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Abstract

Background: Recently the role of apelin in improvement of dislipidemia has been known. The purpose of this
study was to determine the effect of regular exercise-induced apelin on dyslipidemia of type 2 diabetic rats.
Methods: Twenty eight diabetic male Wistar rats were divided into 3 groups: Non-diabetic (n=9), control
diabetic (n=9) and trained diabetic (n=10). Type 2 diabetes was induced by injection of nicotinamide and
streptozotocin. The aerobic training program included 8-week running on treadmill progressively for 45 min
at a speed of 24 m/min and a 5% grade. After the period of training, plasma level of apelin and lipids (TC,
HDL-C, LDL-C, VLDL-C, TG and FFA) were measured. One-way analysis of variance (ANOVA) was used
for analyzing data and p<0.05 was considered to be statistically significant.

Results: In trained diabetic compared with control diabetic group, a significant increase in apelin, a significant
decrease in plasma level of LDL-C, VLDL-C and TG, an insignificant decrease in TC and FFA, and an
insignificant increase in HDL-C were observed.

Conclusion: Results of present study showed that increase in plasma level of apelin following regular exercise
by inhibition of lipolysis and decrease of blood lipids can improve dyslipidemia of type 2 diabetic rats.

Keywords: Apelin, Diabetes, Hyperlipidemia, Aerobic exercise
G J

* Corosponding author: Fahimeh Kazemi*
Mail: kazemi.fahimeh@yahoo.de

Research in Medicine 2016, Vol.39; No.4; 163-168



http://pejouhesh.sbmu.ac.ir/article-1-1575-en.html

ALY S V4L 6 ok T

PR s b L, .
J’V.,:«fJL,,J!M&Lﬁ!kj’}?/}‘:?hj’é:yh V(’,{:JI‘/W

2y BB ge (o ud g e (o y9 Cudlad 51 il b))
Y &y Rb»

Y‘le ‘5..\;5‘)‘ @Lo ‘Yrg..o‘.h').ﬂ 9)‘”& ﬁﬁu.ojéts W

R PRI T PREWEN S N STTRY CR SR CNEPR S N
P /~ B . - - W B B ' é
Q\j_\ uO\J@ u@i.@.k*le\i\;b\z O ST) Qﬁbh.s‘"‘-‘-*ﬁf uJS\;.»\z ORI §)§ﬁjg ej_)s -X
Q\J.\_\ uQ\J@ ‘M'X:Q:"‘ é:..ﬁgjs& RSN r—éﬁbﬁjﬁ)bj)} 3as :\9& a.&gx.';.hj}a_ Bds 63§£ﬁsbut3>6 _;JA—\“

VRFANVAY sellie 5 o, VAP callie el s o s

é )
ol

o3 e (GBys S 3 (BL A N et e s ) Baa L 00 et e ed Speke 0 (M B S & tdodde
2pY 1 S Ge G

s V) w2 5 G O ST s ) (s 18 10 o 09 8 s o S 5315 3 5 e g o YN Eionwy 30 09
2 5o YE e b edilp s oa B Bi5 (53 O ss ke i Jlb (S35n e adlp BB sy B s ) 5 ) 35 G WY g
(TC¢ HDL-C¢ LDL-C¢ VLDL-C: TG 5 FFA)\a g pr 5 ) (oo gidan 100 103 0353 3 (o 235 20> D e 5 4233 FO Soda oy B>
b S 33 P< /056 )okion a5 o3\l b S 3l Mo Dpe3l B Wnedls Mo 5 a8 (6l 0 (6,8 e300

s TC (g )stan 58S TG § VLDL-C (LDL-C (g simn S\ () Sy o (3 3 2> 558 & b gy b3 055 53 tAIBL
W23\ (g as b i@ HDL-Cy g \sbown b S FFA

W5 05 G2 G 5 e e plite (555 Sl Qlis M ) e LS B Bl Sl 3B gl 16 S Ao

NUS-C- 33‘:’@‘.\)‘ U 6‘4\{; k.i\f"" 6\.&&}4: kSA“\“-":-S oD

S Oel (F) Wload asetio 5o,lSuly 3l sl S50 Jelos lsisa;
Jolo plsisds (S3b a4 0930wt (gl b oS agind] 5l e 2o
o3l Lt pizan (B) Gl 00 lolid 5515 unstogn 4 018 KaS
slradlae (7) cul (Bgje — (3 Sos (58 S lats (k] & Conl 03
b 6reS Sy slen b o (995 oebl gshw (woSas L) wo>
Gk 5l seadly loyy &S sl ons 5,155 Cpiored (Y=A) Wledly L
gaw (a5 o (5ot e (LIS ]y (a2 C8L ) (o2 B (b
e @B w9 Jlop @B ) o slagise 3 8 92,5 TG
oilil Ccage il 55k 5l eolisS leyd c uSe 1 (1) Canl o sdnliie
Gy 8l 0 & Ll (Vr) Bl slebge danl slacumsndl )3 slgd
basyo wyiwd > Sledbl aiSU calgs cpl 3529 b (V) Cunl o sl

(W) 3l 3940 sl bl (29)0 8 9 (29> ol

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

Research in Medicine 2016, Vol.39; No.4; 163-168

Ao
b 59 8ol 5T g gl s Cnglio )3 o gr o A5 5l Rl5ih 51 omusg i
@ SIS g5es & Cunl Jo 3 pl i o coles Y g5 ol
o558 Sy o] g sl 005 (3155 0> AD > 53 ((od )
a5 (V-Y) wlo o 4 (Bope = b slaglon drug &y odes
S yelS 65 9FFA) SliT G2 (sl gobans Gliél & (o2 pundliplio )

4 Canglio ral3dl cge FFA )3 5l (faljdl 9 o joxie ¥ g9 (203
YLTG (b jl 29800 ¥ g5 Cubd Syl & S8 Cles ) 5 (elgen]
s a3l o coge 9 TG 3l (8 (slacuSg pond ok Hialjdl 4 poxie
oo Jl sl 55 LB(Y) 3950 ¥ 95 (01> (il 5 9,ISlg 5T 4 Mo
oz b3l b lacplS gl ( gy — (B lacsilon p S5e Jalse

oblS dasgd 1 ghmmo DN 5
kazemi.fahimeh@yahoo.de: S3g S| oy



http://pejouhesh.sbmu.ac.ir/article-1-1575-en.html

VO | gl o slagise (o) md 2 plite (1059 Cllsd Sl U k]

[|>ownoaded from pgjouhesh.sbmu.ac.ir on 2025-11-05 ]

35 5105 g8 a0 90 A8 FO ke &y g 4By yio VF sy b ibgo
slagbge ( Bk 51 Jgar) 48 43,5 Jlai )3 10,3 B (2 pe5 0)93 Jgb 5
LSNP 9y oy i Cutia Jsbo ) S8 (0l 5 (bdpé 098
239> Jsbo > oizmen 3l plol (23559 Clld B8 g (Jg S 1,8
@ RS g (275 09)5 lagbye (Bl e (i 9 (g sl cnye

A (g pSojlul (Sian G ygo

Silgp nyed aslip N Joi>

G
¥ Y¥ Y Y Vs e | |y

(4> ; yoo)

[WINVY
£o o | ¥ Yo Y. Yo | ve | Yo

()
o o o 5 I I o O | (Mop) cud

Ceelw VY 9 Ry 4\..u.l> L)J)>j )l o el FA Cp e 090 P‘““"l )I ™
@S e Vo) me Juiiloty b kdse 05 Ghemia b s alusl
2 Aol (s ad xS 053 bge B I {0h s p Sk U]l
35 e a0 ¥ (glod ;0 4idaVd Cde 4 4By, EDTA (g5l> (sladly
35 ol axy Ve glod ;0 g outs il 4 > jed Yeor Cegw b
S5 sl b b ol (i SSy gy b lowsdly 3558 s S ()0 S
Sl L (olnl ol coseil po)l) 395 <o 3l edlazl b g slages]
bous M VW=l o § 003 B/F s 8 5 il od 25 oo 2
£S5 $b VD Cuuolus b (cpa Biospes) olyus Gige ohis 1Y cus' L
Jorels plowdly s oAb (gpSojlal 00> VIV s cops 5 2l
5 (VLDL-C)¢ TG b sl JE b ;g poed (TC) HDL-C  pbs
(0ol cogesl ponl) o 5l oolital b g (oSS = w3l g, b FFA
Voo psS e SO HDLAC (gl 50 o g Sl A (60l
TG o yd Y/;' 9).».“;.&.0 Voo » P;L:J’”c aw JC 4.—\.«0).)\“/‘1 9).&.Jk;.~°
(LDL-C) (b S8 L (g pgnd o 392 30)3 Y/ g 32 (oo Ve 2
TG/5= VLDL-C (Y) ol cauwsds Jgo b VLDL-C ¢ yimens LDL-C =
gi sl B9,555S" a3l odlizl b sl Jloy @igh el Sl g
by 3T 5ol 1 oS Sl Aunlio 5 5ol Lo 5 43355 oo
mosls ploas s odlazul (Tukey) So (oisi 905 5 (ANOVA) aé by
Sl 38l b adsloes 503 &) Jlas Blppul E 5 Ske g0
A 483 L5 3 05/0P< lapyg0jl (5 )bline gaws g ploul VS aseus SPSS
HEPVEN

b byt 09,5 dw glajite jlre Blizdl 5 (0o ¥ Jouo )
sl 02 Ll (L)) (pyed Wi Cutin Sl g cpyed (0L 9 S8

O 095 A ) (S (ol (geil 9 45bSy puibly S (190l el
2l Gl (B)y9 (e ]

Sosba (P<O/001) cusls 3935 b (59 (0o o (g boline gles N
S (uld 9 (ubdt 09,5 (4 (g e O )Pline y Cglis &S
9 (b3 & Cod (pyed (b3 09,5 o (g 9 (P=1/-AY) Cudl 252
(P<O/001) by (¢ ol yimlS ¢ )8 >
glii (Bl i Gl (ke o Y
=]

(P<0/001) cuils 2535 Loy bl o (pSleo (o (gybolime glas Y
oy g «(P<0/001)  JyuS ool 05,5 (slowdl cpbl pdaww oS (5 y5boty

caly g3y (gyblime g2

S Olyists gy sobar (23559 cllad g ls g (213 ) L Lwlyen
5SS 3m0 5 JyS (VF) sl 005 slaiiy ¥ g5 s iboys (slay Sl
Fe cabd 1 286 oored ola 0l 3 By el Bk Sl ot
5 Pl pals & (b a3l plate (08555 clled liEl(V0) ol
Jolse L el 457 sl 51L(V9) 290 ot Bgyem ol sloye 9 S o
Jol (Bopem( s low 5 V g5 ol ilow 4 baye (Gele sl
A4 iy el JolS yeb 4 bagilen 4555l 3 okl ias ol
Slagely (ot 3 3902 53 el e LA 4 4295 b o B)b I
Sl dg2g b ol ply il Coonl Bl Slgi o ()9 clld 4 i o)
Sloalsy lis oden ad yoomed "SpoMS" (Boye— B glayeiS
sl 3 1 iy (08 5 ) ) e el L 1Y)
ol basdlas oyl 5 &S (gyebas canl Sl o ¥ g 0L olylew
(\/\—\i) ] 0dg2 ol)o,m u9> 2 C.sz u“.ml.{ L u9> u».))f Q’“Ll CJA»J
Ao lp pols adlas iej cpl 3 ole 3al5d 39008 e @ cplply
o 5 o 3 5t (S50 (2050) plite (B39 Sl 30
Cusl 02d (2L Y g5 b 2o clagbse o o
g, 9 3190

ek pl 2 2 Sle Jae b 058 (o gl Sl Giagh
10 0jy 06le b g e cun ) iy S35l 5 e SSge e VA
a5 ol olpl sl gl I Sllas ol b edlatwl (p)5 YEY
pole oKl pudgalie g 55099y D8 pale 0uSinghy QU‘},} bli;ﬁiloﬂ
bulyd ) g Sl (b (slondd > Sllge i Jiite it duped (S
TYAEY g YO LY iy 4 Cugby g bod 80k b (e )0 oas s
BT owyiod b el WY Y (Sl L;’L.wg) Wy g0, S sl e
5 o g 505 ) S5 aEitlesl (closbsn ohg glié 5 ol 4
MDD el 09,5 9D 4y Aol jgboay oiulosl basmo b dlwl dibn 90
Sl g e Sl Gomen (3 V) b g (e 8) by (O
b (Y e A) (ol s () 1805 s 09,5 Y & 0)Lgd labige cculd
(V) Qs (b (Vg (0 8) S

Oip b (ae V) dl gl slagtee F gy cubs Sl ln
(o)Ker 5 Masiello hgy b 9 Wad bl p)5 Yoo U VO
(0% 0js pSokS 2 il & pS ke 20) (NA) el (sSs ]
V0 g Blaw S5 &g 4 (b > Jslows (Sigma, Saint. Louis,MO,USA)
(0 0iapsS kS o hilap S (o + J(STZ) (g jgiging sl ]l am 4
Voo +/V) Slyas 8L 5 Jel>e (Sigma, Saint. Louis, MO, USA)
(YemWY) 25 B3 kil lodge 4 (Blaw J31 ©j50 4 (FpH=/0
SuF Sl Bl g odle Jobee (LSt e j5 (b Gledse
S Skedse Gusb 3l o8 S5 o (B0F o 5oV ()
b (6 S0l ST 9IS (con il (g b g Ledge p3 51 0 syl
V0 S LSl (slawdly 3615 ans) Cads s b oo epils adllas (ol
B gaw b Sl e g (VF) 808 QL] (il ewd p p)S e
ibops glayise blde > VAMANENY/oF : by sla ige) (53
Sde ) Cobd Copdn 3l w8 pbsl o pes ddlie (AAYYERD/Y
ciag S e IS lg b e s sled (sl fiin e
PSP 9 (g Jlse oy . Cope @ (Olnl o ) (BN
pbul Mo pd jro b bog 4 Ve Cde 4y @By e Ve Cepw b
Jopd YO U 5O 25> ad b g 0dl)j8 Cygo o (g5lsn el doliy A
@9 OS5l 59y g aie cuda el & (VF) 0 (S1b VO,
yed Jgl e )3 ladge oS (gysbas g aiin 53 Jlgie joy @y Oy
20,8 e 4 Eopd ddBd VO e 4y 5 ARBD e VY G b
A asam g 3B cdly il 1l oal 1 jgbods p ped ke g S i (slogian

.‘./ S0
S,

ALY 6 T £ T —


http://pejouhesh.sbmu.ac.ir/article-1-1575-en.html

lSed 5 bl dagd /155

ownloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

= S PUN LU g SV ST RER TP

[

ahas )3 bl By 5l ey 4wl 53 58T C pg S gt sl Sl
sla, ol Gilil e g b psboas Bl (il olime (hge
W1 Sy Ll 05,8 S it 008 Jlub ol ialil 51 Jiwe ol )i gize
2 Lol Syl lsica; & (PGC-10) paj (oS 00iiS iS5 b ons b
duw dlae ;3 PGC-1PB Lol gy el 0 pluwlid b, 08 gl 3500 malais
PGC-la ids 4y Cod dliae )0 PGC-1B i .8l (i) j8l oulais puw
P PGC-1B Vb ol by cnlss SiU a4y Ll el asedo S
R S Ao n 2l @) bead 4l lpo laige dlas
(V8) 2 oy il (b dusl 4 Cuoglie blie jo sbiles il S oS
$3lodld sk 5l gl @ Canglie Jobo 53 bl 32l 51 Gloy ol
(V) M dgtp |y alyiSsie oiiluS) clazd b Wlgze PGC-1P
Oyl 4 polie 5 Gl Sledge (rogmdl bl b J) Csasily ooy
ol mokl) Okl VL Ol b ledge > (olitie @l 5 31 el ],
Fiom 55 ebse ol ol Candty 0z B8 w5y b odd 408 (S5
Bial33l PGC-10 ) Jitus 6y Lansgy 1Sl alize 3 1) ol )asS st
Oehl 86 gl g0 « S5 il — bl gl g0 Cuigid diilan (YY)l
2 (0] B3l (Il ]y o (50,5 FFA goaw 5 (oS gl 55
5 rogadl tin 53 Jsb )3 5359351 bl Gleyd €05 el BB sla s
oelals ) (el GRS oS Bl alS JgpadS Zola 5 02 (sl
lacumgedl o8 5 g gl Slamugedl o8 )3 (dlly 3 ool Hgd
CunssS1) o g pail il (iU 3damd bl 48" us 03ld lis BT3-L1 jleie
keSS By 9 Gpe G & Aty (sla e G2k 51, (S350 -y
a bgsye el Jlas! &5 psby ) +) 5 oo slee AMP (AMPK) b o3
(OFY= (3 p0) (HSL) (y90)92 &2 (ol Slad (5028 (gl j9iud yialS
Slee gmmdloygand Gl g A (PKA) JLS gy L osd (ke
5 TG jWgyun ials aois )3 g AMPK L o 56ls (050 p) HSL
Cal (e Lo jilSo el el ol (g (53,5 4 FFA Liola) (ials
org il b (V1) 23L G e 5 G bosd (6le sl yas w0 & Ay
2 8 okl el gl Glagpmosnal b sl a2 €8 sladiges 5y, 5
ooleS S50 do STl Joipgnanl b odd S0 L 4l jlod
I (V) 28 plasl (a2 €8l > AMPK (50M 50 cgo 3]
2Bl il 2025 b 02 el eyl Cuslin 2 ol (002 250
1 AMPK (] oS ol 1l (Sdplio (6 loms 4L e oy e sl
Sl Mae (il Sl )b () 40 Sl S (o0 JUb (Sl dlite
ekl Gl Sl el (lopd (rzmes el bl sk Sl oy 4 Ely
Lo s sl ybge )3 ohods (Jw dlae 1) Oy duwl awlisT Ly
) Sl el (ol a2 (VA) sme Gl o 2 i
Az Coge (gl 4 Canglin Job ) bl 35k | oy o cunl ]
5 oyl (ilST 5b 5l Cogw Brume g wgnd] LialS Aile sbe
pej d adllae (b )29 oo (Sl dlae ob)aS ghe Figm il
SWhlea ¥ g8 (8b Ollowr 3 0kl 51 (8 s 32 (5559 008 S
Ooped & VY (YY) ], Ken g Kadoglou suios )d a8 (g )sbody el
b Ohlen pro okl daw (Rl 9 TG aw a8 cage sjln
Cpped aam VY (VoY) o, Sen 5 Kadoglou s.iss 3 5 (VA) A5 Y g4
oy sl Y g cobd hlew ppw cwbl gdow LDL-C jialS' b (g5len
ol 4Bl 390 ¥ g5 Cobd )0 eodind d Cunsg &S Sl (V)
Vb (s (22 o e (L Lol (b G131 4 Fsly )3 Lew o 1l
539 e &Sl g 13l Al oyl e b St 2 ke STl (S
WS g ) abd g gl 4 Cunglio &) bgye o sl Wlste
AU ailtens o ©)j90 & Klgtoo bl &L (s Conl ik Sla o558
Figw (hall e 3 9 PGC-la (gl Jld 5 (Sl dhas pudgilio
Sl B2 g ol GgmelinnS] e SOBS Bl g L) 50

(b 4 Comd (ppo5 (213 09)5 9 (1L2pE & s ((PO/00T) (o5
b gbline iolel (P=+/++¥) J 8

(P=+/+0A) sl 239 Lowdly TC o (1Sko (s (s)blize glas ¥
b 5 (P=1¥A) U5 ks g8 slewdly TC s 85 (5,5t
Gl g o )bline il a4 (b ped b S (P2 1OV yes
($oline yof (LalS J S (0l 4 Cansd (g8 (013 09)5 g (5 blina 18
(P=+IYAF) cdly

(P=+1-¥¥) bl 3534 Lowodly HDL-C gebaus (5 8ikio oy 5 foline gl
23 5 (P=+1+¥+) 555 2l 03,8 (sl HDL-C s 5 (5 b
Sl g oblie (I oS 4 (ubdpd & Co (PEH/FYE) (pyed
S )Plne o (al38l ST (0ld 4 Comd (2503 (213 09,5 5 (5)Pline s
(P=+/\V+) cdl

((P<0/001) €515 3939 LaawMy LDL-C grbaws (Sikio (yur (5 yloline <lis &
ebd g «(P<O/001) J S b3 09,5 sl LDL-C prhaws oS (¢ gboss
oS (b 09,5 9 (ybline il (ubd et 4 S (P=+/4YY) (g0
L(P<0/001) cély (gybline yials” s subd 4 Cowsd

sl 3939 loawdly VLDL-C paw uSle o (gybline colas Y
S s 955 slawdly VIDLC glaw o (sygber (P=+/+))
ol 8l sy (b g & s (P=2 /YY) pyed (0L 5 (P<0/001)
S 2> & Cons 5 23 095 5 (5 oine i 38 5 5 i
(P=+/-¥V) cél (g)bliae ps Lials

(P=+/++Y) il 539 lowdly TG gaw (uSko (s (gylolime gles A
b 5 (P<O/001) S b 05,5 slouwdly TG pdaus &S (gy5boay
S (4b3 09)5 g (5 bline il (ubd e &) Cand (P=/NNY) (05
(P=+1¥Y) Cdl (g)boline pue uals” S ubd 4 Cans

(P=+/+YY) cuils 2939 lawdly FFA s (S0ko (o (g bolize coglis A
2> 5 (P=1AY) S 2l 05,5 (slowdly FFA o 8 (5 b
Gl oblns Rl i (uld gt & S (P=oVF4) (pyed
(s blns b S S8 03 & Cons 305 (3 055 5 6 i i
(P=+/¥Y0) cély

e

2 035 Loy slagr s 3 bl s o 513 (s Sl ik Bl
By Cllsd win cutn Gl e g O e (b 4 G SIS
35 o5 Sl gl dewdly ] gl Sl L lulyen plis
LDL-Ce (plowsdly ghaw jblas ials o (5 psboey il ials (ko
Jolise yé bl g FFA 5 TC Jolies ,é 2alS TG 5 VLDL-C
s b odmldie JpiST (nbd 05,8 4y o oy o3 (03 09,5 HDL-C
Gl @ by o el p bl (58 5)50 )0 0id pll adllas
) 39 U5 Slabse > (4n 95 b ) o] ol 5 e
» BTG e ((Slao B Cogo a oehl ali) GuF & )b
5 Chow b o 405 gledgn 0 1) o e 13D (159 9 (0> <l
on Lasdly TG (ke & (3) 3 alS gl (slagn |y inuse]
s 23l S (b oy €55 3l sledge b 5 Jlog slidye
e Sl (UCPT) Sy i gin it (s, Ol Sl
o s 31y (551 e ] A5l S 1 ol sloged
(sgrd (o <l ) UCPL sboyuss p 0gdle miue yivlj8l UCPI
o Ll ol Ll alSul alas 51, UCP3 sly bl aob 51 oloyd
alae ;3 UCP3 e gl & Lol §)(3) 5485 6,501 Sdaplia ]
LT e oMb asie (glp g bS8 gl Bien ]l Ccoge Mlgie
5 S5 mpl b 5o (Ll Cage (ull oyl Casily ooy
posl (leo g 53 ) adlls i o (Al alis )3 (55, ko
53572205 155 ol S5 y050 by 3] (sl ol ) (¥0) 23

4/. by b
SirJ



http://pejouhesh.sbmu.ac.ir/article-1-1575-en.html

VY | s o gige e e i g ol 1 3 ol S

[|>0wn0aded from pgjouhesh.sbmu.ac.ir on 2025-11-05 ]

Silgr nyed die Cudin 3l 09)5 ¥ (sl peite jline Slimil g (50 S0ke Y i

LA S7ASE N VACH YOYIYEEVN VS FYAARENY/Y () o3
VFO/ - VE/aY O/RES/Y VE-PVEAED (25) 8y slie e
TC
N/ats]s NY\YES\S YA/FFER/¥D )
(s> 3 255 o)
HDL-C
FAIAYES YA FY/VYES 0¥ aVIdos/vs )
(s> 3 255 o)
R LDL-C
YVEEEYIVY RAVAr="Yins \EIS5EY )5 .
(3> 5 255 (o)
R VLDL-C
Va4 AY/AFEVN] Vo IFYEV/YE .
(> 2 )5 o)
TG
Tav/avEa/fA KAR A OY/\FES/AY B
(> 25 o)
AVIYALS/SY FFA
AV/SES VA VEI\YEY - /Y )
(B> 2 )5 o)
bl
Teoyjpeta/va VIYEE/YE NAYENILY o )
(ke 2 p5530)
ool (D pf 09,8 & Camd (ypyod (b3 5 i8S bd 09,5 (P> 0/05) (5 )bline cgles Sl ™ 4™
ol 558 b3 09)5 &) G o yes b 09,5 (P> 0/05) (¢)lskine coglis ,Silis T

2o (Shy b Slsie (silon (59 (a5 | (86 bl (Rl &S (5 skt
@t Ohlen 23 1) (et d (0 Sk ol (A1) (535
T 2 sBip9 o3 3 8L bl lgh e sl anll s g
Sao Blul by sl i el olyon )y (EITL oS Sloj 55 Slewsz
Olieds bl (i g2 sl (S ol (o859 Cllad ) S bl SRl
WY g cobs 359k 3 o 5e (25 3 5 ol 2bj)l 5 pre el
o2l g gl o B2k Jl {sln (ne) late () clled Jlis &
SRl gle Gagbse el e e 2o Mgt (195 Slempr
29b Y g9
b (b pole oKl mudglio 5 )09y 348 psle 0aSingl )
oS (o (1598 G ol el )5 () e BB & i
é.’l.m
1. Karthikesan K, Pari L, Menon VP. Antihyperlipidemic effect of chlorogenic acid and
tetrahydrocurcumin in rats subjected to diabetogenic agents. Chem Biol Interact 2010;
188: 643-50.
2. Ramachandran S, Rajasekaran A, Adhirajan N. In vivo and in vitro antidiabetic activity
of terminalia paniculata bark: an evaluation of possible phytoconstituents and mechanisms
for blood glucose control in diabetes. ISRN Pharmacol 2013; 484675.
3. Devarshi PP, Jangale NM, Ghule AE, Bodhankar SL, Harsulkar AM. Beneficial effects

of flaxseed oil and fish oil diet are through modulation of different hepatic genes involved

in lipid metabolism in streptozotocin-nicotinamide induced diabetic rats. Genes Nutr 2013;

AMPK d}L.:JLé .(Y‘\) D9 (2> Mylm dgue 90 My;
Gl (Jlo g3 opl (V) amd o ilal ISl dlae o 1) PGC-la ol
3533 &5l lwgiogn & by (SIgplie by Slas )3 &S PGC-1a &S
Ol Pl i oo 5 )l S el b 5 e D3
e (1)) 3550 o] plawdl gl 35 5 ol 5 bl 5
Jké Sl alae o 1) PGC-1a lo roliiw] cpjed 5 (oby9 Collad
@ Sl sSl5 alas gl )b 5l (Sglie s 5 (5508 gin Jigm o5 WS (o0
o 53 ol (1) dmdge Gl iy Sl b 653k sl | (il
e oS ge s R 5 PGCI0 o5 & 35 al] o ol
ol 1) 5 5 e 5 el p3lSe S5 ity s S
oy ol 5 55 5| 3yl Msieo e 5 a0 S olpiey
Jolos dspuo s 4y ( Byb 51 aSb Y g ol glp gloaiS gl

il S5e (Bhpg Sl (U (et pple GRS )3 Algte (6,500
8 (3): 329-42.

4. Kadoglou NP, Avgerinos ED, Liapis CD. An update on markers of carotid atherosclerosis
in patients with type 2 diabetes. Biomark Med 2010; 4: 601-9

5. Soriguer F, Garrido-Sanchez L, Garcia-Serrano S, Garcia-Almeida JM, Garcia-Arnes
], Tinahones FJ, et al. Apelin levels are increased in morbidly obese subjects with type 2
diabetes mellitus. Obes Surg 2009; 19: 1574-80

6. Carpéné C, Dray C, Valet P, Portillo MP, Churruca I, Milagro FI, et al. Expanding role
for the apelin/APJ system in physiopathology. J Physiol Biochem 2007; 63: 359-73

7. Kadoglou NP, Lampropoulos S, Kapelouzou A, Gkontopoulos A, Theofilogiannakos

EK, Fotiadis G, et al. Serum levels of apelin and ghrelin in patients with acute coronary

~‘~/. dop b
IAT

ALY A T4 (50 T o—


http://pejouhesh.sbmu.ac.ir/article-1-1575-en.html

lSed 5 bl dagd [ VFA

ownloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

el e VA U1 5 1Y3E (€ P

[

syndromes and established coronary artery disease - KOZANI STUDY. Trans| Res 2010,
155:238-46

8. Kuklinska AM, Sobkowicz B, Sawicki R, Musial WJ, Waszkiewicz E, Bolinska S, et al.
Apelin: a novel marker for the patients with first ST-elevation myocardial infarction. Heart
Vessels 2010; 25: 363-7

9. Higuchi K, Masaki T, Gotoh K, Chiba S, Katsuragi I, Tanaka K, et al. Apelin, an APJ
receptor ligand, regulates body adiposity and favors the messenger ribonucleic acid
expression of uncoupling proteins in mice. Endocrinology 2007; 148: 2690-7.

10. Yue P, Jin H, Xu S, Aillaud M, Deng AC, Azuma J, et al. Apelin decreases lipolysis via
G (q), G (i), and AMPK-dependent mechanisms. Endocrinology 2011; 152: 59-68.

11. Attan¢ C, Daviaud D, Dray C, Dusaulcy R, Masseboeuf M, Prévot D, et al. Apelin
stimulates glucose uptake but not lipolysis in human adipose tissue ex vivo. Journal of
Molecular Endocrinology 2011; 46 (1): 21-8.

12. Tasci I, Erdem G, Ozgur G, Tapan S, Dogru T, Genc H, et al. LDL-cholesterol lowering
increases plasma apelin in isolated hypercholesterolemia. Atherosclerosis 2009; 204: 222-
8.

13. Kadoglou NP, Tsanikidis H, Kapelouzou A, Vrabas I, Vitta I, Karayannacos PE, et al.
Effects of rosiglitazone and metformin treatment on apelin, visfatin, and ghrelin levels in
patients with type 2 diabetes mellitus. Metabolism 2010; 59: 373-9.

14. Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C, White RD. Physical
activity/exercise and type 2 diabetes: a consensus statement from the American Diabetes
Association. Diabetes Care 2006; 29: 1433-8

15. Telford RD: Low physical activity and obesity: causes of chronic disease or simply
predictors? Med Sci Sports Exerc 2007; 39 (8): 1233-40.

16. Kadoglou NP, Iliadis F, Angelopoulou N, Perrea D, Ampatzidis G, Liapis CD, et al. The
anti-inflammatory effects of exercise training in patients with type 2 diabetes mellitus. Eur
J Cardiovasc Prev Rehabil 2007; 14: 837-43.

17. Saravanan R, Pari L. Effect of a novel insulinotropic agent, succinic acid monoethyl
ester, on lipids and lipoproteins levels in rats with streptozotocin-nicotinamide induced
type 2 diabetes. J Biosci 2006; 31: 581-7.

18. Kadoglou NP, Vrabas IS, Kapelouzou A, Lampropoulos S, Sailer N, Kostakis A, et al.
The impact of aerobic exercise training on novel adipokines, apelin and ghrelin, in patients
with type 2 diabetes. Med Sci Monit 2012; 18 (5): 290-5.

19. Kadoglou NP, Fotiadis G, Kapelouzou A, Kostakis A, Liapis CD, Vrabas IS. The
differential anti-inflammatory effects of exercise modalities and their association with
early carotid atherosclerosis progression in patients with Type 2 diabetes. Diabet Med
2013; 30 (2): 41-50.

20. Pierre W, Gildas AJ, Ulrich MC, Modeste WN, Benoit NT, Albert K. Hypoglycemic

and hypolipidemic effects of Bersama engleriana leaves in nicotinamide/streptozotocin-
induced type 2 diabetic rats. BMC Complement Altern Med 2012; 12: 264.

21. Shirwaikar A, Rajendran K, Barik R. Effect of aqueous bark extract of Garuga pinnata
Roxb. In streptozotocin-nicotinamide induced type-II diabetes mellitus. J Ethnopharmacol
2006; 107: 285-90.

22. Masiello P, Broca C, Gross R, Roye M, Manteghetti M, Hillaire-Buys D, et
al. Experimental NIDDM: development of a new model in adult rats administered
streptozotocin and nicotinamide. Diabetes 1998; 47: 224-9.

23. Ortiz-Andrade RR, Sanchez-Salgado JC, Navarrete-Vazquez G, Webster SP, Binnie
M, Garcia-Jiménez S, et al. Antidiabetic and toxicological evaluations of naringenin in
normoglycaemic and NIDDM rat models and its implications on extra-pancreatic glucose
regulation. Diabetes Obes Metab 2008; 10: 1097-104.

24. Rodrigues B, Figueroa DM, Mostarda CT, Heeren MV, Irigoyen MC, De Angelis K.
Maximal exercise test is a useful method for physical capacity and oxygen consumption
determination in streptozotocin-diabetic rats. Cardiovasc Diabetol 2007; 6: 38.

25. Frier BC, Williams DB, Wright DC. The effects of apelin treatment on skeletal muscle
mitochondrial content. Am J Physiol Regul Integr Comp Physiol 2009; 297: R1761-8.

26. Wright LE, Brandon AE, Hoy AJ, Forsberg GB, Lelliott CJ, Reznick J, et al.
Amelioration of lipid-induced insulin resistance in rat skeletal muscle by overexpression
of Pge-lbeta involves reductions in long-chain acyl-CoA levels and oxidative stress.
Diabetologia 2011; 54: 1417-26.

27. Yamamoto T, Habata Y, Matsumoto Y, Yasuhara Y, Hashimoto T, Hamajyo H, et al.
Apelin-transgenic mice exhibit a resistance against diet-induced obesity by increasing
vascular mass and mitochondrial biogenesis in skeletal muscle. Biochim Biophys Acta
2011; 1810: 853-62.

28. Chauvel C, Abergel E, Renault L, Chatellier G, Cohen I, Attane C, et al. Improving
stress echocardiography accuracy for detecting left circumflex artery stenosis: a new
echocardiographic sign? Arch Cardiovasc Dis 2012; 105: 196-202.

29. Castan-Laurell I, Boucher J, Dray C, Daviaud D, Guigné C, Valet P. Apelin, a novel
adipokine over-produced in obesity: friend or foe? Molecular and Cellular Endocrinology
2005; 245: 7-9.

30. Attané C, Foussal C, Le Gonidec S, Benani A, Daviaud D, Wanecq E, et al. Apelin
treatment increases complete Fatty Acid oxidation, mitochondrial oxidative capacity, and
biogenesis in muscle of insulin-resistant mice. Diabetes 2012; 61: 310-20.

31. Mazzucotelli A, Ribet C, Castan-Laurell I, Daviaud D, Guigné C, Langin D, et al.
The transcriptional co-activator PGC-lalpha up regulates apelin in human and mouse
adipocytes. Regul Pept 2008; 150: 33-7.



http://pejouhesh.sbmu.ac.ir/article-1-1575-en.html
http://www.tcpdf.org

