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ABSTRACT
Aims. In the present study, we aimed to examine the efficacy of oleuropein and vitamin C in reducing the
metabolic abnormalities kidney function accompanied to streptozotocin-induced diabetes in male albino rats. The
antioxidants, such as phenolic compound oleuropein and Vitamin C play important roles in improve cell function
and protect the affected tissues. Methods. The present work was designed to study the effects of oleuropein and
vitamin C of diabetic nephropathy in male rats. Diabetes was induced by a single i.p. dose of STZ (40 mg/kg b.w.).
Pure oleuropein compound (5 mg/kg b.w.) and vit.C (150 mg/kg b.w.) was orally administered once per a day for
15 days after diabetes induction. Results. Oleuropein and Vitamin C have been observed to keep creatinine, urea,
uric acid and kidney function near normal levels compared to very high levels in the diabetic group, and
improvement total protein globulin and albumin. Conclusion. Oleuropein and vitamin C significantly attenuated
the oxidative status of diabetic rats. In addition, improved the different changes kidney tissue in diabetic rats
treated with oleuropein and vitamin C compared with diabetic rat.
Cite this article: Hussein M. The effect of oleuropein and vitamin c on diabetic nephropathy induced by streptozotocin
(STZ) in male rats. Alq J Med App Sci. 2021;4(2):104-113. http://doi.org/10.5281/zenodo.5036469

INTRODUCTION
Diabetic nephropathy (DN) affects 30% of all diabetics and it is a leading cause of end stage renal disease
(ESRD) [1]. Assessment of a renal function may be used for two different purposes. One is to diagnose impaired
renal function, and the other is to detect the presence of a progressive loss of renal function. Abnormal renal
function is represented by an abnormality in serum creatinine, urea, uric acid, albumin and globulin [2]. DN is
evidenced by proteinuria, decline in glomerular function rate (GFR), hypertension, and has a high risk of
cardiovascular morbidity and mortality [3]. In DN, bio-markers viz. Serum creatinine, urea and uric acid (kidney
function test) are known to be raised with hyperglycemia in uncontrolled diabetes and usually correlate with
severity of kidney damage. Measurement of serum urea and creatinine are easily available tests for this
purpose which can assist in detection and prevention diabetic kidney disease at an early stage and can limit the
progression to ESRD [4]. Furthermore, overproduction of reactive oxygen species (ROS) and oxidative stress in
the DN condition led to enzyme inactivation, redox imbalance, cell membrane injury and cell apoptosis [5-6].
Additionally, excessive ROS induces the mitochondria-dependent apoptotic pathway that is implicated in the
pathogenesis of DN [7].
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Oleuropein (Ole) a natural bioactive phenolic compound from olive leaves [8], have proved effective recovery
from health problems such as antihyperglycemic by improving insulin secretion in the cells of the pancreas and
increasing the response of cell receptors to insulin, which leads to the regulation of blood sugar levels [9-10]. In
addition to many biological activities, of Ole are antioxidant, anti-inflammatory, anticancer, antidiabetic,
cardioprotective, hepatoprotective, neuroprotective, obesity [11], treat kidney damage and improvement
kidney functions [12]. Ole is able to reduce oxidative stress which cause renal damages in diabetic rats [13]. This
ameliorative property was attributed to the antioxidative [14].
Ascorbic acid, also known as Vitamin C (VitC), is an effective water-soluble antioxidant, which has a scavenging
effect on excessive free radicals in the body of diabetic patients and a protective effect on tissue damaged by
oxidative stress [15]. Some studies have found that ascorbic acid supplementation can improve islet cell
function in patients with diabetic type2 (T2DM), which can be used for the early prevention of diabetes and the
later treatment of complications [16]. Furthermore, some studies [17,18], have shown that ascorbic acid
supplementation can regulate fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), improve insulin
resistance, nervous, cardiovascular, respiratory, gastrointestinal, coagulation and immune systems in preclinical
as well as in clinical studies [19,20]. Therefore, this study was designed to evaluate, examine the efficacy of
oleuropein and vitamin C in reducing the metabolic abnormality kidney function accompanied to
streptozotocin-induced diabetes in male albino rats.

METHODS
Chemicals
Streptozotocin STZ and oleuropein were obtained commercially from Sigma-Aldrich Co. Germany. L-ascorbic
acid (Vitamin C) was purchased from Oxford Laboratory.
Experimental Animals
Wister rats (180±20g) were obtained from the Faculty of Medicine, Alexandria University. The animals were
acclimated under laboratory conditions (22-25°C, 12h light/dark cycle and relative humidity) for at least two
weeks. The local committee approved the design of the experiments and the protocols were carried out
according to the guidelines of the National Institutes of Health (NIH).
Study design and setting
Forty rats were randomly divided into four groups (10 rats each): first the control group: Rats were received
intraperitoneally (i.p) single dose 0.2 ml/100 g sodium citrate buffer (0.1M; pH: 4.5) according to [21], and orally
adiminstrated 0.5 ml of distilled water daily for 15 consecutive days. Diabetic group: Rats were received a
single dose of streptozotocin STZ i.p. at a dose of 40 mg/kg b.w. dissolved in sodium citrate buffer (0.1M; pH:
4.5) [22]. Diabetic+Oleuropein group: Diabetic rats were received oleuropein (Ole) orally by gavage at a dose 5
mg/kg [23]. Daily for 15 consecutive days after diabetes induction. Diabetic+Vitamin C group: Diabetic rats
were received vitamin C (VitC) orally by gavage at a dose 150 mg/kg [24]. Daily for 15 consecutive days after
diabetes induction.
Induction of diabetes
The rats were made to fast overnight before the induction of diabetes by a single intraperitoneal injection of 40
mg/kg b.w. STZ freshly prepared with citrate buffer (pH 4.5). Hyperglycemia was confirmed 3 days after
injection by measuring the tail vein blood glucose level with an Accu-Check Sensor Comfort glucometer. Only
the animals with fasting blood glucose levels ˃200 mg/dl were selected for this study [25].
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Data collection procedure
At the end of the experimental period, the rats were fasted overnight and killed by decapitation after light
chloroform anesthesia. From each rat, 5 ml of blood was collected into dry centrifuge tubes, and allowed to
clot at room temperature (24°C-26°C). Thereafter, serum was separated from the clot by centrifuging at 3000
xg for 10 min. The serum was collected in clean bottles and stored at -20°C until required.
Biochemical parameters
Determination of creatinine [26] and urea [27]. Were assayed in serum by diagnostic kit method. Where, uric
acid was assayed by the method of Fossati et al. [28]. While Total protein concentration in plasma and protein
contents in brain regions was assayed by the method of Gornal et al. [29]. The method described by Doumas,
et al., [30]. Was employed for the determination of serum albumin concentration, while serum globulin and
albumin concentration were carried out using the method described by Buckley et al. [31]. Using the Biuret
method.
Determination of oxidative stress markers and antioxidant enzyme activities
The determination of kidney thiobarbituric acid reactive substance (TBARS) [32], reduced glutathione (GSH)
[33]. Was assayed by a spectrophotometer. The activity of superoxide dismutase (SOD; EC 1.15.1.1) and catalase
(CAT; EC 1.11.1.6) were estimated in the kidney homogenates according to the method of [34, 35] respectively.
In glutathione-S-transferase (GST) determination [36], and activity of glutathione peroxidase (Gpx; EC. 1.1.1.9)
[37] enzymes in liver were assayed.
Histopathological examination of the kidney
Kidneys were fixed in 10% formalin, then dehydrated, embedded in paraffin, sectioned to 3–5 μm thickness,
deparaffinized and rehydrated. Hematoxylin and Eosin (H&E) dyes were used to stain the kidney tissues. The
slides were then observed under light microscope [38].
Statistical analysis
All statistical analyses were conducted by using the statistical package SPSS version 22.0 (Chicago, IL). Values
were compared by one-way analysis of variance (ANOVA). Post-hoc testing was performed for inter-group
comparisons using the least significant difference (LSD) test at p ≤ 0.05.

RESULTS
Effects of Ole and Vit. C on the creatinine, urea, uric acid, total protein, albumin and globulin in the
serum of male rats
Table (1) showed that diabetic rats displayed a significant increase (P<0.05) in creatinine, urea, uric acid while,
total protein, albumin and globulin were significantly (P≤0.05) decreased compared to control group.
However, a significant decrease (p≤0.05) was observed in the respective creatinine, urea, uric acid and an
increase in total protein, albumin and globulin of rats orally given Ole and Vit. C compared with the untreated
diabetic group.
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Table (1): Effects of Ole and Vit. C on the creatinine, urea, uric acid, total protein albumin and globulin
in the serum of male rats
Parameter
Creatinine (mg/dL)
Urea (mg/dL)
Uric acid (mg/dL)
Total protein (g/dl)
Albumin (g/dL)
Globulin (g/dL)

Control
1.11±0.26
46.49±4.84
4.73±0.63
7.93±0.21
4.04±0.15
4.06±0.15

Diabetic
3.15±0.61a
82.13±4.63a
9.04±0.06a
6.96±0.13a
2.89±0.10a
3.89±0.16a

Diabetic+Ole
1.52±0.06b
41.99±3.59bc
6.39±0.01bc
7.49±0.14b
3.89±0.12bc
3.60±0.18b

Diabetic+Vit.C
1.77±0.03b
52.28±1.72b
7.69±0.05b
7.29±0.10b
3.18±0.06b
3.48±0.12b

* The values are expressed as mean±SE. (a, b, c): The mean values are significantly different in comparison with control
group (P≤0.05).

Effects of Ole and Vit. C on oxidative stress markers and antioxidant enzymes in the kidney of diabetic
male rats
Table (2) showed that the activities of SOD, CAT, GPx, GST and GSH were significantly (P≤0.05) decreased while,
TBARS was significantly (P≤0.05) increased in the kidney of untreated diabetic group compared to control
group. Oral treatment with Ole and Vit. C caused a significant (P≤0. 05) decrease in the TBARS and an increase
in antioxidants level compared to the untreated diabetic group.
Table (2): Effects of Ole and Vit. C on oxidative stress markers and antioxidant enzyme activities in the
kidney of diabetic male rats
Parameter
TBARS
(nmol/g tissue)
GSH
(μmol/g tissue
SOD
(U/mg protein)
CAT
(U/mg protein)

Control
14.27±0.53

Diabetic
148.08±11.5a

Diabetic+Ole
61.57±3.18b

Diabetic+Vit.C
61.57±3.18b

43.87±0.86

17.48±1.14a

35.41±1.5bc

26.03±0.84b

1.51±0.01

1.18±0.04a

1.33±0.01b

1.23±0.01b

21.8±0.41bc

20.29±0.33b

31.61±0.46

16. 81±0.18a

GPx
2.21±0.09
1.31±0.07a
1.42±0.03b
1.36 ±0.03b
(U/mg protein)
GST
6.80±0.19
4.78±0.13a
6.14±0.25bc
5.97±0.09b
(μmol/min/mg
protein)
The values are expressed as mean±SE. (a, b, c): The mean values are significantly different in comparison with control
group (P≤0.05).
Histological findings
Figure (1) Light micrograph of kidney sections (H and E, ×40). (A) Control groups showed normal glomeruli (g),
of Bowman capsule (b) proximal (px) and distal (ds) convoluted tubules. (H&E X 40), (B) STZ group showed
retraction of glomerular tuft (g), thickening of Bowman capsule (b), necrosis in more than 25% of the proximal
(Px) and distal tubules (ds), (C) STZ+OLE group and (D) STZ+Vit.C showing the glomerulus (g), of Bowman
capsule(b), proximal (Px) and distal (ds) convoluted tubules which appear more or less normal. (H&E X 40).
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Figure1. Light micrograph of kidney sections (H and E, ×40). (A) Control groups showed normal
glomeruli (g), of Bowman capsule (b) proximal (px) and distal (ds) convoluted tubules. (H&E X 40),

DISCUSSION
In recent years, much attention has been focused on using natural products as an alternative therapy for
treatment of many diseases including diabetic nephropathy. In the present study, the increase in creatinine,
urea and uric acid concentration in diabetic patients may be related to disturbance of kidney function [39]. The
high glucose levels harm millions of nephrons-modest separating units within every kidney. Thus, the kidneys
can’t keep up the liquid and electrolyte homeostasis and reduces glomerular filtration rate (GFR) [40]. In
addition, the high production of urea may result from the increase of protein catabolism in the liver and plasma
[41]. Moreover, the increase in uric acid may be related to the decrease in total protein level in diabetic rats,
which may have led to muscle wasting and an elevated release of purine, the main source of uric acid [42].
On the other hand, the treated mice subjected to STZ exposure with oleuropein showed reduction in the serum
creatinine, urea, and uric acid levels compared to diabetic group. Our results are in agreement with those of Eid
et al. [43] may be due to regeneration of kidney glomeruli that improved the kidney filtration process. Thus,
this nephroprotective function could be mediated via antioxidant and/or free radical scavenging activities as
they possess a high concentration of flavonoids [44].
Antioxidant property of administration of vitamin enhances glomerular filtration rate by an increase in blood
flow in the glomeruli [45]. Besides, as a consequence of vitamin C antioxidant action, it may possibly reduce
inflammation and body cell damage by free radical [46]. Decreased serum level of uric acid is related to
increased amino acid incorporation into tissue, muscle proteins [47].
An overall significant reduction in serum total protein, albumin and globulin in diabetic animals were observed
hypoinsulinemia in the present study. This similar to earlier reports recorded by Majekodunmi et al. [48]. Could
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be due to massive hepatic necrosis, hepatic dysfunction, intolerance, insulin and glycogen impairment of
oxidative phosphorylation, or due to the effect of diabetic kidney failure [49, 50].
In the current study, the elevated levels of serum total proteins, albumin and globulin in diabetic rats treated
with oleuropein may be related to the recovery of serum insulin levels. Very close results were obtained by
Chandramohan et al. [51].
Ascorbic acid stimulates protein production (total protein, albumin, and globulin) suggesting an important role
of the vitamins in the modulation of plasma proteins [52]. Results showed a reduction in SOD, CAT, GPx GST
activities, and increase of GSH, leads to increased production of reactive oxygen species (ROS) which are
involved in the etiology of several diabetic complications including DN, it changes in cellular structure and
function [53] such as renal cell necrosis and mutation in genes that control regulatory proteins of cell
proliferation and apoptosis [54]. The results designated a decrease in the antioxidant capacity and an increase
in the production of lipid peroxides, which may lead to renal injury [55].
Administration of oleuropein suppresses oxidative stress in the kidney. This fact is proved improvement
activities of the antioxidant enzymes CAT, SOD, GST and GPx as well as depletion of lipid peroxidation products
(TBARs) [56]. The enhancement of antioxidant statute might be due to the antioxidant power of oleuropein like
the majority of bio phenols which offers the ability to reduce the accumulation of free radicals generated
during lipid peroxidation protect membranes from lipid oxidation [57, 58].
Vitamin C plays an important role as an antioxidant, efficiently contributes to defense against lipid
peroxidation, and scavenges peroxyl radicals [59, 60]. Vitamin C scavenges free radicals through the formation
of ascorbyl radical and thereby prevents damage to macromolecules such as lipids or the DNA [61].
The structural changes in kidneys could be attributed to altered metabolism in diabetes and the subsequent
effects on the increased renal threshold for hyperglycemia [62]. Previous studies on the long-term effects of
diabetes in experimental animals show glomerular nephropathy along with tubular and interstitial
abnormalities Massive inflammatory infiltrates in the interstitial tissue as well as vacuolar degeneration of
tubular epithelial cells and renal glomeruli [63].
Oleuropein that make kidney work normally [64]. Showed less inflammatory reaction in the renal tissues that
might be attributed to oleuropein anti-inflammatory effects [65]. In addition, improvement of histological
changes and kidney cell dysfunction induced by streptozotocin [66].
Vitamin C plays a central role in the antioxidant protective system and reduce the complications of diabetes,
shielding all lipids undergoing oxidation and diminishing the number of apoptotic cells and improved the
glomerular functions but did not have any effect on the tubular functions [67].

CONCLUSION
The oleuropein and vitamin C has an effective effect on streptozotocin -induced diabetes male mice by
reducing the biochemical and histological parameters in the kidney function due to the action of the
antioxidants
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