Biochemical effects of oleuropein in gentamicin-induced nephrotoxicity in rats
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Abstract

BACKGROUND: Oleuropein is a natural antioxidant and scavenging free radicals. In the present
study, we examined effect of oleuropein on the paraoxonase 1 (PON1) activity, lipid
peroxidation, lipid profile, atherogenic indexes, and relationship of PON1 activity by
high-density lipoprotein-cholesterol (HDL-C) and atherogenic indices in gentamicin
(GM)-induced nephrotoxicity in rats.

METHODS: This is a lab trial study in Khorramabad, Lorestan province of Iran (2013). 30
Sprague-Dawley rats were divided into three groups to receive saline; GM, 100 mg/kg/day; and
GM plus oleuropein by 15 mg/kg intraperitoneal daily, respectively. After 12 days, animals were
anesthetized, blood samples were also collected before killing to measure the levels of
triglyceride (TG), total cholesterol (TC), low-density lipoprotein (LDL), and very LDL (VLDL),
HDL-C, atherogenic index, lipid peroxidation, and the activities of PON1 of all groups were
analyzed. Data were analyzed, and P < 0.050 was considered significant.

RESULTS: Oleuropein significantly decreased lipid peroxidation, TG, TC, LDL, VLDL,
atherogenic index, atherogenic coefficient (AC), and cardiac risk ratio (CRR). HDL-C level was
significantly increased when treated with oleuropein. The activity of PON1 in treated animals
was (62.64 + 8.68) that it was significantly higher than untreated animals (47.06 + 4.10)
(P = 0.047). The activity of PON1 in the untreated nephrotoxic rats was significantly lower than
that of control animals (77.84 + 9.43) (P = 0.030). Furthermore, the activity of PON1 correlated
positively with HDL-C and negatively with AC, CRR 1, and CRR 2 in the treated group with
oleuropein.

CONCLUSION: This study showed that oleuropein improves PON1 activity, lipid profile, and
atherogenic index and can probably decrease the risk of cardiovascular death in nephrotoxic
patients.
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Introduction
Human serum paraoxonase 1 (PON1) is an
antioxidant enzyme in high-density lipoprotein-
cholesterol (HDL-C) and is considered the major
determinant of the antioxidant action of HDLC!!
Major part of this enzyme in the serum is associated
with HDL-C particles, but a low level of PON1 was
also observed in very low-density lipoprotein
(VLDL) and postprandial chylomicrons. PONI

inhibits LDL oxidation in vitro, and other studies
have shown that PONT1 prevents the formation of
oxidatively LDL, inactivates LDL-derived oxidized
phospholipids, and protects phospholipids in HDL
from oxidation.2 PON1 has antiatherogenic
properties because PONT1 has the ability to protect
lipoprotein particles from free radical oxidation, and
it can hydrolyze oxidized cholesteryl esters,
phosphatidylcholine core aldehydes, and degrade
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hydrogen peroxide.!-3

Gentamicin (GM) is a common antibiotic that is
used against most of the Gram-negative
microorganisms.* Therapeutic GM can cause
nephrotoxicity and acute kidney injury.>¢ GM
generates reactive oxygen species (ROS) in the
kidney.” ROS cause of injury and death cells in
more tissue such as renal, liver, and lung in
pathological conditions.® After using GM lipid
peroxidation increases and antioxidant such as
glutathione, Vitamin E decrease.” The most of the
researchers recommend the using of natural various
antioxidants as supplement or drug against
nephrotoxicity and chronic diseases.l? Natural
antioxidant such as rosmarinic acid and coenzyme
Q10 and flavonoid compounds such as quercetin
have protective effects on various tissue injury such
as renal injury and nephrotoxicity.!'13 Synthetic and
chemical antioxidant are not safe, but natural
antioxidants are safe and do not side effects;
therefore, natural antioxidants are good alternative
for prevention of nephrotoxicity induced by GM.'*

Oleuropein is derived from olive oil and olive
leaf.1? Researchers have reported that oleuropein is a
good antioxidant.!> Previous our study showed that
oleuropein has a protective effect on oxidative stress
in spinal cord injury.’® Therefore, oleuropein as
antioxidative supplements is good for the prevention
of nephrotoxic complications such as hypetlipemia.!”

Since the effects of oleuropein on lipid profile,
atherogenic indexes, PON1 activity and its
association  with  atherogenic  indexes in
nephrotoxicity induced by GM in rats have not
previously been reported; the aims of this lab trial
study were to evaluate biochemical effects of
oleuropein in GM-induced nephrotoxicity in rats in
Khorramabad, Lotestan province of Iran.

Materials and Methods

About 30 male Sprague Dawley rats (180-200 g)
were prepared from Pasteur Institute of Tehran,
Iran. The animals were divided into three groups
randomly including 10 rats each as follows: Group 1
intraperitoneal (i.p.) saline injection, 0.25 ml/day for
12 days; Group 2, GM injection for 12 days; and
Group 3, oleuropein, 15 mg/kg/day injection. One
hour before, GM injection,'® 100 mg/kg/day, was
injected i.p. for 12 days.! After the last injection of
GM, blood samples were obtained from animals
and serum was separated.

Determination of lipid profile and atherogenic
Indexes

The serum levels of triglyceride (T'G), total cholesterol

(TC), LDL, VLDL, HDL-C, and atherogenic index of
all groups were measured. TC and TG concentrations
were measured by biochemical analyzer using
commercial kits (Olympus AU-600, Tokyo, Japan).
HDL-C was analyzed by a Pars Azmoon kit from
Iran. LDL and VLDL were calculated by
Friedewald et al.?0 equation.

The atherogenic index-[log (TG/HDL-C)], the
atherogenic coefficient (AC)-[(TC-HDL-
C)/HDLC], catdiac risk ratio (CRR): (TC/HDL-C),
and CRR: (LDL/HDL-C) were calculated by
Ikewuchi and Ikewuchi?! equation.

Measurement of lipid peroxidation

Serum levels of lipid peroxidation were measured in
accordance with previous our study.??

Measurement of PON1 activity

PONT1 activity was determined using paraoxon as a
substrate in accordance with previous our study.??

Data between groups were first tested
Kruskal-Wallis one-way and then between two
groups were analyzed by Mann—Whitney U-test.
The Spearman’s correlation analysis was used for
statistical ~calculations. Statistical analysis were
performed using the SPSS software (version 13,
SPSS Inc., Chicago, 1L, USA).

Results

The level of FBG, TG, and TC in the untreated
nephrotoxic rats was significantly higher than that
of control animals. The nephrotoxic rats treated
with oleuropein could significantly inhibit the
increase of FBG, TG, and TC in comparison with
the untreated nephrotoxic animals (P = 0.001,
P = 0.001). The level of TG and TC in the
untreated nephrotoxic rats was significantly higher
than that of control animals (P = 0.002, P = 0.0006,
P =0.001) (Table 1).

The level of HDL in the nephrotoxic rats
untreated was not significantly against control animals
(P = 0.615). The treatment of nephrotoxic rats with
oleuropein could not significantly (26.32%) inhibit the
decrease of HDL-C in comparison with the
nephrotoxic animals (P = 0.233) (Table 1). The level
of LDL and VLDL in the untreated nephrotoxic rats
was higher than that of rats significantly (P = 0.020,
P = 0.000). The treatment of a nephrotoxic animal
with oleuropein could significantly inhibit the increase
of LDL and in comparison with the untreated
nephrotoxic animals (P = 0.010).

The level of the atherogenic index and AC in the
untreated nephrotoxic rats was significantly higher
than that of control animals (P = 0.044, P = 0.003).
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Table 1. Effect of oleuropein on total cholesterol, trigtyide, low-density lipoprotein, high-density

lipoprotein-cholesterol, very-LDL atherogenic ind@therogenic coefficient, cardiac risk ratio 1,FCR, level of lipid

peroxidation and paraoxonase 1 activity in nephiotats
Control

Nephrotoxic | Nephrotoxic + OLE

Parameter

Mean £ SD Mean £ SD Mean £ SD
FBG 111.17 +18.90 143.00+21.27 110.00+13.91  0.009
TG (mg/dl) 62.00+14.38  79.71+10.70 83.60 + 8.08 0.013
TC (mg/dl) 108.50 + 13.08 159.00 +39.16  116.00 +13.08  0.009
HDL-C (mg/dl) 4747 +18.48 4297 +12.56 54.28 + 14.05  0.463
LDL (mg/dl) 48.63+19.78 100.08 +44.85  45.00 + 25.64 0.017
VLDL (mg/dl) 12.40 + 2.87 15.94 + 2.14 16.72 + 1.62 0.036
Atherogenic index [(units) (log (TG/HDL-C))] 0.13 £ 0.05 0.29 + 0.01 0.19 + 0.02 0.021
AC [(TC-HDL-C)/HDL-C] 1.51+0.75 3.06 + 1.66 1.28 + 0.68 0.036
CRR 1 (TC/HDL-C) 2.51+0.75 4.05 + 1.66 2.28 +0.69 0.360
CRR 2(LDL/HDL-C) 1.23+0.68 2.65 +1.55 2.28 +0.69 0.033
Lipid peroxidation (nmol/mg protein) 82.48 + 20.40 128.18 + 7.36 95.52 + 38.39 0.029
PON1 activity(nmol/min/ml) 77.84 +£9.43 47.06 + 4.10 62.64 + 8.68 0.039

"Significant change in comparison with nephrotoxitheut treatment at P < 0.050Significant change in comparison with control
at P < 0.050; OLE: Oleuropein; FBG: Fasting bloodcgke; TG: Triglyceride; TC: Total cholesterol; HQL-High-density
lipoprotein-cholesterol; LDL: Low-density lipoprate VLDL: Very low-density lipoprotein; PON1: Parsonase 1; AC:
Atherogenic coefficient; CRR: Cardiac risk ratio

Oleuropein decreases significantly atherogenic

index and AC in comparison with the untreated ig 1007
nephrotoxic animals (P = 0.032). The level of AC in £ g0 N s
the untreated rats was significantly (2.02-fold) E e A“ *
higher than that of control animals (P = 0.003, < 60 1 bt A A oA
P = 0.002) (Table 1). The level of CRR 1 and CRR S 40
2 in the untreated rats was significantly higher than 3
that of control animals (P = 0.003, P = 0.003). g 204
Oleuropein decrease significantly (43.71%) inhibit g 0 . . ‘ .
CRR 1 and CRR 2 in comparison with the untreated 40 45 50 55 60 65
animals (P = 0.001, P = 0.001) (Table 1).
The level of lipid peroxidation in the untreated HOL (mg/d)
nephrotoxic rats was significantly (1.55-fold) higher Figure 1. Correlation between maternal serum

than that of control rats (P = 0.032). Oleuropein
decrease significantly (25.48%) level of lipid
peroxidation in with the untreated nephrotoxic
animals (P = 0.050). The treatment of a nephrotoxic
animal with oleuropein could significantly (33.11%)
elevate the decrease of PONT1 activity (Table 1)
(P =0.047).

The activity of PON1 correlated positively with
HDL-C (r = 0.291, P = 0.006) (Figure 1). The activity
of PONI1 correlated coefficient (r = -0.404, P = 0.001)
(Figure 2), CRR 1 (r = -0.273, P = 0.009) (Figure 3)
and CRR 2 (r = -0.228, P = 0.018) (Figure 4).

Discussion

Effect of oleuropein on serum level of
malondialdehyde (MDA) and PONT1 activity and it
correlation with HDL and atherogenic index
nephrotoxicity ~ significantly  increased  serum
lipid peroxidation concentrations and decreased
PONT activity in comparison with the control group.

paraoxonase 1 (PONL1) activity and levels of highsig
lipoprotein (HDL) cholesterol in nephrotoxic ratedted
with oleuropein
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Figure 2. Correlation between maternal
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paraoxonase 1 (PON1) activity and levels of the
atherogenic coefficient (AC) [TC (TC-HDL-C)/HDL-

C] in nephrotoxic rats treated with oleuropein
TC: Total cholesterol; HDL-C: High-density lipoprotein-
cholesterol
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Figure 3. Correlation between maternal serum
paraoxonase 1 (PON1) activity and levels of cardiac
risk rato 1 (CRR 1) [CRR (TC/HDL-C)] in
nephrotoxic rats treated with oleuropein

TC: Total cholesterol; HDL-C: High-density lipoprotein-
cholesterol

Treatment of  nephrotoxic  animals  with
oleuropein significantly inhibited the increase of
serum  lipid  peroxidation  concentrations.
Furthermore, the treatment of nephrotoxic animals
with oleuropein significantly inhibited of serum
PONT1 activity in comparison with the untreated
animals. The most relevant finding of this study is
that activity of PON1 correlated positively with
HDL and negatively with AC CRR 1 and CRR 2
in treated nephrotoxic animals. Researchers showed
that PONT1 as the antioxidant enzyme inhibit the
oxidative modification of LDL and contribute to
most of the antioxidative activity that has been
attributed to HDL.2* PONT1 activity was positively
correlated with HDL-C level.?
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Figure 4. Correlation between maternal serum

paraoxonase 1 (PON1) activity and levels of cardiac
risk ratio 2 (CRR 2) [CRR (LDL/HDL-C)] in

nephrotoxic rats treated with oleuropein
lipoprotein;

LDL: Low-density HDL-C:

lipoprotein-cholesterol

High-density

This study showed that the level of HDL
correlated  positively  with  PON1  activity.
Furthermore, CRR 1, CRR 2, and AC correlated
negatively with PONT1 activity in treated animals.
Researchers showed that PON1 has good effects on
lipid and lipoprotein metabolism.
Furthermore; many studies showed that PON1 as
the antioxidant enzyme decrease formation of
different types modified LDL such as oxidized
LDL. Modified LDL such as oxidized LDL and
glycosylated LDL are risk factors for atherogenesis.
Therefore, PONT1 as the antioxidant enzyme inhibit
atherogenesis.?>?  Many studies showed that
oxidative stress case creation of nephrotoxic
complications such as liver and renal injury and
hypertlipemia.28-30 Therefore, numerous reports and
our results indicated that the using of natural
antioxidants such as Vitamin E, coenzyme Q10,
rosmarinic acid, phenol and flavonoid compounds
as supplementary prevent
nephrotoxic complications including of liver and
renal injury and hyperlipemia.!213.31-34

Effect of oleuropein on serum Iipid profile and
atherogenic index

Nephrotoxicity significantly increased serum level of
FBG, TG, TC, VLDIL, and LDL in untreated
animals. Treatment of nephrotoxic animals with
oleuropein significantly inhibited the increase of
serum level of FBG, TG, TC, VLDL and LDL,
CRR, AC, and atherogenic index in treated
nephrotoxic  animals.  Moreover,  oleuropein
significantly inhibited decrease of serum HDL-C
concentrations in treated nephrotoxic animals. There
are reports that natural antioxidant such as alpha
lipoic acid, Vitamin C, Vitamin E, coenzyme Q10,
selenftum and natural phenolic compounds have
hypolipidemic effects.>>3 In addition, Andreadou et
al.’7 showed oleuropein could reduce serum levels of
TC and TG in hypercholesterolemic rabbits.

Therefore, numerous reports and our results
indicated that the using of oleuropein similarity to
natural antioxidants such as Vitamin E, coenzyme
Q10, phenol and flavonoid compounds decrease
cholesterol, =~ TG, and  lipoproteins.  As
supplementary prevent nephrotoxic complications
including of liver and renal injury and
hyperlipemia.3>-37

Therefore, natural antioxidant such as
oleuropein has hypolipidemic and antioxidative, and
it prevent nephrotoxic complications including of
liver and renal injury and hyperlipemia. The
mechanisms hypolipidemic effects of oleuropein by
which oleuropein is not well known. The
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mechanism of hypolipidemic and antiatherogenic
action of oleuropein and others natural antioxidant
may be due to the inhibition of dietary lipid
digestion and absorption and lipid and lipoprotein

metabolism pathways.38-40 Furthermore,
oleuropein and anthers antioxidants have
antioxidant  activities and prevent glycation

lipoproteins, enzymes, and proteins that involve
lipid and lipoprotein metabolism pathways.3-42

Although the detailed molecular
protective mechanisms of oleuropein cannot be fully
explained by our results, our results are satisfactory
oleuropein  as a natural antioxidant  with
multi-beneficial properties can be introduced for
inhibition of stress oxidative in patients.

Conclusion

This study showed that oleuropein has beneficial
effects in increasing the reduced serum level of
HDL and PONT1 activity in nephrotoxic rats.

This study showed that level of HDL was
correlated positively with PONT1 activity HDL, and
the atherogenic index was correlated negatively with
PON1 activity. Moreover this study showed
oleuropein has hypolipidemic and
antiatherogenic effects and protective effects on
lipid peroxidation and PON1 activity in
nephrotoxic rats. Hence, oleuropein is a good
antioxidant, and it  introduces as  the
antiatherogenic compound that can decrease the
risk of cardiovascular death in nephrotoxic.

Acknowledgments

The authors thank the head and personals of
Razi Herbal Drugs Research Center of Lorestan
Medical University.

Conflict of Interests

Authors have no conflict of interests.

References

1. Sumegova K, Nagyova Z, Waczulikova
I, Zithanova |, Durackova Z. Activity
of paraoxonase 1 and lipid profile in healthy
children.Physiol Res 2007; 56(3): 351-7.

2. Bacanu E, Lixandru D, Stoian I, lonestargoviste
C. Paraoxonase 1 could reverse tbeidative
changes induced by triglyceride-rithoproteins in
diabetes. Proc Rom Acad 2012 20-6.

3. Sztanek F, Seres I, Harangi M, Locsey L, Padra
J, Paragh GJ, et al. Decreased paraoxonase 1
(PON1) lactonase activity in hemodialyzed and
renal  transplanted patients. A novel

cardiovascular biomarker in renal

end-stage
disease. Nephrol DialTransplant 2012; 27(7):
2866-72.

4. Nasri H, Nematbakhsh M, Ghobadi S, Ansari
R, Shahinfard N, Rafieian-Kopaei M. Preventive

and curative effects of ginger extract
against histopathologic changes of gentamicin-
induced tubular toxicity in rats. Int J Prev Med
2013; 4(3):316-21.

5. McKeage K, Deeks ED. Doxycycline 40
mg capsules (30 mg immediate-release/10 mg
delayedrelease beads): anti-inflammatory dose in
rosaceaAm J Clin Dermatol 2010; 11(3): 217-22.

6. Manikandan R, Beulaja M, Thiagarajan
R, Priyadarsini A, Saravanan R, Arumugam
M. Ameliorative effects of curcumin against
renal injuries mediated by inducible nitric oxide
synthase and nuclear factor kappa B during
gentamicininduced toxicity in Wistar rats. Eur J
PharmacoR011; 670(2-3): 578-85.

7. Banday AA, Farooq N, Priyamvada S, Yusufi
AN, Khan F. Time dependent effects of gentamicin
on the enzymes of carbohydrate metabolism,
brushborder membrane and oxidative stress in rat
kidneytissues. Life Sci 2008; 82(9-10): 450-9.

8. Whaley-Connell A, Sowers JR. Oxidative stress
in the cardiorenal metabolic syndrome.
Curr Hypertens Rep 2012; 14(4): 360-5.

9. Taye A, Ilbrahim BM. Activation of renal
haemeoxygenase-1 alleviates gentamicin-induced
acute nephrotoxicity in rats. J Pharm Pharmacol
2013;65(7): 995-1004.

10.Randjelovic P, Veljkovic S, Stojiljkovic
N, Velickovic L, Sokolovic D, Stoiljkovic M, et
al. Protective effect of selenium on gentamicin-
induced oxidative stress and nephrotoxicity in
rats.Drug Chem Toxicol 2012; 35(2): 141-8.

11.Nematbakhsh M, Ashrafi F, Safari T, Talebi
A, Nasri H, Mortazavi M, et al. Administration
of vitamin E and losartan as prophylaxes in
cisplatininduced nephrotoxicity model in rats. J
Nephrol2012; 25(3): 410-7.

12.Tavafi M, Ahmadvand H. Effect of rosmaringcid
on inhibition of gentamicin inducedephrotoxicity
in rats. Tissue Cell 2011; 43(6):3327.

13.Ahmadvand H, Ghasemi Dehnoo M, Dehghani
A, Bagheri S, Cheraghi RA. Serum paraoxonase
1 status and its association with atherogenic
indexes in gentamicin-induced nephrotoxicity in
rats treatedwith coenzyme Q10. Ren Fail 2014;
36(3):413-8.

14.Achat S, Tomao V, Madani K, Chibane
M, Elmaataoui M, Dangles O, et al. Direct
enrichmenbf olive oil in oleuropein by ultrasound-
assistedmaceration at laboratory and pilot plant
scale.Ultrason Sonochem 2012; 19(4): 777-86.

15.Rietjens SJ, Bast A, Haenen GR. New insights

WWWw.mui.ac.ir

91

ARYA Atheroscler 2016; Volume 12; Issue 2

15 Mar



Effects of oleuropein in nephrotoxicity r

into controversies on the antioxidant potential of
the olive oil antioxidant hydroxytyrosol. J Agric
FoodChem 2007; 55(18): 7609-14.

16.Khalatbary AR, Ahmadvand H.
Neuroprotective effect of oleuropein following
spinal cord injury inrats. Neurol Res 2012; 34(1):
44-51.

17.Loued S, Berrougui H, Componova P, Ikhlef
S, Helal O, Khalil A. Extra-virgin olive
oil consumption reduces the age-related decrease
in HDL and paraoxonase 1 anti-
inflammatory activities. Br J Nutr 2013; 110(7):
1272-84.

18.Alirezaei M, Dezfoulian O, Neamati S,
Rashidipour M, Tanideh N, Kheradmand A.
Oleuropein preventsthanol-induced gastric ulcers
via elevation ofantioxidant enzyme activities in
rats. J PhysioBiochem 2012; 68(4): 583-92.

19.Polat A, Parlakpinar H, Tasdemir S, Colak C,
Vardi N, Ucar M, et al. Protective role of
aminoguanidineon gentamicin-induced acute renal
failure in rats Acta Histochem 2006; 108(5): 365-71.

20.Friedewald WT, Levy RI, Fredrickson
DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma,
without use of thepreparative ultracentrifuge. Clin
Chem 1972; 18(6)499-502.

21.lkewuchi CJ, Ilkewuchi CC. Alteration of
Plasma Lipid Profiles and Atherogenic Indices
by Stachytarpheta jamaicensis check for this
speciesin other resources L. (Vahl). Biokemistri,
2009;21(2): 71-7.

22.Ahmadvand H, Tavafi M, Khosrowbeygi
A. Amelioration of altered antioxidant
enzymes activity and glomerulosclerosis by
coenzyme Q10n alloxan-induced diabetic rats. J
DiabetesComplications 2012; 26(6): 476-82.

23.Charlton-Menys  V, Liu Y, Durrington
PN. Semiautomated method for determination
of serum paraoxonase activity using paraoxon
assubstrate. Clin Chem 2006; 52(3): 453-7.

24 Aviram M, Kaplan M, Rosenblat M, Fuhrman
B. Dietary antioxidants and paraoxonases
against LDL oxidation and atherosclerosis
developmentHandb Exp Pharmacol 2005; (170):
263-300.

25.Mohamadin AM, Habib Elahi TF.
Serum  paraoxonase 1 activity and
oxidant/antioxidantstatus in Saudi women with
polycystic ovarysyndrome. Pathophysiology 2010;
17(3): 189-96.

26.Gocmen AY, Sahin E, Kocak H, Tuncer
M, Gumuslu S. Levels of asymmetric
dimethylarginine, nitric  oxide and lipid

FA,

peroxidation markers irpatients with end-stage
renal disease havingeritoneal dialysis treatment.
Clin Biochem 200841(10-11): 836-40.

27.Razavi AE, Ani M, Pourfarzam M, Naderi
GA. Associations between high density lipoprotein
mean particle size and serum paraoxonase-1
activity. JRes Med Sci 2012; 17(11): 1020-6.

28.Yilmaz N, Simsek N, Aydin O, Yardan E, Aslan
S, Eren E, et al. Decreased paraoxonase
1, arylesterase enzyme activity, and
enhancedoxidative stress in patients with mitral
and aortic valve insufficiency. Clin Lab 2013;
59(5-6): 597604.

29.Bulbuller N, Eren E, Ellidag HY, Oner OZ, Sezer
C, Aydin O, et al. Diagnostic value of
thiols, paraoxonase 1, arylesterase and oxidative
balancein colorectal cancer in human. Neoplasma
2013;60(4): 419-24.

30.Ferretti G, Bacchetti T, Masciangelo S, Grugni
G, Bicchiega V. Altered inflammation,
paraoxonase-Ahctivity and HDL physicochemical
properties inobese humans with and without
Prader-Willi syndrome. Dis Model Mech 2012;
5(5): 698-705.

31.Kremastinos DT. Olive and oleuropein. Hellenic
JCardiol 2008; 49(4): 295-6.

32.Matough FA, Budin SB, Hamid ZA, Alwahaibi
N, Mohamed J. The role of oxidative stress
and antioxidants in diabetic complications.
SultanQaboos Univ Med J 2012; 12(1): 5-18.

33.Sadeghi F, Nematbakhsh M, Noori-Diziche
A, Eshraghi-Jazi F, Talebi A, et al. Protective effect
of pomegranate flower extract against gentamicin-
induced renal toxicity in male rats. J Renal Inj
Prev2015; 4(2):45-50.

34.Tavafi M. Antioxidants against contrast
media induced nephrotoxicity. J Renal Inj Prev
2014;3(2):55-56.

35.Amom Z, Zakaria Z, Mohamed J, Azlan A,
BahariH, Taufik Hidayat BM, et al. Lipid lowering
effect of antioxidant alpha-lipoic Acid in
experimentalatherosclerosis. J Clin Biochem Nutr
2008; 43(2)88-94.

36.Shargorodsky M, Debby O, Matas Z,
Zimlichman R. Effect of long-term treatment with
antioxidants(vitamin C, vitamin E, coenzyme Q10
and selenium) on arterial compliance, humoral
factorsand inflammatory markers in patients with
multiple cardiovascular risk factors. Nutr Metab
(Lond) 2010; 7: 55.

37.Andreadou |, lliodromitis EK, Mikros EZonstantinou
M, Agalias A, Magiatis P, et al. Thaive constituent
oleuropein exhibits anti-ischemiantioxidative, and
hypolipidemic effects iranesthetized rabbits. J Nutr
2006; 136(8): 2213-9.

38.Garjani A, Fathiazad F, Zakheri A, Akbari
NA, Azarmie Y, Fakhrjoo A, et al. The effect of
total extract of Securigera securidaca L. seeds on
serum lipid profiles, antioxidant status, and
vascular function in hypercholesterolemic rats.

92 ARYA Atheroscler 2016; Volume 12; Issue 2

WWWw.mui.ac.ir

15 Mar



Ahmadvand, ¢7 /.

JEthnopharmacol 2009; 126(3): 525-32.
39.Heidarian E, Soofiniya Y. Hypolipidemic
and hypoglycemic effects of aerial part of
Cynarascolymus in streptozotocin-induced diabetic
rats. Med Plant Res 2011; 5(13): 2717-23.
40.Jemai H, Bouaziz M, Fki I, EI FA, Sayadi
S. Hypolipidimic and antioxidant activities
of oleuropein and its hydrolysis derivative-
rich extracts from Chemlali olive leaves. Chem
Biol Interact 2008; 176(2-3): 88-98.
41.Ahmadvand H, Noori A, Dehnoo MG, Bagheri
S, Cheraghi RA. Hypoglycemic, hypolipidemic
and antiatherogenic effects of oleuropein in
alloxaninduced Type 1 diabetic rats. Asian Pacific

Journal of Tropical Disease 2014; 4(Suppl 1):
S421-5425.

42.Wainstein J, Ganz T, Boaz M, Bar DY, Dolev
E, Kerem Z, et al. Olive leaf extract as a
hypoglycemicagent in both human diabetic subjects
and in rats. Med Food 2012; 15(7805-10.

How to cite this article: Ahmadvand H, Bagheri Sh,
Tamjidi-Poor A, Cheraghi M, Azadpour M, Ezatpour B,
et al Biochemical effects of oleuropein in gentamicin-
induced nephrotoxicity in rats. ARYA Atheroscler
2016; 12(2): 87-93.

WWWw.mui.ac.ir

ARYA Atheroscler 2016; Volume 12; Issue 2

93

15 Mar



