CL o9l (ol S Ul JoSo Ly 0l pod (o559 (2 yo3 0900 95 (SlLis O 51
275 9 SISl anlllan ¥ g9 (L35 (alpue g0 3 (A

UL (5508 558 Mgl 53 Ls juane & gulie G et
VWRA/LE/A Gy G sB WAV YY) b

ez A8 5 g2 ) (o seml dpice Jols 1y oy slacdly aen Loy 5 ansls (gloo 1S aals cubs s )lom craye o)lse IR 3 a3 sty
35T 55 s Slos, 13 (oo 3l T ST JaSa b e Jls,l 5 53lpm Sliz s S (g banly il allas il o s o1
o ol jeboa s S 51 L bage 45w oolizul o 5 VAV/FEEN OO0 S5 (neilo b Jlinny oI5 5 plymo ige s YO 51515 by 3 Slge
B JoSo zabs sl +zabs (Jlsbrealis (JoSo + Jo il ayed + Calis (JoSe +islen ol +iabs el (1l (S (s Jold 055 Y
oy A Sab b atie o dud> 0L atin A S a4 Jls il Ol yed b soliiwl (awgigsh vl 5 dnal 5235505 30,55 51 Y g95 b Ll cga aid §
RealTime-PCR <ass L bCI2 g bax 5 oyl ol 1zl Jed 35 (59, (duge < ygods VO2IMAX Suoy0 YO B £O s50 ol b (g5len s 1e3 g VO2MaAX
s ol aol Sy iyl 5IUT (5031 L aosls 5JUT

rl podle (Pe/e0) sl S35 098 a4y o (5l sne gl JuSo Jlg il 5 JoSa (5590 (oS 5 09,5 50 0 0 BaX 5 BCI2 (5 oL sleaidly
2 Gl e BB 552 g00ll (P<+/+0) as odnlie JoSo 05,5 b auslin ;o JoSo (53ls (S 5 09,5 0 BaX 3 BCI2 o5 Lo o (5,0 e glis
(P> 140wt osalie LaSa 05,5 b dslie ;5 JaSe Jls il oS 5 08,5 43 BaX 5 bCI2 05 oL

s als 5 BCI2 55Tl (asls dslae olo b JoSo 55150 (el S ohast oo L (g yed aldlas 90,0 (oS 5 (s A 9 Sy
bl b Glac, (8 il 4o T (sosme dis) 5l 6Ky Sz Sy el Glsiea; wils e DAX (550

bel2bax. sl ST« (ol (Sbgrogsd )15 o pod (o §lguuds’

\YAR 4 s (£08-EVe U"("‘:"‘: oyl ‘;’Sijg;"'w‘” g‘;i&ﬁ' (aﬁl.ﬂ Sladlas s

SAVEYFATAFN 10al oyl ] cog ] dnng | olKa31S o 2539 pole o Soucan 3 sSidls :awi S (yw yoT

Email: zolfaghari60@gmail.com

& Gl dacmgiog 3,5 10 s zeos alawlgdy a5 Cal doudoe
Subedys g 00 S At oz Gl (B9 mle 5 (S SRR SUNETSL PR QURVCE R LI U VI T R e

ol olen ,0 Sl winls (g o 1) oLl S oy Sz liie )0 pTaes S 4y a5 005 Gl ol
4 ke pglie coa M pols e @ 5518 o pilie (153 Cubs a5 wiles S 0)La1 (Sl gmaginl g JUGilS Slalllas .ol
ool s 0ad blawsmessd IS o JsSse o (Sailio Ol is b 4y Fgse o l8 slo, el Sy Koo sl Jai e wilgs oo
gty DCM 55,1 50 6ol Lole lsieas |, ity S bl gl b iy 5 Lo dad oy e 033y g oI5
5 5595 OgalienSTil 51 (20 Sl3T sla JIS4s], s (tal3d! a ulos o3 o (B g len YL (B )lse Sl L
el Dy amae (izmen g 35Ul 0)bgs a5 0 L abs Al 5 (o el oo hos pI by 6l (e

(DCM) 0bs Sligmogss )l ay Ml Jlas 2ol58l colis (g lo

Ol can s b etpo g5l o235 ¢ S S5 005315 5505 S5 S5 (Samiils !
(J s 0k 33) O ol can g 5| etpo 31 o235 ¢ S o 5 0515 ¢ 3555 (850 50 Lokeal T

Ol ce 5l cago gyl Sy C,l;,ml_«‘vs.:ﬁ 0 dSEiNs (855 5d SLsls T

g0



Ko g ooke oy

e B 28l sl Il JaSo b olyen (08509 (2 p05 ogrd 93 (slis

aS oo o)L.fJBCA_M:‘ w;)|)§ ao)S_MngLms_w))g RV
Iy 6 i (Slgilingyo IS cbslas Yl calds by Jlg il ol yed
O, las o wgio Do b b ol el a5 Jl 0 (Yo yls Jlsay
0, 8ee g Slows (Solol s oS g 55k g a5 5,500
Sl gme Dolds g 0l alul Yo ggi cubs ol jles glo—u>

adlas ;o Ll .(\W)olass s ¥ goi clus ol o 1y B8

050 93,8 aSky SLBIN S92 g Jangie 9 Wb ol b Sl el
T3 OV F)aus 5 00 S5 Jolge (sladgets o stolice o9t 4
YL Sa i Lol el nalS 348 ols oz glalae
b alio 5o VilwlS 2y Jlon b locugrag IS 5o
Sliy yod a5 el go—bge ol Klozi ol Sad b ol yes
ool alS b il oo Do 4 dianly 0B S 50 (059
) Shoeno 5 doige ;o cubisjl (LU Seadlygail aS
Sl yes a8 aialy Lad o )Kes 5 laSTs . (Y0)aes ials
5 1, DeI2 o8Il ol g 55e ssban obyj ma i Ly Jly sl
obsS S g o Ol (A S Sgn b (B0 lahge
5 as5,l5 G Y sl Sl T (V) aes o ialdl LB Sos
5 el oo Sl gt as ol obye Lase b o bl aiws
Sl ay Slew g Sl ldllae 5o T 668 Slo ST 5T
ail> 50 69y S5 5 STy 00 slrog )T 925 Cawl ou;
658 (Sl Sl il S Jlad il S wen Ly ol e g
clilix b ol W (VW)ass o gy i |y eilyFle ]
Seidlsiseml Jole S 55 S 51 SOl sl sl ol
b b ige Slau—wsiid (69,Sos PLS 050 0 Jle
aS wlosls Hlas ()15 cpaie aizen (VA)Cwl ool amlil
5 a8 SIS g 5 Gl Lo el jsboay il oo
el T LT IS ol oo SYL) (5132 g 5,15 Jlonil a5 jshailan
Sl opdle conl 03,8l plie JoSe S s |,
e ol s T Sl el oo o oS
SO cwl ol snys baz K00 5 (Sl el < Zobis
e K gon CJlad 45 e o0 plis s slaail,y
slogbse o LSl sl ladsbas s3lasil 4 il
Ol - g e 0ald LI egig oy ol b ol (ubs
3 2eslop giledlad g (Gdgail Sl Gl Crge

3 Bcl-2-associated X protein
6 Hashish, et al
7 Astaxanthin

£

Jo & 5ty (s dagpy S 25 5 b py (grilap ST
V) 830 drugi SIS L (55 33 09290 slactisn Djglne
OFeeST sladiss ali¥l b oo bolom] guilap ST o sl (Y
Ol plp y0 sbs slapwilse lojen LialS ¥ uiSTy
sasl «s2, L g s iy ALkl ralS dy omie il o
gty 5 00t Jsls DNA (ol ooy nsgpogss, 5
s 55 (5)a85 annsgi 1y el & Canslio 5 I3, (0]
Sy Bla—wgre (395 e (b o8l 8 al s Jol
Ay cdlete o Slas o oy il el g el
O 3k Seld ilen 5o (0) Sl (28T (5 ST slaaies
008 Jlb Gk i) esl anTp asSTy 5] glaaisS
S Olsieds sl A5 e Jld BCL2 oy Lialss ¥ 5L_uls
1€ g S g ale) a4 jomie (ol S8L o ok S S8
Seomdy g Sl 3151 (glogg atwd (g3l Jled 5 (6535 g0
0358 8 LT Y LS (g3l Jlad g e lajllS lsie
Flie )3 (Progbioe (Johow S o s e Jsbw sla izl
4 g X g 5TV geghd sl Jsho 03155 (slaySs
S U LS5 50 58,0 (595 slapay olyiea: < * bel2
Spimdel wlall Guimed g ol yaiSeia e 5i9yen]
G5 e 4 Ay Sy ] SIS 5 b0 g
L‘)‘ﬁyj odes slo wefl..j Oloreas BCI2  Sleas anslis
29085 CpgyS ot (als Jlos 4 orie (5,0 e 53 Hpa>
53laemanST o il 51 S sl 5 DAX Szysyly udlad
oo Gl e TS0 5 it Slalllan 05 e ablie
&SUBCI2 Ly (205 5 (b slagise Jlxb o ¥ 5Luls
3 e il e a5 sl las Tt (Newleas o)
a bax co oy Saia (Rl Gk ) b slagige L8
olias Sladllas (A) 95 so asie A5V 5LwlS 1Ly 5 bCI2
09 Sl yed g pllw (2188 3, sk 5l aldlae a5 wlosls
Ve cubs bople sl gl slalpl Glored 0l o
b 5559 Dl yed a5 adly o L) Ses 5 (Sl (1) b,
gools Al 1, C pg S g (Auley (alié (958 Jomiliy (38!
HAERUC AR XU PSR SN PCNONIN L C¥ 5 PESCEN
S g0 53 BCI2 Loy (215380 L wilgs o (pizman (559
cos |y Sitslsn GLoSan @ilwdad bs slajise

b9 Dl yed Sud (o Ghlas 5o () Daws 413 156

! Advanced glycation end-products(AGE)
2 Reactive oxygen species

3 Caspase-3

4 B-cell lymphoma 2



WA 513008 & oyleud ¥ 0390

S8 pole Sllllas dloxs

5 Ll pad (2o Gl slere Slyiear 51 oo 0,8 oo

T Gaios awgp 3l Oy ol gl Jole 51 Ss pe 0 b,

e ol SS9y

SS9 S yo Jlg il doSe 5 Jlg il (o o3 09,5 sloc,
2 VO2MaAX duo,o A o b atie [0 dud> O L glaan cuin
i S Sl 53 a5 03V 00508 Codlad 4y 4,5 e 5 (9,

a2 80 Vo gley Dok g a0 500 o g 4B e O Cee
ARSIV VA U P CS | PR STV [PY: PV
ade e 5leTis o) 4830 10 gley o g 4 iBs e
1 50 45 (6 ebds b dalsl atba e s so s Ve ol
YU lojg YY-Tr ey Co s Lo hige (S pod dd>
55 5318 S 09,5 sla, (Y )aiols anils (a3l 4 adds
a5 Jeeo s 69y oanlid puugs slake et IS S 50
a0, 3 YO U #O sgu o0 b a0 Jlgie 59, 0 Do
o g3 ;0 00,5 Codlad 4y £, 5 4880 VO Do 4y asds
Al o8l ad, 80 O codled e g 4By e Foolled Sul
Oley g aiBs » e VY Cey o b Lo ghge 31 asian g0 0 U
O ol jebay o F Mg cu i aiSly y aues 4 ARBS Y IS
265 S (ko 05,8 slagise o a8 )S A v o)
B OISl sy 2 atie cute 095 Job o 5 J 58S (il
Ao el s Lo ypw b 535 0w g 9,5 255 (gl adis
ailen pol> gty 0 0ad 48,8 10 ol el cdl plais
Sl yed 55 638 sloaly lwly —tagh sl Ko
@ arg Llacad o] ;0 9 ogoas >l ogls g (Seliil
A oediid g odel Caddy g Cat ya
1P oS

Sk ¥ alisy JoSo sloog)S (ohyed 4l o 5l usy
039 3 5 5kS o slil & SIGMA =5 ,8) (ilistnl JosSe
C8l,8 3 Sjgeh gy (e S (e 1Y 50 Joloe
md;sa
el gl

(Wls olisl) oo ye8 dl> AT o celw YF

£

slodshe o ol slaJlGol, JSis obj polie 4 4z b

3 il o ldil WS ay onie a5 b ol 31 8
DNA ool g (59 GgmmilinST g (o (gamilaay
8 sladshe SsmnT s ond (ewdlysS Lo a5 ()08 siee
WS oo 0l (50 g slsé sl Plsl e ),
oulS g eulad To—? Gl 6T LS L e 9,0
Sl yoi SIS o158 v jkatedy ol olie slo | oS
(ol pogdle ks aolially (A8 Gil_x.s_ﬁ..fl‘s‘;j Cadyb by
SOl b (oo yed sl ST Jlis (8 S8l psie Ol
St Sl S Glanlie slo JSSs5 slyzl sz g wglite
JLER £55 skbo ohlew jo 1, ubo Shgmesao IS Ll o
O red 89 99 SIS (o) pole aalllae B (nlpl o5l e
2 ol Sl JoSa B yan booljen (s3l92 g Jlg il (2559

29 ¥ g9 b slahge (l8 3l o]

WS Uhgy 9 lse
e o8 _iglojl 1o a5 7 slalilas gl ol o
Soloz (Modl i (5518 (bl 5 deg)l (Sl psle oSl
A5 L g oo plodl alS Lol wllyy > )
pole ol%ails 5] azaS Ly IR.UMSU.REC.1399.068
gy YO shaad eol 438,518 ualis 50 aneg)| (S35
S aS VAVIFFENO00 (555 Sl b )iy 015 5 (2l e
pole oS tils a8 iylojl Sllg (395 5 Sligios 5 5
03;l90 GlaSy Il pd jo Sl a5l 5 dueg )| S-Sy
Ve Lo o0 00 Cugb, o olidgy celu onjles o (SO )L caslis
JEIEVS SRRV PUIH Y BWICEIPRN K RCH IWIPESINS i v
w0lfiglej] e b lacs, olis] atie o iS5l e g S50
ol Gl 51 g o plonl cobs G o) YO ales
(09,5 2 33 Jhge o O 1) 095V jo (Boloal &j50d Lo,
JoSe + 55190 (o3 +Ialis ot (oo (S (hbs Jels
g5l il s Jls iabrcalss (JoSe + g al (et + ol
Guy Y g8 sl Gl ez a5 18 J S relas
Sl (53585 Il b 00l (prmsgig 9 il 5 gl 39S
Ol 53 Jolone (ge (339 oS kS 5a sl 4 p 5 hee VY 0D
£ aiBo 10 5l ey g 00d 32y (Sl (3,0 &30 af
LYoo o) Sl 8L Jslows )3 a5 SIZ p,55LS 0 S (e
At (sl ol 51,5 (Bleo (19,0 &g 0ads J> 0 ph
Szs8 bz obrl b G55l o 9, 8 dahee (39 (Subs
G255 8l5 Mg 59, » 9 0,ka8 G e 05 45 eV Lags

Yoo @Vl oy a5 g Sl gs Bl 5 ond eols 413



Ko g ooke oy

e B 28l sl Il JaSo b olyen (08509 (2 p05 ogrd 93 (slis

plot 5 as o plonid Seady Ul TPMVO -+ 590 5 015 (Bl
@ PLATE v 055 5 i bl g oyl §auiy ol
5 e Se Fr 3905 s i St SLelS airdry &y
Dry oK s 3l eolaxwl b .ays,8 asl sl Depc water Joloxe
V0 Soe 4y ol 5 Bl a0 #+ sles .0 RNA 5 sy Bath
cdale Spin plovl 5l an wig— & Jo OF o b cé 5 )8 aids
G4t &l ol oailes NaNo Drop olKiws 3l eolis ! b dige
b oS 5 ond g5l JS RNA (g, 51 CDNA 5l azs, sl
ol bl 3 CuS ol a0 )5 eslatwl (TAKARA) (5l ol

4 CDONA a s, v Sl sod agd uaSae jlig ,Suilys
eSSl ol asdllas ol b Jgere sl PCR
U6 o5 4 Bel2 s BAX 5 Lo ol .0l sola ! BIORAD
s Light Cycler 96 olfuws 3} solaral b A3l 08 lsicas
05 o 4 b e sla ey s ol a5 Syber green | G,
Roche 5,4 bwg g 0l >0 0ligo7  jsle 5 5t eolasul
Syber Green PCR Master Mix Taq (2x)) ;| loslx o
A 2585 5l e 5 a5 ( DEPC-treated Water.Mix Primer
VS e a el (ppate glagsd ;o bslke 5l s Soe
by g 50 (e 90, adlol oad jiiw CDNA 1 s S
3,590 b yeuly (g .aiaus I RUN olKiws )0 badigel g Al
3,90 wloy JSomw wl 0ol oolo LIS Y Jaaz jo oolail
a ol ,F 5lw 4z ,0 4F JuLs Real Time —PCR s colax_!
FogadliVe Sue ol F il a0 AF @iV Das
5o 50 glays Gl liae g0 ddBs Vo 4y oF Ole a4z o

WY 6}5")l'\‘| 2-AACT Ty L

Vo5es L cnigkls g pSokS a8 hee A0 a0 Lo (el
Olgw i i (s D g 258k 2 05 (e
Wl g Sl (o8 8l dB 5o ) e 5 0ad adlS
om sl Ul (gl g o0 5058 gl (59555 )0 5 00y
Al bl oS5yl 10 gd g Conddilan
RealTime-Pcr g, b o5 ole pheww

Voo 58 aBloll g s ,8 lax 8 cdl 5imgh . sga-
5ol L i 550 2l ROUCHE TriZ0 Jsloe o) 5, See
@ Jolowe o2l JolS ol (3o 5l g o 03f9e puial S
Aids V)0 e ay Jols Jsloe s o ools JU] (g s e
P29 g San Vo v 3900 (e 2SS 15 ON ICE & )50 0
d,5 180N 1Ce &g o 4y di 8o Ve a4y 5 0,5 a8l s
Jos 2l 9 000,F &5 g o)1 4l V0 Boe 45 95 s
5 90358 Gipen oIS Jobo @ bslie o5 5 sy sl ol s
Zo 50 4885 10 Do 4y 04ligd Aiged (sol> g 0,95 pio B Y
Foslod ;0 4B 10 Sioe 0351 10 1) gl e b 409l
598yl ool wl LIPMAY - -+ 00 1o g0l 5 2ilw 4z o
Gaai 8l om0l Sedy yile oSy SleeS 23 lo sl
Sy 4 2y S0 4 el B Y Do 4 s (g0 Jslome
a6y oo VIO RNase free Cgbg SKe S5 w las ol
5 Lol T a0 Jsilbg gl o (e ) 5 0 ool Uil
30 AEBS Ve e an a4t g, el 4 g
S5 090 a8 ABBI Ve Dde dy g 2855 bl (genligS]
Sy il az 0 F glos o IPMAY oo jos ny L3 Laylyis
gy eyl planl 5han 0l S il 4885 10 a4y
ol o jalls sy Sie oS o plate S5 &5 o 4 RNA
5l 2l oo V s Son 4 s 5 B by plos

a0 F les ;0 4aBo Y Soe a0 5 a sl Sl TYA-Y-

S 4o eoliinl 85590 slo peslyy 56X (V) Jguor

Genes Primer sequence Product length, bp
Bcl2 F: 5TATATGGCCCCAGCATGCGAZ' 136
R: 5GGGCAGGTTTGTCGACCTCA3'
bax F: 5’ATCCAAGACCAGGGTGGCTG3' 150
R: 55CACAGTCCAAGGCAGTGGGA3'
b actin F: 55CTCTGTGTGGATCGGTGGCT3' 138

R: 5GCAGCTCAGTAACAGTCCGC3'

£y



gy dlio

Loog S w1y gyl cme s 55 BCI2 5 Ly ol
it gyl gl el (P=+ e+ e V=Y YY) ol ot
(P=+/8%) bl 3929 (Sgli5 J 515 09,5 L i S (e (S5
9 JFES 09,5 93 & S 1) (I3 g 3l JoSe 098
sk Jloial 5 @l Dl jes (Peefe o) obs (Lis
J).Ms 05; L_> d_m.ALn_A 5o ‘) BC|2 UL?_’ ‘5)L>gra_’_ﬂ
JoSo 09,8 @) Cod Lot wols 2o l58 (P=+/+ + « Y P=+/e 4 2))
BL2 o5 b ol (P=+/AAP= /1) 5555 ,ls e laslis
Ol 3 oS+ Jls il s JoSersslsn (oS 5 sloos,S 0
(P=rfee e Vp=efen e V) ols las S 09,8 4 S (LAl
4 Sod JoSets3lse 09,5 15 (Bl ) eSlae Grioren
eSilen oy Lol i ils Jlo sixe Ziglis (P=2/e 0 ¢ ¥) JoSie 09,5
2929 Sold P=+/F) J oS 09,5 Ly JoSer Jlg i) 09,5
(Y JSs) cuslas
olaid og,F o 1) (o)l cme Dglas 5 bax/bcl2 o

» <

5ol el 45 (g psboas (P e v o VF=£Y413) ol

Mosine als S 09,8 b amlia ;0 o 20 laog S 4on
b ot 3 oaSloo cym Lol P=o /e e V) ol ol 1) (peliis
09,5 5eSlee pizmon (P=+/39) il 52y Sl S
cifa) JeSe0g)F Ly el 53 JoSe 3lpn 5 s5lsm
sz ocnll s ol lias g s cime IS (P=+/+ +\ P=v/e o F
03,5 & Cowd JoSio Iyl g Iyl 09,5 55 baslis !
(¥ US2)P=+ 1Y P=+ 13T (o3 ) 9555 5 sine oo

5JiT Graph Pad Prism8.0.2 1;8ls 5 51 soli_wll laools
WS () S anly G il g o el 5 g 0
o5 S e 53 5 oy S i slanSile ()l e
ooliisl Logs; (sammilio sl (S5 okt oy 09031 5 @l
Wl aid Sl s o fe 0 ) SeS (,lo s e

sl
a8 oSy il s Jelo (9ol alssar DAX (5 ol @l
3,18 3529 (5,0 cime BB og,5 1 Kilo (o a5 ol L
o2 S oS 503 gl wlwly (P=o/v v o) FYE/YQ)
e (P=2 /%) 2l 3525 (Folis S 09,5 L iy S
09,5 4 S 5 Iore 215 JoSe 09,5 3 DAX (5 (Lo
oialS ol Lol ol las (P=+/++ o X) oo g (P=+/+ -+ F) J 8
(P=+133) JuSar Jlg il 5 (P=+138) Jlg il 05,5 ay C
Sy S5lee Cnyed 05,590 lanSilas m s IS e
S FA) gyl gme DS JaSe 09,5 L JeSerislge
pyed 09,8 s bax slo els e g (P=+/-YP=+/:
ou ools las JSCb (o aS aigfilon 09y YL JoSet 55len
03,5 & S | DAX (20lS Ly (0T sl S e )
Sl el 09,5 55 ;5 AalS (nl (eSilee a5 asls s Ju8
09,5 &y Commad (P=+/++ 0 1) JoSor(g5len 5 (P=+/+ 4 1) (55192
S PYL (P=e1 v oY) oSt Jg il 5 (P=0/0 0 V) Jlg il

O JSs)

1.2

*

0.8 -
0.6 -
0.4 -
0.2 -

Bax

*

#*

INNNNNNN S

g

o

S

N1

N1
\9)

<9

N

™

;j

dalllae 5550 (slog 5 B il o baX f ol () S
Ko 05,5 L ylo_itne oslis # o J 1S 05,8 ls_ins gliie

£y



o 5 ol oy e oslB 8l el ol ST JaSe b olyon (o559 pe3 ogeid 90 lis

4 _
3.5
3 35
2.5 -
o i
S 2 o
23]
1.5 -
1 | | & &l
05 | bed
P e
0 bad

andllas 3550 sloog S (I 28l o BCIZ o5 Gl (V) S5
Silon 05,5 o e Dglis § ¢ aSa 09,5 b lo sne oglis # (1S 0,5 Ly o gine ogliix

1.2 -

1 4
0.8 -
06 1 i * * g

Bax/Bcl2

0.4 -
0.2 -
0 -

(/ ;s
I

anlllas 50 (sloog S 8 il o bAX/DCI2 cons (V) JSCi

oS 09,5 L I cime glis #2809, L I cine gliix

50 Slpss ol 45 0o 5 bax/bel2 co s gals g bax Lo (S aSdauiy g daaa
Sg i JoSo b (55l (55 o5 09,5 Senl asls plieay baX a5 ol (lis addlias ol s
a5 o8 it gl ,len 3550 )3 ke obuo 39 Dl il o Syl (1T as e lyiees bOI2
Syder SLS Gl pulipa 53 yeg S e oo Sde lgiea 4S5k digdoe ol (s sl 55 eiliS LT JoSe s
ol y3 Hol (255l 5enS| slaaisS wg ol o5 L 2l 53 05 ol 53 2lmel oS 5 nye Jalegon s
b 50 (59,Shes 5 Bl DS 4 e (oS s0la otels D12 i o ez se T plys 1 asly wiols olis 8

Sy g Sl G005 adgy a4 i guilagnST o ol 05l oo

£g



WA 513008 & oyleud ¥ 0390

S8 pole Sllllas dloxs

Syt 95T sl ol 12l (63,05 500 (sl sl
o—lys oo WS 2015 5 55000 oo (5 5o 59003
Jmbieys cblis 698 Sl cled po g 9S cladlon
Spoly o Glyiedr (n ped bl a2l (Hbs (Slgaesis)lS
ol slapleys sl ung ele S lg e (29l
Ay o Bope B 2 )lse 5 2ulis Gleyd 5 St S
(F))ogd 4z 5
Cobs g Lt (o o8 sl p3b aslllas b (S 5 (o>
5 Sivmml 5 Gixml T LSl ol ol 2V ey
od—d (o5 lggl sLa g (B S8l 3 (595 Dl
900,58y (o8 DM 5] (8559 Dl s 45 wizdly o
oo g al33 1, Mir-133 ¢ bel2 g5506 7 oo sla S )b ols
oo (09552 lg0l Sl ige <l j3 1) A SLlS 5 ¥ 5Luls bax
Sl o 45 25 g5 e loaidl cpl @ gl ams o ralS
ooyl i h580 AleT o e MICFORNA bows 30,k 51 5559
b tls Sl )3 Sas bty n ol g sailor—us)
Cbliz abawly ol 3§ e g 0955 Sl ) (590 s iz
5 598sl Gals 4 e (o359 Sl el 9,0l il (B8
alosls lis 35 Slafllas 31 golaas (YY) 098 o o8 Sidos,
sy 590 CINK (ygdly jgad (a5 L ()55 Dl o aS
Sgie ) S s 3T s i JLini gle
b (o559 Sla yed a5 w8l )3 55 ollSes 5 (Silg (V)5 (o0
ol 8l carge (2l oS s (alie (90 Jeily Sl
sasl 3l Gk i g oo Mgt 41 C 09 Sy
5 ol aadlha 50 (V)i (o0 (5 Ky B wgnag IS
bax ol slsp (2550 Slayed (L Slaind Ly 5 on
o3 Lialidl s slacs, 8 sl ol BCI2 ol 5 00,5 e
b iy e a5 055 1 5 Sl o), Kam 5 ,0LS wligios gl
9 tlondion 5 (S8l )50 Dt 59, Sloys SIS Bal
S e g ol Ja (K ojls Cobis 5 26 65555
S bl e wes e ) hlite JUSew Ll ()5
15 il A5 4 el PIBK (SIS s o solol Lale
e (e 0n) Ol 1l ek slaniald 1 6 L
50012 55571 (T Slo s sedhyshnd L 55305 ]
i ;55 L b DAX (s30T loatisn (0,5 Jladyd
S 9 gobe (Rl Slallhae S oo sl Ll Sl
ol pedle (YH)aisls plizs ubs e slodiges 01, b
OLedsgs] nln s Joko cbiliz oillle S Slsrear (3559
5l Dluped 50 0hgd g (nl Ol (Rl e ge a5 Sl

(¥D)ogd oo

0

Las osdoe (—aSTy sloasss Koo bolyan (ol )aS gt
laJool; o Jols o Jgyo SlaruS) 2l o

SeeST G i wiiles (Jobow U315 521,500 b aST 5
45 Wg—d oo (39 e s SadisS adgi 4 yamie g 0ls AiST
gl se dazme 1elaS Vo gg (Lo bl 63,6 g (ol o
Copgo920)5 S Jsbo ST 4 oo L2351y slaJsSUse )

JESw colan ay aly (anb 2 5 Olo (pais Grizen g

wlgs o b o1 5T L ubs slobge loys by b o
ARt SIS oo 3 51V 35505 5 sl
o8 sblax Jole SG plsisa gt (o) 2 Gl
(V) ,ls

ple wilgg oo il liwl a8 wlools ylis (LS Slallas
=k gl Jaw o1y cobs (B lge dwgig auidn Seuga |y Cubs
S e ya5 il alS el loogags ol sl ).._>L G (2,50
2 oszy oalb (V7 V0)sd oo (ubs Slayd 5 Slsss)
ot il Sl lawgs oubs glacs, e o3 zglaw glanllas
5 anmgi o 53l g o Culasy Somal 5l LI 285 5 b
s IS eyt 1o Slos 5 s St iy
Ol Ykl (7Sl g (el slo (S g (il 9 Lo AgR
b Wil oo ol Slw] JeKo a5 wisls ylid slanlllas o
o sio] el g 0ols iol581 1, T-AOC 4 SOD codled alwgis s
358 Dby el aie (25l (A6 60,5 see sl g il
OSe g XU Sladss (ul b guass a5 (YA)20 a5 1) suals
Opmilidonals S 51 am 1) lingionnd)lS S5l alS 5
50 (YOl olas e, jo il St G pae Jlias 6 59,5
S oiliSluw] Byae Jlias BCI2 g bax Ly s asdlas o)
ol UL.“J w‘;L.M:—‘ 6)9’*’?" Ls,.j A 6‘)% ) R POV L O
o Jshoy Sl szl (1 Sl s S allls
095° JUEl 5l il Sl as sls plas Il g slazel> JLL )
SeSTn O3gsen 5l (SB6 BCIZ 03l slacatgn (Jshe
S e b 1) ol Coos sl JLKws g 00,5 (5,8
i sl sl 5 25Ty 5] slasisS
(8005 o o sl U5 o) slo sk

Vogs cels S pae by S plgreay (5555 Sl el
b Olbem 3 1) (Bose (B las lon Sl 2als ol
et gilin S5ute alaslyas o S oo 5l Wiles o 1355 Blsa )l



Ko g ooke oy

e B 28l sl Il JaSo b olyen (08509 (2 p05 ogrd 93 (slis

Cudgazme polo axlllae o .(¥A)og o) ol ;o (APOP) iy yy
3L 5l gl patiged pae (g8 g0 45 T B 352 g 5 ol
PSS 5 Cesaiet el LY g5 Zulis Ul al> e po (]SSl
o2l 5 il St Clge g Sloy Cusgama Judo 4y sl
5196 plal 5 (U sl @ Olgi o0 aizmen 0 pL o 5o
Jedo as 0,5 o)Ll ad o JoSo 0aiaS 28l 0 slos, axgie aS
b8 28l o Seml JEEs in uz Jlo slacasgaze
o] Oldllas 48 (g, disy a5 0t alosl TUNEL SuSS
3oy Gty Slalllae 35 oo Sloiivy cal yodle 3,500 )3
Sl pilF Ll JaSe ol yas ay cilisee Sl yai ,5ls

wled J8le WSS

SySdasds

99,8 S 5 a8 il ys 5 Sl aslllae 3 4SS j5boa
Loyl alS L il ol JaSe b (5 po8 0ge
03,5 & S Glalojl 0550 sla; (8 2L 5 sissl
50 o9t Sl (ST slyesl le Gl s (bs J S
ol 1y syt (5 il oS (s3l5n S 5 05,5
998 S o SlapmsilSie [ 4 Yot lis cnl )5 00
o 3l 3,K0e Gl g gilar ST il (alS s Jale
55 PKb g ACt S dliSns ol s 5 (eS| 5T oo
o) sloaidl sed o sloiin e Glalej] Cov cubs slaes,
225055 )18 oolinul 000 (b oIS Slidllae o 3o
sl )0 JoSo 0508 Sy Olsiear it gl S Dj5 0
Ded 0ailwi¥ ¥ gl slo ks ey

s g ySuis
S350 5e8 D) 655 dle, s jl s S5 ol mgly
alS b Gollao ageg )l olSisls i3 5 39,0 8 (2l (0555
pole olS_iils B! a8 L wgs Sllges b S B ol
dlosos delus 5 (5,500 ) .28)5 )8 anb 3,50 Aoyl (S
g oS eyl (S psle 5 (Satan eaSils gLl

205 o Al Wad gk syl gy Juges

References:

1. Lee W-S, Kim J. Diabetic cardiomyopathy: where
we are and where we are going. Korean J Intern Med
2017;32(3):404.

2. Gimenes C, Gimenes R, Rosa C, Xavier N, Campos

D, Fernandes A, et al. Low intensity physical

£

il oo ol ot 5550 T panilSa L DAXIDCIZ s o 0581

bax ;lo Judo a4 (3 o 10 j5ue] ol a5 45,Slan
00 Camnns ! al58) 4y e ol L o e g, DCI2 51 5YL
oSS LS5 gl Mgt 1, € pgSei e alas
4 e CA_gLQJ)o 90,5 LJ_:.Q_MJ apaf—l L o|).o..<b i°5)9:"9j
ol 1y 59 el g 00 ¥ LwlS Lol ped 9 5Ll (o5l Jlad
W3ls 5Lis o Kes 5 S Lo glaaily b alie (FF) 05 oo
2 1BCI2 gV (g e (o by Sad b Jly xol Sl ped a8
ST S Sy oy B3 S S50 b s slas,
wam oz JLiss 0 ol LSes 5 S, (VF)ans o Ll
B 2dl ol gml sl ol Grals Jlg il Sl e
Ol S hlSen g 50 e (V)OI las bo sl
paloe g5lsm 5 Jlg il Sl o e i (612! Jliay |, bax
w3 9 e sisigia ol b sa 5 (s slas, (I8 2l
BeI2 oyl Lo sloazily b sbie Lol 0sin S 5,58 o ym s lid
anlgds elulyy iz 08,55 )13 iy yod ogadian o il o
el Jole Sl i Slgi g Do g Dol 4T Wiiiae 95290
el Glgien ilal - (FA) sibaoe sems T (talS 5 He
Slafllas by ol> asllas 10 ¥ g cobs sl g9 0 1) a8l
adllao ls ged o Olo el Slgi 5 Due g Dl g LS
By ae bolen ool 5 g5len Ol jed aS ol Las sl
il o1y iemml sleyse jrals Gl ] Jos
Jele g3,m L5313 Jdoass Ylazst a5 5 ks ol jon 4y
59 bliee olge Salas o (lize Sl Ay S JoSa g (03
2 s 55 (8 (B9 mle 5 JsiFansn! 3l (AL 6o 0e
00isS b ;o 09,5 o aS ol i Leamily b assly gy
Sl sk S5 5 00 (6 Sy B3 339 Gl 51 il Sli
el bl o3l oyl a5 2l el g 5 o]
slompl o Sloe 05r Ly Jsifanan! sloo, 05,5 5o
Lo asilor gola s o yiwl slo,S Lo ials o SlausT 1

Ol T OV gm0y LST S 5 5 el (65 (9

exercise attenuates cardiac remodeling and
myocardial oxidative stress and dysfunction in
diabetic rats. J Diabetes Res 2015;2015.

3. Shokri Mashhadi N. Effect of Astaxanthin intake on
expression of miR-146a and miR-126 in plasma,

oxidative stress and inflammation markers and



WA 513008 & oyleud ¥ 0390

(K5 pele Sl also

10.

11.

glycemic profile, compared with placebo in patients
with type 2 diabetes mellitus: Ahvaz Jundishapour
University of Medical Sciences; 2016.

Doustar Y, Mohajeri D, Rezaei A. Effect of grape
seed extract on cardiomyocyte apoptosis in
streptozotocin induced diabetic rats. Med Sci J Islam
Azad Univ Tehran Med Branch 2011;21(3):168-74.
5. Novoa U, Arauna D, Moran M, Nufiez
M, Zagmutt S, Saldivia S, et al. High-intensity
exercise reduces cardiac fibrosis and hypertrophy
but does not restore the nitroso-redox imbalance in
diabetic cardiomyopathy. Oxid Med Cell Longev
2017;2017.

Zhou Y-Y, Li Y, Jiang W-Q, Zhou L-F. MAPK/INK
signalling: a potential autophagy regulation
pathway. Biosci Rep 2015;35(3):e00199.

Hashish HA, Kamal RN. Effect of curcumin on the
expression of Caspase-3 and Bcl-2 in the spleen of
diabetic rats. J Exp Clin Anat 2015;14(1):18.

Al Hroob AM, Abukhalil MH, Hussein OE,
Mahmoud AM. Pathophysiological mechanisms of
diabetic cardiomyopathy and the therapeutic

potential of epigallocatechin-3-gallate. Biomed
Pharmacother 2019;109:2155-72.

Inzucchi SE, Bergenstal RM, Buse JB, Diamant M,
Ferrannini E, Nauck M, et al. Management of
hyperglycemia in type 2 diabetes: a patient-centered
approach: position statement of the American
Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD).
Diabetes care 2012;35(6):1364-79.

Veeranki S, Givvimani S, Kundu S, Metreveli N,
Pushpakumar S, Tyagi SC. Moderate intensity
exercise diabetic

prevents cardiomyopathy

associated  contractile  dysfunction  through
restoration of mitochondrial function and connexin
43 levels in db/db mice. J Mol Cell Cardiol
2016;92:163-73.

Cheng S-M, Ho T-J, Yang A-L, Chen I-J, Kao C-L,

Wu F-N, et al. Exercise training enhances cardiac

£y

12.

13.

14.

15.

16.

17.

18.

19.

IGFI-R/PI3K/Akt and Bcl-2 family associated pro-

survival  pathways in streptozotocin-induced
diabetic rats. Int J Cardiol 2013;167(2):478-85.
Cassidy S, Thoma C, Houghton D, Trenell MI.
High-intensity interval training: a review of its
impact on glucose control and cardiometabolic
health. Diabetologia 2017;60(1):7-23.

Jonker JT, de Mol P, de Vries ST, Widya RL,
Hammer S, van Schinkel LD, et al. Exercise and type
2 diabetes mellitus: changes in tissue-specific fat
distribution and cardiac function. Radiology
2013;269(2):434-42.

Taylor JD, Fletcher JP, Mathis RA, Cade WT.
Effects of moderate-versus high-intensity exercise
training on physical fitness and physical function in
people with type 2 diabetes: a randomized clinical
trial. Phys Ther 2014; 94(12):1720-30.

Chengji W, Xianjin F. Exercise protects against
diabetic cardiomyopathy by the inhibition of the
endoplasmic reticulum stress pathway in rats. J Cell
Physiol 2019;234(2):1682-8.

Khakdan S, Delfan M, Heydarpour Meymeh M,
Kazerouni F, Ghaedi H, Shanaki M, et al. High-
intensity interval training (HIIT) effectively
enhances heart function via miR-195 dependent
cardiomyopathy reduction in high-fat high-fructose
diet-induced diabetic rats. Arch Physiol Biochem
2020;126(3):250-7.

Hussein A. Cardioprotective effects of astaxanthin
against isoproterenol-induced cardiotoxicity in rats.
J Nutr Food Sci 2015;5(335):2.

Al-Bulish MSM, Xue C, Waly MI, Xu J, Wang Y,
Tang Q. The Defensive Role of Antioxidants
Astaxanthin against Oxidative Damage in Diabetic
Rats Injected with Streptozotocin. J Food Nutr Res
(Newark) 2017;5(3):191-6.

Nguyen VP, Kim SW, Kim H, Kim H, Seok KH,
Jung MJ, et al. Biocompatible astaxanthin as a novel

marine-oriented agent for dual chemo-photothermal

therapy. PloS one 2017;12(4):e0174687.



Ko g ooke oy

e il 8L 500 ISl JaSe b oo (5559 0 po5 0gad 93 (bilis cul 51

20.

21.

22.

23.

24.

25.

26.

217.

28.

Eizadi M, Ravasi A, Soori R, Baesi K, Choubineh S.
Effect of three months aerobic training on TCF7L2
expression in pancreatic tissue in type 2 diabetes rats
induced by streptozotocin-nicotinamide. FEYZ
2017;21.:1-8

Akbarzadeh A. The effect of high intencity interval
training combined with curcumin supplementation
on Plasma glucose concentration and insulin
resistance in diabetic rats. J Shahid Sadoughi Uni
Med Sci 2018;25(12):961-9.

Kazemi F, Zahedi Asl S. Atni-inflammation effect
of 8-week aerobic training on apelin plasma
concentration in diabetic male rats. Diabetes
Metabol 2017;16(2):85-93.

Yildirim SS, Akman D, Catalucci D, Turan B.
Relationship between downregulation of miRNAs
and increase of oxidative stress in the development
of diabetic cardiac dysfunction: junctin as a target
of miR-1.

protein Cell

2013;67(3):1397-408.

Biochem Biophys

Hu Y, Shen L, Li L, Li M, Yin W, Liu W, et al.

Astaxanthin protects against diabetic
cardiomyopathy via activation of Akt pathway in
H9c2 cells. Trop J Pharm Res 2018; 17(11):2151-6.
Kim YJ, Kim YA, Yokozawa T. Protection against
oxidative stress, inflammation, and apoptosis of
high-glucose-exposed proximal tubular epithelial
cells by astaxanthin. J Agric Food Chem
2009;57(19):8793-7.

Dong L-Y, Jin J, Lu G, Kang X-L. Astaxanthin
attenuates the apoptosis of retinal ganglion cells in
db/db mice by inhibition of oxidative stress. Mar
Drugs 2013;11(3):960-74.

Yang M, Zhao T, Deng T, Wang Z. Protective
effects of astaxanthin against diabetic retinal vessels
and pro-inflammatory cytokine synthesis. Int J Clin
Exp Med 2019;12(5):4725-34.

Guo X, Cao J, Wang Y, Zhou H, Zhang J, Niu Y, et
al. PL-011 astaxanthin reduces high intensity

training induced myocardial cell apoptosis via

£TA

29.

30.

3L

32.

33.

34.

35.

36.

37.

activating Nrf2 in rats. Exercise Biochemistry
Review 2018;1(1).

Xue Y, Sun C, Hao Q, Cheng J. Astaxanthin
ameliorates cardiomyocyte apoptosis after coronary
microembolization by inhibiting oxidative stress via
Nrf2/HO-1 pathway in rats. Naunyn Schmiedebergs
Arch Pharmacol 2019;392(3):341-8.

Song X, Wang B, Lin S, Jing L, Mao C, Xu P, et al.
Astaxanthin inhibits apoptosis in alveolar epithelial
cells type Il in vivo and in vitro through the ROS -
dependent mitochondrial signalling pathway. J Cell
Mol Med 2014;18(11):2198-212.

Zheng J, Cheng J, Zheng S, Zhang L, Guo X, Zhang
J, et al. Physical exercise and its protective effects
on diabetic cardiomyopathy: what is the evidence?
Front Endocrinol (Lausanne) 2018;9:729.

Habibi P, Alihemmati A, Ahmadiasl N, Fateh A,
Anvari E. Exercise training attenuates diabetes-
induced cardiac injury through increasing miR-133a
and improving pro-apoptosis/anti-apoptosis balance
in ovariectomized rats. lran J Basic Med Sci
2020;23(1):79-85.

Kanter M, Aksu F, Takir M, Kostek O, Kanter B,
Oymagil A. Effects of low intensity exercise against
apoptosis and oxidative stress in Streptozotocin-
induced diabetic rat heart. Exp Clin Endocrinol
Diabetes 2017;125(09):583-91.

Kim DY, Jung SY, Kim CJ, Sung YH, Kim JD.
Treadmill exercise ameliorates apoptotic cell death
in the retinas of diabetic rats. Mol Med Rep
2013;7(6):1745-50.

Libonati JR. Cardiac effects of exercise training in
hypertension. Int Sch Res Notices2013;2013.
Irmawati A, Nadira Jasmin S. The effect of moderate
exercise on the elevation of Bax/Bcl-2 ratio in oral
squamous epithelial cells induced by benzopyrene.
Vet World 2018;11(2):177.

Ramezani N, Vanaky B, Shakeri N, Soltanian Z,
Fakhari Rad F, Shams Z. Evaluation of Bcl-2 and

Bax Expression in the Heart of Diabetic Rats after



WA 513008 & oyleud ¥ 0390

S8 pole Sllllas dloxs

38.

Four Weeks of High Intensity Interval Training.
Med Lab J 2019;13(1):15-20.

Hassanpour G, Azarbayjani MA, Shakeri N,
Abednazari H. The Effect of Interval and Continued
Trainings with Crocin on Apoptotic Markers in the

Heart Tissue of High-Fat Diet and Streptozotocin

14

39.

Induced Type 2 Diabetic Rats. Rep Health Care
2017;3(3):58-70.

Alam MN, Hossain MM, Rahman MM, Subhan N,
Mamun MAA, Ulla A, et al. Astaxanthin prevented
oxidative stress in heart and kidneys of
isoproterenol-administered aged rats. J Diet Suppl

2018;15(1):42-54.



Studies in Medical Sciences, Vol. 31(6), September 2020 @

PROTECTIVE EFFECTS OF TWO TYPES OF EXERCISE WITH
ASTAXANTHIN SUPPLEMENTATION ON APOPTOSIS OF CARDIAC
TISSUE IN TYPE 2 DIABETIC RATS: INTERVENTIONAL AND
EXPERIMENTAL STUDY
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Abstract
Background & Aims: The chronic complications of diabetes are wide-ranging and affect almost all
tissues of the body. Cardiac apoptosis is one of the most important cardiac complications of diabetics.
The aim of this study was to investigate the effect of aerobic and interval training with astaxanthin
supplement on cardiac tissue apoptosis in type 2 diabetic rats.
Materials & Methods: In this study, 35 Wistar male rats with a mean weight of 197.46 + 15.55 g were
used. Male rats were randomly divided into 7 groups after induction of diabetes, including diabetic
control, diabetes sham, diabetes + aerobic exercise + supplement. Diabetes + Interval + Supplement,
Diabetes + Interval, Diabetes + Aerobic, Diabetes + Supplement. Nicotine amide and streptozotocin
injections were used to induce type 2 diabetes. Interval exercises for 8 weeks with 5 sessions per week
with an intensity of 80% vo2max and aerobic exercises with an intensity of about 65 to 75% Vo2max
were performed by running on the treadmill. The expression of bax and bcl2 genes was performed with
Real-time-PCR technique and data analysis was performed by one-way analysis of variance.
Results: Bcl2 and Bax gene expression in both supplemental aerobic and supplemental interval groups
were significantly different from the control group (p <0.05). In addition, a significant difference was
observed in Bcl2 and Bax gene expression in the aerobic+supplement group compared to the supplement
group (p <0.05). However, no significant difference in bcl2 and Bax gene expression was observed in
the interval+Supplement group compared with the supplement group (p <0.05).
Conclusion: Combining both exercise interventions with supplement, especially the combination of
supplemental aerobic exercise with the double expression of bcl2 anti-apoptotic index and decreased
bax apoptotic index can be used as a treatment to prevent the upward trend of apoptosis in the cardiac
tissue of diabetic rats.
Keywords: Exercise, rat, astaxanthin, bax, bcl2. Diabetic Cardiomyopathies
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