(L3 Y
Q » Complementary Medicine Journal
Arak University of Medical Sciences October 2020. Vol 10. Issue 3

Research Paper ‘ i‘
Effect of Chronic Caffeine Administration on Expression Ratio of Bax and Bcl-2
Proteins in Myocardial Tissue of Male Wistar Rats With Type 2 Diabetes

Ali Zarghami Khameneh! ®, *Afshar Jafari? ©, Saeed Nikookheslat! ©, Pouran Karimi®

1. Department of Sport Physiology, Faculty of Physical Eduction and Sport Sciences, University of Tabriz, Tabriz, Iran.
2. Department of Sport Biological Sciences, Faculty of Sport Sciences and Health, Shahid Beheshti University, Tehran, Iran.
3. Neurosciences Research Center, Tabriz University of Medical Sciences, Tabriz, Iran.

Use your device to scan

anereadthearideonine (SELLTTE Khameneh AR, Jafari A, Nikookheslat S, Karimi P. [Effect of Chronic Caffeine Administration on Expression Ratio
g of Bax and Bcl-2 Proteins in Myocardial Tissue of Male Wistar Rats With Type 2 Diabetes (Persian)]. Complementary Medicine
Journal. 2020; 10(3):206-217. https://doi.org/10.32598/cmja.10.3.460.6

https://doi.org/10.32598/cmja.10.3.460.6

ABSTRACT
Article Info: © [THTEEEE Some previous studies have shown the protective effect of caffeine on apoptosis through the
Received: 06 Apr 2020 regulation of pro- and anti-apoptotic proteins. The aim of this study was to investigate the effects of
Accepted: 12 Sep 2020 ¢ chronic caffeine administration on the expression ratio of B-cell lymphoma protein 2 (Bcl-2) and Bcl-
Available Online: 010ct2020 :  2-Associated X-protein (Bax) proteins in the cardiac tissue of rats with Type 2 Diabetes.

YETEEE In this experimental study, samples were 24 male white wistar rats (aged 2-3 months with a
weight of 250-300 g) randomly divided into three groups: Healthy control (n=8), untreated diabetic (n=8),
and diabetic with caffeine supplement (n=8; 70 mg/kg-1 for 8 weeks, 5 days a week). The expression of
proteins associated with apoptotic signaling pathway (Bax and Bcl-2) in the cardiac muscle (left ventricu-
lar) was measured by Western blot method. One-Way Variance (ANOVA), t-test, and Tukey’s post hoc test
were used for data analysis.

GEMIE Induction of type two diabetes significantly increased the expression of Bax protein (1.81+0.2) and de-
creased the expression of Bcl-2 protein (0.36+0.05) compared to control group (P=0.001). However, caffeine
administration increased the expression of Bax protein (131%) compared to diabetic control group (P=0.001).

Key words: Therefore, caffeine administration after diabetes induction elevated the Bax/Bcl-2 ratio (P=0.001).
Caffeine, Apoptosis, Eight weeks of caffeine administration have an exacerbating effect on the apoptotic cell death
Type 2 diabetes, ¢ caused by type 2 diabetes by increasing pro-apoptotic proteins and reducing anti-apoptotic proteins.
Myocardium :
Extended Abstract of cardiovascular disease and subsequently to diabetic
cardiomyopathy, which is associated with impaired mi-
1. Introduction tochondrial function. Meanwhile, cardiac dysfunction

has been shown to cause apoptosis by increasing the
he prevalence of type 2 Diabetes (T2D) activity of the cell death machine, which is measured

is a major public health problem that by the negative regulation of anti-diabetic proteins (such
is becoming a global epidemic. T2D is as Bcl-2) and overexpression of pre-apoptotic proteins
mainly associated with atherosclerosis, (such as Bax and Cas-3). However, some evidence sug-
hypertension, hyperlipidemia, obesity and inactivity. All gests that apoptotic processes may be affected by some
of these risk factors for diabetes lead to the development pharmacological interventions.
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Several epidemiological and experimental studies have
reported that caffeine may have the ability to suppress
cell proliferation and induce apoptotis by regulating mul-
tiple signaling pathways including PTEN, PI3k / Akt,
p53, and mTOR. For example, Liu et al. (2017) found
that treatment with caffeine increased the activity of cas-
pase-3 and caspase-9 proteins and increased the expres-
sion of cytochrome-c levels in cancer cells. Rahimi et al.
(2018) reported that caffeine consumption decreases the
expression of serum Bax level and increases the expres-
sion of Bc¢l-2 protein level following resistance training.
Therefore, due to limited and contradictory findings, the
present study aims to examine the effect of two months
of caffeine administration on the expression of two pro-
teins of the mitochondrial apoptotic pathway, Bax and
Bcl-2, and their ratio (Bax/Bcl-2) in myocardial tissue of
male Wistar rats following diabetes induction.

2. Materials and Methods

This is an experimental clinical study conducted on
Male Wistar rats aged 10-12 weeks purchased based on
a convenience sampling method and placed in separate
cages under standard laboratory conditions. After a two-
week of adaptation, a high-fat diet (45% fat, 21% protein,
and 34% carbohydrate) was given for two weeks to T2D
and then 35 mg/kg-1 streptozotocin solution was admin-
istered intraperitoneally to ensure diabetic induction. Af-
terwards, rats were randomly assigned to three groups
of 10 based on their blood glucose; Healthy control (C),
diabetic control (D) and treated diabetic (D+CA). Caf-
feine was given to the experimental group in the form
of pure dry powder for 5 days a week according to the
body weight of rats (14 mg of caffeine per 200 g of body
weight) and by intraperitoneal injection [4]. All rats were
anesthetized and underwent operation painlessly by in-
traperitoneal injection of ketamine/xylazine solution 48
hours after the last supplementation session and after 12
to 14 hours of fasting. Then, a part of the apex of left ven-
tricular (tip of the cone) in rats was carefully removed
and after washing with normal saline, it was frozen in
liquid nitrogen (-196°C) and kept in the freezer at -70°C.
Then, Western blot method was used to evaluate the ex-
pression of Bax and Bcl-2 proteins. The band densities
were measured by ImagelJ software and the density of
the target protein bands were normalized against a beta-
actin loading control. Finally, the results were presented
as relative density (relative to the control group) [12].
Data were analyzed using Shapiro-Wilk test, one-way
ANOVA, and Tukey’s post hoc test in SPSS V. 22 soft-
ware, considering a significance level of P<0.05.
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3. Results

The results showed a significant increase in the ex-
pression of pre-apoptotic proteins (Bax) in group D by
94% and in group D+CA by 106% compared to group
C (P=0.001). On the other hand, the expression of Bcl-2
protein was lower in group D+CA by about 64% than
in group C (P=0.001). Thus, treatment by caffeine in-
creased the Bax / Bcl-2 ratio.

4. Conclusion

Induction of T2D in rats caused a significant decrease in
Bcl-2 expression (anti-apoptotic protein) and an increase
in Bax expression (pre-apoptotic protein), resulting in a
significant increase in apoptosis and an increase in Bax /
Bcl-2 ratio. However, caffeine supplementation for two
months increased the activity of the apoptotic cascade by
increasing the Bax expression and decreasing the Bcl-2
expression. Consistent with these results, Hanyang Liu et
al. (2017) and Gan Wang et al. (2015) also concluded that
the presence of caffeine increases apoptosis by increas-
ing pre-apoptotic proteins and decreasing anti-apoptotic
proteins in pathological conditions [13, 14]. Researchers
believe that the molecular mechanism by which caffeine
stimulates the signaling of apoptotic pathways is the in-
activation of the PI3K/Akt/mTOR cell survival signaling
pathways and the activation of pathways involved in cell
death such as p21-activated kinase (PAK2) and c-Jun N-
terminal kinases (JNK) [15, 16].

Apparently, the effects of caffeine on target cells are at
least partly due to the condition of the target tissue and ther-
apeutic amounts. Jaffari et al. (2004) and Sinha et al. (2014)
stated that caffeine induces apoptotic and autophagic cell
death pathways in equal amounts and above 50 pumol/L,
respectively, as reported in the present study [17, 18].

Ethical Considerations
Compliance with ethical guidelines

This study obtained its ethical approval from the Research
Ethics Committee of Tabriz University of Medical Sciences
(Code: IR.-TBZMED.VCR.REC.1397.389).

Funding

This study was extracted from the PhD. dissertation of
first author approved by Faculty of Physical Education and
Sports Sciences, University of Tabriz, Tabriz, and received
financial support from the Deputy for Research and Post-
graduate Studies of the University of Tabriz.

Khameneh AR, et al. Effect of Caffeine Administration on Diabetes Induced-apoptosis. CMJA. 2020; 10(3): 206-217.



http://cmja.arakmu.ac.ir/index.php?slc_lang=en&sid=1

2 —3
Q Complementary Medicine Journal
Arak University of Medical Sciences

Authors' contributions

Conceptualization and investigation: Ali Zarghami
Khameneh; Writing, editing & review: Afshar Jafari; Data
analysis: Saeed Nikookheslat; Investigation: Pouran Karimi

Conflicts of interest
The authors declare no conflict of interest
Acknowledgements

The authors would like to thank and appreciate the ef-
forts of all colleagues, the head of the Animal Laboratory
of the Neuroscience Research Center of Tabriz University
of Medical Sciences, and Sara Cellular Research Center in
Tabriz, Iran.

October 2020. Vol 10. Issue 3

Khameneh AR, et al. Effect of Caffeine Administration on Diabetes Induced-apoptosis. CMJA. 2020; 10(3): 206-217.



http://cmja.arakmu.ac.ir/index.php?slc_lang=en&sid=1

¥ o jlos e 0590.1Y44 1ol

g 5 (S w903 ) 500 S 1> BaX/BC-2 (353 g 3 (3t S 2 (353 (g0 30 329255 iU
Y &9 s I

TimsS gy <0 " cad K5 dems o0 g pin JUBI (0 Vel el o

Ol 55 5205 oA 5359 ke g (e T SRS 1 o039 (S9)2 525 09, )
Ol el 5 e it e ol 1 a5 g (359 pole OSLRIIS o a5 9 (0519 30 (et pole 09,5 Y
L)‘):"‘ BTG ‘;&x‘a,l: olRadls colas! ‘9315 AT ;)n Y

allae Sl
QA 13359,8 WA il o g

TR
b~

VWAR 9050 YY 13050y o

9 Gistsfutn looution el Gub i uBlA engl dde S Laliblw Ol owedilis 4xaiS Olallhe by TEER VYRR g0 e L 5
sz 8l 55 Bl-2 5 Bax wlooution o Jalsd » 0u8 ape 30928 ST oy epdle Shagly Bus I wizws @iensdas
092 ¥ .95 Cutlsd 4 Mass sl sign
€0 flo JRS G Cln 095 dw 0 Bl b 4 Sy Fl B e s VP (zides ook o ENEYIRIIR
(D+CA) win Ctis Oue 4 dzia 9y gy 00 PSS 5 Sk Vo Obee 4 o euwSCdlyy ubd 9 (D) Gabs JiS
Ge G b (G k) 8 dlas e s (BCl-2 9 BaX) Sasnsd iluply saws b badie Gloouiay ol w0d puuds
CdS Ciygeo (555 i (19431 9 (ANOVA) 48,1 1l sy Jekons g0 s guales 50T o 39 0 g b9y 52

W bl RS 098 @ Cuws Bel2 ey ole ohelS 9 Bax owSen Ol slalbd) cazss ¥ g Cubs 4 M
JAS 095 b duglie 53 (o> W) BaxX @isusy ostien Ol olaldl Gl 586 3928 &S o s (P=e/ery)

(P=+/++1) 43 odaltia BaX/BCl-2 Cod 53 bazss L ialdl dalylis (P=+/++1) 48 Lol Lo jlgunls’
2 ol duly 4 ¥ g Cold I A6 Sdsel Glole Sye y ouiSuwads G Gbld GBS 903 wiin G WFFRERE Sl gl (oadlS

ool 3523535 5358 3 oS 9 Sistpsdfutiar Lo gatias

P05 500 ¥ £95

[0] OiSan 5 9ulSh il sladdly posie o liwly 5
o8 ablas Gl swmagliss s a [ of 9 Sy 9
Gng sladsle » SSsugl e Sy I 6xSslr
» UV a=dl b yme 53 @uS)8 5 iswaSHl Jus
5 o Jhesly B S o o asmws Jull sladsle
Gl Cle 4y 580 Glb i Juwdlty 31 (Sl OiSen
Gl Gub 3 Sensl owSE 9 Jalw 4SS QS 53 Of
3 Bax gumay Ol 5> Gilsd 9 Bek2 gusey ol s
Sl OSen 5 5 Guizan V] Cad Lilusl oume gladslu
sgas 3 Ol ddme Lilbw gladgle O5wlbigSl &5 aizdly
I s Y3llS Gisnsdl loosey wilwdled Cel (85
Ol JBlaud Solgese dols S3eST same Gpiig Guob

[V] 3¢50 MTOR g p53 PI3-k/Akt (PTEN)

SaS 4 & Cul Sy 9 Solglend suld sy

-

Aol

9 bl eaS ST oulSUgeg NV b qls

So dlgie 9 Sl Joiluedl 9 093 Gpdersm Jlal dil>
JLE8) dlisy i o3 s phite sb 4 (SSsusl) Gl Ruigw
V] ‘>.)-‘..§L"‘ 8 Q§L>3§ Sleoolitel 390 dsel> Calise
Glos S dals @yl 585 &5 Cawd oud odld Jlis Lygsd
o ol b ol Sl 5 Suisdensd sleuShs
Sy Osgee WPoe SOl kil L dgeles s 086
odiSUl=d B,k ) & Ojge Gy 4 WS Jee dded ES
I s oy Jolw SwSchablow 9 By lusply Gl
Qﬂ‘ Ve ¥ Sl L,Jsl.w S)A GL"’),‘:““ ouSLaY _,Sg'b (R
GBlL 08l p Gl (San 3B & d9d0 Slgidy Ouz
€] wslb GJolw Sy - (SU) do,z ouuShdsd 9 axdliS 3

i )LL) 58

(50309 S39992528 09)5 ob3y9 pole 9 (SaCuns 3 ouSils ¢y 5 olRitils oy 3 1 SRS

+AA (VF) VIPABSY tophls
af_jafari@sbu.ac.ir; afshar.jafari@gmail.com : ;Sog sl cony



mailto:af_jafari@sbu.ac.ir
mailto:afshar.jafari@gmail.com
https://orcid.org/0000-0002-2147-3179
https://orcid.org/0000-0001-6213-677X
https://orcid.org/0000-0003-1186-4923
https://orcid.org/0000-0002-1914-6793

Jﬁé‘fﬁﬁ“m"@

W g, 9 dlge
lhua’b’e 3

5 O9ailii gib b e Olallhe ggb Il plo 3idod
Sge g VE Babod Gyl 5 el JRAS 095 b Oseilow
(P39 00gume 3> 9 didd Vo Gw b sliegs P Wb S (ymee
oBagleil 3 9 Giuss peiwd )3 Ghgy 4 pS Yee-vO
(Glas! psle Clagdos 3S50) 508 Sdspsle oKadls s
F o0 Yool dy B0 5 Ollgas 039 oBliulei] Jamxe o
Cugby A Sule dopd YWEY sled Jald Oogs s U s
- by diye 9 Moga GufeS U woyd O0ED
G oo Viee Csle 3 alidey go) asle WY SQU
Jad) BaBod 0390 il 30 Wb IS (pas Voo
Sl e 9 O 4 Olbly] Ciyge 4 Sllge old (las
3 oom Lidesdl sl Lwiwd ole dw s 4y g
A ossS dw 3 S 5o ool Bolal Cyge 4 iy Cdilhas
5 (D) Gubs JiS 695 (O plu JRS 695 Jeld g
Jouz) wb)S 3 (D+CA) o owsScdly Lubs 09,5
b olo 3o 5o (dds Cudw) dsllhe Glojue () ojled
laosa)l 3o Ousuily IS3w 30 Wlp wgzse Olallas
el 008 Cutls 198y (la 3T, Slslllas 53

Cald sl

g9 Cubs G @l ae o b )5l dtin 50 3

Sue 4 OHlSes 5 Iylovsls Glallae 09,5 ey @b ¥
9 O0Bey do ¥V Lz Loy FO) Lz, Gle ahe g3
CSp GoSen b 9 Olaime hwgi o5 (WiisgyS Loy YF
BUP omw 9 Jb ool o9 oud dys Olsdel OliLuS)yes
Sigma- e84 Colu) guwsigninl ew (IP) (Blie 9oy
eSSk 3 pSike YO 33 Sy 55 (odsie VU AAldrich
amy (PH=F/0) ¥ge oV Ol 8L 55 oudde O 339
Gy DE 1 Jos) Qoo Cygots il Celu 5 3
4 JoSe ouiSClys @oosS b LSy WelS tul s sl
g e Olea 55 (UaSe Osw) Gubd 9 blu JAS 09
G Gy I o Cole FA WS G (0dl) Sslsned
3 Gslger Olsi (05 w9 3 S lewdly pohu 35
oz 31 oolizal s 5 JsuST oIS assT oy b o e
oYl UNIKO eS8 cole MVer Jis)  (Giagdy iSewl
Yoo 3l YL Ogs S chale 5 b ySeill (susae
g9 b Gilee slagise Ol & RIowd 3 pSUke

I (3o Oylg ¥

¥ o )lods e 0590.1Y44 ol

glel slogl 3l 5 ous i Ow gladole 3 5 wdy Olise O
Hugesd Gidy w9 Wis Jes 4 6ySele Lo
Sisisd] oudle 3 Il & Cul o 3 o dsde sk
wiefbss Gilon Jed I Al laglen ol 4 e
GN Cabd A 9] dsdpe Culd 9 9 4 y3egl Casglde Olb o
S Gygb 4 D9y sed b Olae 5 Ol » @l glogiles I
Moo Olaz 90 L& So @b oludl L& il e I YW b g
2 el 4B)S 1y 585 S Ol 4B A o 50 9 039y Solewr ) 4
Odete Cals 3 A6 Jenel &S Cud oud lgis Osig Om O
vals 039y uld 8l 5 Bge - Gl slagley Sl el
das gphgdlasil p Giall Cde 4y 3Ssw 8l 3 Slas 5
ol (DCM) b (SliswsdslS pihol 4y & Cuul 8
Jos @ JlSen 5 Sl - B e Olsis & [30] dedie
slogise 33 Sdsnsl dlagasls OMdjwy Jdod 9 4es
den B dlae SSles 55 JhalS eje (Slsmes)S 4 M
¥5kwlS 9 Bax oy 55 (iglisl 9 BCl-2 gusgy Oy 55 ptelS b
Shdydis) aled & Cud o g o [V Wb ol I
oy Ssusl sloulp F wiws g ol oauSolyidy
35 50 & WwiSie e 1) Bel2 5 Bax Juls gysewe o895
Gl luply sloyeme 0ub dimb 3 el BB @l
Sy hio) Bel2 o9y @l s Y] diiws jsusl
Gl srws 33 S Cod Gisuslus el S (GrSse slid
On 0 3 dsdn LIl Cullsd ) mle g axdly GEE jenel
ol glid @il gell) Bax Sosnslohe 09
Bel-2 cl=d 35,8 s L & Cad Lhle 35 (gyuSeie
Dot (SUICAL Olyud o 9 00,5 Jlmd |y Gigmsyl yuns
dsbdashd 59> Jslo 4 isusl Jsho Suiwg pus b el
Sistsl pluz) 4 Jolu ajed 9 Lapgigny @ilwdlil DNA gus
2 ol ol uSe ol 1y Sye dlo 93 Jslw 9 50
O pholS 9 Jow Sy 9 Sensdl £589 alsdl Cely Bax olzse
goho 3 Uil QS Ssdp pse 9 Sole ol 4 e
S slee by Sstsl 9 009 ol psei 9 By e 5o Bcl-2
0d3j Jokw Lf &S a3 5o BaX/BCl-2 Coud jhovw il plos

DIV W] Gl ilo 5 puan by dilo e

Sgdone glodidly d9z9 4y dzgi b pblo @dded 9y i )
Vo) 086 JaSe oo 93 3ged LSb L blay o paslae
s @0l glagatisy Oly » Gsy 30 0% s » pSGke
SIS 51 LT Cuws 5 Bal-2 5 Bax iy jensyl @iuSeise
(g oh) s Jolo Sy 4y plus Solesw 8l
8 53ds Cyg0 sliag 53 Glaghge )3 Culis GBS Cdlwie

Y £95 (AU Jda jlamg 5 S g0 3,5 gse Sl 3 BaX/BCI-2 cyiig g bt Comd 2 8IS (3030 32925 33l 1K g diols old i e

Yy



http://cmja.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

¥ o )lods e 0590.1Y48 ol

—
Al

G4 Cliad J30 b 4i8s 0 s 4y Jbye sdsCund Hkez 3
BopsS dgl @bLnl yoyme 0 &+ g Lo /0 gyl
b Sdoe Godiwd I guy 8,5 )8 Coslw S Gdads HIp b
«S ECLBioRad ¢S 31 J,S3 du Ciygo dy Sl (B ey
L odlitul oud ST el Gladegese (giluySET (¢l
lowily dzwdls 9 WS 513 (3Sely eld poyme 5o lolie
audls 5 @ySeilsl VNN dsus IMage J Jjdles Jawgs
o3lleyi 3BS) iy JRS Sipdg) ke 35 Bus iTiay slawl
09,5 4y Cupud) rud dhudld Gy 4y B 35 ) 5o Lud

LWV wus &yl (J5S

Sl Julods g 4y 3o

Bl penal - Bg,SsalS o)l 3 oslitul by Laodls mub 3593
Gus 4 dog b 5 Lodls rub @3s8 wwb 3l owy

09,5 Jime SgllS y e Fuisd PpAky S (Feliod
5 Gy Jius 3 Ogail I odlitel b JRS 09,5 b 228
(85 JoSo) Jituwe piie Olojes 9 4z O Gugw
Oge)] awgs @bl gib o B o dudly glapize o)
SP Guiss Oseif 5 4,y (ANOVA) (uibly Julos
gho 5 @bl Oldes ald .85 B Jdod 9 aj2d d)90
bl J38le 5 ) oslizul Ly g +/+0 3 j.aS 9 sl Glsime
Caod VY dswas SPSS
i oy ExCel 3800 55 ) o3liza)

A )y

b 38 oz 9 Wojlogé i plodl jeuiy Cuod

Wil

08 PGime Oldl 3929 okddilis  polo (Buisd pulds
P=/ee)) dg 88 UsSe ouSBpas o3 slaogsS
9% 33 B-Actin 4 s Bax gugy Ol «Sole (F=pY/ve
(P=+/+4%) wiopd As d9ds 30 Gubd JRS iy (1398 0955
doys VWY dgds 30 JoSe uSU pae ubd 09 4 9
o Bl palid) flo IS 098 b duglia y3 (P=+/+e1)
95 SWSuds Gl b Cudlys o8 JaSe 09,5 4y
Gld JRS 095 b duglie 3 woyd YY1y Bax gumen Ol
59a3) (P=+/AY) 595 foime @il a5 3 &5 dos i3
S9e Gisksdl wasls S Ol Ol osde 4 () ojled
9 Cubd) =S 09 93 o 3 B2 gumgn imy dasllhe
Cals goime Bal bl JRS 095 4 Cuwd (o8
Sols Sl Cobdy @ Mal &5 gysb @ (F=PY/*Y P=+/-4Y)
ub Bcl-2 sisusus ooy Ol 1> wo PP deg LB
b 09,5 5 B a9 S 0gy o 4 ool (P=+/44)
duglie 3 (Loyd V1) Gidw Gl 4 Bl fuly g
(Y 0slas yygas) (P=+/++1) 4 bl J S 09,5

39 GdGime glalidl Bax/Bel-2 s wyp b RTINS

-“)'g;‘-“ffs*"w’i@

w8l JoSe 34925 0920

(Sas)  Seraal
Jeowe  o)led L

s o6 e SIS 4 i
Merck U cS& 31 odddys
aha 3> 395 gx oo 9 Nk Olodle 31 YOVAYOIPYOOVS-Y-
pSGke V0) Cllgee Ouy 0Js 4 dzgi b drde Sl Oe @
Ve bl oaraS 33 bawgte 4 degd b 9y 33 OM 039
Jolow) iy 85 yob a3 (Ghae lp pSolS 5 pSke
Blao 09 G Cse 4 (SSelonyd prv Guiw S¢ 0
pSuke VP L s Lok) ub e odsud S daugs
OB 3a923 (Ghge O% Ods I fS Ve se @il 4 86
log] Cullmd glej Juls) 5 Olgs 3 lagge Oud Hluo 0y90 s
SO Ged 3D ah 39eS  aae VY Cele i) odgdme
32925 R9298 Olellae ol lulyy &5 Sl Gu9 0 &S5 B3
Sl (ol Badiod Gegmed) laghss Om3 039 03 pSLke V-

leus&% )l@gdﬁn)lwéw|@huﬁbqw
I8 odldtwl dy9e (il 6&0355‘:}]' 2O diljgy Ciygo dy 0ggd
D0V 0,80

S0 24903 B9,

delis o5l 3 e Cele FA o glagise (sl

(B ol VF BV 51 a5 Gl S 03, o 3 Cae)
Colo (pSelS 5 pSGle 10) 0wl Blie Jsh @3
»opSeke 1) Gl s oWl Rotexmedica cs@
bugs 33 Oody gy 4 wils Alfasan cS & cols (pSskS
I R e WD ol 9 Geam 00908 Guaasie
adly B b lagingel e ohy (W) p&yl Cowd il
OJafs PisdS 55 Selersd po b sdiud 3wy 9 00
Ve slate gled 3o 9 desis (SBle 4z V3P Glais ) milbe
Soghy G CS 8 Cole 00 99) 538 5 I SBle dzps
s R @l 36 dehl 3 s IS (Ol 83 28
b9y 3 BCl-2 5 Bax iz jenedl saus 53 555 aBon ol
Moy Ve dsan 4 oy kil W] ab oslizel CMciws
ouiSHlge olo (oSaw S 3) Ly 8L 3 B Sl e o
o) b ouBsy b Chale b oolinul (WSw) JSsS gy
290 (e g LS B hedw dyse (bSew) 255800
e ol woldySTLL ouuSoygils weys Ve IS o b
Bio Rad 5 ,2) 5558955 oBawd b (SDS) Oldtgw Jewdss
89y B9y SLl (SSEB ) sy b SSE (ousze O
dl s (LSaw) (PVDF) Wl gubinsh wlse
I M ol b sy @l SNy 8L 3 ol 3 uss
Cslw Bel-2 g Bax wo w;y adg) &uT 3l Las oaig s
-SC 9 VFA+-SC ,\S L s 4 ouste OV 39Sl CS &
on Llse ub oslax] (k:.ual Job 59) 000 4 ) Cuwd @ FAY

Y £95 (RS Jio g 5 5W g0 5, E'gs0 Sl 43 BaX/BCI-2 3y g ool S y2 (IS (pa30 52505 5l oo g dialis ool i o



http://cmja.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

mﬁwfﬁuM@

¥ o )lods e 0590.1Y44 ol

(U9 o ol 09,5 1)yl (32 )3 dalllan 5 )90 slaog,5') Jguor

ID clasede 29,5
c (ol S8 09,5 b Gl Ll sl (lyy 500528 o yos (32055 (lojod) JoSo (y9s o J 8
D (loigsls cgie 42 S3slsssud o (3235) JoSio i ks J s
D+CA (1130 IS (32)5) IS JaSo oS Sl ol
i @

e ey use8 JWS 4y &5 WdS GIS OiSen 9 Silggy
9 So> g dex Vo desudS wop ¥ dels Vb Gz b
092 BLF gmw 9 e A Ol @ Jeeme gl doyd M
AP slagise s sewsisiel pSslS o pSke YO Blie
2 ghals b olea i alas 3 Sles 53 golS ¢S99 puul
odalin Y-3lwlS 9 Bax oly s> il 9 BCl-2 o9y ol
diime 3 O)Ses 9 sl lallae 09,5 Guigwa V] 25de
280 CAL 3 (O 039 ° pxSlke B0) STZ 5yy33 & wogy
Signelus  Glagen Oy Mpime GalS Gl lagise
Bax isusluiw sosbesy ol oildl s Bclxl g Bcl-2
ssas Jawss BCl-2 glagassy odlgils [Vl dsde Bad o
gl Wigd e eeuds dwd 30 4 (BH) Sglsaga Slagsed
Olio Sles 9 oud Cblis (olg oluly Y-Bd yls (g
4ol Wz Geualas-) Wed o GAy Awd 09,5 du &
G BHY ¢ a0l S5 5 ¢ 4ol Wiz Siousl iV
Sgunlae obsy dl gladsle o & Cwl oud O

Bax

B-Actin

Ya

Bax/p-Actin
(s Sipnit) it 0

Wi odalie flu JRS 095 b duwglie s =3 095 8
oauSC8lyd Lubd 09,5 iy o o (F=FAYD P=-/--Y)
Clled Cord 3 Ry dzse GE Cuw Cuudly oSS
Loy W Oliee b b JRS 035 L duglie 55 @isus

¥ osled poas) (P=+/+2¥) 553

Cou

-

el Cuw lagige 3 Y g9 Cabd sl (ol dgllae po

s Bax (usgn Ol gilsdl B2 gy Ol diime
Cod 50 38 38 9 Ssnell dlewl 50 4ol B Glal3l dexdyd
2 O JaSa 33025 S LS gulis wgde 4y b Bax/Bcl-2
OBy Ol e dese Gl Cuw odduby  slagise
» (Bcl-2) @isuslus ousey Ol kel 5 (Bax) isus
» Gilidl dgliz Dsde Gl 9 bl JRS 095 b duglie
Oligdod fdn 30 Cubs Wl JLos 4 @ignsl Oedle Colled
-9id (Ilados “es;:dlm)sbcb Ll 00 Call (195 @ 30 LS

YAYE

1AL

il 55
et

J}Joj;m;,‘“uuga 390 GLbo’;)é Bax SS9 O

s ST JeSa b s

oy )5 55 (etSgn S (ol (B (ooF Gl Gialed S (gt JIoged (@ 155 09,5 4 S BAX (59 &-:D*eﬁw.‘ syas (Al

Wl S8 09,8 L duglio ys P<o/+ 0

VY



http://cmja.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

¥ o )lods e 0590.1Y48 ol

B-Actin

B copsyt. JAS
1ol

(o Aaitd) Hlo (sl jwo

bl Y,
s @

B, pex

mﬁa«mum=@

pek

J)Jo,;d;mdlhao)}a‘slbo,;)o Bcl- 20....45).1 O u‘;..a T}l,.a

L2og,F 10 (tutgy SBAL (o (S (0 Gliae Staled gz (Sgies 510905 (1555 09,5 4 S BEIF2 (2259, SiiDgigenl yrguas (A

3925 &S ub ouslin Guz 9y glw oheol 0 S Gisb 4
Sub Jl 653-’9,95 2By Gl 4 youe o868 JoSa ole 9o
OBieyy Oy GhelS 5 Bax @ismelutn oey Ol wuds
s polo asflhe bt U swen dsde BCl-2 (gisuslus
S S s 38 S W3S 0yl e OSes 9
2 guld) 9 BCl-2 gly 55 pialS 3ayb 3 sussl Wl 9 Jskw
9 99 ol @ .[V] 39d0 il dusme gladglu ;3 Bax ol
ouBC8L o335 JsSlse Sy Olgie 4 UsiadlS uyp b OfSen
9 Bim (,tb“s;‘» Ol 50 Jil3d) @ Soye l;éls 0588 slaaily
38 ISen 9 Sl VY] woS oledl MCL-1 gly jo jialS
ot ol Gzge 085 Hgas &S WS gySdeut (uiz
Sl Jslw 95 52 30 (Olbwad o)) oMpuw I B0

Oszed  Sashalohy  sleoden > Gl Gub

s @

ol U558 09,5 b duglin 1o P< /-0

o2 slae y» Bax 9 BH3 slagassy 4 Belxl b Bcl-2
Bak s Bax owlywmigi I Bl g ol Jais ¢yuSgie
Slagtisy eudtue Jlail D9dp GreeSd JUS JSES @y
28 gl ded0 Csl Bax 4 PUMA 5 Bim s ols BH
of aw JSUES @Sl B uSsue 2ol sla
@ Ll g3 B 398e Joigiw 4 CpgSotw 3905 wzge Jos
Sludld w5 oud Jane (Apaf-l) ewasgbile o9y
d9d ok Sy 9 Gigmel sl BT 5 Y-3lwlS 5 3-5kulS
Moo b 9 oud daze Bel-2 ¢ Bad ybs (loouBsy S5k I
slse 5o JUES JS85 cuw BaX 4 Jlasl oly of bl
SS e & Cud o o Wedr GxSse 2l

dAc A W] wiSe e b ogogd Iy 6)3...\'3.‘\ s (83d=ie

J,‘Z..S 05;4.3&.,....34.:.!&‘ 3,90 Glno,;)o Bax/Bcl-2 S Y g guad

sl U5 0,8 b dglia 13 P<ef+ 08 slles S35 09,8 L duglin 3 P<e/ed®



http://cmja.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

Jﬁé‘fﬁﬁ“m"@

LYY 953 0utinls il 55 5818 3 sl s guoly

33 Sy e85 o Olas lo Badss 38 L sladasl
QS e LS4 oaduby Cllge 55 Yo 4 Jawgie
Slogasly Oly wadd Cely Sy wdd Syl 3 a6 Ssnel
lisw 9 [V0] OLSen 9 Grane diwly oo 3> 4B 35 Siensyl
S5 9 ply olie p 588 &5 wual bl [V 0LSes 5
55 4 R 5 JgegSue O+ 3
dod Sl dlis ) 09de &wby‘ 5 SSsnsl Jolw
Gpan b 058 Olod 0 5 F Bpae 3 g &5 Cal lo3d
I psSekS o 6l 4 pSGke £ B O L ulp W8S -
eSS 5 pSuke Vo 3l Gl b Gl dae 55 O 039
0w oly pdlo Baied Osgwd Gl Jue 0 0w Ods )
VY] 3ed0

Sy gloyuwe gl el o

8 Ssgsl O Wb S5 55 ity epily b 3l

Clallhe 55 aSiliz oy St 36 Wske Cumds s Yoz
b o Cod sladsle s o6 O 1S oSUGss
Gt sob 4y 8 & 48,5 415 dallae 9 iy dr9e legdlS
Jslo Sy 3 med am lopukd dele Sy Gogen
dyge LBl 50 ol Ghaghy ) Cwl oud logesw o 2

.[Yc‘)'c Y\’] (wb)‘ﬁ usl.:w C"',‘.“‘bs LS:!)D [E33]

IR LAY

Oise Olalidl zge Cubs Q@) Sy ol pplo dallas

4 Bax ouey Olo oild Gob ) Sosuel osdle Cuylld
oBex Ol kel 5 Gisusluhy slapasly 3 S s
Coudlgts 58S 31920 & Jo 5 b Bcl-2 siensslus
Gobw  Sye adlighlidl auld 5 ol 6ilBn ese
Cuetily 53928 Wb oo S ol ds29 b ud @smsy
Glusply w3 Cel ¥ gg Cabs Glow b dalss 55 86
NIl Wizys 9de dubEAly ke Sy geds 9
Oslize $lojd by lissall Llogd pus dlo dlllae Cupdgdone
2 b Peeite Slallhe gloosyS uiy ougws 9 GBS
L byl dwlis 5 Cubd Gl Ol 1 Jsd gladeSe
2 S w1 43 3o 45 Cuwl 585

S Ol e

Ll diwo) 33 90 G b

oAdg3 B Jeol 3l (595w

Cajesle ol8asly BN aeS Syl Cuod ol (Fudod
IRTBZMED.VCR.REC.1397.389 &)Msl oS L 34,0

¥ o )lods e 0590.1Y44 ol

Col 0dd o3> Olas &5 gysb 4 VA V] ss20 PUMA
PI3-K/AKE ilusply some Cullsd @S Casly ouBlS 30903
» Bad gumgy ileley 9 Osedyisiudd izge dowiin 9
SIS e BCI2 4 Jlail U o5 4195 43 45 o sjiam
IlSen 9 05 - o

Ceod (il w)b

-[\“\] Sedn Sisusyl By g9b 9 JUS
| gladsls aiele VP OgmelisSH b
Bax/Bel- ooy cus 1l33 4 (Jsaihes ¥) 285 L )lc—:-'
Oss¥ore 9 (MMP) gruSete glad Juuily yo ialS 5 2
S » CpoSsw @ilwdli] Cllate g)uSgie g pddeds
3 & Cad o 35 ool V] wizdls oyla) ppolhe dy druly sy
2 0 V Ol & Bax/Bel-2 gusigy Couws 38 polo Geos
JAS 09,5 4 Cuwd woyd WY 9 blu JAS 09,5 L dulie
S Jo¥ss Boile Olades A dime Gl b
Sisks Gy Gloply Soye8 wzse O Gub 3 ousl
Gobe sl Glusple losume Giludledys Jold 1) 390
sl Sy 35 s @layrus @jludlsd 5 PI3K-Akt-mTOR
silS 9 PAK2 y P21 31 5 ouddl=d ¥ 3bSpatiy Osses
- [0 £] wists o (INK) ugil-C g Jlo 3-N

ol solde b disle VP Jls Clleie OSen 9 2 892}
sladsle 30 puwigns] B 4 (UsesSus 0+-F04) GulS
059y SErlS owledl Ogmedyysbud (i3l 32,b 31 JBO
vl wmsls o)) ¥3lwlS 9 Bax oy O 9 PS3
e o SerlS ewledl y» P53 gugn  Ogewdhyghud
09y P53 .l P53 4y arwly @ilwdlsd ¢lp 902
Gedoly GlaysSdl 5l 30 Bax sgs 9 edes BaX sVl
Iy CpoSotw (Jojgw @ilwdl] 2Ulss Bax .cwl P53
4 F5kalS Siladld Coly 255 digi 4y &S5 (Fyge >
Dode pdonsd] WS gl o QS slasl i s Olgie
Coge & Cul Ladlh 5 oud dwSd ouddl=d Y-illS
VA Y] 5550 DNA 35

olo Ghagh wld b Cdllke 5 ilSes 5 ooy [

N 039 pSelS 30 pSLle Fodle Baae oS amdls Slgh
I S dop A Oud L) Geslie Oluyé plosl 51 JS
MPime Jall Cumge 03,503,830 IHSEIN9 5 (dicdw
Leosls 09,5 b duglin 5 Bax/Bel-2 cuwss 9 BaX (s> gshuw
09,5 95 ;0 35 Lazed JiB yob as BCl-2 (e oS Mo 50 ik
Ol=llae 31 @dlus [YV] 09 03,5 lug Glalidl Ligsls o 586
Be) Sy 90 OB 5993 &S wiSe LBl e Sslessd
Bax ouion Gluoter Gub 3 susdl 9y Sl 35 4 druls
Sl gul 35 Sy 9 5B aguliz V0] 358ie Ladsle
W a4 hwgie olie 33 & o 5o 0dd Jeusyl I Cules
4 V0] ssbe SSsmell ske Sy wnlp Suyed el
SSeilul pae polo Fudisd glacwdgume I SO &S b

Y\f



http://cmja.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

¥ o )lods e 0590.1Y48 ol

-“:‘w;»fshwa‘i@

Sb ol

Jol odiugy aasd 655 dluy ) iewd ol dlhe
SIgf3d 09,5 BIs pudplia 9 adisn IS o dlie
9 ol 5958 oSS A5)9 pole 9 iy ouSEID (4359
Coass 5 gl Coslee hwgs solo pib duje I s
ol 60 el 33 55 68231 L Lea S

‘_,ls..ww,sw,tm;

Wlie ghle 9 OIS disls el bh ‘t)l’ Syze
$Clas oS dumw @bl Glaosls Jdod § dijed Sgyhme HLES!
.Umjol)x:olﬁ.«gla)ldgby)oslm)ls

&lo 45 )a

O Ble ol digSgue &S WiSe pual OBiwss
3 3929 Al
éb}ﬁsm

Otiged 9 OLhSee 4lS Sleoj 3 GBwsd gl

oBashy Ulas! pole Glidod 3Sie (g oBilejT Cupue

blo Olaghassly dible S48 Guges 5 58 Siipsle
B30 1y Olital 9,83 JleS



http://cmja.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

3 3
”f"Q » Complementary Medicine Journal
Arak University of Medical Sciences

References

[1] Preedy VR. Caffeine: Chemistry, analysis, function and effects. London:
Royal Society of Chemistry; 2015. https://books.google.com/books/
about/Caffeine.html|?id=1GsoDWAAQBAIJ

[2] Monteiro J, Alves MG, Oliveira PF, Silva BM. Pharmacological potential
of methylxanthines: Retrospective analysis and future expectations.
Critical Reviews in Food Science and Nutrition. 2019; 59(16):2597-2625.
[DOI:10.1080/10408398.2018.1461607] [PMID]

[3] Lu PZ, Lai CY, Chan WH. Caffeine induces cell death via activation of
apoptotic signal and inactivation of survival signal in human osteo-
blasts. International Journal of Molecular Sciences. 2008; 9(5):698-718.
[DOI:10.3390/ijms9050698] [PMID] [PMCID]

[4] Bode AM, Dong Z. The enigmatic effects of caffeine in cell cycle and
cancer. Cancer Letters. 2007; 247(1):26-39. [DOI:10.1016/j.can-
let.2006.03.032] [PMID] [PMCID]

[5] Nakaso K, Ito S, Nakashima K. Caffeine activates the PI3K/Akt pathway
and prevents apoptotic cell death in a Parkinson’s disease model of SH-
SYSY cells. Neuroscience Letters. 2008; 432(2):146-50. [DOI:10.1016/j.
neulet.2007.12.034] [PMID]

[6] Wang L, Lu L. Pathway-specific effect of caffeine on protection against
UV irradiation-induced apoptosis in corneal epithelial cells. Investigative
Ophthalmology & Visual Science. 2007; 48(2):652-60. [DOI:10.1167/
iovs.06-1007] [PMID] [PMCID]

[7] Liu H, Zhou Y, Tang. Caffeine induces sustained apoptosis of human gas-
tric cancer cells by activating the caspase-9/caspase-3 signalling path-
way. Molecular Medicine Reports. 2017; 16(3):2445-54. [DOI:10.3892/
mmr.2017.6894] [PMID] [PMCID]

[8] Diamantis A, Magiorkinis E, Sakorafas GH, Androutsos G. A brief his-
tory of apoptosis: From ancient to modern times. Onkologie. 2008;
31(12):702-6. [DOI:10.1159/000165071] [PMID]

[9] Favaloro B, Allocati N, Graziano V, Di llio C, De Laurenzi V. Role of apop-
tosis in disease. Aging (Albany NY). 2012; 4(5):330-49. [DOI:10.18632/
aging.100459] [PMID] [PMCID]

[10] Harvey PA, Leinwand LA. The cell biology of disease: Cellular mecha-
nisms of cardiomyopathy. Journal of Cell Biology. 2011; 194(3):355-65.
[DOI:10.1083/jch.201101100] [PMID] [PMCID]

[11] Xiong FY, Tang ST, Su H, Tang HQ, Jiang P, Zhou Q, et al. Melatonin
ameliorates myocardial apoptosis by suppressing endoplasmic reticu-
lum stress in rats with long term diabetic cardiomyopathy. Molecular
Medicine Reports. 2018; 17(1):374-81. [DOI:10.3892/mmr.2017.7841]
[PMID]

[12] Corsetti G, Pasini E, Assanelli D, Bianchi R. Effects of acute caffeine
administration on NOS and Bax/Bcl2 expression in the myocardium
of rat. Pharmacological Research. 2008; 57(1):19-25. [DOI:10.1016/j.
phrs.2007.07.007] [PMID]

[13] Woo SM, Min KJ, Seo BR, Nam JO, Choi KS, Yoo YH, et al. Cafestol over-
comes ABT-737 resistance in Mcl-1-overexpressed renal carcinoma Caki
cells through downregulation of Mcl-1 expression and upregulation of
Bim expression. Cell Death & Disease. 2014; 5(11):e1514. [DOI:10.1038/
cddis.2014.472] [PMID] [PMCID]

[14] Sasidharan SR, Joseph JA, Anandakumar S, Venkatesan V, Ariyattu Mad-
havan CN, Agarwal A. An experimental approach for selecting appropri-
ate rodent diets for research studies on metabolic disorders. BioMed Re-
search International. 2013; 2013:752870. [DOI:10.1155/2013/752870]
[PMID] [PMCID]

October 2020. Vol 10. Issue 3

[15] Jafari M, Rabbani A. Studies on the mechanism of caffeine ac-
tion in alveolar macrophages: Caffeine elevates cyclic adenosine
monophosphate level and prostaglandin synthesis. Metabolism.
2004; 53(6):687-92. [DOI:10.1016/j.metabol.2003.08.004] [PMID]

[16] Saiki S, Sasazawa Y, Imamichi Y, Kawajiri S, Fujimaki T, Tanida |, et al.
Caffeine induces apoptosis by enhancement of autophagy via PI3K/Akt/
mTOR/p70S6K inhibition. Autophagy. 2011; 7(2):176-87. [DOI:10.4161/
auto.7.2.14074] [PMID] [PMCID]

[17] Farhadi H, Siahkohian M, Lotfali B, Pouran K. [Effects of aerobic train-
ing and hypoxia on expression angiogenic factors in cardiac male Wistar
rats (Persian)]. Journal of Sport in Biomotor Sciences. 2016; 2(16):70-9.
http://journals.hsu.ac.ir/sbs/article-1-708-en.html

[18] Huang PC, Wang GJ, Fan MJ, Asokan Shibu M, Liu YT, Padma Viswa-
nadha V, et al. Cellular apoptosis and cardiac dysfunction in STZ-induced
diabetic rats attenuated by anthocyanins via activation of IGFI-R/PI3K/
Akt survival signaling. Environmental Toxicology. 2017; 32(12):2471-80.
[DOI:10.1002/tox.22460] [PMID]

[19] Wang G, Bhoopalan V, Wang D, Wang L, Xu X. The effect of caffeine
on cisplatin-induced apoptosis of lung cancer cells. Experimental He-
matology & Oncology. 2015; 4:5. [DOI:10.1186/2162-3619-4-5] [PMID]
[PMCID]

[20] He Z, Ma W-Y, Hashimoto T, Bode AM, Yang CS, Dong Z. Induction of
apoptosis by caffeine is mediated by the p53, Bax, and caspase 3 path-
ways. Cancer Research. 2003; 63(15):4396-401. [PMID]

[21] Rahimi MR, Khabiri P, Faraji H. Effects of caffeine ingestion on resist-
ance exercise-induced apoptosis in athletes: A randomized, double-
blind, placebo-controlled, crossover study. Progress in Nutrition. 2018;
20(4):563-9. [Doi:10.23751/pn.v20i4.6442]

[22] Zarghami-Khameneh A, Jafari A. [The effect of different doses of caf-
feine and a single bout of resistant-exhaustive exercise on muscle dam-
age indices in male volleyball players (Persian)]. Feyz. 2014; 18(3):220-8.
http://feyz.kaums.ac.ir/article-1-2304-en.html

[23] Sinha RA, Farah BL, Singh BK, Siddique MM, Li Y, Wu Y, et al. Caffeine
stimulates hepatic lipid metabolism by the autophagy-lysosomal
pathway in mice. Hepatology. 2014; 59(4):1366-80. [DOI:10.1002/
hep.26667] [PMID]

Khameneh AR, et al. Effect of Caffeine Administration on Diabetes Induced-apoptosis. CMJA. 2020; 10(3): 206-217.



http://cmja.arakmu.ac.ir/index.php?slc_lang=en&sid=1
https://www.google.com/search?sxsrf=ALeKk01hOVxRRcuDZKdAelCPz7OPbBjsfg:1606882162734&q=London&stick=H4sIAAAAAAAAAOPgE-LUz9U3MMpKN09S4gAxTbIKcrS0spOt9POL0hPzMqsSSzLz81A4VhmpiSmFpYlFJalFxYtY2Xzy81Ly83awMgIAOvK9F08AAAA&sa=X&ved=2ahUKEwi-poXEtq7tAhXyTRUIHX8IAsQQmxMoATAdegQIKRAD
https://books.google.com/books/about/Caffeine.html?id=1GsoDwAAQBAJ
https://books.google.com/books/about/Caffeine.html?id=1GsoDwAAQBAJ
https://doi.org/10.1080/10408398.2018.1461607
https://www.ncbi.nlm.nih.gov/pubmed/29624433
https://doi.org/10.3390/ijms9050698
https://www.ncbi.nlm.nih.gov/pubmed/19325779
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2635715
https://doi.org/10.1016/j.canlet.2006.03.032
https://doi.org/10.1016/j.canlet.2006.03.032
https://www.ncbi.nlm.nih.gov/pubmed/16709440
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2824565
https://doi.org/10.1016/j.neulet.2007.12.034
https://doi.org/10.1016/j.neulet.2007.12.034
https://www.ncbi.nlm.nih.gov/pubmed/18201823
https://doi.org/10.1167/iovs.06-1007
https://doi.org/10.1167/iovs.06-1007
https://www.ncbi.nlm.nih.gov/pubmed/17251462
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1920500
https://doi.org/10.3892/mmr.2017.6894
https://doi.org/10.3892/mmr.2017.6894
https://www.ncbi.nlm.nih.gov/pubmed/28677810
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5547974
https://doi.org/10.1159/000165071
https://www.ncbi.nlm.nih.gov/pubmed/19060510
https://doi.org/10.18632/aging.100459
https://doi.org/10.18632/aging.100459
https://www.ncbi.nlm.nih.gov/pubmed/22683550
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3384434
https://doi-org.ezp.kmu.edu.tw/10.1083/jcb.201101100
https://pubmed-ncbi-nlm-nih-gov.ezp.kmu.edu.tw/21825071/
http://www-ncbi-nlm-nih-gov.ezp.kmu.edu.tw/pmc/articles/pmc3153638/
https://doi.org/10.3892/mmr.2017.7841
https://pubmed-ncbi-nlm-nih-gov.ezp.kmu.edu.tw/29115422/
https://doi.org/10.1016/j.phrs.2007.07.007
https://doi.org/10.1016/j.phrs.2007.07.007
https://www.ncbi.nlm.nih.gov/pubmed/18082418
https://doi.org/10.1038/cddis.2014.472
https://doi.org/10.1038/cddis.2014.472
https://www.ncbi.nlm.nih.gov/pubmed/25375379
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4260730
https://doi.org/10.1155/2013/752870
https://www.ncbi.nlm.nih.gov/pubmed/24151620
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3787574
https://doi.org/10.1016/j.metabol.2003.08.004
https://www.ncbi.nlm.nih.gov/pubmed/15164313
https://doi.org/10.4161/auto.7.2.14074
https://doi.org/10.4161/auto.7.2.14074
https://www.ncbi.nlm.nih.gov/pubmed/21081844
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3039768
http://journals.hsu.ac.ir/sbs/article-1-708-en.html
https://doi.org/10.1002/tox.22460
https://www.ncbi.nlm.nih.gov/pubmed/28856781
https://doi.org/10.1186/2162-3619-4-5
https://www.ncbi.nlm.nih.gov/pubmed/25937999
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4417201
https://pubmed-ncbi-nlm-nih-gov.ezp.kmu.edu.tw/12907610/
https://doi.org/10.23751/pn.v20i4.6442
http://feyz.kaums.ac.ir/article-1-2304-en.html
https://doi.org/10.1002/hep.26667
https://doi.org/10.1002/hep.26667
https://www.ncbi.nlm.nih.gov/pubmed/23929677

This Page Intentionally Left Blank



