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ABSTRACT

Diabetic retinopathy (DR), a major microvascular complication of diabetes mellitus (DM). Long-term hyperglycemia-
induced irreversible damage in the retina, leading to DR. Olive leaf extract (OLE) has several health benefits. This
research aimed to assess the protective effect of OLE against DR on streptozotocin (STZ)-induced DM in rats with
underline antioxidant and protein glycation mechanisms. Diabetes induced in rats via injection with STZ
intraperitoneal (i.p.). OLE (200 and 400 mg/kg/day) was given orally for 6 weeks and compared with Metformin
(MT), as a reference drug. Change in body weight (BW), serum glucose and lipid profile levels were determined.
Antioxidant status and advanced glycation end products (AGEs) biomarkers in retina tissue were measured. The
changes in retina tissue in the different groups were examined under the microscope. Significant decrease in BW and
increases in glucose, lipids, retina oxidative stress and AGEs levels compared with the control group. Administration
of OLE (400 mg/kg) and MT reversed these parameters significantly compared with DM rats. In histology retina
tissue showing focal abnormal vascularization of the ganglion layer with vacuolated cells with congested blood
capillaries in different layers of the retina especially the ganglion layer, while OLE(400 mg/kg) and MT prevent most
of these changes. Therefore, OLE displays a major role as an antihyperglycemic and antihyperlipidemic, also it
possesses curative role against DR, through its antioxidant and inhibition of AGEs in DM rats.
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INTRODUCTION

Diabetes mellitus (DM), an endocrine metabolic disorder,
has very complex metabolic and autoimmune causes. [1]
It is a predominant health concern that causes substantial
mortality, morbidity and health complications [2]. DM is
common all over the world, nevertheless it is more
widespread (particularly Type 2) in the more developed
countries [3]. Long-term hyperglycemia-induced several
complications as heart conditions, stroke, cardiovascular
or vascular disease, atherosclerosis, kidney disease, eye
diseases, nerve damage, impaired thinking, infections
and wounds, cancer, and musculoskeletal disorders[1].
Chronic hyperglycemia could disturb oxidative status in
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the body [4,5]. Diabetic retinopathy (DR), a major
microvascular complication of DM. Long-term
hyperglycemia-induced irreversible damage in the retina,
leading to DR [6].

Olive leaves extract have potent antioxidant and
scavenging power among the different parts of the olive
[7]. Ithas been extensively utilized in traditional
therapies in Mediterranean and European society as
extracts, powder, and herbal tea. It encompasses
numerous possibly bioactive compounds, which have
antioxidant, hypolipidemic, and hypoglycemic properties
[8-10]. De la Puerta et al. [11] and Impellizzeri et al. [12]
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reported that oleuropein, an active component in OLE,
has both the ability to scavenge free radicals and induce
an increase in the antioxidant status in DM rats.

This study aims to assess the effect of OLE in reducing
DM complications, this was explored by investigating
the ability of OLE to prevent AGEs formation, as well as
the development and progression of oxidative stress in
DM rats. It also compared the effects of OLE with
metformin (MT) as a reference drug.

MATERIAL AND METHODS

Chemicals, Drug, and Kits

Streptozotocin, in white powder form, purchased from
Sigma, USA. Metformin, in tablets form, obtained from
KAU Hospital. Diethyl ether, saline (0.9% w/v sodium
chloride), phosphate buffer saline (PBS) were purchased
from Alfa Aesar Chemical Co, USA. Other chemicals
were purchased from Pharmaceutical Solution Industry,
Jeddah and Sigma-Aldrich (St. Louis, MO) Chemical Co.
Ethylenediaminetetraacetic acid (EDTA) tubes were
purchased from Al-Saggaf Trading Est., Jeddah, KSA.
Kits for determinations of glucose-TV040CEQ04, total
cholesterol (TC) -TVO001CEO002, triglyceride (TAG)-
TV072CE002, high-density lipoprotein cholesterol
(HDL-C)TV023CE0Q02 purchased from Centronic
Chemicals Co, Germany. Enzyme-linked immunosorbent
assay ELISA Kkits for the determination of nitric oxide
(NO)-E0703Ra, malondialdehyde (MDA)-E0156Ra,
superoxide dismutase (SOD)-E0168Ra and advanced
glycation end products (AGEs)-E0606Ra were purchased
from Bioassay Technology Laboratory, China.

Experiment Animals

Forty male rats (200 = 20 g) obtained from the Animal
experimental unit of King Fahd Medical Research
Center, KAU. All animals allowed to one-week
adjustment in an animal house in standard laboratory
conditions and fed a standard nutritionally balanced diet
and free drinking water.

Plant Material

Olive leaf (Olea europaea L.) extract (OLE) in liquid
form purchased from COMVITA Ltd, New Zealand.
Every 5 ml consist of 22 mg of oleuropein.

Induction of DM

The rats after fasting for 12 hours, were
intraperitoneal(i.p.) injected with STZ (65 mg/kg), which
was freshly prepared in a 0.1 mol/L citrate buffer (pH
4.5) [13], then rats supplied with sucrose solution (5%)
for 48 h [14]. Fasting blood glucose (FBG) was
determined after 72 h, only rats with FBG > 250 mg/dl
were considered DM.

Study Protocol

Rats (n=40) divided into 5 groups (8 each):

Group 1:Con; rats receive a single i.p. the dose of 0.1
mmol/L citrate buffer.

Group 2:DM,; rats were i.p. injected with STZ

Group 3:DM+ MT rats treated with MT (600 mg/kg)
[15].

Group 4:DM+OLE(200 mg/kg), diabetic rats treated
with OLE(200 mg/kg)[16].

Group5:DM+OLE(400 mg/kg)treated with OLE high
dose(400 mg/ kg)

Biological Evaluation

During the period of the experiment (6 weeks) the
bodyweight weekly recorded to monitor changes and to
adjust the dose of OLE accordingly. Bodyweight gain
percent (BWG %) was calculated.

Samples Collection

After the end of the experiment blood samples were
centrifuged at 3000 r.p.m for 15 minutes for serum
separation. Retina samples collected for histopathological
and biochemical studies.

Serum Glucose and Lipid Biomarkers Analysis

Serum glucose [17], total cholesterol (TC) [18],
triglycerides (TAG) [19], and high-density lipoprotein
(HDL-C) [20] were determined using enzymatic
colorimetric Kits.

Determination of Retina Oxidative Stress Biomarkers
and Advanced Glycation End Products

Retina NO, MDA, SOD, and AGEs were determined by
double-antibody sandwich enzyme-linked
immunosorbent assay ELISA Kits.

Histological Examination
The retina tissues after the routine procedure and stain for
cellular detail examined under a light microscope.

Statistical
All data represented as (mean £ SE) using SPSS version
24 for windows.

RESULTS

Effect of OLE on Body Weight Gain in DM Rats

There was no significant difference in initial body weight
(1IBW) between all groups. In DM there was a significant
reduction (P<0.001) in final BW (FBW) and body weight
gain percent (BWG%) with percent change from Con (-
36.76%, - 122.58 % in FBW and BWG%, respectively).
Significant differences between treated and untreated
DM on FBW and BWG% (P<0.001) were found. Also,
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there was significant (P<0.01) differences between OLE
(200 mg/kg)+DM and other treated DM groups with
either MT or OLE (400 mg/kg) on BWG %Table (1).

Table 1: Effect of OLE on BW in STZ-induced
diabetic rats

Experimental
IBW(Q) FBW(g) BWG%
groups

Con 205.00 £3.90| 298.50 + 7.31 | 45.62 + 2.27
DM 210.00 +£5.18(188.75 +5.152|- 10.3 £ 1.47?2
DM+MT 200.13 +4.60{234.38 £ 5.86°| 16.71 +1.40°
DM+OLE

212.13 £3.57(231.25 £ 6.61°9.33 £ 1.40"°°¢
(200 mg/kg)
DM+OLE

197.50 + 3.85/236.55 + 6.30°|16.47 +1.59°¢
(400 mg/kg)

Significance was considered at (p < 0.05). Data are represented as
mean + SE (n = 8). ? Significant versus Con, ° Significant versus DM
group, °Significant MT, ¢Significant DM + OLE (200 mg/kg).

Effect of OLE on Serum Glucose and Lipid Levels in
DM Rats

There  were  significant hyperglycemia  and
hyperlipidemia in DM untreated group compared with
the Con group at P<0.001. There were significant
decreases in serum glucose, TC and TAG levels with a
significant increase in HDL-C level in DM treated groups
with MT, OLE (200 mg/kg) and OLE (400 mg/kg)
compared with DM group (P<0.001). Oral administration
of OLE (200 mg/kg) and OLE (400 mg/kg) to DM rats
showed significant improvement in lipid profiles as
compared with the DM+MT group. Interestingly high
dose of OLE (400 mg/kg) showed significant
improvement (P<0.05) in serum glucose and lipid levels
compared with a low dose of OLE (200 mg/kg) Table

2.

Effect of OLE on Retina Antioxidant Biomarkers

The results revealed that DM resulted in significant (P <
0.001) reduction in retina NO and SOD with significant
(P < 0.001) elevation in retina MDA level in DM group
as compared with the Con group, with change percentage
from the Con group (- 33.40%, - 68.21% and 27.27% in
NO, SOD, and MDA, respectively). Regarding the levels
of retina NO, SOD and MDA in DM untreated group
compared with the treated group with MT, OLE (200
mg/kg) and OLE (400 mg/kg) the data showed that there
were significant differences between the DM untreated
group compared with the treated DM groups in NO,
SOD, and MDA (P<0.001). While there were no
significant differences between DM treated with OLE
(200 mg/kg) and OLE (400 mg/kg) as compared with
DM+MT group Figures (1-3).\

Table 2: Effect of OLE on serum glucose and lipid
levelsin STZ-induced diabetic rats

Experimental | Glucose TC TAG | HDL-C
groups (mg/dl) | (mg/dl) | (mg/dl) | (mg/dl)
9125+ | 6588+ | 79.13+ | 48.20+
Con
4.45 0.95 1.69 1.14
DM 389.88 | 90.25+ | 116.00 + | 28.66 +
16.372 1.352 1762 0.752
99.00+ | 76.75+ | 100.25+ | 35.38
DM+MT
6.26° 0.10° 1.28° 0.86"
DM+OLE 228.38+13.| 69.83+ | 90.89+ | 42.41+
(200mg/kg) 84b¢ 1.49b¢ | 2.35b¢ | 151b¢
DM+OLE (400|193.38+11.| 66.03+ | 85.36+ | 46.40 £
mg/kg) g7bcd 1.00P¢d | 1.28b¢d | 0.97bcd

Significance was considered at p < 0.05. Data are represented as
mean + SE (n = 8). 2 Significant versus Con, ° Significant versus DM
group, °Significant MT, ¢Significant DM + OLE (200 mg/kg).
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Significance was considered at p <0.05. Data are expressed as

mean + SE / 8 rats. @ Significant versus Con, #Significant

versus DM group, $ Significant MT, &Significant DM + OLE

(200 mg/kg) .

Figure 1: Effect of OLE on retina NO content in STZ-
induced diabetic rats

Effect of OLE on Retina AGESs

The DM resulted in significant (P< 0.001) elevation in
retina AGEs concentration compared with the Con group
with mean value (193.30 £ 4.07 vs. 290.62 £+ 7.48 in Con
and DM groups, respectively). While the retina AGEs
concentration in DM untreated group compared with
treated groups with MT, OLE (200 mg/kg) and OLE
(400mg/kg) the data showed that there was a significant
difference (P <0.001) between DM untreated group
compared with all treated DM groups. Interestingly, there
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was no significant difference in retina AGEs between all
treated DM groups either with MT, OLE (200 mg/kg) or
OLE (400mg/kg) (Figure 4).
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Significance was considered at p <0.05. Data are expressed as
mean + SE / 8 rats. @ Significant versus Con, *Significant
versus DM group, ® Significant MT, &Significant DM + OLE
(200 mg/kg).

Figure 2: Effect of OLE on retina MDA content in
STZ-induced diabetic rats
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A Photomicrograph of the retina section from Con rats
showing the full thickness of the eyewall from the inner
to the outer layer, with normal appearance of the
different layers of the retina ganglion layer, bipolar cell
layer and layer of rod and cones (Fig. 5.A). The typical
cell layers with a narrow zone of the inner plexiform
layer and the ganglionic layer of the retina (Fig. 6.A). In
DM rats, the retina section showing focal abnormal
vascularization of the ganglion layer with vacuolated
cells (Fig. 5.B). The congested blood in capillaries in
different layers of the retina especially the ganglion layer.
The ganglion layer has vacuolated ganglion cells with
pyknotic nuclei with focal areas of the retina detachment
(Fig. 6.B). In DM rats treated with MT, the retina section
shows a decrease in the congested blood capillaries in
different layers of the retina (Fig. 5.C). The vacuolated
ganglion cell layer has decreased with the thickened wall
of the scleral blood vessels (Fig. 6.C). In DM rats treated
with OLE (200mg/kg), the retina section showing light
vacuolated ganglion cells in the ganglion layer, with few
congested retina blood capillaries in the bipolar layer of
the retina (Fig. 5.D and Fig. 6.D). In DM rats treated with
OLE(400mg/kg) the retina section showing the apparent
increase in the retina thickness with few focal areas of
retina separation. A decrease in the congested blood
capillaries in different layers of the retina (Fig. 5.E). An
apparent increase in the retina thickness with foci of the
retina separation (Fig. 6.E).
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Significance was considered at p <0.05. Data are expressed as
mean + SE / 8 rats. @ Significant versus Con, * Significant
versus DM group, ® Significant MT, &Significant DM + OLE
(200 mg/kg).

Figure 3: Effect of OLE on retina SOD content in
STZ-induced diabetic rats

Histopathological Results

Significance was considered at p <0.05. Data are expressed as
mean + SE / 8 rats. @ Significant versus Con, *Significant
versus DM group, $Significant MT, &Significant DM + OLE
(200 mg/kg).

Figure 4: Effect of OLE on retina AGEs content in
STZ-induced diabetic rats
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Figure 5:Photomicrograph illustrating the effect of OLE on retina sections in DM rats. A photomicrograph of a retina section from
the Con rats showing the full thickness of the eyewall from the inner to the outer layer. Notice the different layers of the retina
ganglion layer (G), Bipolar cell layer (B) and the layer of rod and cones (R) (Fig A). A retina section from the DM rats showing
focal abnormal vascularization of the ganglion layer (*). Notice vacuolated cells (thin arrows) (Fig B). In DM rats treated with MT,
a retina section showing a decrease in the congested blood capillaries in different layers of the retina (Fig C). A retina section from
the DM rats treated with OLE (200mg/kg) showing slight vacuolated ganglion cells in the ganglion layer (thin arrows). Notice the
few congested retina blood capillaries in the bipolar layer of the retina (thick arrows) (Fig D). A retina section from DMrats treated
with OLE (400mg/kg) showing the apparent increase in the retina thickness with few focal areas of retina separation (thin arrow).
Notice the decrease in the congested blood capillaries in different layers of the retina (Fig E).

Figure 6: A higher magnification of photomicrograph illustrating the effect of OLE on retina sections in DM rats. Higher
magnification of a retina section from the Con rats showing the thin layer of the choroid (=) and the surrounding sclera (S). Notice
the typical cell layers with a narrow zone of the inner plexiform layers and the ganglionic layer of the retina (Fig. A). A retina
section from the DM rats showing the congested blood capillaries in different layers of the retina especially the ganglion layer (thin
arrows). The ganglion layer has vacuolated ganglion cells with pyknotic nuclei (thick arrow). Notice focal areas of the retina
detachment (*) (Fig. B). A retina section from DM rats treated with MT showing a decrease in the congested blood capillaries in
different layers of the retina. The vacuolated ganglion cell layer has decreased (thin arrows). Notice the thickened wall of the scleral
blood vessels (thick arrow) (Fig. C). A retina section from the DM rats treated with OLE (200mg/kg) showing few vacuolated
ganglion cells in the ganglion layer (thin arrows) (Fig. D). A retina section from DM rats treated with OLE (400mg/kg) showing an
apparent increase in the retina thickness with few foci of the retina separation (thin arrow) (Fig. E).
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DISCUSSION

The chronic hyperglycemia of DM is associated with
long-run dysfunction, damage, and failure of diverse
organs, especially the eyes, nerves, kidneys, heart, and
blood vessels [21]. Oxidative stress is an important cause
of DM complications. The OLE has a potent antioxidant,
hypoglycemic and hypolipidemic activities. Therefore,
this study aims to find out the mechanism of OLE in
reducing DR through explored the ability of OLE to
prevent AGEs formation, as well as the development and
progression of oxidative stress in DM rats.

Effect of OLE on the Biological Evaluation of DM

In the present experiment, the results indicated that the
DM group recorded a significant reduction (P<0.001) in
the FBW and BWG % compared with the Con group.
These findings agree with [22-24]. Yang and Kang [25]
reported that there was a noticeable loss of body weight
compared with the Con group. The obtained results could
be explained by injurious effects of STZ which caused
alkylation of DNA and produced hyperglycemia and
necrotic lesions [26]. In the present study, there was a
significant difference between the DM group and DM
treated with MT on FBW and BWG %. These results
agree with Meng et al. [27] who explained this effect of
MT by the improvement of metabolism in rats with
T2DM.

The oral administration of OLE induced a significant
increase in FBW and BWG % compared with the DM
group. This agrees with Hedeab et al. [9], Jung et al. [28]
and Guex et al. [29]. The obtained results could be
explained by the action mechanism of OLE in DM
through increase the use of peripheral glucose and
improved glucose-stimulated insulin secretion, that can
prevent protein catabolism in muscle tissue [30].

Effect of OLE on Glucose and Lipid Levels in DM

There were significant hyperglycemia and hyperlipidemia
in the DM group compared with the Con group
(P<0.001). These results agree with Prohp and Onoagbe
[31], Masomeh et al. [32], Zayed et al. [33], Jayaraman et
al. [34] and Guex et al. [29]. These results could be
explained via STZ inhibits insulin secretion and causes a
state of IDDM through alkylating potency [35], B-cell
destruction and insulin resistance [36]. Insulin
insufficiency induced stimulation of hepatic TAG
synthesis leading to hypertriglyceridemia and elevated
LDL and VLDL. As well as, increased fatty acids
concentration thus producing acetyl CoA and cholesterol
leads to hypercholesterolemia [37]. In this study, the DM
group treated with MT revealed significant improvement
in glucose and lipid levels compared with the DM group.
These results agree with Jin et al. [38] and Horakova et

al. [39]. The hypoglycemic effect of MT could be
explained through the regulation of glucose homeostasis
[40], as well as reduced hepatic glucose production [41].
Administration of DM rats OLE, in a dose-depend
manner, induced hypoglycemic and hypolipidemic
compared with DM group. These results agree with
Abunab et al. [42], Abd EI-Moneim et al. [43] and
AlAttar and Alsalmi [44]. This hypoglycemic activity of
OLE may result from two mechanisms potentiation of
glucose-induced insulin release, and increase peripheral
uptake of glucose [45]. Hydroxytyrosol, oleuropein and
their Secoiridoids derivatives, the major phenolic
compounds of OLE, enhance insulin secretion, activate
some enzymes as hexokinase and pyruvate kinase, which
implicated in glucose metabolism, and protect pancreatic
cells from oxidative damage through their strong
antioxidant activity[46-49]. The hypolipidemic activity of
OLE due to its bio-functional components, which have
anti-atherosclerotic ~ activity via  regulatory lipid
metabolism [50-51].

Effect of OLE on Renal Antioxidant Biomarkers and
AGEs in DM Rats

In the present study, DM resulted in a significant increase
in retina oxidative stress and AGEs levels compared with
the Con group. The obtained data agreement with Nasri et
al. [52], Cai et al. [53] and Afify et al. [54].
Hyperglycemia induces free radicals and impairs the
endogenous antioxidant defense system. This could be
explained by auto-oxidation of glucose and decreased
tissue concentrations of antioxidants [55, 56]. It has been
suggested that the pathogenesis of early DR may involve
reduce or diminished production of NO [57]. On the other
hand, hyperglycemia stimulates the production of AGEs,
activates protein kinase C, and enhances the polyol
pathway leading to increased superoxide anion formation.
Superoxide anion interacts with NO, forming the potent
cytotoxin  peroxynitrite,  which  attacks  various
biomolecules in the wvascular endothelium, vascular
smooth muscle, and myocardium, leading to oxidative
damage. The pathogenetic role of nitrosative stress and
peroxynitrite and downstream mechanisms including poly
(ADP-ribose) polymerase (PARP) activation contribute to
the development and progression of diabetic nephropathy,
retinopathy, and neuropathy [58].

In the present study, the treatment of DM rats with OLE
(200 and 400 mg/kg) showed significant improvement in
the antioxidant status in a dose-dependent manner
compared with the DM group. These results agree with
Abd EI-Rahman [59], Marta et al. [60] and Soliman et al.
[61]. The antioxidant activity of OLE could be due to the
bioactive compounds in OLE as flavonoids and flavones,
which are a superior hydroxyl radical scavenger and
inhibits peroxidation [8, 62]
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Effect of OLE on Retina Histopathological Changes in
DM

In the present study, the retina sections in the DM group
showed focal abnormal vascularization of the ganglion
layer, vacuolated cells, and congested blood capillaries in
different layers of the retina especially the ganglion layer.
In DM rats treated with MT, the retina section showed
decreased in the congested blood capillaries in different
layers of the retina, decreased the vacuolated ganglion
cell layer with the thickened wall of the scleral blood
vessels. These results agree with Yan Teng et al. [63]
Nasiry et al. [64] and Singh et al. [65]. The obtained
results could be explained via hyperglycemia accelerates
the death of capillary cells and neurons in the inner retina
by a process consistent with apoptosis[66]. Also, Bax, a
mitochondrial membrane protein that mediates cell death,
increases in the retina in diabetes and may contribute to
the development of vascular complications in DR [67].
Moreover, hyperglycemia affected the cell survival and
induced apoptotic changes within the inner layers of the
retina including the inner plexiform layer and ganglion
cell layer [68]. Also, Javidanpour et al. [69]found that the
administration of STZ increased the expression of
caspase-3, which plays a critical role in apoptosis.
Apoptosis is a key mechanism of degenerative diseases,
which is triggered by some factors such as hyperglycemia
toxicity.

Hyperglycaemia a key metabolic abnormality observed in
DM. Controlling glucose levels preventing the onset or
delaying the progression of microvascular diseases. Inside
the cell, a high level of glucose may increase the flux
through glycolytic pathways, stimulating protein kinase
C, activation of the polyol 1-poly (ADP-ribose)
polymerase (PARP) and hexosamine pathways.
Furthermore, it increases the production of ROS, also
high glucose level increases the nonenzymatic glycation
leads to a high level of advanced glycated end products.
In diabetes control by insulin or anti-hyperglycemic
therapy, the risk for development and progression of DR
was significantly decreased thus delaying the progression
of DR [70-72].

In this study, oral administration of DM with OLE
attenuated the damage caused by STZ in the retina in a
dose-dependent. These results agree with Li et al. [73],
Jin et al. [74] and Correa et al. [75]. This improvement
could be explained by a flavonoid, the antioxidant active
components in OLE, which can down-regulation of Bax
and the up-regulation of Bcl-2 [76, 77].
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