8 oo 53l gl o alidl> 100, Slas Sgugy
o ,Slos Sy o g Ay 00,5 1 g0l Sililgus |y
I, 6542 RAWM L MWM e fgieas) oliad abadls>
21y S Glas olieS Ll yumne b (ppizmon waisls yLis
Sl ol yodle [Y] wisls ploel CBuw o3 ey oo S
B adadl> YL &.oé); S92 )39 Cedlad aS Conl s
S el gmoin) Slalllas ¢l pogdle ditse o dgugal, [V ¢ Al
(et csrenl Wiy, 3l o LS DS oS wilasls s
39 Cllad g Wlgioo 3 S5k b siRe Sl
S9) 32 e 5SS pogdle (28559 Collad il Sgue plate
L sl saileys pmlu lgsdy pizman ( 23Ul o Slos
oot Ll ol 5 sl LS 6y ey s,
e il gy gl aslllae Gan ol pln [VV] e
51195 1S lg9alS anslS 2 el TS 2 5515
sl g 3155 5 5yl I o) oS g 50 (2 yginalS

i 033)

PAalojl 09l 4 o5 el 0128 £93 |yl gy

7. N-methyl-D-aspartate (NMDA)

8. Neurogranin (NMDA)

9. Ca2+/Calmodulin-Dependent Protein Kinase li (CaMKII)
10. Brain-Derived Neurotrophic Factor (BDNF)

11. Calcineurin (CaN)

Y 0ylos . ¥Y 0598 VF+) a1 ol 9 010 o

.

LVRUTY

s ' yaalill gilon 4 Sz ol o Gl lagysilin
Loy095 oS 30 o8 ad 9 438 pliy 325 43 (5 Lo (s
bl adolial a3 pals Jlo jo V] 04 o axslis
T Sligas ) AD gl Sy39l5ilyg y95 (slaailis o Couadly (ol
reed (ks 9y cslolpler iS5 5 agigleal 530 sl
4S5z g b [¥] 09 o oo (658 IS 4 atitly o0 595
alizes sla o wiloats 53kl Mals" AD (sla 5519 plos
 Oladl 53 5)lont ;90b 42 e oiee sl AD (s
S5l I pateie PLS slls AD Clilgs ilosls oLis
3o asile (5,li8,y calizeo iyl 40 45" aws alasl> o ,Slos o
Ates [t jlos oled (ol Slo 5 (oolad Lo 90 o
(S pali pele AD S5 iy slogbye Y]
A1t |y (S Sle) 3ty SIS (prizpes
&rSol Pl wisd e Glis 355 iy g9 Glles
S0yl Salsdl ol el 5 AD clilge> 45 alidl>
[y (LTP) Touls g8 paw ko iy Jumaailiy 9 (LTD) ol
ladlo azd ity o0l Cows 31 b ogdledy [¥] wimo oo oyl
(SOl wiile (S pé Do SN AD adlie Lo
Lg)l.o.:g CABJ..:.‘..:% L as LS 0 OL‘S‘.} |) ngi.f:b‘-)g’ 9 gb]ab‘
oy 058s5, o 4 598 3l el [F YT 09 oo 5y
9 i dgage ) (FSD (la i wlshy 45 51 9529 s
39290 daled ams rals |y gslid e oW Guxes
38k 93 8 ;0 phate (2 5e3 jl (gsde il 45 a3 oo oLt
3979 (2 tslejl Slilgeo 5 Gl o (3Ll 5 (SSL
5 438l dgugy 8,Shoe G 03,5 o1 yo5 Slilgus [V Y] 5l
S T misse ol o Jeed 3l alail Cyllsg 5 L (5550l
10 1 wols olas ), 8 T elast

35 (sl oo Johoo 42 eelS 09,9 44 LTD 9 LTP Ly

LTP cely (Joluw (490 paaadS” 5l (oYU zedans 457 (M35 4y el
LTD 4y om0 Ailgs g0 el 30 lasgin o331 s Lol 095 o0
12 505l nsl dantlg L3S Joe a3 LTP Ly aS Sl )0 090
a5l g5 aLTP vpoals po 9. [F] axiaaa LTD L Jgins
5 0iS o0 Job el dus U a5 E-LTP lacyl al> yo sailouds
395 952 b Sl ds 3l ton B a5 o-1) 5T o GY5h 56
Olppeds a4y LLTP 9 E-LTP das puylipus 50 025 00 Jsbo
a3 8 s seasdy g SaeeligS abitl>  Joku (slaSylll
el (HFS) Nl (oS5 53,5 (S5 32705 S gl go

1. Alzheimers Disease (AD)

2. Long-Term Depression (LTD)

3. Long-Term Potentiation (LTP)

4. Morris Water Maze (MWM)

5. Radial Arm Water Maze (RAWM)
6. High Frequency Stimulation (HFS)

23 W 51 o (3l 022909 03y Keb g (5 900 300

23



http://jsmj.ajums.ac.ir/

¥ oylous .Y 0590 1F+ ja9 s 9 010 30

Jol azaa (P90 ddd g A @k aan
wD 53 59,0 aB 53 59,0 AR 43 59,0 w53 59,0
O S Y Gy g O S ¥ jo, 2 YO S ¥ gy 2 Vo ¥ e,
I Lladds Lladds . eladds . Sladnds
aiy ks O | Ay aid> O L ay akad> 0 b adlg ks B | /
prele Cepw F e Ve S R R [ R oW P e pw
abds adds Adadd aids
Lwé—w»wkdﬂ
W (> ; ; Lot 5
9% S . o3 e glyzl ogou 5l (Suileds ) prguas

Ores 4dn ¥ o8y Codlad 0g)S sl 095 9 ()
L g el 09,5 b lojen ol sl 09) io S ) sloe
B a3 S )18 (haels (0,5 )15 (2 yme 0 Lol L aliie ioe

Al GluSs Loy 4en (g2 (asmee a2

S5y L) &5 39 Sygo cul & (Siler (el SSSen
WSS 4 oo g el g alan B oo 4y 4Zal 40 59,0 (10,5 g
R Ve eyed 090 5 Jgl sladiin o oS Jlgi oy
O Ot (slaiBo B 4iBg Ly (gldo 10 Cugi 99 50 45 59 430
Laugs ohias g Cupa o i ez 9 pgs i 50 03 1 2]
O SMBED B by Y L 4 cdly (tal8l cugh oz g 4w &
gy 4 e, [a] (1 o )lets pgua) asisls  codled 4y Ly
,o‘\;lo..\qu)',so”f)n,qsmMo,)f’\“geauséahas
(¥ 0 lods 2 gual) O oS S5 09,5 25

(=5 09,5) 32y g 0955

Bl oy o Yo olass | ol Gaicws (gl Sogasl s plovl
JeSts 0,5 VALY 39 (3aNilie b (glasan A Jliyg ol5s
Loo 4o o,y ol ans o)l Hsimly gl 5l a5 wioly oo
as,> g doyd TO s9a> Cuysb 5 o5 il ax o YY-YY
4 g fwd S g Sadoo 5 SN TN (S by,
O 5 lge plod .zl dgame 8 kil shié g Sl
oy adlllas onl (alRaolel s b IS 4 by
olKasls JRERVLNY sasiisls é)l}‘ .S Sypae Judl),:uo
4 aalllae Joyo (olo 2800y j90 s5tnly gl 5 0
o lasd by ¢yl o5 olKils Sy o 3 oSl 3 anaS a0l
42ip Sy 3 das o, IR.UT.SPORT.REC.1396018 5920
S3llid] jolate ay oy oo 5 eSS daroea by g3lliis]
2o Ve e baids V) alie S Doty )5 e
o) (s 03385 1,3 T (2 yme 0 (a2 10 59, 5y 9 Ao
09,5 1A S 09,5 90 4 hal jo oolw Bolal g, 4

o5 s b silulid] azin S,

laij)‘o 03;

DMSO

21T B 51 o (lgh cr2005 oy K0R g (900 15T 0

JrsS eg,8

(32,55 9%

alizes (5lrog S 10 Wb jiige puudi g dxlllae )b Sl Y pguad



http://jsmj.ajums.ac.ir/
https://sport.ut.ac.ir/
https://fa.pasteur.ac.ir/
https://sport.ut.ac.ir/
https://sport.ut.ac.ir/

Y 0ylos . ¥Y 0598 VF+) a1 ol 9 010 o

22l oo 5 aslllan 3,0 sloymil s Y dgo

Gene Forward/Reverse Primer (5’ 3’) Accession Number
F GCCTCAGCCGAAACTACAAG
MME XM_017590630.1
R ATAAAGCCTCCCCACAGCAT
F AACACTCTGCGTACCAAGGA
CaMKIl XM_017588831.1
R AGAAGGCTTCCACTCTGCTT
F CTACAACGAGTTTGCCAGCC
CaN XM_008765393.1
R GTTTCCCAGTCGGTCCAGTA
F AAGTTCAACGGCACAGTCAAGG
GAPDH XM_017593963.1
R CATACTCAGCACCAGCATCACC
| Spleda
b gu—o

MME: membrane metallo-endopeptidase (Neprilysin); CaMKII: Ca?*/calmodulin-dependent protein kinase II; CaN: calcineurin; GAPDH:
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