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Abstract

Mitochondria plays a major role in maintaining homeostasis of heart cells. Mitochondria produce
ATP and is the main intracellular source of reactive oxygen species (ROS) which can cause oxidative
damage. Free oxygen radicals and oxidative damage are associated with cardiovascular pathology.
Antioxidant defense can play an essential role in preventing oxidative damage by controlling free oxygen
radicals. The current review study discusses latest scientific findings about cardioprotective effects of
polyphenols on mitochondria, including resveratrol, quercetin, and curcumin. Resveratrol (3,5,4'-
trihydroxy-trans-stilbene) is a natural polyphenol compound that is found in many fruits and vegetables
such as berries and red grapes. It improves mitochondrial function by inducing gene expression of
oxidative phosphorylation and mitochondrial biogenesis. Quercetin has beneficial effects on human heart
and prevents oxidative damage by preventing LDL cholesterol oxidation and endothelial vasodilatation
effects. Curcumin is a chemical compound (1,7-bis (4-hydroxy-3-methoxy-phenyl)-1,6-heptadine-3,5-
dione) and is the active component of turmeric (Curcuma longa). Curcumin protects the
cardiomyocytes from ischemic injury caused by reperfusion by reducing oxidative stress. It improves
mitochondrial function of the cardiomyocytes by decreasing free oxygen radicals and improving the
function of oxidative phosphorylation. The role of polyphenol compounds in preventing oxidative
damage and cardioprotection should be considered beyond foods and could be investigated as lead

molecules in discovery and development of new drugs.
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1. Adenine Nucleotide Translocase
2. Permeability Transition Pore

119V sidw! « 1Vo a)lah (@il § Cawyy 8)9s

ohdjle Sib) eglc oGSl dlas  PIA


http://jmums.mazums.ac.ir/article-1-12600-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-15]

ul]ls.nlbg |_..:|".|a -.il]l:

4 ol e S5 5S el 0s 8 b ogline b
= oS s okn Jals 13T SLadLSaly il pls
R 5 O30 Sy 6K 5 ST =05 )
255285 eiin o DN 3123 8 0 L 8 S s
O 5 Ol Ol s oo Loy &7 Lol Dy oy
LSy e Jalt ST T b 0S5
Sl e 5 L3S - GYBE 3B e
3 38T 055U GLS 535 0555 8 Ol
Sl lejT 03,8 a Sl = =055 8
Lol (5 0055 5 5 09 Do 4o &S Sodxe
Eely g 5l wlia e iS5 oS 5ls Ol 4 8
555 B abuly 4 SluST 2T b s 5 Ol 2l 53
el s S HsS e R .»qu_n Nrf2 (glaza
oSl T Jslie 5o 8 glad she 51 bl
S| o el 28 s 4 (R) 3o 0558 5
e (035, e (S e 3 S a5
b 2l 5l (6,8 e s a5 S5 S
3 gty ey (5,0 me Asle O 5L 5 ) WSS
.(\“&)»dea SokS e Clad > Shee

DS 5 48 5, (5,8 s Ols5 0 0L o
VU S (ST il 8 s 4 Js3
Lagsobons Sl ok Oley 5 (6 0y 55 (ote A
e sl e L SLS 5 ol S e ]
L Lad s oy s 5 se 650 gin > S
Oljen ol 31 ROS rals” oy Calibus (gl oo
O 15T GLad LSSty Ciils 5 OlunSTl =T
Sl eanb SLS 5 (P oylecs ) 55 5
Shestizal uS o ) (658 52 5 Shos y (Gubike
oy @b a5 sl o s 4 IS
L o LesTHlE Sldlas .ol 03,8 Ol 555
O s Sl O o ST Sy gl o3 18
.\;_wl(ﬂwbot_;;ﬁlwlgg_ﬂj,
SR SISTE el p5Y 6 5 e Dldllas s
33 8 abeta Ol ke SLS 5

FN)33,8 o o g Sy 5 (H02) 3550 ST,
23 SlalS Ol Rl el e e 5SS
oS s Jolt ST ST o 55 05,5
Sl e ) By - GYBE U g
055658 S 535 0556 48 (J s 0556 58 el
(5355 o (il 5 = ab 0556 588 5 51anST

oSl T 51 (8 lad sk e S5 S
ol ol S g 4 (I/R) sumee 05 98 5 51 50
S5 SASTL e SO e Chblons yilU ST
O3y 5 g O gl ST 3 Skt 3 32 i o5 ROS
5 gl sl (S e 5, Sas 55y o
35 it i (GSH) 0555 48 (F)35,. 5
35S ol 31 36 s T 51 65 sl
S8 s S 4 055658 ol e a5
B3k e oo T

AMP a sl SLST O Jb Lol (e oS5 S
Jslss 0dS” @ o Ol e & AMPK i 33 8 s
S Sl 80 any fealy 53 5 AL e sbw 655
L s ATP O pae ol 153 5 o Jld AMP/ATP
AMP/ATP s ol 331 as paeie 0T W 55 2alS
SIS e 53 518 5l b 4 e 5 0ys S
el Jg5 s 5 Ll Gla iS5 .0153,5
St Ladsho Con iy S0l 6l 55 -5 o0
3555 U5 s 53 345 sl ke 4 0556 48 .l
ISy G b S Lol Sl sasa 53 cage SRE 5351
s (5 3\ S 5 b Ak g (63 = 55 dols
53 09,283 53U Ol ge 4 i e 055558 5l
LGty Ll o 15 0 55 sla 2S5 51 (6 okms
ey Lgua(.w'_;T 3 Gl il oo O30S 15T
S e Sl ST Jals a8 5505 5l 5 g s
Sol>= L;uv,_)_;T) (G5 pomm 3 ATl g = VGBS
i als 055 I8 (S 53,555 Jold s
OSN35 5555 5 SIS 5 J 55
03y pa Sy sl I Cblis 5 SIS T

P19 1MV sidwl Vo oylads «eliias § Cunyy 5)9s

ohsjle Al eolc oGSl alss


http://jmums.mazums.ac.ir/article-1-12600-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-15]

QB (5)3i50ixe 3)alac p s Ly OLeS) (TBélas (b

15 Sl s 536 lad 8y (5 ek 0, La1 YL
S8 se 35 GRIP) 5 03,8 Jb 1y s
Loss 53 g3 5 ol S5 Dol 4 s 8
Sbs b Gl oo 2Uls (50500 5 5 05
5 e 15 |y (6 AS g dl 5 a8 Al 05 ged
4S Cowlosls QL& Sl g (g9 0k el Dlalllas
slac 6o, 255 (A bl Sy 5 s
e et el 45 s g sl (WSl 4 Ve
I3 515wy a5 Sl 035 QL& 58 Slallas 51 (ol
203 ) g ol oSl Sl Ol
slaws 5 SYsb Olej Due b 2L Slallas &) 50
Js 515 2T 6 ol a3l Ol 31 (55
L ALS lagsls atS 5 ool b 1 55 8 o

o LS 53 (or S G o (b L
AELasls Bg,e 9 I8 sl (gHles 5 slALS

References
1. Griendling KK, FitzGerald GA. Oxidative

stress and cardiovascular injury: Part I: basic
mechanisms and in vivo monitoring of ROS.
Circulation 2003; 108(16): 1912-1916.

2. Rhee JE, Jung SE, Shin SD, Suh GJ, Noh
DY, Youn YK, et al. The effects of
antioxidants and nitric oxide modulators on
hepatic ischemic-reperfusion injury in rats. J
Korean Med Sci 2002; 17(4): 502-506.

3. Pairier B, Lannaud-Bournoville M, Conti M,
Bazin R, Michel O, Bariety J, et al. Oxidative
stress occurs in absence of hyperglycaemia
and inflammation in the onset of kidney
lesions in normotensive obese rats. Nephrol
Dial Transplant 2000; 15(4): 467-476.

4. Houshmand F, Faghihi M, Zahediasl S. The
Role of Oxytocin on Cardiac Ischemia-
Reperfusioninduced Oxidative Stress in Rats.
Iran J Endocrin Metab 2011; 12(6): 633-640

(Persian).

s ISl Slea U ity fal” e sl
O3euST 15T SIS g0 S e
53 Jai s als
NRF2 6 BCL-XL
~ BCL-2
ol pal8l Sl Jlas Ol Gl 9l
BAX AMPK OIS

EET BY Ry K g P PPWSRC SR PRICHY | 51 PPV

SATP w3 3l olily (6,45 s

S5l Al Jolo s Sas e 5 @5 oo
S U e (e e SRS e 2
@los w8 Slidiss ol b | =15ROS
bt S 5o Lad sy il o ses 53
DS 5 Ol pean OT QU155 oS gin 2, Ses
3545 § 8 0ka Cul 03 5 5 glane SlionS 5T

5. Chen Y, Azad MB, Gibson SB. Superoxide is
the major reactive oxygen species regulating
autophagy. Cell Death Differ 2009; 16(7):
1040-1052.

6. Halliwell B. Free radicals and antioxidants:
updating a personal view. Nutr Rev 2012;
70(5): 257-265.

7. Mattson MP. Mechanisms of neuronal
apoptosis and excitotoxicity. Pathogenesis of
neurodegenerative disorders. Springer; 2001.
p. 1-20.

8. Marin-Garcia J. Mitochondria and their role
in cardiovascular disease: Springer Science
& Business Media; 2012.

9. Taegtmeyer H. Cardiac metabolism as a
target for the treatment of heart failure.
Circulation 2004; 110(8): 894-896.

10. Karimi N, Tabrizi N, Abedini M. Relationship
between Mitochondrial Dysfunction and

Multiple Sclerosis: A Review Study. Res

119V siawl « 1Vo ayladh @l § Cunyy 8)9s

ohsijle Ak eolc oEilSl aAlas  PPe


http://jmums.mazums.ac.ir/article-1-12600-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-15]

ul]ls.nlbg |_..:|".|a -.il]l:

11.

12.

13.

14,

15.

16.

17.

18.

19.

Mol Med 2015; 3(3): 1-5.

Gibellini L, Bianchini E, De Biasi S, Nasi M,
Cossarizza A, Pinti M. Natural Compounds
Modulating Mitochondrial Functions. Evid
Bsed Complement Alternat Med 2015; 2015:
5272009.

Bonnefont-Rousselot D. Resveratrol and
cardiovascular diseases. Nutrients 2016; 8(5):
pii: E250.

Elshaer M, Chen Y, Wang XJ, Tang X.
Resveratrol: An overview of its anti-cancer
mechanisms. Life Sci 2018; 207: 340-349.
Mirzaei H, Shokrzadeh M, Modanloo M, Ziar
A, Riazi GH, Emami S. New indole-based
chalconoids as tubulin-targeting antiproliferative
agents. Bioorg Chem 2017; 75: 86-98.

Gupta C, Sharma G, Chan D. Resveratrol: A
chemo-preventative agent with  diverse
applications. Phytochemicals of Nutraceutical
Importance. UK: CABI, Nosworthy Oxon;
2014: 47-60.

Arif W, Xu S, Isailovic D, Geldenhuys WJ,
Carroll RT, Funk Jr MO. Complexes of the
outer mitochondrial
mitoNEET with resveratrol-3-sulfate.
Biochemistry 2011; 50(25): 5806-5811.

Zini R, Morin C, Bertelli A, Bertelli AA,
Tillement J-P. Resveratrol-induced limitation

membrane  protein

of dysfunction of mitochondria isolated from
rat brain in an anoxia-reoxygenation model.
Life Sci 2002; 71(26): 3091-3108.

Han YS, Bastianetto S, Dumont Y, Quirion
R. Specific plasma membrane binding sites
for polyphenols, including resveratrol, in the
rat brain. J Pharmacol Exp Ther 2006;
318(1): 238-245.

Raj P, Zieroth S, Netticadan T. An overview

of the efficacy of resveratrol in the

20.

21.

22.

23.

24.

25.

26.

27.

management of ischemic heart disease. Ann
N Y Acad Sci 2015; 1348(1): 55-67.

Thuc LC, Teshima Y, Takahashi N, Nishio S,
Fukui A, Kume O, et al. Inhibition of Na(+)-
H(+) exchange as a mechanism of rapid
cardioprotection by resveratrol. Br J
Pharmacol 2012; 166(6): 1745-1755.

Chen WP, Su MJ, Hung LM. In vitro
electrophysiological mechanisms for
antiarrhythmic efficacy of resveratrol, a red
wine antioxidant. Eur J Pharmacol 2007;
554(2-3): 196-204.

Robich MP, Osipov RM, Nezafat R, Feng J,
Clements RT, Bianchi C, et al. Resveratrol
improves myocardial perfusion in a swine
model of hypercholesterolemia and chronic
myocardial ischemia. Circulation 2010;
122(11 suppl): S142-S149.

Zhang Y, Liu Y, Wang T, Li B, Li H, Wang
Z, et al. Resveratrol, a natural ingredient of
grape skin: antiarrhythmic efficacy and ionic
mechanisms. Biochem Biophys Res Commun
2006; 340(4): 1192-1199.

Magyar K, Halmosi R, Palfi A, Feher G,
Czopf L, Fulop A, et al. Cardioprotection by
resveratrol: A human clinical trial in patients
with stable coronary artery disease. Clin
Hemorheol Microcirc 2012; 50(3): 179-187.
Wu JM, Wang ZR, Hsieh TC, Bruder JL,
Zou JG, Huang YZ. Mechanism of
cardioprotection by resveratrol, a phenolic
antioxidant present in red wine (Review). Int
J Mol Med 2001; 8(1): 3-17.

Dolinsky VW, Chan AY, Robillard Frayne |,
Light PE, Des Rosiers C, Dyck JR.
Resveratrol prevents the prohypertrophic
effects of oxidative stress on LKBL.
Circulation 2009; 119(12): 1643-1652.

de Oliveira MR, Nabavi SF, Manayi A,
Daglia M, Hajheydari Z, Nabavi SM.

PPl 1Y sidwl ¢ 1 Ve a)laid (@l § Cunyy 3)9s

ohdjle (Al eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-12600-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-15]

QB (5)3i50ixe 3)alac p s Ly OLeS) (TBélas (b

28.

29.

30.

3L

32.

33.

34.

Resveratrol and the mitochondria: From
triggering the intrinsic apoptotic pathway to
inducing  mitochondrial ~ biogenesis, a
mechanistic view. Biochim Biophys Acta
2016; 1860(4): 727-745.

Leonard SS, Xia C, Jiang BH, Stinefelt B,
Klandorf H, Harris GK, et al. Resveratrol
scavenges reactive oxygen species and effects
radical-induced cellular responses. Biochem
Biophys Res Commun 2003; 309(4): 1017-1026.
Ungvari Z, Labinskyy N, Mukhopadhyay P,
Pinto JT, Bagi Z, Ballabh P, et al. Resveratrol
attenuates mitochondrial oxidative stress in
coronary arterial endothelial cells. Am J
Pysiol Heart Circ Physiol 2009; 297(5):
H1876-H1881.

Bhardwaj A, Sethi G, Vadhan-Raj S, Bueso-
Ramos C, Takada Y, Gaur U, et al. Resveratrol
inhibits proliferation, induces apoptosis, and
overcomes chemoresistance through down-
regulation of STAT3 and nuclear factor-
kappaB-regulated antiapoptotic and cell
survival gene products in human multiple
myeloma cells. Blood 2007; 109(6): 2293-2302.
Park JW, Choi YJ, Suh SI, Baek WK, Suh
MH, Jin IN, et al. Bcl-2 overexpression
attenuates resveratrol-induced apoptosis in
U937 cells by inhibition of caspase-3 activity.
Carcinogenesis 2001; 22(10):1633-1639.
Patel RV, Mistry BM, Shinde SK, Syed R,
Singh V, Shin HS. Therapeutic potential of
quercetin as a cardiovascular agent. Eur J
Med Chem 2018; 155: 889-904.

Brini M. Ca(2+) signalling in mitochondria:
mechanism and role in physiology and
pathology. Cell Calcium 2003; 34(4-5): 399-405.
Kansanen E, Kuosmanen SM, Leinonen H,
Levonen AL. The Keapl-Nrf2 pathway:
Mechanisms of activation and dysregulation
in cancer. Redox Biol 2013; 1: 45-49.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Halliwell B.  Oxidative stress and
neurodegeneration: where are we now? J
Neurochem 2006; 97(6): 1634-1658.

de Oliveira MR, Nabavi SM, Braidy N,
Setzer WN, Ahmed T, Nabavi SF. Quercetin
and the mitochondria: A mechanistic view.
Biotechnol Adv 2016; 34(5): 532-549.
Ortega R, Garcia N. The flavonoid quercetin
induces changes in mitochondrial permeability
by inhibiting adenine nucleotide translocase.
J Bioenerg Biomembr 2009; 41(1): 41-47.
Sahu SC, Gray GC. Pro-oxidant activity of
flavonoids: effects on glutathione and
glutathione S-transferase in isolated rat liver
nuclei. Cancer Lett 1996; 104(2): 193-196.
Lu J, Papp LV, Fang J, Rodriguez-Nieto S,
Zhivotovsky B, Holmgren A. Inhibition of
Mammalian thioredoxin reductase by some
flavonoids: implications for myricetin and
quercetin anticancer activity. Cancer Res
2006; 66(8): 4410-4418.

Granado-Serrano AB, Martin MA, Bravo L,
Goya L, Ramos S. Quercetin modulates Nrf2
and glutathione-related defenses in HepG2
cells: Involvement of p38. Chem Biol
Interact 2012; 195(2): 154-164.

Tanigawa S, Fujii M, Hou DX. Action of
Nrf2 and Keapl in ARE-mediated NQO1
expression by quercetin. Free Radic Biol
Med 2007; 42(11): 1690-1703.

Rayamajhi N, Kim SK, Go H, Joe Y,
Callaway Z, Kang JG, et al. Quercetin
induces mitochondrial biogenesis through
activation of HO-1 in HepG2 cells. Oxidative
Medicine and Cellular Longevity 2013; 2013:
154279.

Lee TJ, Kim OH, Kim YH, Lim JH, Kim S,
Park JW, et al. Quercetin arrests G2/M phase

and induces caspase-dependent cell death in

119V siawl « 1Vo ayladh @l § Cunyy 8)9s

ohdjle Al eolc oGSl alas  PRP


http://jmums.mazums.ac.ir/article-1-12600-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-15]

ul]ls.nlbg |_..:|".|a -.il]l:

44,

45,

46.

47.

48.

49,

50.

51.

U937 cells. Cancer Lett 2006; 240(2): 234-
242.

Ortega R, Garcia N. The flavonoid quercetin
induces changes in mitochondrial permeability
by inhibiting adenine nucleotide translocase.
J Bioenerg Biomembr 2009; 41(1): 41-47.
Gibellini L, Pinti M, Nasi M, De Biasi S,
Roat E, Bertoncelli L, et al. Interfering with
ROS Metabolism in Cancer Cells: The
Potential Role of Quercetin. Cancers (Basel)
2010; 2(2):1288-1311.

Lee WH, Loo CY, Bebawy M, Luk F, Mason RS,
Rohanizadeh R. Curcumin and its derivatives:
their application in neuropharmacology and
neuroscience in the 21st century. Curr
Neuropharmacol 2013; 11(4): 338-378.

Lim HW, Lim HY, Wong KP. Uncoupling of
oxidative phosphorylation by curcumin:
implication of its cellular mechanism of
action. Biochem Biophys Res Commun 2009;
389(1): 187-192.

Panchal HD, Vranizan K, Lee CY, Ho J,
Ngai J, Timiras PS. Early anti-oxidative and
anti-proliferative curcumin effects on
neuroglioma cells suggest therapeutic targets.
Neurochem Res 2008; 33(9): 1701-1710.
Manikandan P, Sumitra M, Aishwarya S,
Manohar BM, Lokanadam B, Puvanakrishnan
R. Curcumin modulates free radical quenching
in myocardial ischaemia in rats. Int J
Biochem Cell Biol 2004; 36(10): 1967-1980.
Gonzalez-Salazar A, Molina-Jijon E, Correa
F, Zarco-Marquez G, Calderon-Oliver M,
Tapia E, et al. Curcumin protects from
cardiac reperfusion damage by attenuation of
oxidant stress and mitochondrial dysfunction.
Cardiovasc Toxicol 2011; 11(4): 357-364.
Duluc L, Soleti R, Clere N, Andriantsitohaina
R, Simard G. Mitochondria as potential

targets of flavonoids: focus on adipocytes

52.

53.

54.

55.

56.

57.

58.

59.

and endothelial cells. Curr Med Chem 2012;
19(26): 4462-4474.

Mirzaei H, Keighobadi M, Emami S. An
overview of anticancer chalcones with
apoptosis inducing activity. J Mazandaran
Univ Med Sci 2017; 26(146): 254-268 (Persian).
Lorenz P, Roychowdhury S, Engelmann M,
Wolf G, Horn TF. Oxyresveratrol and
resveratrol are potent antioxidants and free
radical scavengers: effect on nitrosative and
oxidative stress derived from microglial
cells. Nitric Oxide 2003; 9(2): 64-76.
Ungvari Z, Orosz Z, Rivera A, Labinskyy N,
Xiangmin Z, Olson S, et al. Resveratrol
increases vascular oxidative stress resistance.
Am J Physiol Heart Circ Physiol 2007;
292(5): H2417-H2424.

Soeur J, Eilstein J, Lereaux G, Jones C,
Marrot L. Skin resistance to oxidative stress
induced by resveratrol: from Nrf2 activation
to GSH biosynthesis. Free Radic Biol Med
2015; 78: 213-223.

Metodiewa D, Jaiswal AK, Cenas N,
Dickancaité E, Segura-Aguilar J. Quercetin
may act as a cytotoxic prooxidant after its
metabolic activation to semiquinone and
quinoidal product. Free Radic Biol Med
1999; 26(1-2): 107-116.

Ramos AM, Aller P. Quercetin decreases
intracellular GSH content and potentiates the
apoptotic action of the antileukemic drug
arsenic trioxide in human leukemia cell lines.
Biochem Pharmacol 2008; 75(10): 1912-1923.
Kachadourian R, Day BJ. Flavonoid-induced
glutathione depletion: potential implications
for cancer treatment. Free Radic Biol Med
2006; 41(1): 65-76.

Moosavi-Movahedi  AA.

Intracellular ROS protection efficiency and

Barzegar A,

PR 1Y sidwl « 1Vo ayladd (@l § Cumyy 5)9s

ohdjle (Al eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-12600-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-15]

QB (5)3i50ixe 3)alac p s Ly OLeS) (TBélas (b

60.

61.

free radical-scavenging activity of curcumin.
PloS One 2011; 6(10): e26012.

Ak T, Gulcin I. Antioxidant and radical
scavenging properties of curcumin. Chem
Biol Interact 2008; 174(1): 27-37.

Jeong GS, Oh GS, Pae HO, Jeong SO, Kim
YC, Shin MK, et al. Comparative effects of
curcuminoids on endothelial heme oxygenase-1

expression: ortho-methoxy groups are essential

62.

to enhance heme oxygenase activity and
protection. Exp Mol Med 2006; 38(4): 393-400.
Yarru LP, Settivari RS, Gowda NK,
Antoniou E, Ledoux DR, Rottinghaus GE.
Effects of turmeric (Curcuma longa) on the
expression of hepatic genes associated with
biotransformation, antioxidant, and immune
systems in broiler chicks fed aflatoxin. Poult
Scie 2009; 88(12): 2620-2627.

119V sidwl « 1Vo a)lah (@il g Cauwyy 8)9s

ohsdjle Al eolc oGSl adlas PRI


http://jmums.mazums.ac.ir/article-1-12600-fa.html
http://www.tcpdf.org

