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ABSTRACT

The aim of the study was the evaluation of the potentially antioxidant and anti-inflammatory effects
of oleuropein against streptozotocin (STZ)-induced diabetic nephropathy in rats. Animals were
allocated into 4 groups of 8 rats each. The control group was fed standard rat feed and received no
added treatment. In the oleuropein group, oleuropein was given to normal animals at a dosages of
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20 mg/kg intraperitoneally (i.p) for 28 days. In the diabetic group, STZ was injected into rats at a
single dose of 50 mg/kg i.p. The last group, oleuropein was given to diabetic animals at dosage of
20 mg/kg i.p for 28 days. STZ induced significant increases of inflammation cytokines as serum
TNF-a, IL-6, IL-10, IL-18, and IF-y. Also, serum blood urea nitrosamine and creatinine levels as
markers of nephropathy were increased in the diabetic group. STZ increased kidney total oxidant
status, malondialdehyde, superoxide dismutase and catalase whereas it decreased total
antioxidant capacity. In addition, kidneys were examined by histopathological and
immunohistochemical methods; mononuclear cell infiltration, proliferations, tubular dilatations,
vacuolar degenerations, and red-brown cytoplasmic and nuclear expansion were observed in STZ-
induced diabetic rats. In contrast, oleuropein decreased amelioration of oxidant status and tissue
damage in diabetic rats. In conclusion, oleuropein treatment shows an antioxidant and anti-

inflammatory effects in diabetes by decreasing oxidative stress and regenerated kidney tissue.

Keywords: Oleuropein; diabetes; nephropathy; oxidative stress; inflammation; rat.

1. INTRODUCTION

The most common endocrine disorder is
diabetes mellitus characterized by
hyperglycemia. Its mechanism is an unclear, but
much attention has been focused on the role of
oxidative stress. Diabetics and experimental
animal models exhibit high oxidative stress due
to persistent or chronic hyperglycemia, thereby
depleting the activity of the antioxidant defense
system and in turn promoting free radical
generation [1]. Recently, there has been a
renewed interest in understanding the role of
reactive oxygen species, which play a key
intermediate role in the pathophysiology of
diabetic nephropathy [2].

The cellular antioxidant status determines the
susceptibility to oxidative damage and is usually
altered in response to oxidative stress.
Accordingly, many antioxidants have recently
been used to prevent oxidative damage in
diabetes with high oxidative stress. Antioxidants
such as vitamins (C and E), enzymes
(superoxide dismutase, catalase, glutathione
peroxidase), and minerals (selenium, boron)
have been shown to protect the cells against lipid
peroxidation and DNA damage, which is the
initial step in many pathological processes [3-6].
Reduced antioxidant levels as a result of
increased free radical production in experimental
diabetes have been reported by many authors
[6,7].

Oleuropein, a phenolic constituent, is
pharmacologically mainly active component of
olive oil [8]. In many researches, oleuropein has
been shown antimicrobial effect [9] against many
pathogenic bacteria and beneficial health effect
such as cardioprotective [10]. Also, it has been
antioxidant [11], anti-inflammatory [12], anti-

cancer [13], anti-atherogenic and

neuroprotective effects [15].

[14],

The aim of the present study was to determine
the effect of oleuropein on antioxidant status and
anti-inflammatory effects in STZ-induced diabetic
rats. In addition, we explored whether oleuropein
treatment improves kidney tissue cells against
STZ damage in rats, using histopathological and
immunohistochemical staining.

2. MATERIALS AND METHODS
2.1 Chemicals

Oleuropein and STZ were purchased from
Sigma-Aldrich (Sigma-Aldrich Chemical Co. St.
Louis, MO, USA). TNF-a, IL-6, IL-10, IL-18, and
IF-y using a competitive enzyme immunoassay
(EIA) kit (Cayman Chemical Company, Ann
Arbor, MI, USA). TAS and TOS chemicals were
purchased from Rel Assay Diagnostics.

2.2 Animals and Experimental Design

Apparaently healthy male Wistar rats, 60 days
old and weighing 180-200 g, were purchased
from the Animal Breeding Laboratories of the
Experimental Animal Research and Application
Center (Afyon, Turkey). The animals were kept at
room temperature (25°C) and relative humidity
(50-55%) in a 12 h light/dark cycle with ad
libitum access to a standard rodent diet and
water. The rats were allowed to acclimatize to
the animal facility for at least seven days before
the experiment started. Prior to the experiment,
rats were fed a standard rodent diet for one week
in order to adapt to the laboratory conditions.

The animals fasted overnight and diabetes was
induced by a single intraperitoneal injection (i.p)
of a freshly prepared solution of STZ (50 mg/kg
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body weight) in dissolved in 0.1 M citrate buffer
(pH 4.5) [6]. The animals were allowed to drink
5% glucose solution overnight to overcome the
drug-induced hypoglycemia. Control rats were
injected with 0.9% saline only. Diabetes was
confirmed in STZ rats by measuring the fasting
blood glucose concentration using a glucometer,
ACCU-CHEK (Bayer, Germany), 48 h after the
injection of STZ. The rats with blood glucose
level 2200 mg/dl were considered to be diabetic
and were used in the experiment. The treatment
was started on the second day after the STZ
injection, and this was considered as the first day
of treatment.

The rats were divided into 4 groups consisting of
8 animals each. Normal diet and tap water were
given to both the control and treatment groups
for a period of 28 days. Any drug treatment was
given to the diabetic group. The dose of
oleuropein (20 mg/kg/day) was given to non
diabetic rats by i.p to the oleuropein group for 28
days [11]. Oleuropein (20 mg/kg/day) was also
given i.p to the oleuropein+diabetes group
throughout the entire 28-day period.

2.2.1 Blood collection and serum preparation

Following the experimental procedures, the rats
were sacrificed after an overnight fasting period
(12 hours) under anesthesia with an injection of
65 mg/kg i.p ketamine and 7 mg/kg i.p xylazine.

After blood was collected it has to be centrifuged
before serum will be collected.

Blood samples from the rats were collected were
centrifuged after all samples were stored at -
80<C until use.

2.2.2 Measurement of BUN, Creatine, TNF-_a,
IL-6, IL-10, 1L-18, and IF-y levels in
serum

Serum creatinine and blood urea nitrogen (BUN)
levels were determined by anauto analyzer
using the manufacturer's kits (Roche Diagnostics
Systems, Istanbul, Turkey). The serum samples
were examined for their concentration of TNF-a,
IL-6, IL-10, IL-18, and IF-y using a competitive
enzyme immunoassay (EIA) kit (Cayman
Chemical Company, Ann Arbor, MI, USA).

2.3 Measurement of Tissue MDA, SOD,
CAT, TAS, and TOS in Kidney

Malondialdehyde (MDA) level which is an lipid
peroxidation (LPO) marker, was determined by

the method of Ohkawa et al. [16] in tissue
homogenates by reaction of thiobarbituric acid
with MDA and spectrophotometric measurement
at 532 nm. The concentration of MDA was
expressed as nmol/g for tissue. The activities of
superoxide dismutase (SOD) were measured
according to Sun et al. [17] by spectrophotometry
at 560 nm; activities were expressed in U/mg
protein in tissue homogenate. Catalase (CAT)
activities were determined according to Aebi [18].
The reaction mixture consisted of 2.90 mL 50
mmol/L phosphate buffer (pH 7.0), 5 mL 10
mmol/L H,0,, and 50 mL sample. The reduction
of H,O, was followed at 240 nm for 45 s at room
temperature. CAT activities were expressed as
nmol/mg protein in tissue homogenates. Total
antioxidant status (TAS) levels were measured
according to Erel's method [19], which
represents the quantity of plasma antioxidants,
and were determined using a kit from Rell Assay
Diagnostics in  Turkey. The results were
expressed as millimol Trolox equivalents per liter
(mmol Trolox equiv./L). Also, the total oxidant
status (TOS) levels were determined using a
novel automated measurement  method
developed by Erel [20]. The results were
calibrated with hydrogen peroxide and expressed
in terms of micromolar hydrogen peroxide
equivalent per liter (umolH,O, equiv./L).

2.4 Histopathological and Immunohisto-
chemical Examination

The kidney was removed from each animal
immediately after sacrificing and rinsed in ice-
cold saline. The renal tissues were fixed in
buffered formalin solution, for histopathological
examination. After routine processing, tissues
were embedded in paraffin wax. Using a
microtome, 5-um-thick sections were cut and
mounted onto glass slides. The sections were
then stained with two separate staining
techniques: Hematoxylin and eosin (H&E), and
Masson’s trichrome.

Immunohistochemically, the tissue samples were
fixed in paraformaldehyde, dehydrated in a
graded series of ethanol, and embedded in
paraffin wax before sectioning. Sections were
dewaxed and rehydrated. After being washed in
phosphate-buffered  saline, sections were
immersed in a solution of 3% H,O, for 10 min.
The sections were then pre-incubated with non-
immune serum for 15 min and subsequently
replaced with rabbit anti-caspase-3 antibody
(1:20, ab4051, Abcam, USA) for incubation at
room temperature for 2 h. Biotinylated anti-rabbit
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immunoglobulin (IgG BA1000, Vector
Laboratories Inc., CA, USA) was used as a
secondary antibody. They were labelled with
streptavidin peroxidase (Standard Vectastain
Elite ABC Kit, PK-6100, Vector Laboratories Inc,
CA, USA) following incubation with the
secondary antibody at 37C for 30 min. The
localization of the antigen was indicated by a red-
brown color obtained with 3-amino-9-ethyl-
carbazole (ImMmPACT Amec Red Peroxidase
Substrate, SK-4285, Vector Laboratories Inc, CA,
USA) as a chromogenic substrate for peroxidase
activity. The specificity of the immunohisto-
chemical staining was checked by omission of
the primary antibody or by using an inappropriate
antibody (anti-gastrin). All sections were
analyzed under a light microscope (Zeiss Axio
Lab Al model, Jena, Germany) equipped with
camera (AxioCam ICc 5 model, Jena, Germany).

2.5 Statistical Analysis

Data obtained from experimental animals were
expressed as means and standard deviation of
means (xSD), and analysed using one-way
analysis of variance (ANOVA), followed by
Duncan post-hoc tests on the SPSS (20)
computer software program. A difference in the
mean values of P <0.05 was considered to be
significant.

3. RESULTS

3.1 Effect of Oleuropein Treatment on
Fasting Blood Glucose Levels

The blood glucose levels of animals are shown in
Fig. 1. Animals induced by STZ consistently
exhibited hyperglycemia (P <0.001) compared to
initial glucose levels. Oleuropein treatment
caused a decrease in the elevated serum
glucose levels in STZ diabetic rats, as measured
at the end of the study (p<0.001).

3.2 Effects of Oleuropein Treatment on
BUN, Creatine, TNF- a, IL-6, IL-10, IL-
18, and IF-y Levels

Blood urea nitrogen (BUN) and creatine levels in
groups are shown in Fig 2 and Fig 3,
respectively. BUN and creatinine levels were
found to be high (93.77+2.22 and 17.44+2.93
mg/dL, respectively) in the diabetic group
compared to the control group (21.94+1.43 and
2.47+0.22 mg/dL, respectively) (P < 0.001).
Oleuropein treatment decreased to these levels

compared to the diabetic group and these levels
were also found to be at 63.97+2.54 and
10.07£1.24 mg/dL in oleuropein plus diabetes,
respectively (p<0.001). In the oleuropein group,
BUN and creatinine levels were also found to be
at 23.01+1.62 and 2.50+0.30 mg/dL,
respectively. These results suggested that the
administration of oleuropein alleviated the STZ-
induced alteration of nephropathy compared to
the diabetic group (P < 0.001). Cytokines, TNF-
a, IL-6, IL-10, IL-18, and IF-y, are also
summarized in Table 1. There were a significant
increases of their levels in the diabetic group (P
<0.001) compared to the control group. However,
administration of oleuropein at dose 20
mg/kg/day prior to the diabetes challenge was
observed to reverse the STZ-induced alteration
of inflammation parameters. Also, only
oleuropein (20 mg/kg/day) treatment was not
changed these parameters in the experiment.

3.3 Effects of Oleuropein Treatment on
BUN, Creatine, TNF- a, IL-6, IL-10, IL-
18, and IF-y Levels

There were significant increases of MDA, SOD,
CAT and TOS levels whereas decreases TAS
level in the diabetic group compared to
control group (Table 2). In addition, oleuropein
treatment decreased to their levels in diabetic
rats compared to diabetic groups (p<0.001).
These results suggested that the administration
of oleuropein alleviated the STZ-induced
alteration of oxidative stress and antioxidant
status compared to the diabetic group (P <
0.001).

3.4 Histopathological and Immunohisto-
chemical Evaluation

Mononuclear cell infiltration, proliferations,
tubular dilatations, and vacuolar degenerations
were observed in kidney tissues of diabetic rats
stained with hematoxylin-eosine (Fig. 4C). In
trichome stained, significant increases of
mesangial collagen were observed in kidney of
diabetic rats (Fig. 4G). Immunohistochemical
staining with caspase-3, there was mostly red-
brown cytoplasmic and nuclear expansion (Fig.
4K) in kidney tissue of diabetic rats. Oleuropein
treatment at dose of 20 mg/kg protected the
majority of cells in kidney (Fig. 4D, Fig. 4H, and
Fig. 4L, respectively). Also, the histology,
trichome, and immunohistochemical staining of
the kidney were normal in the control (Fig.4A,
Fig.4E, and Fig.4l, respectively) and oleuropein
groups (Fig. 4B, Fig. 4F, and Fig. 4J,



respectively).

Karabag-Coban et al.; EJIMP, 18(2): 1-10, 2017; Article no.EJMP.31953

In addition, the results of a semi- staining of kidney in control and diabetic groups

guantitative analysis of immunohistochemical are shown in Table 3.
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Fig. 1. The effect of diabetes alone and treated wi  th oleuropein on blood glucose levels in rats.
Oleuropein was administered at 20 mg/kg per day for 28 days and STZ was administered at 50
mg/kg. Blood glucose level of rats were measured at 0,1, 2, 3, and 4 weeks
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Fig. 2. The effect of diabetes alone and treated wi  th oleuropein on blood urea nitrogen (BUN) in
rats. Oleuropein was administered at 20 mg/kg per d  ay for 28 days and STZ was administered

at 50 mg/kg
Results are expressed as mean + SD of eight rats

Table 1. Effects of oleuropein at dose of 20 mg/kg  and diabetes on serum TNF- a, IL-6, IL-10, IL-

18, and IF-y levels in rats

Groups TNF-a IL-6 IL-10 IL-18 IF-y

(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)
Control 90.77+3.87° 72.43+2.51° 42.18+1.91° 54.43+2.56° 26.58+3.74°
Oleuropein 89.64+6.94° 75.82+4.62° 46.18+3.79° 53.07+2.61° 29.22+3.19°
Diabetes 515.31+12.41% 687.70+11.37% 329.67+22.58% 677.02+17.87% 155.87+4.67°
Oleuropein + 242.68+19.27° 310.86+18.89" 143.29+13.02° 281.03+11.89° 70.39+2.28°
Diabetes

Values are mean + S.D., n=6

3PC: in the same column values with different letters show statistically significant differences (P <0.05)
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Fig. 3. The effect of diabetes alone and treated wi  th oleuropein on serum creatinine in rats.
Oleuropein was administered at 20 mg/kg per day for 28 days and STZ was administered at 50
mg/kg per day

Results are expressed as mean + SD of six rats

Fig. 4. The histopathological effect of oleuropein on kidney of rats induced-STZ.
Representative figures were stained with hemotoxyle ne-eosine (H&E) (A-D), trichome (E-H),
and immunohistochemically with caspase-3 (I-L). The original magnification was x 20 and the
scale bars represent 20 um. Arrows indicate degener  ations and arrowheads indicate
mononuclear cell infiltrations in H&E staining. In trichome staining, arrows indicate
parenchyma degenerations and arrowheads indicate mo nonuclear cell infiltrations. Also,
proliferations were shown to be green color. Immun ohistochemically, red-brown cytoplasmic
and nuclear expansion were observed. (A, E, and 1)  Control group, (B, F, and J) animals treated
with 20 mg/kg per day oleuropein, (C, G, and K) ani  mals treated with 50 mg/kg STZ, (D, H, and
L) animals treated with 50 mg/kg STZ and 20 mg/kg p  er day oleuropein
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Table 2. Effects of oleuropein at dose of 20 mg/kg
superoxide dismutase (SOD), catalase (CAT), total o

and diabetes on malodialdehyde (MDA),
xidant status (TOS), and total antioxidant

status (TAS) in kidney tissue homogenates of rats

Groups MDA SOD CAT TOS TAS

(nmol/g (U/mg (nmol/mg (umol H,0, (mmol trolox

tissue) protein) protein) equiv/L) equiv/L)
Control 441.54+20.5°  125.82+13.23° 0.30£0.05° 10.62+2.42° 158.09+14.32°%
Oleuropein 455.88+36.35° 126.62+11.56° 0.32+0.06° 10.59+2.41° 155.34+11.22°
Diabetes 910.80+39.34%  321.79+37.89° 0.57+0.05° 37.94+2.82° 72.59+12.32°
Oleuropein +  601.72+21.51° 189.54+6.14°  0.49+0.03°  20.82+4.45" 113.58+10.43"
Diabetes

Values are mean + S.D., n=6.
3P in the same column values with different letters show statistically significant differences (P <0.05)

Table 3. Semi-quantitative analysis of immunohistoc

hemical staining of kidney in control and

diabetic groups

Groups / Animals 1 2 3 4 5 6
Control - - - - - B
Oleuropein - - - - - -
Diabetes +++ +++ ++ +4+ ++ T4
Oleuropein+ Diabetes ++ ++ + ++ + ++

Data was expressed as weak (+), moderate (++), and strong (+++)

4. DISCUSSION

Diabetes induced by STZ to rats reduced body
weight gain and increased blood glucose levels
[21]. Hovewer, oleuropein administration was
found to alleviate these parameters in animals.
Similarly, Hazman and Ovali [22] reported that
STZ injection intended to form B-cell dysfunction
led to a decrease in weight gain levels in diabetic
study groups. Additionally, many researchers
[22,23] have suggested that diabetes caused
hyperglycemia and glucose was measured at a
high level in the blood. This result is consistent
with our results; glucose levels were found to be
high in the blood. In contrast, glucose levels were
found to be low in the oleuropein-treated groups
compared to diabetic group.

These results may suggest that oleuropein
exhibited its hypoglycemic effect due to its
influences on energy substrate metabolism and
can attenuate the rise in plasma glucose
concentration [24].

Nephropathy is reported to be one of the most
significant complications in experimental models
with STZ injection-induced diabetes [25,26] and it
has increased levels of BUN and creatinine as
kidney function parameters [27].

After treatment with oleuropein, serum BUN and
creatinine levels were significantly reduced. This

suggests that oleuropein have nephro-protective
function, hence reduced renal damage. It may be
explained by the fact that oleuropein has
protected kidney function, thus reduced renal
damage.

Immunologic and inflammatory mechanisms play
a significant role development and progression of
diabetic nephropathy. Therefore, diverse cells,
including leukocytes, monocytes, and
macrophages, as well as other molecules, such
as chemokines (IL and NfKB) are implicated in
processes related to diabetic nephropathy [28].
Many research suggested that TNF-a, IL-1, IFN-
y, IL-6, and IL-18 are among the inflammatory
cytokines that do affect the development of
diabetic [27-30]. Hazman and Bozkurt [26]
studied renal damage in diabetic rats and
inflammation parameters (TNF-a, IL-1B, IFN-y,
and IL- 18) were found to be high levels in kidney
tissue. Similarly, inflammation parameters (TNF-
a, IL-6, IL-10, IL-18, and IF-y) found to be at a
high level in the serum of STZ-treated rats in this
study. Conversely, oleuropein affects these
levels, which decrease in oleuropein-
administered rats compared to untreated rats in
the diabetic group. The explanation for this result
could be that oleuropein may alleviate the renal
damage and suppressed inflammation.

Many diseases such as diabetes mellitus,
atherosclerosis, and hemolytic and immune
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diseases exhibit high oxidative stress due to
persistent and chronic hyperglycemia, which
thereby depletes the activity of the antioxidative
defense system and thus promotes the
generation of free radicals [6]. Several studies
have found increased free radicals or oxidative
stress in different animal models of diabetes
[22,23]. Oxidative stress has recently been
shown to be responsible for the kidney
dysfunction caused by glucose toxicity and to
have caused tissue damage [22].

MDA is the major peroxidation product and
increased MDA content is an important indicator
of lipid peroxidation [31]. In the study, diabetes
caused lipid peroxidation but oleuropein inhibited
its level. The reduced lipid peroxidation observed
in the oleuropein-treated diabetic animals may be
attributed to the important role of oleuropein as
antioxidant. This activity may be attributed to its
ability to decompose free radicals by quenching
reactive oxygen species and by trapping radicals
before reaching its cellular targets [32].
Moreover, the CAT and SOD activities were
reestablished by oleuropein. It has been reported
that diabetes lowered the activities of antioxidant
enzymes, which is possibly due to their
increased implication in fighting excessive
oxidative stress in diabetic rats [6]. The increase
of renal antioxidant enzyme activities observed in
oleuropein-supplemented rats may be due to the
removal toxic reactive species resulting from the
diabetes.

Determination of TOS may indicate the
concentration of all free oxidant radicals caused
by diabetes-related oxidative damage. Likewise,
the number of different antioxidants in all
biological samples makes it difficult to measure
each antioxidant separately. Thus, TAS may be
an important factor in providing protection from
cell damage caused by diabetes-related
oxidative stress [19,20,22,23]. In this study, we
evaluated oxidative stress using TAS and TOS
parameters. We found increased TOS and
decreased TAS levels in the serum of diabetic
rats compared to control rats. These increased
oxidants may be due to overproduction or
decreased excretion of oxidant substances.
Because of an increase in these oxidants and a
decrease in total antioxidants, the
oxidant/antioxidant balance shifted toward
oxidative stress in the diabetic rats. Treatment of
the diabetic rats with oleuropein significantly
reduced TOS and increased TAS levels
compared to the untreated diabetic rats. This
situation showed that the oxidant/antioxidant

balance shifted toward antioxidant status with the
oleuropein treatment of the diabetic rats.
Consistently with our results, many researchers
suggested that TAS and TOS levels were
increased in diabetic rats due to oxidative stress
[22,23].

Many researches showed that STZ resulted
histopathological changes in kidney tissue.

Muruganandan et al. [33] reported that tubular
degeneration in kidneys of rats treated with STZ
alone. Also, Sharma et al. [34] observed
glomerular thickening, interstitial fibrosis and
arteriolopathy in diabetic rats. In this study,
STZ caused mononuclear cell infiltration,
proliferations, tubular dilatations, vacuolar
degenerations, significant increases of mesangial
collagen and red-brown cytoplasmic and nuclear
expansion in the kidney.

5. CONCLUSION

In conclusion, the results of this study
demonstrated that oleuropein  decreased
amelioration of oxidant status, inflammation, and
tissue damage in diabetic rats. The results of this
study showed that the antioxidant and anti-
inflammatory effects of oleuropein may be due to
its ability to increase the antioxidant defense
system and also protect cell proliferation in
diabetic rats.

CONSENT
It is not applicable.

ETHICAL APPROVAL

The experimental protocols were approved by
the Animal Care and Use Committee at Afyon
Kocatepe University (2015/372-14) and are in
accordance with the National Institute of Health
Guide for the Care and Use of Laboratory
Animals.

ACKNOWLEDGEMENT

This study was supported by a grant from the
Usak University Scientific Research Council,
Usak, Turkey (Project no: 2015/MF006).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing



Karabag-Coban et al.; EIMP, 18(2): 1-10, 2017; Article no.EJMP.31953

REFERENCES

10.

11.

Baynes JW, Thorpe SR. The role of
oxidative stress in diabetic complications.
Curr. Opin. Endocrinol. 1996;3:277-84.

Ha H, Kim KH. Pathogenesis of diabetic
nephropathy: The role of oxidative stress
and protein kinase C. Diabetes Res. Clin.
Pract. 1999;45:147-51.

Kanter M, Meral |, Dede S, Gunduz H,
Cemek M, Ozbek H. Effects of Nigella
sativa L. and Urtica dioica L. on lipid
peroxidation, antioxidant enzyme systems
and some liver enzymes in CCl,-treated
rats. J. Vet. Med. A Physiol. Pathol. Clin.
Med. 2003;50:264-8.

Turkez H, Geyikoglu F, Tatar A, Keles S,
Ozkanc A. Effects of some boron
compounds on peripheral human blood. Z.
Naturforsch. 2007;2:889-896.

Ince S, Kucukkurt |, Demirel HH, Acaroz
DA, Akbel E, Cigerci IH. Protective effects
of boron on cyclophosphamide induced
lipid peroxidation and genotoxicity in rats.
Chemosphere. 2014;108:197-204.
Karabag-coban F, Liman L, Cigerci i, Ince
S, Hazman O, Bozkurt F. The antioxidant
effect of boron on oxidative stress and
DNA damage Iin diabetic rats. Fresenius
Environmental Bulletin. 2015;24(11b).

Alp H, Varol S, Celik MM, Altas M,
Evliyaoglu O, Tokgoz O, Tanriverdi MH,
Uzar E. Protective effects of beta glucan
and gliclazide on brain tissue and sciatic
nerve of diabetic rats induced by
streptozosin. Exp. Diabetes Res. 2012;1-7:
ID:230342.

Omar SH. Oleuropein in
its pharmacological effects.
Pharmaceutica. 2010;78:133-154.
Bisignano GL, Tomaino A, Lo Cascio R,
Crisafi G, Uccella N, Saija A. On the In
Vitro antimicrobial activity of oleuropein
and hydroxytyrosol. Journal of Pharmacy
and Pharmacology. 1999;51:971-97.
Andreadou |, lliodromitis EK, Mikros E,
Constantinou M, Agalias A, Magiatis P,
Skaltsounis AL, Kamber E, Tsantili-
Kakoulidou A, Kremastinos DT. The olive
constituent  oleuropein  exhibits  anti-
ischemic, antioxidative and hypolipidemic
effects in anesthetized rabbits. Journal of
Nutrition. 2006; 136:2213- 2219.

Karabag coban F, Bulduk I, Liman R, Ince
S, Cigerci |, Hazman O. Oleuropein
alleviates  malathion-induced  oxidative
stress and DNA damage in rats

olive and
Scientia

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Toxicological & Environmental Chemistry;
2016.

DOI: 10.1080/02772248.2015.1110156
Visioli F, Bellosta S, Galli C. Oleuropein,
the bitter principles of olives, enhances
nitric  oxide production by mouse
macrophages. Life Sciences. 1998;62:541-
546.

Hamdi HK, Castellon R. Oleuropein, a

non-toxic olive iridoid, is an antitumor
agent and  cytoskeleton  disruptor.
Biochemical and Biophysical Research

Communications. 2005;334:76-778.
Manna C, Migliardi V, Golino P,
Scognmiglio A, Galletti P, Chiariello M,
Zappia V. Oleuropein prevents oxidative
myocardial injury by ischemia and
reperfusion. The Journal of Nutritional
Biochemistry. 2004;15:461-6.

Bazoti FN, Bergquist J, Markides K,
Tsarbopoulos A. Noncovalent interaction
between Amyloid-b-Peptide and
oleuropein  studied by electrospray
lonization mass spectrometry. Journal of
American Society for Mass Spectrometry.
2006;17:568-575.

Ohkawa H, Ohishi N, Yagi Y. Assay for
lipid peroxides in animal tissues by
thiobarbituric acid reaction. Analytical
Biochemistry. 1979;95:351-358.

Sun 'Y, Oberley LW, Li Y. A simple method
for clinical assay of superoxide dismutase.
Clinical Chemistry. 1988;34:49-500.

Aebi H. Catalase In Vitro. Methods in
Enzymology. 1984;105:121-126.

Erel O. A novel automated direct
measurement method for total antioxidant
capacity using a new generation more
stable ABTS radical cation. Clin. Biochem.
2004;37:277-85.

Erel O. A new automated colorimetric
method for measuring total oxidant status.
Clin. Biochem. 2005;38:1103-11.

ZHeliger Clayton E, et al. Effect of
vanadate on elevated blood glucose and
depressed cardiac performance of diabetic
rats. Science. 2017;227:1474.

Hazman O, Ovali S. Investigation of the
anti-inflammatory effects of safranal on
high-fat diet and multiple low-dose
streptozotocin induced type 2 diabetes rat
model. Inflammation; 2014.

DOI: 10.1007/s10753-014-0065-1

Uzar E, Alp H, Cevik MU, Firat U,
Evliyaoglu O, Tufek A, Altun Y. Ellagic acid
attenuates oxidative stress on brain and
sciatic nerve and improves histopathology



24.

25.

26.

27.

28.

29.

Karabag-Coban et al.; EIMP, 18(2): 1-10, 2017; Article no.EJMP.31953

of brain in streptozotocin-induced diabetic
rats. Neurol. Sci. 2012;33:567-74.

Hasan Fayadh Al-Azzawie A, Mohamed-
Saiel Saeed Alhamdani. Hypoglycemic
and antioxidant effect of oleuropein in
alloxan-diabetic rabbits. Life Sciences.
2006;78:1371-1377.

Elbe H, Vardi N, Esrefoglu M, Ates
B, Yologlu S, Taskapan C. Amelioration
of streptozotocin-induced diabetic
nephropathy by melatonin, quercetin, and
resveratrol in  rats. Human and
Experimental Toxicology. 2014;1:14.
Altinoz E, Oner Z, Elbe H, Cigremis Y,
Turkoz Y. Protective effects of saffron (its
active constituent, crocin) on nephropathy

in streptozotocin-induced diabetic rats.
Human and Experimental Toxicology.
2014:;3:25.

Omer Hazman, Mehmet Fatih Bozkurt.
Anti-inflammatory and antioxidative
activities of safranal in the reduction
of renal dysfunction and damage that
occur in diabetic nephropathy.
Inflammation; 2015.

DOI: 10.1007/s10753-015-0128-y
Navarro-Gonzalez JF, Mora-Fernandez C.
The role of inflammatory cytokines in
diabetic nephropathy. Journal of the
American Society of Nephrology. 2008;19:
433-442.

Sekizuka K, Tomino Y, Sei C, Kurusu
A, Tashiro K, Yamaguchi Y, Kodera S,

30.

31.

32.

33.

34.

Hishiki T, Shirato |, Koide H. Detection
of serum IL-6 in patients with
diabetic nephropathy. Nephron. 1994;
68:284-285.

Sassy-Prigent C, Heudes D, Jouquey S,
Auberval D, Belair MF, Michel O, Hamon
G, Bariety J, Bruneval P. Early glomerular
macrophage recruitment in streptozotocin
induced diabetic rats. Diabetes. 2000;49:
466-475.

Karabag — coban F, Ince S, Kucukkurt i,
Demirel HH, Hazman O. Boron attenuates
malathion-induced oxidative stress and
acetylcholinesterase inhibition in rats.Drug
Chem Toxicol. 2015;38:391-9.
DOI:10.3109/01480545.2014.974109.2014

Srinivasan P, Sabitha KE, Shyamaladevi
CS. Attenuation of 4- nitroquinoline 1-oxide
induced in vitro lipid peroxidation by green
tea polyphenols. Life Sci. 2007;80:1080—-
1086.

Muruganandan S, Gupta S, Kataria M, Lal
J, Gupta PK. Mangiferin protects the
streptozotocin-induced oxidative damage
to cardiac and renal tissues in rats.
Toxicology. 2002;176:165-173.

Sameer Sharma, Shrinivas K. Kulkarni,
Kanwaljit Chopra. Curcumin, the active
principle of turmeric (Curcuma longa),
Ameliorates Diabetic Nephropathy in Rats.
Clinical and Experimental Pharmacology
and Physiology. 2006;33:940-945.

© 2017 Karabag-Coban et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/18053

10



