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ABSTRACT

Diabetes (DM) is one of the top five causes of death worldwide. Controlling glucose level is vital for protecting
the complications and improving the diabetics’ health. Olive (Olea europaea L.) leave extract (OLE) contains
biologically active antioxidant phenolic compounds. This research was carried out to evaluate the effect of OLE
on oxidative status and advanced glycation end products (AGEs) in DM rats. Male Wister rats (n=40, 200 £+ 20
g) were divided into Group (1); Control rats and Groups (2-5); DM rats were intraperitoneal(i.p.) injected with
STZ (65 mg/kg), only DM rats (fasting blood glucose >250 mg/dl) were randomly classified into DM , DM+
metformin (MT) (600 mg/kg) as reference drug, DM+OLE (200 mg/kg), and DM+OLE (400 mg/kg) groups. At
the end of the experiment (6 weeks), blood and kidney samples were collected for biochemical and
histopathological studies. Serum glucose, renal functions (creatinine (Cr), and blood urea nitrogen (BUN)),
electrolyte ions (sodium (Na+) and potassium (K+)), as well as renal oxidative statusbiomarkers (nitric oxide
(NO), malondialdehyde (MDA), superoxide dismutase (SOD), and AGEs) were determined. The results revealed
that there were significant increases in glucose, Cr, BUN, and K+ with a significant decrease in Na+ levels, as
well as significant decrease in renal oxidative stress and elevated AGEs levels compared to the control rats.
Although MT treatment was more effective than OLE (400 mg/kg) in reducing glucose level, while OLE
treatment was more effective than MT in reducing oxidative stress and AGEs levels. Oral administration of OLE
(400 mg/kg) showed significant hypoglycemic and antioxidant effects as well as improved renal functions and
inhibited AGEs levels compared to the DM rats. Also overcome most of the renal histopathological changes
induced by DM. Therefore, co-administration of MT and OLE is recommended in preventing DM complications.
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INTRODUCTION

Diabetes mallets (DM) is a chronic serious complex disease, that occurs either through deficiency of insulin
production or not effectively insulin action. It is one of the greatest public health challenges for the 21% century
[1, 2]. It is a major factor in several ailments including heart and kidney failure, stroke, loss vision, leg
amputation, and others [3, 4]. Therefore, early interventions for pre-diabetic and diabetic patients by controlling
the blood glucose through the combination of diet, physical activity, and drugs (if necessary); control blood
lipids and blood pressure, and regular screening for damage to the kidney, eyes, and feet is important to
facilitate the early treatment [2].

Phytotherapeutic cure prolong used in the management of several ailments, including olive (Olea europaea)
leaves [3]. In the latest years, the extracts of several plants have been evaluated for their hypoglycemic and
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antioxidant activities. Olive leaves extract (OLE) has antioxidant and hypoglycemic properties mainly due to its
phenolic compounds [4, 5]. It contains several antioxidants components as oleuropein, oleuropein aglycone, 3,4-
dihydroxy phenyl ethanol, tyrosol, and verbascoside [6, 7]. Therefore, this research aimed to demonstrate the
action of OLE (two doses) on oxidative status and AGEs in DM rats compared with metformin (MT) as a
reference drug.

MATERIAL AND METHODS

Drug and chemicals

Streptozotocin (in white powder form, molecular weight 265.22 g/mol) was purchased from Sigma, USA.
Metformin (Merck Serono, Middle East) in the tablet form was obtained from King Abdulaziz University
Hospital. All chemicals were purchased from Alfa Aesar Chemical Co, USA and Invitrogen company
California, USA. Kits for determinations of glucose-TV040CEO004, creatinine (Cr) -TV033CE004, blood urea
nitrogen (BUN)-TVO075CEQ05, sodium (Na*) -TV071CE002, and potassium (K*)-TV067CE002 were purchased
from Centronic Chemicals Co, Germany. Enzyme-linked immunosorbent assay ELISA kits for the
determination of nitric oxide (NO)-E0703Ra, malondialdehyde (MDA)-EO0156Ra, superoxide dismutase (SOD)-
EO168Ra and advanced glycation end products (AGEs)-E0606Ra were purchased from Bioassay Technology
Laboratory, China. Olive leaves (Olea europaea L.) extract (OLE) in liquid form was purchased
fromCOMVITA Ltd, New Zealand, each 5 ml extract contains 22 mg oleuropein.

Experiment design

Male Wister rats (n=40, 200 + 20 g) were obtained from the Animal experimental unit of King Fahd Medical
Research Center, KAU. After one week of acclimatization, rats were divided into 5 groups (8 rats in each
group). Group (1): Contr; rats received a single dose of 0.1 mol/L citrate buffer i.p., Groups (2-5); DM rats were
i.p. injected with STZ (65 mg/kg), which were prepared in 0.1 mol/L citrate buffer (pH 4.5), after fasting for 12
h [8], then supplied with 5% sucrose solution orally [9]. Only rats with blood glucose in the fasting state higher
than 250 mg/dl after 3 days were considered as being diabetic. Diabetic rats were randomly classified into; DM,
DM+ Metformin (MT) (600 mg/kg) [10], DM+OLE (200 mg/kg), and DM+OLE (400 mg/kg). The dose, 200
mg/kg body weight, was chosen based on the previous study by El-Amin et al. [11].

Blood collection

After 6 weeks of treatment, blood samples were withdrawn from retro-orbital plexus of each rat, anesthetized
with diethyl ether. Blood samples were centrifuged at 3000 rpm for 15 min in order to separate serum, then they
were kept at -20°C until biochemical analysis.

Biochemical analysis
Serum glucose [12] creatinine (Cr) [13], blood urea nitrogen (BUN) [14], sodium (Na*), and potassium (K*)
[15] were determined using enzymatic colorimetric kits.

Preparation of homogenate renal tissues

Renal tissue ( 0.1 g) was ground in a homogenization buffer (0.05 M Tris-HCl, pH=7.9, 25% glycerol, 0.1 mm
EDTA, and 0.32 M (NH4),SO,) containing a protease inhibitor tablet (Roche, Germany). Then centrifugation
was performed at 13000 rpm and 4°C for 5 min. All supernatants were stored at -80 ° C till analysis.

Renal oxidative status and advanced glycation end products (AGEs)
Nitric oxide (NO), malondialdehyde (MDA), superoxide dismutase (SOD) and advanced glycation end products
(AGESs) were determined by double-antibody sandwich enzyme-linked immunosorbent assay ELISA kits.

Histopathological examination

Renal tissues from each group were processed, stained with hematoxylin-eosin (H&E), then examined under a
light microscope [16].
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Statistical
All results were expressed as mean + SE. Data were evaluated using SPSS version 24, P< 0.05 was considered
significant.

RESULTS

Effect of OLE on serum glucose in DM rats

In the DM group there was significant hyperglycemia compared to the Contr rats. There was a significant
decline in serum glucose level in DM + MT compared to the DM group (P<0.001). Oral administration of OLE
(200 mg/kg) and OLE (400 mg/kg) to DM rats showed significant improvement in glucose level as compared
with the DM group. Interestingly high dose of OLE (400 mg/kg) showed significant improvement (P<0.05) in
serum glucose level compared to the low dose of OLE (200 mg/kg).

450 @
400 =
350
= # #
=
ED 300 3 $
~ 250 &
2
§ 200 ==
o 150 #
100 =
50
0 T T T T )
Contr DM DM+MT DM+OLE DM+OLE
(200mg/kg) (400mg/kg)
Experimental groups

Significance was considered at p <0.05. Results are presented as mean + SE / 8 rats. © Significant versus Contr group, * Significant versus
DM group, * Significant versus MT group, “Significant versus DM + OLE (200 mg/kg) group.

Figure 1: Effect of OLE on serum glucose level in DM rats

Effect of DM on renal functions and electrolyte ion biomarkers

There were significant increases in BUN, Cr, and ionic K* (P<0.001) levels, with a significant decline in ionic
Na* level as compared with Contr rats with mean values [(17.51 £ 0.42 vs. 55.60 £ 1.33 mg/dl in BUN), (0.32 £
0.01 vs. 0.68 £ 0.02 mg/dl in Cr), (4.75 = 0.09 vs.5.81 £ 0.11 mmol/L in K¥), and (149.31 £ 1.71vs.125.31 %
2.76 mmol/L in Na*) for Contr vs. DM, respectively]. Administration of MT or OLE to DM rats showed
significant improvement in serum levels of renal functions and ionic electrolyte, there were significant
differences between the treated DM groups and the DM group. A dose-response improvement was observed in
DM treated groups with OLE, where it showed significant difference (P <0.01) in renal functions and ionic
electrolyte levels between DM+OLE (400 mg/kg) and DM+OLE (200 mg/kg) (Tables 1 & 2).

Table 1 : Effect of OLE on serum renal functions(BUN and Cr) in DM rats

Experimental groups BUN (mg/dl) Cr (mg/dl)

Contr 17.51 £0.42 0.32 £0.01

DM 55.60 £1.332 0.68 £0.02*
DM+MT 38.65+1.46° 0.42 +0.03"
DM+OLE (200 mg/kg) 38.02 +0.52° 0.42 £0.02°
DM+OLE (400 mg/kg) 33.46 +£0.51°¢ 0.48 £0.03%¢

Significance was considered at p <0.05. Results are presented as mean + SE / 8 rats. * Significant versus contr group, °
Significant versus DM group, ¢ Significant MT group, ¢ Significant DM + OLE (200 mg/kg) group.
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Table 2 : Effect of OLE on serum electrolyte ions (Na* and K*) in DM rats

Experimental groups Na*(mmol/L) K*(mmol/L)
Contr 149.31 +1.71 4.75 +0.09

DM 12531 £2.76* 5.81+0.112
DM+MT 132.63 £1.35" 5.38+£0.06"°
DM+OLE (200 mg/kg) 138.88 £ 1.13%¢ 5.11x£0.11b¢

DM+ OLE (400 mg/kg) 144.50 £ 1.31 b¢d 4.85+0.07b¢d

Significance was considered at p <0.05. Results are presented as mean = SE / 8 rats. * Significant versus contr group,

Significant versus DM group, ¢ Significant MT group, ¢ Significant DM + OLE (200 mg/kg) group.

Effect of OLE on renal antioxidant biomarkers

There was significant oxidative stress in DM rats as evidenced by significant (P<0.001) decline on renal NO and
SOD content with significant (P<0.001) elevate on renal MDA content compared to the Contr group.
Administration of MT or OLE to DM rats showed significant improvement in renal antioxidant content, there
were significant differences between untreated and treated DM groups. A dose-response improvement was
observed in DM treated groups with OLE, where it showed a significant difference (P<0.01) in renal antioxidant

status between DM+OLE (400 mg/kg) and DM+OLE (200 mg/kg) (Figures 2-4).
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Significance was considered p < 0.05. Results are presented as mean + SE / 8 rats. © Significant versus Contr group, # Significant versus

DM group, * Significant versus MT group, *Significant versus DM + OLE (200 mg/kg) group.

Figure 2 : Effect of OLE on renal NO content in DM rats
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Figure 3: Effect of OLE on renal MDA content in DM rats
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Significance was considered p < 0.05. Results are presented as mean + SE / 8 rats. © Significant versus Contr group, # Significant versus
DM group, * Significant versus MT group, *Significant versus DM + OLE (200 mg/kg) group.

Figure 4: Effect of OLE on renal SOD content in DM rats

Effect of OLE on advanced glycation end products (AGEs) in renal

The results revealed that the DM resulted in significant (P< 0.001) elevation in renal AGEs concentration
compared to the Contr group with mean values of 123.23 + 3.67 vs 627.38 + 22.89 mmol/mg tissue in Contr and
DM group, respectively. There was significant difference (P< 0.001) between the DM and all treated DM
groups with MT, OLE (200 mg/kg) or OLE (400 mg/kg). Interestingly, there was significant difference (P<
0.01) on renal AGEs between DM+ MT and DM+ OLE (200 mg/kg). The improvement in renal AGEs was
dose-dependent, where DM+ OLE (400mg/kg) showed a significant decrease in renal AGEs compared to
DM+OLE (200mg/kg) group.
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p< 0.05was considered significant. Results are presented as mean + SE / 8 rats. © Significant versus Contr group, # Significant versus DM
group, ® Significant versus MT group, #Significant versus DM + OLE (200 mg/kg) group.

Figure 5: Effect of OLE on renal AGEs level in DM rats
Histopathological results

A Photomicrograph of the renal section from Contr rats showing the renal tubules and their normal epithelial
lining in the medulla (Fig 6.A), the normal structure of the renal cortex, with narrow Bowman’s capsular space
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in the glomerulus. The proximal convoluted tubules have a narrow lumen and 4-5 cuboidal cell lining with an
apical brush border and the distal convoluted tubule has a wide lumen and many cuboidal cell lining with apical
nuclei (Fig 7.A). In the DM rats, renal section showed the sclerosed and contracted glomeruli, widespread of the
dilated tubules with cloudy swelling of its epithelial lining (Fig 6.B). A large number of tubules showed the
hydropic and the cloud swelling of the cytoplasmic degeneration of the tubular lining cells with dark pyknotic
nuclei (Fig 7.B). In DM+MT, the renal section showed mild congestive changes in the glomeruli and renal
tubules (Fig 6.C). Few glomeruli were with mild congestion and narrow Bowman’s capsule, while most of the
tubules had a control appearance with normal vesicular nuclei (Fig 7.C). In DM+OLE (200 mg/kg), a renal
section showed mild tubular degeneration (Fig 6.D). The tubules appear wide with atrophy of their epithelial
lining and the hydropic degeneration of the tubular lining cells (Fig 7.D). While in DM+OLE (400 mg/kg), the
renal section showed a marked decrease in the sclerosed glomeruli with a marked decrease in the intertubular
congestion compared to the DM group (Fig 6.E). The higher magnification of a renal section showing glomeruli
with a control appearance and a narrow Bowman’s capsule. The tubular cell lining showed normal vesicular
nuclei in most of them together and focal dilated tubules with flat epithelial cell lining (Fig 7.E).

Figure 6: Photomicrograph showing the effect of OLE on renal histopathological changes in DM rats. Renal
section from Contr rats showing the normal structure of the renal cortex [Fig. A]. In DM rats showing the
sclerosed and contracted glomeruli (*). Notice the widespread of the dilated tubules with cloudy swelling of its
epithelial lining (arrows) [Fig. B]. In DM+MT mild congestive changes in the glomeruli (G) and renal tubules.
Notice the focal areas of intertubular congestion (thick arrow) [Fig. C]. In DM+OLE (200 mg/kg) rats showing
slight tubular degeneration (*). Notice the sclerosed and contracted glomeruli (G) [Fig. E]. DM+OLE (400
mg/kg) showing a marked decrease in the sclerosed glomeruli (G). Notice the marked decrease in the
intertubular congestion compared to the DM group [Fig. F].
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; o L g : -
Figure 7: A higher magnification illustrating the effect of OLE on renal histopathological changes in DM rats.
Renal section from Contr rats showing the normal structure of the renal cortex, and the glomerulus (G) with
narrow Bowman’s capsular space (). The proximal convoluted tubules (P) have a narrow lumen and 4-5
cuboidal cell lining with an apical brush border and the distal convoluted tubule (D) has a wide lumen and many
cuboidal cells lining with apical nuclei [Fig. A]. In DM rats, a large number of the tubules show the hydropic
and the cloud swelling of the cytoplasmic degeneration of the tubular lining cells (thin arrows) with dark
pyknotic nuclei [Fig. B]. In DM+MT, few glomeruli (G) are with mild congestion and narrow Bowman’s
capsule. Most of the tubules have a control appearance with normal vesicular nuclei [Fig. C]. In DM+OLE (200
mg/kg), the sclerosed glomeruli (G) is shown with wide Bowman’s capsule (*). The tubules appear wide with
atrophy of its epithelial lining (arrowhead). Notice the hydropic degeneration of the tubular lining cells (arrows)
[Fig. E]. In DM+OLE (400 mg/kg), glomeruli are with a control appearance and a narrow Bowman’s capsule

.

(G). The tubular cell lining shows the normal vesicular nuclei in most of them together and focal dilated tubules
with flat epithelial cell lining (arrows) [Fig. F].

DISCUSSION

Globally diabetesconsidersfrom the five causes of death [17]. Controlling the blood glucose level is vital for
protecting complications and improving the diabetics’ health [18]. The available hypoglycemic drugs have
numerous limitations, therefore herbal medicine can help to minimize diabetic complications. Olive (Olea
europaea L.) leaves extract (OLE) contains biologically active phenolic compounds, which have antioxidant,
hepatoprotection, anti-inflammatory, hypoglycemic, neuroprotection, hypolipidemic, and cardiovascular
protection activities [19, 20]. Therefore, this research was conducted to assess the effect of OLE with two doses
on the oxidative status and AGEs in DM rats compared to metformin (MT).

The results in this study revealed that there was a significant elevate on glucose level in the DM group
compared to the contr group, which are in agreement with Prohp & Onoagbe [21], Zayed et al. [22], and Guex
et al. [23]. These results could be explained by the inhibition of insulin secretion, B-cell destruction, and insulin
resistance caused by STZ [24, 25]. Glucose level significantly decreased in DM+MT rats compared to the DM
rats. This results in the same line as Horakova et al. [26] who showed that given MT orally induced decline in
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glucose level in DM rats. Moreover, Jin et al. [27] reported that metformin is potent to cure hyperglycemia,
through glucose homeostasis regulation and diminished hepatic glucose production [28, 29]. The oral
administration of two doses of OLE induced hypoglycemia; there was significant decrease in glucose
concentration in DM + OLE groups compared to the the DM group. While as compared with MT drug, it was
shown that there was significant difference between DM+MT and both groups treated with OLE (200 mg/kg)
and (400 mg/kg). These results are in agreement with Abunab et al. [30], Abd El-Moneim et al. [31], and
AlAttar & Alsalmi [32]. The hypoglycemic activity of OLE was demonstrated byareduction in starch digestion
and absorption, inhibition of saliva and pancreatin a-amylases activity, increasing peripheral uptake of glucose,
and potentiation of glucose-induced insulin release via major phenolic compounds of OLE, which have
hypoglycemic and antioxidant activities in vitro and in vivo [33-36].

In the present study, the results indicated that there were significant elevation in BUN, Cr, and K*levels
accompanied by significant reduction in Na* level in the DM group compared to the Contr group. These results
are in agreement with Jin et al. [27], Zhang et al. [37], and Jayaraman et al. [38]. This could be explained by
metabolic disturbances via increasing xanthine oxidase activity [39]. Hyperglycemia caused movement of water
out of the cells via increased osmolarity, thus subsequently induced dilutional hyponatremia (decreased serum
sodium level) [40]. In the DM group, urine volume increases thus induces derangement in the balance
homeostatic, which affects K* concentration [41]. In this study, treatment DM with MT showed significant
improvements in the kidney functions. Pan et al. [42] reported that the effect of metformin on the urine
albumin/creatinine ratio are related to decreased blood glucose levels, blood pressure, and the degree of insulin
resistance. Zhang et al. [37] reported that treatment with MT improved the majority of renal dysfunction
parameters, indicating the preventive effects of MT in rats with T2D.

The administration of OLE to DM rats induced significant improvements in kidney function parameters. A
dose-response trend was observed in DM treated groups with OLE, there were significant differences in serum
BUN, Cr, K*, and Na* levels between DM+OLE (400 mg/kg) and DM+OLE (200 mg/kg). These results are in
the same line as Bader and Fouad [43], Karabag et al. [44], and Mohammed et al. [45]. The obtained data could
be explained via OLE-induced regeneration of kidney glomeruli that improved the kidney filtration process
[46]. Furthermore, the phenolic compounds and flavonoids in OLE that possess antioxidant and/or free radical
scavenging activities, and revers histopathological changes in the kidney [47].

In the present study, the results revealed that DM resulted in significant reduction in renal content of NO and
SOD, with significant elevation in renal levels of MDA and AGEs compared to the Contr group. The obtained
data is in agreement with Palsamy and Subramanian [48], Chen et al. [49], Nasri et al. [50], Cai et al. [51], and
Afify et al. [52]. Previous experimental and clinical studies reported that oxidative stress and impair endogenous
antioxidant defense have a vital role in the development of DM complications. Thus explained via glucose auto-
oxidation, glycated proteins, glycation of antioxidative enzymes, and stimulate cytochrome P450-like activity,
which limits their capacity to detoxify oxygen radicals [53-58].

In the present study, treatment of DM rats with OLE (200 and 400 mg/kg) showed improvement in the
antioxidant status in a dose-dependent manner, there were significant increases in renal levels of NO and SOD,
with significant decreases in renal levels of MDA and AGEs compared to DM group. These results are in
accordance with Hedeabet al. [59], Abd El-Rahman [60], Marta et al. [61], and Soliman et al. [62]. The
antioxidant activity of OLE could be due to the bioactive compounds in OLE as flavonoids and flavones, which
are superior hydroxyl radical scavengers and inhibit peroxidation [63]. Furthermore, polyphenol enriched OLE
effectively, enhanced the SOD activity, and reduced the MDA in rats [64, 65].

In the present study, the renal sections of the DM rats showed sclerosed and contracted glomeruli, as well as
widespread of the dilated tubules with cloudy swelling of its epithelial lining. A large number of tubules showed
hydropic and cloud swelling of the cytoplasmic degeneration of the tubular lining cells with dark pyknotic
nuclei. In DM rats treated with MT, the renal sections showed mild congestive changes in the glomeruli and
renal tubules, as well as narrow Bowman’s capsule, and most of the tubules had a normal appearance with
normal vesicular nuclei. These results are in agreement with Zhang et al. [37], Navpreet et al. [66], and Zayed et
al. [22]. The obtained results could be explained by Forbes et al. [67] who reported that in DM hyperglycemia
involved in the production of AGEs and free radicals, which induced cell death and renal dysfunction (diabetic
nephropathy). In DM rats treated with OLE (400 mg/kg) the renal section showed nearnormal appearance with
slight intertubular congestion and a narrow Bowman’s capsule. These findings are in agreement with Hedeab et
al. [59]. The improvement of renal tissue could be explained by the antioxidant components in OLE, which
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reduce and prevent the complications related to oxidative stress, vascular health, inflammation, and endothelial
function in DM [68].

CONCLUSION

The results of this study concluded that olive leave extract (OLE) may exert a protective role against STZ-
induced diabetic nephropathy via an antioxidant mechanism.
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