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Table 1: Analysis of variance of the effectiveness of different concentrations of pomegranate peel extract on the
activity of antioxidant enzymes, malondialdehyde (MDA), total antioxidant capacity (TAC), superoxide dismutase

(SOD) and glutathione peroxidase (GPx) of carp blood serum treated with cadmium
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Different letters in each column indicate a significant difference at the 5% level (p<0.05) and the number of samples in each
group is 6 (n=6).
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Figure 1: The amount of malondialdehyde (MDA) (nanomoles per gram) in the groups under cadmium stress and

treated with pomegranate peel extract (n = 10) is expressed as Mean + SD. Means with dissimilar letters have a
significant difference (p<0.05).
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Figure 2: Total antioxidant capacity (TAC) (nanomoles per gram) in groups under cadmium stress and treated with
pomegranate peel extract (n = 10). Data is expressed as Mean + SD. Means with dissimilar letters have a significant

difference (p<0.05).
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Figure 3: amount of superoxide dismutase (SOD) enzyme (International Unit per gram) in groups under cadmium
stress and treated with pomegranate peel extract (n = 10). Data is expressed as Mean + SD. Means with dissimilar

letters have a significant difference (p<0.05).
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Figure 4: The amount of glutathione peroxidase (GPx) enzyme (nanomoles per gram) in the groups under cadmium
stress and treated with pomegranate peel extract (n = 10) is expressed as Mean + SD. Means with dissimilar letters

have a significant difference (p<0.05).

g J9,995 ST Ll (5565l oSy oSl apsl) oS
3 Pl el gslanST g WS e SWS
5 byl 5l (S r ol g dpdise (Joke peadslic
S8 8t cos 1) ls pl boeansS ablie SluS' 3
slagasls S5 g ampl ol (plply was
Sl b)) Car oS Wgh oo Cgmrme (olordsn

Lgyse 54 b3
Snd &L..w‘).& e ol gl L b 2l
Syl ey @lqwfls’;ﬂ P ERRP-SHUOWIPL i | ESR
el SSgleily s 4 e Wlgioe el ol
] s e i) 5 ol el s 5 olaal
oialidl s § L s L o(Uddin et al., 2021) a5 8
(ol dl o o] gllonS] a3l g Ll (Sogll
S el (55950 6l Gleale SlarnST (T o 5

oads aizlids o Qo § (2 e Sols
Liu et al., 2007; Adams et al., 2012; ) <o
i sl paesls (Oladipo et al., 2016
@ ol 0s 5 el i Sy ol GlaptagsST
Sy .Ia».’u LY ‘) LS)"“»LQ‘)"" Slods ‘S:L\.c 0y
o Jolws pae (Zwolak et al., 2020) s5le o o)ls
sledlesly ads Gl 5 bolensT il (sl s
030l (gulanST b a5 09l o b el sl5l
dogyl gud JWb pe dapetisn 4y cel,
Sdsr Pk Sy Lo OslanSly
L ablis Iy sl (Magalhaes et al., 2020)
slepl 51 ROS)  Jé  S5nsST  slaaiss
Fsse 035 b GlaST (T 9lse 5 5 (s ]


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.6.8.0
http://isfj.ir/article-1-2614-en.html

[ Downloaded from isfj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.10261354.1401.31.6.8.0 ]

e gy 56 sy lae hilas

OOKea 5 (s 80

Sl el fSan Cruizmad ogue ol (pl .l NO (0
ot adss 5l (86 S3dlgily Ll pd e jo 1) 092
Sy STy Ol GgeelanSt Jpame 5 NO o>
as wisly las (Y- V) oK g Zarban .ous Jlee!
|y Loy sloieed ool (55550 y5b 4 U1 ]
WS gl ek ol g wesee aelS
e el U Ol s ssrse slaglaensT
Sl sl JSosly ads 4 e oy oSl
(ome) w318 45 Lo lannS | 5T ol a5 0l b 995 oo
S ieSsnged 40 5 oal Sl 3l e 5 9950 bt
o) OgelamSTy )0 23U s o 5 Ladly
asfllas b aslllae ol (Zarban et al., 2007) sg5
calle (MDA zals jo Ul cewg ojlas fl) Lol
OpslinST gl Jpame  aadllisopglle o)l
e lee 4 el g canl glisl e Gy slaa!
Saleh oo 0 a8 Sl 0 gowd amwlonSTy,
S0l s U] gy 0380 457 Sl Lis s (Y4 10)
9 sn oy MDA cdlid Gl 20l 5 o S 6 5
o)l Cillas pol adlhe mbs b o bassl ol a5
G ras b Loy MDA clilé il adlas ol
Iy oylac doyo Vo clale a5 Jlale o Ul gy o lac
09,5 b awslio 0 gyl sae ials wiles,S il o
s Moneim lalas b laasl cpl .ol atils Ju8
OselinSTy U OT wsls olas as (Yo))) o) an
GlS g aS Sl g o 1) S ST g e
Sl calhs was o S olie sl hge
Syl clld arg LB (al8 el U 0T rizmen
(Moneim et al.,, 2011) s35.. CAT 4 SOD
-S-556sl5 9 CAT SOD a5 sl ouls 5,55
Rl ol e (S5 gl S (GST) el s
(YVF) oK g Moneim aias o JSis 1, ROS
Gl el (S 15 b Conganne a5 wisls ()LAS
Mo 050 (STl oyl colld azrg LB
PSRN GyE 5l ST BT slae ]
ROS alwgas cpiigp ood Judpe Jds a4 Yl
cdld o 55 5 o B eadlys U Ol Gy cal

Sl ol Hlis i Sldlas 05 co Cams Hlale
Olee 28 o o L3 SlS 5 5l eolatul a5
L ot com SIS (2 g BB ol 4 Wl
Zeghad et al., 2019; Rahman et al., ) sas zals
Sl 5 51 Lo Ul Gilises gla s o las (2021
cdld Ul als e, g Cewsy ojlas ool b
Silos 5o ol 5l o)l @Y sl ]
Sl vy ogdledy gl s ool o3 sl G,
Dasetal., ) os,ls 5.5 C usliug g (g «loupg,S
3956l gy o ,lae 3958l il ol adllas s (2021
» (Cyprinus carpio) Jsese j5.5 olo olié 0>
b 225 Congomne 5l (B0 gl Glacnl jls
Garls clls byl ol sad bl pssesls
oeals cel pgedlS Brae a5 ob las el
o5 0 TAC 4 GPX SOD ol e o sxe
seb 4 (MDA) wadllss gl e a5 Jb>j0
Wl ol mls uimes b oo Gl (gl S
slac (aoy T g ¥ ) il slacdale fog3l
Sl cudld b me ol cel Ul oy
L ploys o slag,S 5o TAC 4lse 5 GPX SOD
oy, oyl ;o MDA i aS >0 505 o o)las
dlos Rl poaslS b jless S 09,8 b annlia o
s S ol o (L3 Slat 5T b ol asllias bt
SlooaS Bd> laoge 5 LS loadsigds I >y
Slallas cployl cdilhe waiws o5l sla JISGol, (548
o busgdls Siglele s Il a5 wlesls L
M ol JIGol, B o Ll SlaensT ol culles
2o b 2l ea Sl Jleel 5 38 oo o095
Moneim et ) 55 o by o oSl 5T slacdglis
NO sl JiCol, .@l., 2011; Aksu et al., 2017
el Coroms g i)ls Lol ol S5 sl yo agee S
Oz laJeol, b as sgioe plp 2z Gl ks
85 i K85 Sy STy b amo e i (2T
sl 5 o] dagtisn wile olasSgesn
JUl ol .(Zarban et al., 2007) o5 oo ol S2lS'ys

O 3l Sl sz g 68 s Sleys Jelse (sl

VeV


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.6.8.0
http://isfj.ir/article-1-2614-en.html

[ Downloaded from isfj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.10261354.1401.31.6.8.0 ]

adlas o cwl Al cege A pgredls 31 S
s3a> 55 GPX 5 SOD 51 colld iowis pol>
JoSe lgie Ul gy ojlac do 0 ¥ o ¥V slacdale
Looads jlawd 09,5 b (Sl o gme OS¢ 5136 0,
s MDA ol o jo a5 Jljo o)l pgesls
Loood o loog,S pu (g o xe LS TAC
Slows 09,5 9 Ul Cawgs ojlac wo 0 F g ¥ slacdale
aS a2 oo sl el cpl oslai g2y peedlS L oonds
gy ot SannS] (T ol jige CBlE i
?lo ;0 pomedls 5l (A6 (0528 Coagonns Loy Ul
Olse & olas woys N chile Wlgee Jyere 55
oylas S casu il cde adl sl olié oy JeSe
s ejbas ol (S s @ plgiee ) YU slacdale o
2 098 e Sleiday s (e 4 il YL slacale
ol ot 4y LdoaisS oy s 5l ool sois] (slasimgy

VO JE BN IR VAR oe

&b

cainly ep ol oy bl v (s Y2
sl Sy AFY Wl gy g
3 ool gilannST ol Jlowe o Ul Cangy o)lac
(Fyore 5955 (Blo ;0 poredlS b (02 Coegenne
DOI: Ned S98 OOVO wedld ale
10.22059/Fisheries.2022.325900.1267

o2 zobw Oless IWAS (o (gm0 9.7 ol
5 $9) e sl U cow Sple gla
Schizothorax ) ;s Soiw ol ;o sswols
(F) # o obpl owlid py ode 425 (zarudnyi
DOIl: HY-va
20.1001.1.23222751.1396.6.4.4.2

Codlad s AVAF gy (2108 g Ly o0l bl
e I L e L1
ey o)las sol> (60 Shee I8 pab 508 09,Se
e calzme Sy 65K (b yo Loy Coyd g U
5 e 0lnl @l mlio 58 5 pole (ctagh

GST 4 GPx SOD CAT oSl 51 slaps 5l
FENC TSP I JRVC P IC NESE AV LTIt
Moneim et ) ai sols oylid 55wl il mlaw 4o
Sty 55 (VYY) K2 5 Aksu .@l., 2014
51 il gulonnST oyl ply jo 1y Ul Ol idadloe
)L:‘ uT slo QLM.AJ CUL.J .AJQ; R ‘) w}p )O D
o3l 2ol 1) sy 3)50 py lotdl oy gl
LQ;T 9O Oy éo.’?u as ks:l.{bgdl.s 5 ‘) S99y )‘A.S.o |
989y «um G‘a.w wals u,w‘ﬁ‘ (o 9 <b.l$) Ogy i
b b o cans ool g 1) B g oS slacdl yal
(plpedle sl sols zals lacdl ol SlogwsT ol
O?"’“"‘m‘)" w.colf l_v o‘).o.h 5..4‘;.\.».....5‘ w).....n‘ umlf
Slrog,S )3 (swyp 390 sladl pled )3 (eSbslS
Aksu et al., ) o saslie 35 Ul O L by cow
as wols las 5 (Y- V) ol e 4 Zarban (2017
LS s bape (LE SlaSS Gl e
P i ‘Q:‘.‘)'.“’B)'Lc | (ﬁ;a—t—ﬂ <OV D)
s Gd o Jeeshee MYNVVEAY) TAC sl
50 (188) ST Gl !, (gile s oblgs o i
L &l .(Zarban et al., 2007) o sasliw Ul Ol
Ol Spsboler f pol> Aagn e Vo Sldlas
Olime ol j0 Ul gy ojlac shadlrs 1ol
obale ;0 GPX 3 SOD TAC (e iol38 s MDA
Cawgy o)lac ol jod 4y poeslS coll clale b jleg cow
SFobl ojlac sladlxs [l pol> gdow ol canlivn Ul
Gl g leadon slayeSl (S ye ]y U Ces
b Coogonns 13 )55 (Ble 9% prw ;0 poedlS ge
Geizd ol b Gillas ol pogdle el oolo lid pauesls
slocww! Jle o LUl Cavgs o)las alible I 5
2 bl Sy ojlae SaS hass Gl g Jgene 505
oals (Lt CAT 5 ou.5 lam il (plraridsm Ol i
9 LKDJ}J‘-J.: S99 aS oy 50 J.E.:c\.: ‘L}"‘J"L"J el 00
Caoms SIS 0gups 0 Ul Cawgs o)lae o laaSeigdls


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.6.8.0
http://isfj.ir/article-1-2614-en.html

[ Downloaded from isfj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.10261354.1401.31.6.8.0 ]

e gy 56 sy lae hilas

OOKea 5 (s 80

on humans. Heliyon, 6(9): e04691.
Do0i:10.1016/j.heliyon.2020.e04691.

Das, A.K., Nanda, P.K., Chowdhury, N.R.,
Dandapat, P., Gagaoua, M., Chauhan, P.
and Lorenzo, J.M., 2021. Application of
pomegranate by-products in muscle foods:
Oxidative indices, colour stability, shelf life
and health benefits. Molecules, 26(2): 467.
D0i:10.3390/molecules26020467.

Liu, Y., Zhang, S.P. and Cai, Y.Q., 2007.
Cytoprotective effects of selenium on
cadmium-induced LLC-PK1 cells apoptosis
by activating JNK pathway. Toxicology in
Vitro, 21(4): 677-684.
D0i:10.1016/j.tiv.2007.01.015.

Magalhaes, R., Guerreiro, 1., Santos, R.A.,
Coutinho, F., Couto, A., Serra, C.R. and
Oliva-Teles, A., 2020. Oxidative status and
intestinal health of gilthead sea bream
(Sparus aurata) juveniles fed diets with
different ARA/EPA/DHA ratios. Scientific
Reports, 10(1): 1-13. D0i:10.1038/s41598-
020-70716-5.

Moneim, A.E.A., Dkhil, M.A. and Al-
Quraishy, S., 2011. The protective effect
of flaxseed oil on lead acetate-induced renal
toxicity in rats. Journal of Hazardous
Materials, 194: 250-255.
D0i:10.1016/j.jhazmat.2011.07.097.

Moneim, A.E.A., Metwally, D.M., EI-
Khadragy, M.F. and Al-Olayan, E.M.,
2014. Protective effects of pomegranate
(Punica granatum) juice on testes against
carbon tetrachloride intoxication in rats.
BMC Complementary and Alternative

DOI: FaA-FAQ «(F) f bl

10.22067/ifstrj.v12i4.41049

O Sl3ls Sl g9, VAR L Bp oF Lol

ISSN, 54: 2766- al=s .3l olgl> 59, »

2276. DOI: 10.37871/Jbres1324

Adams, S.V., Passarelli, M.N. and
Newcomb, P.A., 2012. Cadmium exposure
and cancer mortality in the Third National
Health and Nutrition Examination Survey
cohort. Occupational and Environmental
Medicine, 69(2): 153-
156.D0i:10.1289/ehp.1306587.

Aksu, D.S., Saglam, Y.S., Yildirim, S. and
Aksu, T., 2017. Effect of pomegranate
(Punica granatum L.) juice on Kidney,
liver, heart and testis histopathological
changes, and the tissues lipid peroxidation
and antioxidant status in lead acetate-
treated rats. Cellular and Molecular
Biology, 63(10): 33-42.
D0i:10.14715/cmb/2017.63.10.5.

Bacou, E., Walk, C., Rider, S., Litta, G. and
Perez-Calvo, E., 2021. Dietary oxidative
distress: a review of nutritional challenges
as models for poultry, Swine and
Fish. Antioxidants, 10(4): 525.
D0i:10.3390/antiox10040525.

Bhatkar, N.V., 2011. Chromium, nickel and
zinc induced histopathological alterations in
the liver of Indian common carp Labeo
rohita (Ham.). Journal of Applied Sciences
and Environmental Management, 15(2):
2011. D0i:10.4314/jasem.v15i2.68517.

Briffa, J., Sinagra, E. and Blundell, R.,
2020. Heavy metal pollution in the
environment and their toxicological effects

Vo


https://doi.org/10.1289%2Fehp.1306587
https://doi.org/10.3390/antiox10040525
https://doi.org/10.4314/jasem.v15i2.68517
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.3390/molecules26020467
https://doi.org/10.3390/molecules26020467
https://doi.org/10.3390/molecules26020467
https://doi.org/10.1016/j.tiv.2007.01.015
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.6.8.0
http://isfj.ir/article-1-2614-en.html

[ Downloaded from isfj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.10261354.1401.31.6.8.0 ]

Medicine, 14(1): 1-9. Doi:10.1186/1472-
6882-14-164.

Morittu, V.M., Mastellone, V., Tundis, R.,

Loizzo, M.R., Tudisco, R., Figoli, A. and
Lombardi, P., 2020. Antioxidant,
biochemical, and in-life effects of Punica
granatum L. natural Juice vs. clarified juice
by polyvinylidene fluoride
membrane. Foods, 9(2): 242.
Do0i:10.3390/fo0ds9020242.

Oladipo, O.0., Ayo, J.O., Ambali, S.F. and

Mohammed, B., 2016. Evaluation of
hepatorenal impairments in Wistar rats
coexposed to low-dose lead, cadmium and
manganese: insights into oxidative stress
mechanism. Toxicology Mechanisms and
Methods, 26(9): 674-684.
D0i:10.1080/15376516.2016.1223242.

Rahman, M.M., Rahaman, M.S., Islam,

M.R., Rahman, F., Mithi, F.M,,
Algahtani, T. and Uddin, M.S., 2021.
Role of phenolic compounds in human
disease: current knowledge and future
prospects. Molecules, 27(1): 233.
D0i:10.3390/molecules27010233.

Saleh, H., 2015. Effects of natural antioxidant

on the immune response, antioxidant
enzymes and hematological broilers

chickens. Iranian Veterinary
Journal, 11(3): 67-79.
D0i:10.22055/1VJ.2015.11590.

Uddin, M.M., Zakeel, M.C.M., Zavahir,
J.S., Marikar, F.M. and Jahan, 1., 2021.
Heavy metal accumulation in rice and
aquatic plants used as human food: A
general review. Toxics, 9(12): 360.
D0i:10.3390/toxics9120360.

Zarban, A., Malekaneh, M. and. Reza
Boghrati, M., 2007. Antioxidant properties
of pomegranate juice and its scavenging
effect on free radicals. Journal of Birjand
University of Medical Sciences, 14(3): 9-15.
D0i:10.1080/15376716.2007.12232452.

Zeghad, N., Ahmed, E., Belkhiri, A., Vander
Heyden, Y. and Demeyer, K., 2019.
Antioxidant activity of Vitis vinifera,
Punica granatum, Citrus aurantium and
Opuntia ficus indica fruits cultivated in
Algeria. Heliyon, 5(4): e01575.
D0i:10.1016/j.heliyon.2019.e01575.

Zwolak, 1., 2020. Protective effects of dietary
antioxidants against vanadium-induced
toxicity: A review. Oxidative Medicine and
Cellular  Longevity, 2020:  45-70.
D0i:10.1155/2020/1490316.


https://doi.org/10.1186/1472-6882-14-164
https://doi.org/10.1186/1472-6882-14-164
https://doi.org/10.3390/toxics9120360
https://doi.org/10.3390/toxics9120360
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.6.8.0
http://isfj.ir/article-1-2614-en.html

[ Downloaded from isfj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.10261354.1401.31.6.8.0 ]

Iranian Scientific Fisheries Journal Vol. 31, No. 6

Protective effect of pomegranate peel (Punica granatum) ethanolic extract on common
carp (Cyprinus carpio) exposed to cadmium

Jafari S.S.%; Rahbarian R.2"; Noghreie M.

1- Department of Cell and Molecular Biology and Microbiology, Faculty of Biological
Science and Technology, University of Isfahan, Isfahan, Iran
2- Department of Biology, Payame Noor University, Tehran, Iran

Abstract

Cadmium (Cd) is a heavy metal that is considered a strong pollutant due to its long half-life in
soil and high solubility in water. This metal is toxic and the main pollutant of aquatic
ecosystems. In the present research, the effect of adding pomegranate peel extract in the diet
of common carp (Cyprinus carpio) on inhibiting oxidative damages caused by experimental
poisoning with cadmium has been evaluated. In this study, fish with an average weight of 70
g were randomly divided into five groups of twenty. The first group, without receiving any
feed additive was considered as a control. The second group of fish was only exposed to
cadmium chloride (5 mg/l). The third, fourth, and fifth groups, in addition to cadmium (5
mg/L), they also received 1, 2, and 4% concentrations of pomegranate peel extract,
respectively. After the end of the test period, which was 140 days, the blood collection was
taken from the samples. Then, the biochemical parameters in the blood serum of each sample
were measured. The evaluation of the activity of enzyme indicators showed that cadmium
consumption significantly decreased the activity of superoxide dismutase (SOD), glutathione
peroxidase (GPx) and total antioxidant capacity (TAC), while the level of malondialdehyde
(MDA) increased significantly (p<0.05). Also, the results showed that the addition of
increasing concentrations (1, 2 and 4%) of pomegranate peel extract significantly increased
the activity of SOD, GPx, and TAC enzymes, while the MDA level decreased compared to
the group treated with cadmium (p<0.05). Therefore, it seems that the use of pomegranate
peel extract as a feed supplement can be useful to mitigate the effects of experimental
poisoning caused by cadmium in common carp, although more studies are needed in this
field.
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