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Abstract

Background: Diabetes is known as one of the diseases that has imposed many health, social and
economic problems on human societies and has spread widely in recent decades (1). Glucose
metabolism and related disorders for the central nervous system (CNS) and astrocytes, which are the
most important glial cells of the central nervous system; It is important. Therefore, disorders of the
hypothalamus, cerebral cortex and hippocampus, vascular disorders of the brain, etc. are among the
complications of diabetes on the central nervous system (3). Among the brain regions, the hippocampus
is one of the most sensitive areas that is vulnerable to harmful factors such as ischemia, stress and
especialy diabetes, during which it undergoes neurophysiological, structural and molecular changes
such as decreased neurogenesis 3 and atrophy. Hippocampus (4), which leads to one of the significant
changes caused by diabetes, namely neuronal death in the hippocampus (5).

Due to the fact that insulin resistance and type 2 diabetes are characterized by hyperglycemia,
hyperinsulinemia, increased plasma FFA levels, decreased fat oxidation ability and fat accumulation in
body cells (6). And this increase in fat content has a high relationship with insulin resistance and the
main cause of this accumulation of fat is mitochondrial dysfunction (7). Two mitochondrial enzymes
that are important in the fat metabolism of cellsin the body are Maonyl-CoA and CPT2. Malonyl-CoA,
a coenzyme derived from malonic acid, plays an essentia role in the transport of fatty acids into the
mitochondria and in their synthesis. Are fatty acids (8). Accordingly, some evidence suggests that
reducing the amount of malonyl coenzyme A reduces insulin resistance (10).In this regard, carnitine
palmitol transferase 2 is a mitochondrial protein that is attached to the inner part of the mitochondrial
membrane and plays a key role in the transport of fatty acids into the cell for beta oxidation (11). The
regulation of CPT-2 activity by Malonyl-CoA or other metabolic mediators is not directly or indirectly
known (12). One of the supplements that has been shown to facilitate beta oxidation of long chain fatty
acids and participate in the metabolism of branched-chain amino acids and fix cell membranes is L-
carnitine (14). Due to the fact that L-carnitine is able to transport the acetate group from the
mitochondria to the cytoplasm, thereby reducing the ratio of acetyl coenzyme A to coenzyme A in the
mitochondria, thereby increasing the activity of the enzyme pyruvate dihydrogenase and thus glucose
catabolism. Give (15). Therefore, taking this supplement may be able to improve mitochondrial
disorders caused by diabetes in various tissues, including nerve tissue.

On the other hand, in addition to nutrition and various supplements, physical activity and exercise have
been proposed as a way to control diabetes disorders (16). In confirmation of this, exercise activity in
diabetic rats by reducing blood sugar levels, causes cell proliferation and increases the synaptic plasticity
of neuronsin the hippocampus of the brain (17). In fact, exercise creates endogenous neuroprotection by
reducing endogenous neurons and protecting them against diabetic neuropathy, and ultimately reducing
diabetic cognitive and motor disorders (18), thus increasing activity. Regular exercise can improve the
malleability of the brain (19), the antioxidant system (20), and the upregulation of neurotrophins (21).
Considering the above and considering the negative effects of diabetes on various body systems on the
one hand and irreparable damage to society, researchers are always looking to discover the best way to
prevent and treat this dangerous complication. Various studies have been performed on the effect of
increased plasma L-carnitine on FFA intake or exercise endurance capacity following oral
administration or intravenous injection; In this regard, some findings suggest that L-carnitine
supplementation increases fat oxidation (25) decreases carbohydrate oxidation (26) improves exercise
(27) and reduces recovery time following exercise (28) Leads. Given the above and differences in
research results on the effect of aerobic exercise and L-carnitine on mitochondrial disorders on the one
hand and the lack of research on the subject of research on the hippocampus on the other hand and
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discovering a way to minimize the negative effects of diabetes Specifically, the increase in cdllular fat
content in the hippocampus, the researcher seeks to answer the question of whether increased aerobic
activity and consumption of L-carnitine have an effect on mitochondrial factors in the hippocampus of
diabetic rats or not?

Methods: This research is of developmental type and its method is experimental. In which the ethical
principles of working with laboratory animals, such as the availability of water and food, and proper
storage conditions, and how to kill mice were observed.

The statistical population of the present study consisted of male Wistar ratsin the weight range of 250 to
300 g and 6 to 8 weeks of age that were bred at the Razi Serum Laboratory Animal Breeding Center.
From the statistical population, 45 rats were randomly selected as a statistical sample and randomly
divided into 6 groups. Groups include 1) sham injection group (5 rats), 2) healthy control (8 rats), 3)
diabetic control group (8 rats), 4) diabetic group receiving L-carnitine (8 rats), 5) The diabetic group was
aerobic exercise (8 rats) 6) The diabetic group was aerobic exercise and received L-carnitine (8 rats). In
the diabetic group, animals became diabetic by injecting streptozotocin (STZ) at 55 mg / kg body
weight. 48 hours after STZ injection, hyperglycemia was confirmed by glucose oxidase assay with
biosystem kit. Thus, rats with serum glucose above 300 mg / dL were considered diabetic. In the diabetic
and exercise groups, the animals ran on a treadmill for six weeks after induction of diabetes. Rats
receiving L-carnitine received 100 mg of L-carnitine (29, 30) oraly daily for 6 weeks. Aerobic exercise
groups also performed a training program including aerobic exercise on a treadmill, 5 days a week, from
9amto 11 am, for 6 weeks (31).

Results: In the present study, the effect of aerobic exercise and consumption of L-carnitine on the
mitochondrial CPT2 content of hippocampal tissue was observed (p= 0.008). However, there was no
significant difference in the number of Malonyl-CoA mitochondriain the hippocampal tissue of diabetic
rats as a result of aerobic exercise and L-carnitine administration (p= 0.227). The effect of aerobic
exercise and alcarnitine consumption on Malonyl-CoA and CPT2 enzymes in the hippocampal tissue of
diabetic rats was investigated. Based on the results of Tukey post hoc test, it was shown that diabetesis
associated with a significant increase in Malonyl-CoA mitochondria of hippocampal tissue. Consistent
with a study by Badiopada et a. (2006) that increased Malonyl-CoA levels and decreased fatty acid
oxidation showed key abnormalitiesin insulin resistance in type 2 diabetic specimens (32).

In general, exercise can stimulate lipid oxidation and inhibit lipid synthesisin the liver, aprocess that is
mediated by activation of the AMPK pathway (33). However, as the results of the present study show,
the response of Malonyl-CoA to exercise is different in hippocampal tissue, so it is possible that
Malonyl-CoA levelsin different tissues respond differently to exercise. The lack of significant changein
Malonyl-CoA levels in the hippocampal tissue of diabetic specimens and the aerobic exercise program
with L-carnitine can be attributed to changes in tissue insulin sensitivity and tissue oxidation. In the
present study, the interaction between aerobic exercise and L-carnitine consumption had no effect on
Malonyl-CoA hippocampus in rats. Although there are several mechanisms involved in supporting the
effects of exercise on diabetes, the type of exercise and the dose of L-carnitine supplementation can also
affect the results. Therefore, further studies are needed to discover the mechanism of Malonyl-CoA
changes in the hippocampus, especially in diabetic specimens following L-carnitine exercise and
consumption.

The present study showed that diabetes was associated with a significant decrease in hippocampal tissue
CPT2 index and the results showed that aerobic exercise and L-carnitine consumption had no effect on
rat hippocampal CPT2. But the interaction of aerobic exercise and supplementation significantly
increased CPT2 in the rat hippocampus. The palmitoyl carnitine transferase (CPT) system contains two
enzymes, CPT | and CPT II, and are involved in the transport of long-chain fatty acids into the
mitochondrial compartment. The enzymes are CPT | in the outer membrane and CPT Il in the inner
membrane of the mitochondria (11). The results of Aminizadeh et a. (2017) on the regulation of cellular
energy homeostasis in the skeletal muscle of male rats after four weeks of endurance training showed
that the expression of carnitine palmityl transferase 1 beta gene in the endurance training group was
significantly higher than the control group (34). However, the exact mechanisms of the effect of exercise
on CPT Il regulation in hippocampal tissue are not well understood. Also, the physiological significance
of the natural inhibition of CPT Il by malonyl coa has not been determined. However, due to the high
sensitivity of CPT Il to Maonyl-CoA, it can be stated that changesin CPT Il level are dependent on the
level of Malonyl-CoA (35).

Conclusion: Due to the effect of aerobic exercise and L-carnitine supplement alone and in interaction,
using them in consultation with a physician is recommended for diabetics.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2026-06-10 ]

Cite this article as:

Angouti M, Rajabi H, Gharakhanlou R, Dehkhoda MR. The effect of aerobic training and intake of L-Carnitine
on Malonyl-CoA and CPT2 enzymes in hippocampus tissue of diabetic rats. Razi J Med Sci. 2020;27(4):122-
130.

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

http:/rjms.iums.ac.ir A4 L5 oF oylas YV o)ss 15jl) igSaisjs pglealan



https://rjms.iums.ac.ir/article-1-6084-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-10 ]

S w23l 08U Bpae g silgm 05 36 Malonyl-CoA 5 CPT2

il Gl s & w155 o 358y 5,50 35515
Og—loenST 33l 5 0 iy & )90 A @ 3lsS
A0 (i yiwd S Lo @ e e oy slaa]
aS Wb A pmpleS Jbdle cdale pals o 55405
et 528l Ly aly 81 5 ol iy o3 S
2 ool e () il o CPTL S )]
J=elle lime ralS 4 S 0y o oylid waled )
)

S Vel Jeelly i) 5 el (ren 5o
G GgelienST L 6l Jsho S0 4 0 p2 el
L0y CPT-2 e Jled o das .(V)) o)l —wl]
s i sloalaly plo b A 3158 sl
89, (VY) G atin puiicns yuf b puiis job
aS as ool ol (V- - #) Luil LS 4 (Rufer)
Slod—wl 39)5 ¥ g ) el Jotelly (i LS
Jrts 1y S i o (Vob oy Loy
Cawd 50 (g8 Cobo ade alizs g wu> o JoSe
O adl oo dnwgs 9 (o) 2

L cwl oais ools i a s Sla oS 3l S
Jtas 1y 0y 0 iy o> slaanl (gumlonST
Oy S ool o b 1) Jolw Lié 5 00,5
Sl HoBB i IS ) a4z g L.V F) wll oo
g 090 4 (695 e (99,0 51 | Sliwl 09,5
@‘p;ﬁ‘jj&w‘wu@jquﬁoo;w
aoxe )0 5 U39 0 (69 Dl il c b

Sras cplply (V0) vasy Gl 1) 55615 1S
ol ol oS e ST wilgty ayls LoSe o]
) mas S8l aloz ) Gilide slacdly o 1) cobs
ol i liien (5L S 5 4335 LS 5,k

SIS S sl el plse @ (0559 5 S
o290 oyl Aol ;0 . (VF) cwl 0090 ko Cubis
W maw a5 L bo glas) jo (b cudled

dodio
So-rge aizll oo lew 51 (S plaie 4 ol
wolaidl 5 cloiz!l o Slaeyo — cblags OHSiw a5
S ars 13 5 00,5 Jeexd gy palsz 4 ) (g5l
s s 5 (V) Gl azily g0l by 5
Oem 0 Galize slacdglas oloul g lel 3 slaasly
Sl 42855 ol 0uiiS gl (s )lew Glgre 4 poye
&l Q] O by e OS] 5 1S4l paed lio (Y)
S Loty il 5 (CNS) (6535 0 (e pinns
= S35 0 smas ol JLI slo Jolu o intee

S| IR NGO I K V. ¥

(1) abl oo (35 o (omas
w_w—‘ u_»l.u) o)_:9 LE) 9 U"’)"‘“‘" 4(501‘.4‘ aosle ULAAJ)
u‘)_u.u u»9.‘>u_».m> L)—‘ r'o 99 9 00— )JJ._I
SalS Hezmer (JeSge g (5 )Ll (( S55le 5808
e 45335 oo (F) (elSsmn (B9 51 5 (V) 535,90
= b gl b azg LB olss )l SO
(D) ogi oo oS gt )5 (Jg)98 Sy

ol g Gl Ay Ciaglie a5 ST pl 4 axgi b
b Hioli8l ceid gl onndS o L Yoo
5 =2 Oyt SUles rals ey FFA
") S4B oo yaTie 4 ‘_ngJ5L..4 JENc sl
Caglio b Vb alasl) o) slgime o Gialidl cnl
=z Sl ol Jele o 5 (Lol g 05l gl 4
90 (Y) il o b S g o, Slee o Pz
7 S 5 S 50 a8 gl S g i
a5, le bl e ol Sl o sl ol
a_s Malonyl-CoA .CPT2 4Maonyl-CoA
S sl il o Siglle aul 5l Giie oo 35198
J=lo 4o oy sloaul Jlasl o ol i
aS wolesls i (V440) o)L 4 (Saha) bl
S| a5 55 ate 5 A 3158 Ll
e &5 w5 )0 Sl bawgs 2 slaal


https://rjms.iums.ac.ir/article-1-6084-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-10 ]

ol g2 2l oS g Lo ,eiSU 1 (s )5l
ez boyls (6,50 ubo oo,

J5 Lo
=5 ol gy 9 Slangs g9 5l Gio
Ul Uy LS 3 Jomol o] o 45 ol o
5 R 5 Of 09 oy 3o Jod ) a8 tylo]
(NogSz g 8,5 18 Ll s canlie (6,005 Ll
O e n Gemzres b Sole, b hge HliS
Oylis (P oy oAl IS aeS a0l )90
S0 5 35 8 05 )0ld g Sliiod pole
e o o1 &l 55 (IR.SSRI.REC.1397.337)
g Sl 5 slao, 1) ol ragh bl anal>
A ALG S g p,S Ve BYO: Jigo0gdome 4o
Sl (2o bl )9 35 0 40 45 (o
Gyl asals o 3l aisly LS ciad a5 (g5l
ol agas e any olat )5 b ay o) o YO
A panntl 09,5 & Bolal jeb 4y g Sl
el (V &) o B) 32)35 o 09,5V Jold Loog 5
(D) yw A) (s J5S 09,5 (V (&) yos A)J 58
o A) i )L Jloaas” a8l o culuo 09,5 (F
09)5 (F (L) ys M)55lep (i yod (Sl 03,5 (0 ()
A) o) JloaasT 28l )0 g (s5lse e e (SRb
G5 b Sllg ks 09,5 3 assg (&)
@lil a5 (o 00 oo 4 (STZ) (pmgigjos il
o celn FA ol (obs % s 5ok 2
O3 98 o dbewy 4 (conndS 0 STZ 35,5
08,5 a0l s CuST b lansT SIS (b, 4
Yoo gl gy 58505 a8 plac, iy cnl &
B 50 (0l Glate 4 0g YL ) cwdfp S Lo
SUlga oo ped 5 ubd sl og)S jo ok i8S
oo (59, 4 il Sae 4y ol Sl 5 oy
Voo &gy s )5 JloaisS cil o sl wasgo
Shss Syemo |y (Ve Y) s )5 e 5 e
SHlop (el slrog, S 0,5 wdlyyo atie P Jobo jo
1,5 5l55 gy iler (pped Jolds (1 ped Al 5
Asan F oo d o V) el A5l s 4o 55, 0

O Jgaz) wols bl 1 (FY)

http://rims.iums.ac.ir

oWl 5 (595 e

Grdmy B Jalidly Jolw ;20 czrge o055
Sy o e et g b slo (9,5 (bl
Conmdg dloml Ly (05,5 Sl el cdidi> 50 .(VY)
Sa Jelse fals 55k 5l o 15 (y5y0 (Soss8 cdadlore
Rl e Ll 5l cblis g L) ile 0y czse |
5 Ls OS] el caled 5o 5 (bs Shsys
Cdled plply (VA) al sl cobs 5l oL oS >
15 oo pliie (S ryed 5B 4 el ol
5 (V+) (—alaST oo s (V) 330 s pdy IS0
AV alsn 5,1 1) e by 5g 3 s3] oudas

e LT a4z b g g o jlse 58,5 Sl o L
5 Sb So sl g it slaptcs o cabs
o=l 3l obess 5 Sty Sl ) e S
ks STl 4 le

L (V229) Ll LS g (MiNgrone) a4 ,se
Voess s ohlen 5o e S-dl pslas 32,5
5 SIS il il el i S 1 a8 wixily o
oy (YY) 05 o laJkes 1oyl & Cemmslia
Yo 5Y’ +A (_gL_QJL_uJ )\b u.u‘)L_iao.b 9 (Broad)
O S e S T LY (oS a5 s S 158
Slogel 9 5515 gl Sguge 4 y2eie didn g0 (6l
2L g w8 gl ralS eizmen g Ledly
(VT TY) 095 (o0 Dl0u292)5 9 (27 ] 9olie

O, LS =dh Gl 51050 50 ($95Us5 Slallae
s el C b b FFA G me g, Ll
oo plsil o g5 Gy b (SThsr S rae il
aS o e olid ladl o i) opl Ho sl
Oyl ali 8l ay s LS -l g5l oS
o S8 ey SRS 9 (TV)(oh))9 Sl yo3 Sgnge

Sladss gl o Sl g 358 Cllae 45 a5 L
= oS Uy Gsle r et 53 L adal) o
plol pae g B, b S 5l Sb e S gie SYN S
3l eelgm $9) » (R Egdge dine) yO (Audod
ol Plos an cp> ‘_s_el) @iS 9,508,k
7 Sleme Gl ojag an Cubs (i (5)lee
Gl JLis an Bhome wcalSonn yo oo 5 (Jole

A4 L5 oF oylas YV o)ss 15jl) igSaisjs pglealan


https://rjms.iums.ac.ir/article-1-6084-fa.html

b 3Ty i, S B rune g (silon o yed 156 Malonyl-CoA 4 CPT2

[ Downloaded from rjms.iums.ac.ir on 2026-06-10 ]

o3 sloog )8 (pyed el ) Jgua

o aan ) dads e ol sy &am
o k> 0 > Ve B>yl Ve Jd
A dud> 0 428> Ve 4883y e Ve £9d
A dud> 0 428> Y. 488> e Ve pow
A duds 0 488 ¥ 488>y e Ve ool
0 aul> 0 aids ¥e 4ady y g Ve b 9 oy

o ealaw! Excel ‘)B‘ff )| 5 o ‘05,04 o
Laisl

aS ol plsd byl Sy il ly el g5l b
ool 97y sl (i IS Sl Bran 5 55ls0 (208
Malonyl-CoA li—e ;o o (o 5|

09,75 it S F ol 5305l elsl g (5 09 ool
(P=rl-Vgulas Ju8 sbe og, 5 L ol S8
S sleog, 5 5 (p=+ 1+ V)i LS JI oo
oS J JeSe b ol 9 (=22 YA) 02 b (0o
Soged) Sl D92 g Lo Sre Sglas pl (P=4/-YR)
.()
aS ols i ab b S iy s (903 s

i o]y 5l pg 89 5L o) plad catie 7 5l oy
95 by s Job o Ll dazmen 5 o0l (hggen
$9,y 09— gl il S8l sl 755 O xe
a5 gleos g o ool 18 At Fu b A5G
o> g o s 80 4 calS gud s 9 ailo o 280
Ve glos g e gulie gl SIb Ay 5 ud
s 0,033 Sliglesl ell gl ol 5 (Tl
Malonyl-CoA § CPT2 (155, ol ioes
L Ll Zellbio Gmbh e 31 51 Lbs, s
or Sl s P e SPl N Sl
5Silae) 635 po il S b asli ) ools aisgs
J—dos « Sy 958 oo 5l g Gl B2l
ool wl b Sei oo g3l g adb S il g
P/ gyl sro o ;0 VY e SPSS l58ls 5

CPT2 e o i )lS Sl Bpan g Siloo (nped Gl Cales j0 ol eolaul laosls Jdod g 40525 sl
/
3 o
3
9 =
= £
?EJ i
\_ T i SIS GRS U1 s

A5 )3 PEO/OS (i 09,5 b coglis=® collus I8 055 b coglis=s) aulllas 3,90 (sla 09,5 ;> MAIONYI-COA s Bl 5 (1 Sika - la503

Lol 00 4:5/5

=

CPT2 (U/L)
i ;
I
.

o1 48 S 515 ) PEO/0S (0t 09,8 b lii=® ollus J,S 09,5 L coglis=se) alllan 390 (sl 09,5 13 CPT2 s Blyol g Siks =Y 13900

AR 5 oF o5l YV 0,55 15l nSaisja gle alan

Lol

http://rims.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6084-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-10 ]

il oo Dgldin oS g 8L 4o oy a5 4y COA
o Malonyl-CoA zla s o)ls J_oi> cpl ol
O3 A Cuad (Folaie jo b 4y il sladl,

Tob )0 Sl s pae (lgoe a3 o0 by
5 obo sladises S g il o Malonyl-CoA
auly o) S STl ol e (s5lo (o5 (5 el

5. 65len (p s Julai pole b (o oly Cand AL

S g2 Malonyl-CoA , . s LS I8, as

O PR3 RN L RUN PE { BV ORI

Il S (s 335 Slis 5 (o5 €55 ool s

Al IS S ol gl jo Wlgh oo 5 i IS

Sl et B g5k 225 sl 6yt Sldllae ol nle

ok slbdigad 15 0%y 4 wS s Malonyl-CoA

el 5l 3550 ()5 Jl B ran g 0 ped Bl

S e ralS b cols a5 ol lis ol s

CPT2 (i)l I Sran 5 s5le0 i ol plis

5 &5lep 1 yad Joles Lol o)l 50 ey oS g

dmgell i 35 00l 2l o Sl b
5 CPT 1y 351 55 Jallis (CPT) (5 LS 51l

s 0y o> glaanwl Jlsl o 9 <l CPT I

S CPT | lags 31 .05l o (5,008 g alaame 4o
SySeine 3 slae P CPT Il g Jgym slie

OylSe g 00ly il Gz s (YY) iyls I8

emaliiwl (el adn Sl Ll 5 sl S

5 eV hauls deteell (s )5 0 ol sl s

S 09,5 Sl s lo g pobo ar (Fualitl (i pod 098
U o slaylSss Jl o 4 (FF) o3 iy
4 oS gmn S8L 0 CPT I ulas (25559 cudlad

55090 18 Cadl pizmed (@Sl S o

oais asein 1S Jgle lawgs CPT Il sl jlos
s CPT I oYU conlis cde & (> ol b cd]

o Ol aS el bl g o 165 Jbglle

Y0) ol oo 195 Liglle pxlaw 4 awnly CPT I
DSBS Sae s wat L (lse (o855 Sollad

http://rims.iums.ac.ir

oWl 5 (595 e

Ol glls oloo o &) S g osl
cobns g0l bl (P= e/ o)) wib oo o sae
L ol S5 09,5 (m )0 a5 b ools (jlis (Sg8
SSlg= p s «(P=rle 0 V) (gl S sles S
Opy=ed ((P=ele0)) Gt LS I JaSe «(p=2/- + V)
= = 9 P01+ V) 5t LS N JeSe 5 55190
JoSo «(p=+1+ 0 V) (ubo JS sloog, 5L oo 09,5
qP=+1+ 1) Gla (o el =200 )) i LS
29 P2l )i LSl oS g Slg— (2 o5
Ot )8 N JeSe 5 (55l 0 o8 b (il 508 ol
(Y Jloge) 0,0 0925 jlo e S| ul (p=+/+ - A)

G Al 9 Sy

San 5 Silsp (el B Sl et )
, CPT2 3 Malonyl-CoA slew 5l » s,
72 a5 0D oy s Gl GulS g 8L
aS ad ools s So5 et yg05] ol ol
Malonyl-CoA jls e iuli—3lL e bo
L o o5 Zesl ol 00 oS gnn CBL (Sb 05 i
o )LSea 5 (Bandyopadhyay) (slol 2ol aalllas
s Malonyl-CoA zlaw jisly8la s el (Y--9)
@3S sl (g)lmial oy apl GgrnlannST rals
LY 05 ol sl diged 1o dgudl 4y Cuoglan o
5 Gilgd oy yad ole Gaizs (o (YY) wilosls lis
byuS e Maonyl-CoA , s, l5 I G pas
A il 13U o e Ghys caSsan
s (Bassami) ol wb bz a5 Ly ol Sten
emoglin Cdled U aslie 4 a5 (YY) o)) Ko
el lie 0 QLS px b (B9 mle 5 sl onls
oy 5 giolital clled (b s Sl S 5
s LT gl gy aiilo gy 59 adlsl gl
Malonyl-CoA f &olS ¢ ydgusl ¢ oy ygumlannS]
3o boline Sglis 2 <l o ofil Gzl
(YY) olas lis o ped 0,90

OgaldmnS T asilgs (oo (£85)9 Cdled (g gazmo 5o
S 05 590y |y o] s 5 S | oo
e S5l JLsd (5 alauly 4wl b cpl a5 wS
a5 jshilen JL> opl b (PY) 05 o plosl AMPK
Malonyl- zul aws o Hlid yol> Guas gl

A4 L5 oF oylas YV o)ss 15jl) igSaisjs pglealan


https://rjms.iums.ac.ir/article-1-6084-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-10 ]

S w23l 08U Bpae g silgm 05 36 Malonyl-CoA 5 CPT2

insulin resistance. Clin Diabetol. 2001;4(1):255-2686.

8. McGarry J. The mitochondrial carnitine
pamitoyltransferase system: its broadening role in
fuel homoeostasis and new insights into its molecular
features. Portland Press Limited, 1995.

9. Saha AK, Kurowski TG, Ruderman NB. A
malonyl-CoA fuel-sensing mechanism in muscle:
effects of insulin, glucose, and denervation. Am J
Physiol Endocrinol Metabol. 1995;269(2):E283-
E289.

10. Harwood HJ, Petras SF, Shelly LD, Zaccaro
LM, Perry DA, Makowski MR, et a. Isozyme-
nonselective N-substituted bipiperidylcarboxamide
acetyl-CoA carboxylase inhibitors reduce tissue
malonyl-CoA concentrations, inhibit fatty acid
synthesis, and increase fatty acid oxidation in
cultured cells and in experimental animals. J Biol
Chem. 2003;278(39):37099-37111.

11. Bonnefont JP, Djouadi F, Prip-Buus C, Gobin
S, Munnich A, Bastin J. Carnitine
pamitoyltransferases 1 and 2: biochemical,
molecular and medical aspects. Mol Aspects Med.
2004;25(5-6):495-520.

12. Kumaravel G, Gandour R, Krueger M, Ramsay
R. Comparison of the active sites of the purified
carnitine acyltransferases from peroxisomes and
mitochondria by using a reaction-intermediate
analogue. Biochem J. 1993;294(3):645-651.

13. Rufer AC, Thoma R, Benz J, Stihle M, Gsell B,
De Roo E, et a. The crystal structure of carnitine
pamitoyltransferase 2 and implications for diabetes
treatment. Structure. 2006;14(4):713-723.

14. Johansen L, Bghmer T. Carnitine-binding
related supressed oxygen uptake by spermatozoa.
Arch Androl. 1978;1(4):321-324.

15. Di Donto S, Garavaglia B, Rimoldi M, Carrara
F. “Clinical and biomedical phenotypes of carnitine
deficiencies,” L-Carnitine and its role in medicine:
From function to therapy. Academic Press, New
York, NY, pp. 81-98, 1992

16. Woolf-May K. Exercise prescription: the
physiological foundations: Elsevier, 2006.

17. Hwang IK, Yi SS, Song W, Won MH, Yoon
YS, Seong JK. Effects of age and treadmill exercise
in chronic diabetic stages on neuroblast
differentiation in arat model of type 2 diabetes. Brain
Res. 2010;1341:63-71.

18. Atalay M, Laaksonen DE. Diabetes, oxidative
stress and physical exercise. J Sports Sci Med.
2002;1(1):1.

19. Cotman CW, Berchtold NC. Exercises a
behavioral intervention to enhance brain health and
plasticity. Trends Neurosci. 2002;25(6):295-301.

20. Radé&k Z, Sasvari M, Nyakas C, Taylor AW,
Ohno H, Nakamoto H, et a. Regular training
modulates the accumulation of reactive carbonyl
derivatives in mitochondrial and cytosolic fractions

AR 5 oF o5l YV 0,55 15l nSaisja gle alan

o052 oyl 09 0 GLUTA MRNA (slaize yislsél
9 gl 4 Cuoglio halS SIS s B pae el
Dy oo S 4y Lcm,...,.l Sg,9 d‘;.alf el a0
RS (25§ 09,5 5 S g 8L CPT2 )38l
s ddd o lis i LS I oS g (s5le0
J J=5e 5 65l (p el (oS 5 adSloe g (55lsn
aS 0, oS g C8L e Sl s & s IS

23 S e 3l 3, Shat Syngy o g3 (o0
ol iy Slais siagls 4 b ol Sl 4

aan i ol plis pole ieeh bl (S sk
o o) 5 Jl oS (2o 4 0anlB s5len (o peS
gt zge Wy oo ol (oS 5 Al 5 ol
oz W ogd ks sl &y ol jasS e SYS
3 sl ol 8l og i e slpainn <oy JBT als
Slppmiioy eizred 0S oolii il (g5ls DL s
DS J1 3 Bl 5 Sty 5yt L 05 e
DS solaw!

References

1. Sardar M, Gaeini A, Ramezani J. The effect of 8-
weeks of regular physical activity on blood glucose,
body mass index, maximal oxygen uptake (Vo2max)
and risk factors cardiovascular diseases in patients
with type of 1 diabetes mellitus. Iran J Endocrinol
Metabol. 2008;10(2):91-97.

2. Kasper D, Fauci A, Hauser S, Longo D, Jameson
J, Loscalzo J. Harrison's principles of internal
medicine:  McGraw-Hill Professional Publishing,
2015.

3. Beauquis J, Saravia F, Coulaud J, Roig P,
Dardenne M, Homo-Delarche F, et a. Prominently
decreased  hippocampal  neurogenesis in a
spontaneous model of type 1 diabetes, the nonobese
diabetic mouse. Experim Neurol. 2008;201(2):359-
367.

4. den Heijer T, Vermeer S, Van Dijk E, Prins N,
Koudstaal PJ, Hofman A, et a. Type 2 diabetes and
atrophy of medial temporal lobe structures on brain
MRI. Diabetologia. 2003;46(12):1604-1610.

5. Lebed YV, Orlovsky M, Lushnikova I, Skibo G.
Neurodegenerative changes in the hippocampus
within the early period of experimental diabetes
mellitus. Neurophysiology. 2008;40(1):26.

6. Mandarino L, Consoli A, Kelley D. Effects of
obesity and NIDDM on glucose and insulin
regulation of substrate oxidation in skeletal muscle.
Am J Physiol. 1996;270:E463-E470.

7. Kelley DE, Goodpaster BH. Skeletal muscle
triglyceride. An aspect of regional adiposity and

http://rims.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6084-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-10 ]

S w23l 08U Bpae g silgm 05 36 Malonyl-CoA 5 CPT2

21.of rat skeleta muscle. Arch Biochem
Biophysic. 2000;383(1):114-118.

22. Radak Z, Toldy A, Szabo Z, Siamilis S, Nyakas
C, Silye G, et a. The effects of training and
detraining on memory, neurotrophins and oxidative
stress markers in rat brain. Neurochem Int.
2006;49(4):387-392.

23. Mingrone G, Greco AV, Capristo E, Benedetti
G, Giancaterini A, Gaetano AD, et a. L-carnitine
improves glucose disposal in type 2 diabetic patients.
JAm College Nutr. 1999;18(1):77-82.

24. Broad EM, Maughan RJ, Galloway SD. Effects
of exercise intensity and altered substrate availability
on cardiovascular and metabolic responses to
exercise after ora carnitine supplementation in
athletes. Int J Sport Nutr Exerc Metabol.
2011;21(5):385-397.

25.Broad EM, Maughan RJ, Galoway SD,
Carbohydrate, protein, and fat metabolism during
exercise after ora carnitine supplementation in
humans. Int J Sport Nutr Exerc Metabol.
2008;18(6):567-584.

26. lbrahim WH, Bailey N, Sunvold GD, Bruckner
GG. Effects of carnitine and taurine on fatty acid
metabolism and lipid accumulation in the liver of cats
during weight gain and weight loss. Am J Vet Res.
2003;64(10):1265-1277.

27. Stephens FB,  Constantin-Teodosiu D,
Laithwaite D, Simpson EJ, Greenhaff PL. An acute
increase in skeletal muscle carnitine content alters
fuel metabolism in resting human skeletal muscle. J
Clin Endocrinol Metabol. 2006;91(12):5013-5018.

28. Guarnieri G, Biolo G, Vinci P, Massolino B,
Barazzoni R. Advances in carnitine in chronic
uremia. J Ren Nutr. 2007;17(1):23-29.

29. Karlic H, Lohninger A. Supplementation of L-
carnitine in athletes: does it make sense? Nutrition.
2004;20(7-8):709-715.

30. Mansour HH. Protective role of carnitine ester
against radiation-induced oxidative stress in rats.
Pharmacol Res. 2006;54(3):165-171.

31. Bodea F, Bocea A, Decea N. L-carnitine
decreases oxidative stress induced by experimental
hypobaric hypoxia. Pediatr Endocrinol Diabetes
Metabol. 2010;16(2):78-81.

32. Kim HJ, Park JY, Oh SL, Kim YA, So B,
Seong JK, et a. Effect of treadmill exercise on
interleukin-15 expression and glucose tolerance in
zucker diabetic fatty rats. Diabetes Metabol J.
v2013;37(5):358-364.

33. Bandyopadhyay GK, Joseph GY, Ofrecio J,
Olefsky JM. Increased malonyl-CoA levels in muscle
from obese and type 2 diabetic subjects lead to
decreased fatty acid oxidation and increased
lipogenesis; thiazolidinedione treatment reverses
these defects. Diabetes. 2006;55(8):2277-2285.

34. Bassami EK, Sarkot K. Comparison of the
effect of circular and hypertrophic resistance activity

on fat and carbohydrate metabolism during
endurance activity in men overweight. Res Sport Sci.
2013;5(17):29-45.

35. Aminizadeh S, Habibi A, Marefati H, Shakerian
S. Response of Estrogen-related Receptor Alpha
(ERRa) to Endurance Training and its Participation
in Endurance Training-induced Adaptations in Lipid
Metabolism in Skeletal Muscle of Male Wistar rats.
SSU J. 2017;25(5):414-425.

36. Nathan DM. Long-term complications of
diabetes mellitus. N Eng J Med. 1993;328(23):1676-
1685.


https://rjms.iums.ac.ir/article-1-6084-fa.html
http://www.tcpdf.org

