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Abstract

Background & Aims: The lifestyle in the machine world of the last century is low
mobility and very little activity with the use of various types of equipment and facilities.
This lifestyle is the basis of many physical and mental complications in today's humans
and causes the occurrence of many chronic diseases such as diabetes and obesity,
increased blood pressure, and metabolic syndrome as a whole, followed by widespread
inflammation in the body. Increased inflammation in the body, especially in the central
nervous system of the brain, can lead to neurological and behavioral disorders. The
immune system plays an important role in regulating brain homeostasis. Even small
amounts of Neuroinflammation can disrupt physiological processes that occur in the
hippocampus, including neurogenesis. Inflammatory factors include inflammatory
cytokines such as interleukin 6 and alpha necrosis factor. In recent years, human and
animal studies have shown that the increase of these two cytokines in the body and brain
can lead to a decrease in memory. However, its exact mechanisms are not fully
understood. Recent findings also show that IL-6 is involved in cognitive functions and
memory, and increasing its level in brain areas such as the hippocampus may lead to a
decrease in memory, on the other hand, anti-inflammatory factors such as IL-10 (potential
role in immunotherapy and prevention) And progress or recurrence of neuropathy play a
role in the body. Interleukin 10 prevents the production and secretion of inflammatory
cytokines. This cytokine is secreted to suppress pro-inflammatory effects in stressful
situations. The most important brain region involved in cognitive functions and memory
is the hippocampus. Any damage to nerve cells in this area of the brain can be directly
related to cognitive disorders. Exercise is known as a risk modulating factor for reducing
memory and learning in neurological diseases and even Alzheimer's disease. It is assumed
that neurological and vascular adaptation to exercise and physical activity improves
cognitive function through neurogenesis, reducing pro-inflammatory processes and
reducing cell damage. Physical activity can modulate microglial activation in the CNS.
Low-intensity exercise is sufficient to induce an anti-microglial activation effect by
regulating the expression of various factors. Some of these factors (eg, Myokines) can
directly prevent microglial activation through various mechanisms that prevent
Neuroinflammation in the CNS. Be secreted from different sources (such as damaged
neurons, astrocytes, and microglia). According to past research and since the effect of
swimming exercise on the amount of pro-inflammatory and inflammatory cytokines such
as IL-6 and IL-10 and as a result on the amount of spatial memory in adult rats has not
been investigated, this research was conducted in order to make its results for patients
suffering from memory loss. It should be implemented in clinics as a suggested non-
pharmacological and effective treatment, especially in elderly people who have been
diagnosed with Alzheimer's disease.
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Methods: C57BL6 male mice (approximate age 10-11 weeks) and (weight 18-21 grams)
were obtained from Pasteur Institute of Iran and kept under light conditions of 12 hours
of light and 12 hours of darkness (8 am to 8 pm) and a temperature of 1£23 degrees
Celsius and humidity of 40-50% and enough water and food were freely available to them.
The data were analyzed using t-test analysis and P<0.05 was considered significant. SPSS
software was used for analysis and GraphPad Prism software (V8.5) was used for drawing
graphs.

Results: Mice who have experienced swimming showed a higher level of the cytokine
interleukin 10 in their hippocampus compared to the control group (p=0.002) and the
significant effect of swimming training on spatial memory was confirmed and swimming
led to a decrease in hippocampal inflammation. Through the reduction of interleukin 6
levels compared to control group mice (p=0.025).

Conclusion: In this study, the effect of swimming training on the amount of inflammatory
and anti-inflammatory factors and spatial memory was investigated, and according to the
tests and results obtained, it was determined that swimming training has a significant
effect on the reduction of the inflammatory factor interleukin-6 and the increase of the
anti-inflammatory factor interleukin-10. It is effective in reducing the number of
cognitive disorders, including spatial memory. Aerobic exercise can partially reverse the
cognitive decline associated with diabetes by reducing the oxidative stress and
inflammatory environment in the brain of T2D animals. Regular exercise has significant
benefits on insulin sensitivity in adults with type 2 diabetes and may persist for more than
72 hours after the last exercise session. Long-term intense exercise can generally lead to
higher levels of inflammatory mediators and thus may increase the risk of injury and
chronic inflammation. In contrast, moderate exercise or vigorous exercise with adequate
rest periods can achieve maximum benefit. Exercise can protect against age-related
cognitive decline, Alzheimer's disease (AD), and vascular dementia. We provide
evidence of swimming exercise in other animal models that assess cognitive functions
and hippocampal inflammatory and Neurotrophic systems. In support of our data, studies
are showing that swimming exercise can improve cognitive deficits in various animal
models. Regular swimming exercise in mice significantly increases working, spatial and
cognitive memory in Alzheimer's disease conditions or is effective in healthy conditions
as well. Overall, this study shows that swimming exercise may be suggested as a
complementary non-pharmacological strategy for the treatment of cognitive decline in
affected individuals. However, further studies should focus on training protocols that can
be used in humans.

Conlflicts of interest: None
Funding: None

Cite this article as:
Shekarchian M, Peeri M, Azarbaijani MA. The Effect of Swimming Training on Spatial Memory and Reduction
of Hippocampal Inflammation in Rats. Razi J Med Sci. 2023;29(11):318-327.

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

YY.

http://rjms.iums.ac.ir VY g W) osled (Y4055 1g5jl) 1o Saisja mgle alan



https://rjms.iums.ac.ir/article-1-7652-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-11]

oelS 5 el iy sloaia] ) 2alS L o556
ouiy] 5 sabaio (5105908 (A) 090 (Johos o]
S3lop G059 S S| onl Silas Slalllae 5o i S
20 alS e o8l (o 1y sae BT el (S
5 @z JrmS sleanlp e siie Slneis o |2
ez (S Sodlad ) ey Sl S s alasl>
b 1) Sledl Wlgie ooy caplled Q)
gl e sl 2l b o pals 5| Jid o
collsd () +) ams zals ISl odae o
b oy s G o Shos it 5
phaie (5558 (V) Sl 5, Sair g3lem (5559 50
gl Bl peac o Slae baas o owlel i
Olind Oldaxs o ls (635 0 cmas plwaw paddgilio
oz 5l (FELb oly poizr b ()59 &5 S o0
G5 5Tl L e oyl aliils o Sloe
Ciosi |y 1 ol ol SlapandlSe a5 (SIS
el 00 55 jee (5559 epe S5 50 g2 NS (50
350 (o 59,98 Jolbd el (i
Sl 9 e 55 05 (2l S FiedS (Ghis
OY) cwl aly 56
# L JW g5 il bd Wl oo (S Sllad
R (635 p0 (ras e b (635 10 (omae s
0o sl Jeb 51 Gl gl o8 Sad b s ys S
ol B alize Jelge ol mulas b JLAS 5 S
(LageS gee o Jlio plore a) Jolse cpl 5l (> 2
45 e et s ks a5l
SS9z 635 0 (s pi )3 (omae Sl
WS (S oy JLlSg S ot Jled 5l S oo
Gio9 b b e Ll elge ol oS .(OY)
el i sl 1) | (asids oS
0w | slayg,s5 aile) aliee molin 5l ailles oo
il JUb iisd e 5 (L5555 5 a5 2|
b i yof 5 0 lgion 1) 5559 JWlS 9S00 02
i 45 3,5 o (lydi (gl g s iyl
Sl Sl o g (—ae ol el @
Ol a5 0)ls 9925 (2o 3135 0B o0 JLIS g Se
S essS oy Saeme Sl Wl (G By e 3o
(S35 e s e > JUlS5,5s il Jled alor
SUEED 50 5908 Lo 556 (5 0 a2 510108 o0 23U

A\RR

e 5 ol K Blsls

doddo

S5 eSO et b SlBo s (S S

5ua glgil 51 0ol | b ol po 502l s llady
Slwdie) ( S5 ol ol il co alizes CUSGI 4
039 S0l Gldl 55 (Slo)g (somz B)l9 5l 6 L
5 <els 09r Slold e slesslon San w290
a9 Slgilbie pyoi IS )0 5 e lad bl Sl
Rl oe—Bse 5o 03 S Sledl ol Sl
P $35 p0 a3 09 4 o )3 DLl
95 5,18 g (srmae SV 590 4 e Wil o0
e Lwgen wolai )0 (cope (A (gheal pians (V)
ailgi g0 o—as Clpdl (Sodl e S )l
23 o0 ¢y tlS g 0 451y (So3gle b slaan]
S delse 51(Y) waS s 1) 559,95 al oz
el el oS gl 4y (gloylsl sl e
bl LT onim5s,S5 55T o £ puSs) it
alosls lis glg g Slail Sldllas 51 slo Lo
Sl oo Fe g G )3 gl 90 Gl 8l &5
U ol b () W alibls sl &y yeie
ot Bl LIS ol 4y T (528 slop S
aS 0o oo s uizmen Bl glaaisl il oS
550 bl 5 3l slos Slae o P55y i
Je 3t 58 o o Gl 5 el
S abidl>  rals 4 e Sl S colS g
aile 5o wlella o cla,esls 3k 5l (F)
5l Ssesl o Slosilly i Ve o iny]
O 00 Shoyg o9s by St 5 £900 5l 6T sl>
Ty g S gy 3l Ve S ol (D) wiiS e Ly
ol (1) S e s Ssl el e S sl
2 e dl G ST oS ol 5 sl
4>l e (F) 355 00 e iyl sloa b
abidls g oSl b slas Shee )0 15,0 (g5
2 e gdshe & vl 455 52 ool CulSgn
OB L o e bl )l Wilgs oo jae auxU oyl
Jole G lgae 4y 59 (V) ailb a sty sl
30 S0l gkl mals glp s cniiS bows
Cowloads asls aldl oo g cmas slai,low
5 Pk B g eras il &5l cnl (23
Gk 5l el o Shee 5 ) cely oy coplles


https://rjms.iums.ac.ir/article-1-7652-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-11]

b bge 3 colS g Qledl (tals g (lad alabls L (0 ye5 ]

4> ,0) ol 3 Gregileuw Yo iglas )l e ie sl
Slp s S 135 slwax o) £YY o)l >
oz sgise b «Sllg b Hobid Sl 6 S ol
90 (g (el yo i eals (1,8 UL Calise by 4o
(Ld 0y al> o g (Al al> 1) 3]0 9929 al> 1o
3l il Gl Gl ekl 050 )0
&l o ad8e Ve Lue 4 Jol atan Job yo Olils>
B G, b 6,85 cam (e (5w B) Bes oS
Az g0 Jeld L o ol dl> po b ools 1,3
S Gy 428 Ve col sl alole b glaados Ve sls
00l s ly Sow g ol Ges g dwls
Vo U (pgo anan ;o) aa, 8o Ve 3l g yie 5w V0
Rl 8l aol38l 5e, 50 (B 4 py s alas ) adSs
Obey S o V0w LAY+ el (9, 2 (o
o b Sl Ll o o plosl 51 ey o plodl
6B g 480 V0-1 0 Do 4y g dah Sl
LIV VI Y DN gt P R E Y [P FUIRU W P g 0
Ol Sllgem sl iie Do 4y 0 peT g Sl
A3l ools J13 Ol ygas 905 (glaog> 0 00,5
&l b by o slad abibl> govn jslaie 4
5,8 eola il 0,50 (Morris water maze) w90
i sl Voo yhad) aaw glopls i G L8 T
€ B ) Sl o) ez b (ol 0 gl
il Ve kb b oS Sy s oolizu | (D
25 el So A @) 0 Glegilw VY el )]
a0 ) 2YY leo) o booly 8 Ol mha
() ogy al>yo 93 Jolis (5,68 (y051 ol (31,5 il
coxi Sllge Sy o, 0 (b a5 Gijgel al>
Al 50 0028,5 158 55, )0 (nyed and> ez
(a5 52 5 b 30) lojT,I5 ¥ ol 5550
e 2 oS o5 2oLl 52 o glaids e aloli |,
s I EMLC B) Ko myaw 51 (S0 Ll
G5 S9umz Slp 1) 35 B als ools o3l g 0
Wio)S I 1) )8 o8 o hge (589 3 599 )],
3 STl adilay ol (g9, 4l Yoo guols o5l Ll 4
Ll ool oSS oy 1) 580 salesl o9 Jsbo
590 Gialel Al ye (Va0 ) (plosaly ol o 4y

http://rjms.iums.ac.ir

SO SN cdlrd as o S ST Wb axi e ol

S 8bos S5er sl b 598 el s sl
Lt cblze a5 wlools oLt s Sladllae (VY s | 5o
2 ool Ghals ol (3559 plow 4 S
lyal (Sor sl mals (Jolis g laglsme ]
9 h—ae ooy Lad> (Ggye 9 B Cwdlw 25
25 oo | oo | o 9 0] 5l ot 5 o Siplon
el ogae L L(VF) and ol &) (So5ub ules oo
2 658 osill el o b g (Dlas S o |
Soglie (nyed wiile) sole it lacJlad b auslie
e g BB Oledl a4 aS 05l oo (S jesdly L
S5k sl oS Jlgnal (L85, Lt (V0) 995 oo
Lo g 5me 0231550 Glas e (Nl 30 4 L
Slidos 4 ax g b (V) cul aadl> als o
Ol b o8 il a5 Q] 5l 5 238
—oS il e Sledly bl iy slacnlS el
la skl i pasad 0 9 F-Sol il g Ve
Ol e 8 K5 8 oy 2 3 90 Hb sl o
gz ol C—’L’ b aid)f oje—o jshaie (o GeiS
YU i 50 Lo gua e aladls oS 4 M ol Lo
ool oy s lsie 4y wload eyl 4 e a5

305 12l eSS 5o Jgeg (2950 58 Ol

JLIT-TY
Vo s —w) b CSTBL6 ol 5 sle yoge
Olnl e b g3l 51,8 YY-VA (59) 9 (aian) )
el WY g (alidy) el VY (6 98 Ll it ) g g
ax > VEYY boo 5 (pbjlam A Jmo ) S0
5‘7’—‘5(5)“‘\@ ..\_.a)oa’—f’ Q.gj.’a)j o‘)i..:.:Lw
ools 1,8 Ll oy ws o ol &g o 4 SIS gl
G ateS ol a4 —iolejl slo by, ples .o
S L gl oty oo M ulalT ol sl
3l o e | oo , IRTAU.SARLREC.1401.179
yo M LS Cnyed bg (pped g 09,5 99 4 Sl
u_i..{ Cod g_:l;‘ﬁ..} (i £A03% w.._w.m (05;)_@ B
Ao iyhad) 5,5 OB Sy Ll 0 yod (glasan § sl

V¥ ﬂc\\ oyleds (Y& 0,9 E]Ijusljlﬂ'ngl:!dﬂ.-ﬂ


https://rjms.iums.ac.ir/article-1-7652-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-11]

Al oolawl AJO

laasly

S il aS aes o plai Y o led IS s
Slom o5 6518 doe @) 50 s sea > Ol
load aladle o o3 Gl g lobie I Lt o 5
yg—a> Slado olawy ioli8l aes oo LS 1) e
Slosias pldisSw (6,25 1,8 doxe ) 50 Olse>
el on ol alitls s Lt oy a5 (s loline

o5 s 42U 0 Sl lie (o) Gl
Y1 S5 5] oolital b & — a5 ) 2l sl clilgu
JS=b 50 a5 jshailes .l 485 )13 omi 3590
A oo L ()59 e Toads oolo L5 Y oo,les
S IS 5o Syt el o alS
ol 7S 09,5 slahge b annilie )5 F- S ol 1]
(P =+/-Y0) el

>l o Sledl el (e o ol 4
S olgie 4 Vem S gl il mhaes dagtige culS e
3y30 w1 S5 5l oolits 11 oot > plSstoles
@l hse Fojleds JSA 5o ol a3 )5 )13 o

*E

o
g

w
=

Time spent in
the platform quadrant (sec)
=) S

o

\@
o°°

@
&

&

oher g ol S5 Ll

ojll Slilgus 4y g puiilo 1y )18 (558w ] o a5 (£
al> o ool oS ogls Al e Gl ) 35 B ols
Ve ol e a0 de LS5 L S0 Gl o sl
Lg)ﬁf)‘ﬁJza@))o)}db oley o il sl
JWBLJDLA)OU‘PASG:MQQ‘MQP
e 0) 2325 9 (p S okS 2 )5 (e 00) (eliS
o D 0315 0310 Bres (Lhgtn (P S9hS 2 S
Sl @ pite 4 3o llis bt (3ged s o
Wl alS Glas o1l e (C3 5 O s jre )l e
-3 9 Sl Guligms Sl 5 )5 e e
3,90 Leplgule ioww lyp ol 5 gile a0 A
9 F=oS oyl s Ol (285 18 (6510
Jgiw & (bl | p 1Y slaceS Jaw o5 VoS g 20
J3 65 0;lail 5,90 (Abcam Co) odjl—w &S i
o S90S (5 5lUT 5 eolanw L lassls .8 )5
aid )3 Gl o P < oD o e ol g cd 518
5529 (GraphPad) &y SIS 158l 6 5 51 fsge o

8- *

2

Platform crossings (n)
i i

A; Time spent ) s) )18 )8 (go5uw 45 owd 13 5 6y oloj liwe - myge (21 jlo o&iwd )3 olad aladls (cqy p Ui bjy9 51 =) JSWd
9 P</40 15,5 gxe M3) (B; Platform crossings) ol 63,8 joue low> 95w oo jl a8 Slads sl 4 (in the platform quadrant

V) e V) oyled Y4 o) 15jly 1o Saiijs ogle alan

S 09,5 b o auglin P<e/0

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7652-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-11]

b bge 3 colS g Qledl (tals g (lad alabls L (0 ye5 ]

13
&2

a
S

_|

Interleukin 6 (pg/mg protein)

204

101

e N
’60

S 03,5 b a3 el P10 5053 e ST e ol n )3 P=5od 5l s 53y 1 8 g 1Y S

‘S 120;

‘.CI_'.) kk

(@]

o

@) 90'

=

~

(@)]

[oX

~— 60.

o

=

£

=5 301 :

Q

[ -

9

= .
-4
O

S
@)

JyiS 09,5 b osd duglie P<e/4 ) 1 gl cime O3 la ige conlS guum 13 Vo (S o il prdans (g9 po Wb 5559 51 =T JSUS

S5 (e 2 bt Gy Sl (ommy 2 ) 5o

9008 (o 2ludd Al lelas 5 Sl
W0 ,5 asti s odel w0 4 Ll g ol 5ub
25SE Ol 2l (5)blias Sl o yes oS
Sl @ledlas ji5B a8l s P8 ol pal ledl

http://rjms.iums.ac.ir

u-’lsﬁ*-’l‘“ )‘ QS)-’YL' C—Iaw Jj‘oo)f @25 Lo O5509 Ry
0955 &1 i 093 quali g yo [, Ve - (S ol 1]
oA.;.a:.)Ql_.i.j CJ%‘ (P =+/+Y) -.\.S|o.>|.>Q J).._S

atloo bed (3359 Jleel 5|

YYe¢

VFY e VY osled (YAoy9 lsjl]._..SﬁlH'ngl.::d:.n


https://rjms.iums.ac.ir/article-1-7652-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-11]

ol 5 Jens 3 595 o 90 9 9,5 o0 58 Sl s
calhs Jloiz! (b ools .auS co (5,5 sl &l 5
G 5 Sty 5 e S5y OMgd &S 9,
iz (V) Gl oo (gl Cobs gL lgg
AR50z by Feglie (e s3lse IS
3 S aisl ol 18 ) jse ], Jlu O (YL
5 &5l rred Sl b Syl asliy Sy a5 sl ]
43,85 YO J8las 5 lawgio ol JBlas b seglis
YL LS 5 jo (3Ll 3 Shos 6l > p2 50
Oley G Wilg oo Ll (45559 (V) Sl e Sl O
b boassly ol o,ld, o mlis oS oy ogill
L (3,9 a5 aiiS oo Cola> ol ol 5l gog0>
30 6,8, —as OIS ol L el S
B3 A¥+) Al By el & Sl e
5 S sl el Wl gn Soe Nslo
ol 9 e Wlgi oo il Jlg il (n oS 99— 9,8
Gl sslsae o Shes d9pp ey &S Tz 0l
o8l o Sz 3l LS04 g basals o Sles
Sl S s o 08l 5ae 0 (VY) 00,5 o e
Tobe 9 S lond o (eie D)9 4 2l Ay
9 eelgmd (g g jhe 23 )0 F-nS el il SYL
Olor o tse b anslie o wielle slafge azsee
(SUocsS s s il Bl 5o s oanlin gl 5
OgriaS )l aiile 231550905 DY ) el i
Casload (555 eje bl ple g elill (5 len
Sl (31l S 559 (e Sllge> )0 (M)
wallas SO o el aadl> olo U5l 6,55l (ol
ssl @55 pe g 355555 Gl b e 5 595 B8
aldl> o gla Jige canlS g lodilais w0
Slroygo (YY) aisn g |, oload 5 S oligS
o Sah b S el (480 £ B F) oo oligS
| altil 5 2 sl g a5da iy oo 3
Ol Sliniizs (YY) aeledn dgne (pme S SS50 5
(Silsp sl b3, 059 4 ¢ S Codlad a5 il sols
Shtalls o alidls o5l o Slae s kil
(S5l G039 b a—mlin o ols el Glles

V) e V) oyled Y4 o) 15jly 1o Saiijs ogle alan

YYo

e 5 ol K Blsls

3 Sl oo Ll Dl ol Bk 5l g ol Ve (S'o)
olad alibls e I 3lis SV e ialS
Cawdy adigas gl calbw wlidsd ;o .abl S5
519 5359 w2310 o0 Ll 5l (camr y9,0 4 45 oukal
Ll cobo b badpe ool gy o b wlsi oo
3o 50 el larme 5 geilae—nST o il alS
o9 OVF) S weSae |, ¥ g b o Ol lg>
2 Oyl @ Cow b > (a2 JB Gllie plaie
Sl G5 5310 pgd £95 ol 4y D (VLT 5
ulo!aﬁsa_wl.?a)éyljlwcﬁcL_MVY 3 e
sgb 4 Sl oo b B (Vsb (85,5 (VF) Wb
55 ledl laddanls 5l 6 VL Zobaw 4 2ie IS
1y e bl g cool s col (S a1
Lol (559 b Jamogie (3559 Jilie 5o a0 (o33l
Sy 2STas 4y Wl oo alio ol il glao 90
ol b g e (3Ll Jlgy 5l les se )59 s
aS il (Bgse Jie g5 9 el 6 lew oy
YL zolan 4 a0 o Gl [SSean ] Sldllas ((VA)
e byl & ol a Ml jlas a5l Sas codld
2 95730 S3ie Gsp ,Shes 1 OF)
Jlss 4 y2ee a5, 05 | See il
6 Lo Al Sl xS Jogd g Sl
Soae ;5 (Siglsm piie S plyie 4 wizlol on
e Sloyo b ail Sy Blasl ae g 6l 0,25
356 e el e 33155 Yogoma (V) cul
S8l gl S (ol oy 0 |y (Sl algs 5559
Sde b (o859 soaeli o colis SYNSTL 5 s
Oy o] o i Slado g SolieS il
Sl 3L 0550 Slllas .auS ol |y colid gl

’l...l..“o S

2 s b 4y (508 aliSis slajes G o a8
Oed (VY gl aunlie Bolad Lylys b oldl 0
RSER R JERRIIPUE I N IR VA N S P |
ol asile wams oo &) (8559 5 o & el e
sl ol (Soe o Sl iy slacnB gl (Lo
2309 OryeS 4 e (GYgb (dodai slag il
s Ll o L Al 5 (5,50l sl Sl

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7652-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-11]

b bge 3 colS g Qledl (tals g (lad alabls L (0 ye5 ]

pol i Oldlas wezg (ol b 0o ,8 ol iy

Dgds 35 yale Dgu

References

1. Donzis EJ, Tronson NC. Modulation of learning
and memory by cytokines: signaling mechanisms and
long term consequences. Neurobiol Learn Mem.
2014;115:68-77.

2. Baldari C, Rodriguez-Rosell D, Marinho DA,
Cerqueira E, Neiva HP, Lourengo O. Inflammatory
Effects of High and Moderate Intensity Exercise-A
Systematic Review. Front Physiol. 2020;1:1550.

3. Fernandez-Lazaro D, Mielgo-Ayuso J, Calvo JS,
Cérdova Martinez A, Garcia AC, Fernandez-Lazaro
CI. Modulation of Exercise-Induced Muscle Damage,
Inflammation, and Oxidative Markers by Curcumin
Supplementation in a Physically Active Population: A
Systematic Review. Nutrients. 2020;12:501.

4. Sanderson M, McKinlay BJ, Theocharidis A,
Kouvelioti R, Falk B, Klentrou P. Changes in
Inflammatory Cytokines and Irisin in Response to
High Intensity Swimming in Adolescent versus Adult
Male Swimmers. Sports (Basel). 2020;8(12):157 .

5. Northey JM, Cherbuin N, Pumpa KL, Smee DJ,
Rattray B. Exercise interventions for cognitive
function in adults older than 50: A systematic review
with  meta-Analysis. Br J  Sports Med.
2018;52(3):154-60.

6. Zhao RR, O’Sullivan AJ, Fiatarone Singh MA.
Exercise or physical activity and cognitive function in
adults with type 2 diabetes, insulin resistance or
impaired glucose tolerance: a systematic review. Eur
Rev Aging Phys Act. 2018;15(1):1-16.

7. Matkiewicz MA, Szarmach A, Sabisz A, Cubala
W1, Szurowska E, Winklewski PJ. Blood-brain barrier
permeability and physical exercise. J
Neuroinflammation. 2019;16(1):15 .

8. Loprinzi PD, Ponce P, Frith E. Hypothesized
mechanisms through which acute exercise influences
episodic memory. Physiol Int. 2018;105(4):285-97.

9. Jennings GLR. Exercise and blood pressure: walk,
run or swim? J Hypertens. 1997;15(6):567-9.

10. Hidayati HB, Rejeki PS, Herawati L, Asih SW,
Suhartati S, Khaerunnisa S. Swimming Improves
Memory Function and Decreases N-Methyl-D-
Aspartate in Ageing Rats. Indian J Forensic Med
Toxicol. 2021;15(4):1265.

11. Salari A-AA, Samadi H, Homberg JR, Kosari-
Nasab M. Small litter size impairs spatial memory and
increases anxiety- like behavior in a strain-dependent

http://rjms.iums.ac.ir

Ly il o9y 90 (pl a5 (6,00 Olallas g wilosls
(YY) s oad i |y (Felas caisS o auglio oo
Gl SO S culles as 55 st WL
sl o0 0, Shos 35ur sl b 658 lelos
iz o ]y (Gl o Sles oo baee (s
1 i 33l arllT e Alaz 3 e 09,5
Syt s (Sl 5 S ST
Ol 595 32 o2 g Sl Slalllas oo (F) disu (o0
ol 5 el S iy Eullab 45 ao s i
sl Il slonr po (3L 0 Shae Lai 5 (s lons g,
o Jld o2 addllas cpais (A) ail alsls i
el slo Sl Gralidl o LSy ,See 0o 5l i
bo sl g 0 1) quelS geed P S o 2l aliox
5 S ditls Plsla & wles,S [ Y ey
5 - oSyl il () e ) )) S e S ol
ol alasls PUSTL a8 Voo Syl 2l Ltals
Sibos pr g 3 5 Sledllonias Glis il Lo e
slo ylid aslllas ol gl lei co LS Hebo 40 (YY)
lad (5,5 adl> p2g8 LB b 4 s (35,9 45
Oeizmed gl MiSu oo Sgage bahge o |y (S5LLS
Sl (k29 BB jsb 4 L ()9 a5 awd oo Lt
3 VoS o minl o8l g F-enS ) Xl als
alpd Lo ogd (0 03,5 (0 ped Slobge culSgnn
oS o 1) o0 e slo e o Lt i
5 el sl 5 (L0 las Slos oS
heules y00uS o (Dbl 1) ualS gind Sdg 59 o0
a2 oo i aS o)l 89z Slellas Lo slaesls
sladoe o 1) GSld (ali Wiy oo L2 ()9
Sl 55,5 (YYVY) 0_idy dgups e Jlgu>
T T R
o=l el g le byl ol sBLL g plas

IRV

@910 pé SF Il Ko plsie 4 Wlsh cl (Sas
Mo o3l jo sl b gy ol lp oS

VY g W) osled (Y4055 1g5jl) 1o Saisja mgle alan


https://rjms.iums.ac.ir/article-1-7652-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-11]

manner in male mice. Sci Rep. 2018 Dec;8(1):1-12.

12. Esmaeili MH, Enayati M, Abkenar FK,
Ebrahimian F, Salari A-AA, Khabbaz Abkenar F, et
al. Glibenclamide mitigates cognitive impairment and
hippocampal neuroinflammation in rats with type 2
diabetes and sporadic Alzheimer-like disease. Behav
Brain Res. 2020;379:112359.

13. Mehta BK, Singh KK, Banerjee S. Effect of
exercise on type 2 diabetes-associated cognitive
impairment in rats. Int J Neurosci. 2019;129(3):252—
63.

14. P. F. The effect of regular swim training with two
different time periods on serum levels of NO, VEGF,
and TGF-B1 in diabetic male rats. Modares J Med Sci
Pathobiol. 2017;20(2):37—48.

15. Dallé E, Mabandla MV, Daniels WMU.
Dielectric Constant and Conductivity of Blood
Plasma: Possible Novel Biomarkers for Alzheimer's
Disease. Oxid Med Cell Longev. 2020;2020:5756382

16. Sanders LMJ, Hortobagyi T, Gemert S la B van,
Van Der Zee EA, Van Heuvelen MJG. Dose-response
relationship between exercise and cognitive function
in older adults with and without cognitive impairment:
A systematic review and meta-analysis. PLoS One.
2019;14(1):1-24.

17. Reisi P, Alaei H, Babri S, Sharifi MR, Mohaddes
G. Effects of treadmill running on spatial learning and
memory in streptozotocin-induced diabetic rats.
Neurosci Lett. 2009;455(2):79-83.

18. Gilak[/Dalasm M, Peeri M, Azarbayjani MA.
Swimming exercise decreases depression[like
behaviour and inflammatory cytokines in a mouse
model of type 2 diabetes. Exp Physiol.
2021;106(9):1981-91.

19. Benatti FB, Pedersen BK. Exercise as an anti-
inflammatory therapy for rheumatic diseases—
myokine  regulation. Nat Rev  Rheumatol.
2015;11(2):86-97.

20. Shahrjerdi S, Shavandi N, Sheikh Hoseini R. The
effect of aerobic exercise on metabolic factors, quality
of life (QOL) and mental health (MH) in women with
type II diabetes. J Arak Univ Med Sci. 2010;12(4):25—
35.

21. Ahmed IH, Ghali ZH. Transversion and
transition mutations of interleukin-6 gene -174 (G/C)
in patients with type-2 diabetes mellitus. Gene
Reports. 2019;17:100478.

22. Petersen AM, Pedersen BK. The role of IL-6 in
mediating the anti-inflammatory effects of exercise. J
Physiol Pharmacol. 2006;57 Suppl 10:43-51 .

23. Zhao G, Liu HL, Zhang H, Tong XJ. Treadmill
exercise enhances synaptic plasticity, but does not
alter B-amyloid deposition in hippocampi of aged
APP/PS1 transgenic mice. Neuroscience.
2015;298:357-66.

Yyv

e 5 ol K Blsls


https://rjms.iums.ac.ir/article-1-7652-en.html
http://www.tcpdf.org

