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INTRODUCTION

Nowadays, urinary calculi are an emerging, alarming 
global issue. The frequency of urinary calculi has increased 
owing to the dietary habits and lifestyle of  the current 
generation as well as a rise in global warming. Urinary 
calculi affect the global population at a rate of around 12% 
[1]. Currently followed management procedures for the 
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treatment of urinary stones include lithotripsy and surgical 
methods [2]. The recurrence rate seems to be high regardless 
of new advances in medical treatment management methods. 
Approximately 75% of these patients will have at least one 
recurrence [3] without proper treatment and preventive 
measures. Calcium phosphate is one of  the significantly 
occurring urinary crystal sediments in most patients with 
urolithiasis [4]. Some studies have shown the presence 
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of calcium phosphate in small amounts in patients with 
urethral and renal stone diseases [5]. It was also reported 
that a small amount of calcium phosphate is involved in 
stone attachment [6]. This evidence suggests that calcium 
phosphate plays a vital role in the formation of renal stones 
in the initial stages while the stones are attached to the 
renal papilla [7]. Worldwide, calcium oxalate (CaOx, CaC2O4) 
is the most predominant urinary calculi [1]. In the urinary 
tract, increased urinary supersaturation followed by the 
formation of solid crystalline particles is responsible for the 
beginning of crystallization of CaOx in the tract [8].

Despite extensive research in urology to date, there 
are as yet no effective, satisfactory drugs for dissolving or 
disintegrating urinary stones. Currently, most patients still 
rely on alternative medicine for better relief [9]. Therefore, 
alternative or complementary medicines with fewer side 
effects might be useful. Today’s traditional herbal medicines 
aid in the development of potential therapeutic drugs in 
the form of either extracts alone, extracts in combination 
with other herbs, or drugs in the form of phytochemical 
compounds isolated from herbs.

Since the ancient era, the olive tree (Olea europaea) has 
been known for its medicinal properties in the Mediterra
nean region. Some studies have reported that the leaves 
and extracts of olive trees have nutritional importance and 
can be used as alternative remedies for numerous illnesses 
[10]. In the Mediterranean basin region, the use of  olive 
oil in traditional medicine for several thousands of years 
is associated with a low occurrence of  heart disease and 
some types of  cancer [11]. Olive oil is well known for its 
hypotensive, antioxidant, cardiovascular, hypoglycemic, and 
hepatoprotective effects [1216]. Reports on the beneficial 
effect of the Mediterranean diet for nephrolithiasis are rare, 
however [17]. There is no previous literature regarding the 
antiurolithic activity of olive oil in vivo. With this in mind, 
the current study aimed to explore the antiurolithic activity 
of olive oil in an ethylene glycol (EG)induced urolithiasis 
model and the role of olive oil in the prevention of renal 
stones.

MATERIALS AND METHODS

1. Chemicals
All experimental research analyticalgrade reagents 

and chemicals were procured from Sigma Chemical Co. 
Inc. (St. Louis, MO, USA). All bioassay kits (uric acid, urea, 
creatinine, oxalate, inorganic phosphate, and calcium) were 
purchased from Biovision Inc. (Milpitas, CA, USA). Olive oil 
(extra virgin) was purchased from Sakaka olive market (Al

Jawf, Saudi Arabia).

2. Acute toxicity
To determine the suitable safe olive oil dose, acute 

toxicity was assessed in mice according to the Organisation 
for Economic Cooperation and Development protocol [18]. 
Briefly, healthy normal mice were grouped into 4 cages of 
5 animals each. Oral doses of 0.5, 0.75, 1.0, 1.3, and 1.7 mL/kg 
body weight of olive oil was supplemented to each group 
with ad libitum access to water and food. The animals were 
observed for general behavior and signs of toxicity for 1 
hour, 4 hours, and over the period of 24 hours after drug 
administration. The animals were further observed for signs 
of toxicity, weight loss, and mortality for 14 days.

3. Experimental design
Adult male mice (Swiss albino) weighing 20 to 25 g 

were obtained from the medical school animal husbandry 
department at Al Jouf University. The college ethical com
mittee approved the protocols to conduct this study. The 
experimental animals were kept in 12hour darklight cycles 
at 25ºC with ad libitum access to food and water. Mice were 
divided into 6 groups with 10 mice in each group. Group I 
consisted of normal mice supplemented with vehicle only. 
Group II mice received 0.75% EG alone in drinking water. 
The olive oilsupplemented normal controls (group III) 
received standard pellets + oral olive oil (1.3 mL/kg body 
weight). Groups IV and V were fed orally with olive oil 
at various doses along with EG (0.75%) in drinking water 
for 28 days. Group VI received cystone (750 mg/kg) as a 
standard drug and 0.75% EG in drinking water during the 
experimental period (28 days) [19]. EG (0.75% in drinking 
water) was used in groups IV through VI to induce 
urolithiasis and to promote the development of  calcium 
oxalate crystals in the kidney during the experimental 
period [20].

4. Urine analysis
At the end of the experiment (on day 28), all animals 

were kept in metabolic cages individually for the collection 
of 24hour urine samples. 3N HCl was added to the urine 
samples, followed by a 10minute centrifugation at 1,500 rpm. 
The supernatant and debris were discarded and the samples 
were kept at 20ºC. A Chemwell Biochemistry automatic 
analyzer (Awareness Technology, Inc., Palm City, FL, USA) 
was used for oxalate, calcium, and inorganic phosphate 
measurement in urine.
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5. Blood analysis
After they had been deprived of  food for 12 hours 

overnight, the mice were anesthetized with diethyl ether. 
After cervical decapitation, blood samples were collected 
into nonanticoagulanttreated test tubes and allowed to 
clot at room temperature. Serum samples were obtained 
by centrifugation for 15 minutes at 1,500 rpm. The samples 
were subjected to serum urea, creatinine, and uric acid 
analysis with the aid of commercially available bioassay 
kits according to the manufacturer’s protocols by use of a 
Chemwell Biochemistry automatic analyzer.

6. Kidney homogenate analysis
Both kidney samples were collected immediately after 

the animals were sacrificed under anesthesia, followed by 
rinsing in cold 0.15 M KCl. After that, the right kidney was 
minced with scissors and then homogenized with 0.15 M 
KCl by use of a Remi’s glass homogenizer. The supernatant 
sample was obtained from the homogenate by centrifugation 
for 15 minutes at 1,500 rpm. The supernatant was used for 
estimation of  oxalates by use of  commercially available 
bioassay kits according to the manufacturer’s protocols by 
use of the Chemwell Biochemistry automatic analyzer.

7. Statistical analysis
The study parameters were conducted in triplicate. 

Mean±standard deviation was used to express the data. 
To compare the groups, oneway analysis of variance was 
applied with the aid of SPSS ver. 17.0 (SPSS Inc., London, 

United Kingdom). Statistical significance was considered as 
p<0.05.

RESULTS

1. Acute toxicity
The study results showed that olive oil at doses of 

1.3 and 1.7 mL/kg body weight orally was suitable for 
supplementation of  the experimental animals. No toxic 
symptoms or abnormal behavior were observed in the mice 
with these doses.

2. Analysis of serum parameters
Our results showed that serum urea, uric acid, and 

creatinine were significantly (p<0.05) higher in group 
II animals than in group I (Table 1). However, olive oil 
treatment (1.3 and 1.7 mL/kg body weight orally) signifi
cantly (p<0.05) lowered serum uric acid, creatinine, and urea 
levels in animals in groups IV and V compared with group 
II. Group VI animals showed significantly (p<0.05) lower 
levels of serum urea, uric acid, and creatinine than animals 
in groups II, IV, and V. By contrast, group V animals (1.7 
mL/kg body weight orally) showed significantly lower levels 
of serum urea, uric acid, and creatinine than did animals in 
group IV (1.3 mL/kg body weight orally), with a resultant 
significantly (p<0.05) greater decease compared with group 
II in serum urea, uric acid, and creatinine in group V than 
in group IV.

Table 1. Effect of olive oil on serum parameters in mice with ethylene glycol-induced urolithiasis

Experimental group Urea (mg/dL) Uric acid (mg/dL) Creatinine (mg/dL)
Group I (vehicle only) 38.11±0.96 1.73±0.13 0.86±0.05
Group II (ethylene glycol only) 49.99±0.96 4.64±0.41 1.54±0.37
Group III (olive oil only) 37.78±0.68 1.95±0.14 0.84±0.08
Group IV (ethylene glycol + olive oil low quantity) 43.44±0.72 3.01±0.11 1.24±0.21
Group V (ethylene glycol + olive oil high quantity) 40.38±0.44 2.38±0.35 1.08±0.13
Group VI (ethylene glycol + cystone) 39.79±0.31 1.97±0.11 0.96±0.08

Values are presented as mean±standard deviation.

Table 2. Effect of olive oil on urine parameters in mice with ethylene glycol-induced urolithiasis

Experimental group Oxalate (mg/dL) Calcium (mg/dL) Inorganic phosphate (mg/dL)
Group I (vehicle only) 0.46±0.05 1.43±0.11 4.32±0.23
Group II (ethylene glycol only) 4.97±0.19 5.09±0.19 8.67±0.39
Group III (olive oil only) 0.63±0.07 1.63±0.11 4.44±0.19
Group IV (ethylene glycol + olive oil low quantity) 3.11±0.17 3.90±0.19 5.64±0.51
Group V (ethylene glycol + olive oil high quantity) 2.04±0.15 2.62±0.37 4.87±0.19
Group VI (ethylene glycol + cystone) 1.86±0.11 1.87±0.15 4.50±0.49

Values are presented as mean±standard deviation.
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3. Analysis of urine parameters
The study results revealed significantly (p<0.05) higher 

levels of urinary oxalate, calcium, and inorganic phosphate 
in group II than in the other groups (Table 2). However, 
supplementation with olive oil in groups IV and V resulted 
in significantly (p<0.05) decreased levels of oxalate, calcium, 
and inorganic phosphate in urine compared with group II. 
Cystonetreated animals (group VI) showed significantly 
(p<0.05) lower levels of  urinary oxalate, calcium, and 
phosphate than in group II animals (Fig. 1). In contrast, 
a similar type of effect was observed in group IV and V 

animals after administration of olive oil (1.3, 1.7 mL/kg body 
weight orally) in a dosedependent manner.

4. Analysis of kidney parameters
The kidney homogenate showed significantly (p<0.05) 

higher levels of oxalate, calcium, and inorganic phosphate 
in group II animals than in the other groups (Table 3). 
However, administration of  olive oil to the animals in 
groups IV and V resulted in significantly lower (p<0.05) 
levels of oxalate, calcium, and inorganic phosphate in kidney 
homogenate compared with the EGinduced urolithiasis 
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Fig. 1. (A) Effect of olive oil on urine calcium levels in mice with ethyl-
ene glycol-induced urolithiasis. (B) Effect of olive oil on urine oxalate 
levels in mice with ethylene glycol-induced urolithiasis. (C) Effect of 
olive oil on urine inorganic phosphate levels in mice with ethylene 
glycol-induced urolithiasis. Group I, vehicle only; group II, ethylene 
glycol only; group III, olive oil only; group IV, ethylene glycol + olive oil 
low quantity; group V, ethylene glycol + olive oil high quantity; group 
VI, ethylene glycol + cystone.

Table 3. Effect of olive oil on kidney parameters in mice with ethylene glycol-induced urolithiasis

Experimental group Oxalate (mg/g) Calcium (mg/g) Inorganic phosphate (mg/g)
Group I (vehicle only) 1.85±0.23 3.72±0.33 2.88±0.48
Group II (ethylene glycol only) 4.23±0.25 5.93±0.19 4.21±0.33
Group III (olive oil only) 1.89±0.11 3.79±0.30 2.90±0.19
Group IV (ethylene glycol + olive oil low quantity) 2.38±0.33 4.19±0.42 3.58±0.34
Group V (ethylene glycol + olive oil high quantity) 2.20±0.49 3.96±0.19 3.32±0.41
Group VI (ethylene glycol + cystone) 1.94±0.11 3.89±0.15 3.13±0.18

Values are presented as mean±standard deviation.
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animal group (group II). Cystonetreated animals (group 
VI) exhibited significantly (p<0.05) lower levels of kidney 
oxalate, calcium, and phosphate than did group II animals 
(Fig. 2). In groups IV and V, the elevated levels of kidney 
homogenate parameters such as oxalate, calcium, and 
phosphate were restored after supplementation with olive 
oil (1.3 and 1.7 mL/kg body weight orally).

DISCUSSION

Nowadays, urinary stones have an important place in 
urological practice. Men predominate over women in risk 
of stone formation, with an incidence in the range of 5% to 
10% that is observed to peak between the ages of 40 and 50 
years. The recurrence of stone formation is very common in 
patients with renal stone disease. Based on the constituents 
(calcium) of the stone, renal stones are classified into calcium 
oxalate dehydrate, calcium oxalate monohydrate, and basic 
calcium phosphate stones, which commonly occur at a rate of 
75% to 90%, followed by magnesium ammonium phosphate 
(struvite), uric acid, and cystine stones, respectively (10%–15%, 
3%–10%, and 0.5%–1%, respectively). Generally, magnesium 

ammonium phosphate or calcium oxalate stones are more 
common among all types of stones. Many medications and 
alternative remedies have been used to treat urinary stones 
in the past several years.

Generally, the majority of practice in traditional medi
cine is based on plants and their products, but the rationale 
behind their use is often not scientifically well established 
through clinical trials and systematic pharmacological 
studies. Only a few herbal drugs have supportive scientific 
evidence for their potential activity. However, the use 
of plant products in traditional medicine for renal stone 
therapy has assumed importance.

Previous studies showed that flavonoids may reduce 
renal apoptosis owing to their antioxidant and diuretic 
properties. Use of  synthetic drugs in the treatment of 
urolithiasis on a longterm basis could lead to adverse effects. 
Extracorporeal shock wave lithotripsy is the standard 
procedure for the removal of renal stones in current renal 
stone management compared with open renal surgery [21].

The potential role of plant extracts in the prevention of 
kidney stone formation is through inhibition of the growth 
of CaOX crystals induced by urinary macromolecules and 
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Fig. 2. (A) Effect of olive oil on kidney oxalate levels in mice with ethyl-
ene glycol-induced urolithiasis. (B) Effect of olive oil on kidney calcium 
levels in mice with ethylene glycol-induced urolithiasis. (C) Effect of 
olive oil on kidney inorganic phosphate levels in mice with ethylene 
glycol-induced urolithiasis. Group I, vehicle only; group II, ethylene 
glycol only; group III, olive oil only; group IV, ethylene glycol + olive oil 
low quantity; group V, ethylene glycol + olive oil high quantity; group 
VI, ethylene glycol + cystone.
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excretion of the CaOx crystals attached to the surface of the 
epithelial cells along with the urine [22]. EGinduced renal 
calcium oxalate in mice is used to mimic the formation of 
urinary stones in humans [23]. Therefore, in the present 
study, the EGinduced urolithiasis model was used to access 
the antiurolithiasis effect of olive oil.

In urolithiasis, obstruction of the urinary system due 
to the formation of calculi in the renal tissue leads to a 
decrease in the kidney glomerular filtration rate, which 
results in the accumulation of nitrogenous waste produces 
such as uric acid, serum urea nitrogen, and creatinine in 
the blood [24]. In this study, elevated serum urea, uric acid, 
and creatinine levels were seen in mice with EGinduced 
urolithiasis, with marked renal damage that may have been 
due to the release of nitrogenous waste substances in the 
blood. However, curative treatment with olive oil (1.3, 1.7 mL/
kg body weight orally) may causes dieresis and accelerate 
the preformed stonedissolving process and also may prevent 
the formation of new renal stones in the urinary system.

In the present study, hyperoxaluria resulted after 
the administration of  0.75% EG in group II animals [25]. 
A biochemical mechanism is associated with elevated 
concentrations of oxalate in the urine of group II animals 
administered the 0.75% EG solution. Hyperoxaluria 
results from increased retention and excretion of oxalate 
from kidneys [26]. The urinary excretion of  oxalate in 
hyperoxaluria is comparatively more important in the 
formation of  urinary stones than the urinary excretion 
of  calcium [27]. Hyperoxaluria leads to the formation of 
calcium oxalate or apatite from the urine and the resultant 
development of  crystals [27]. It has been reported that 
hyperabsorption of calcium is due to defective renal tubular 
reabsorption [28]. Hyperoxaluria can cause the formation 
of renal stones in EGfed animals owing to increased renal 
oxalate retention and excretion [29]. Our study results show 
that administration of olive oil (1.3, 1.7 mL/kg body weight 
orally) restored oxalate, inorganic phosphate, and calcium 
levels in urine similar to those in group VI (cystonetreated 
animals).

EGinduced toxicity targets the kidney. Generally, in 
hyperoxaluria, EG is metabolized to four main organic acids 
in vivo, glycooxalic acid, glycolaldehyde, glycolic acid, and 
oxalic acid, which is the initiative factor for lithiasis [30]. 
Hence, in this study, EG was preferred for use to develop 
urolithiasis. The elevated levels of  calcium, oxalate, and 
phosphate in the kidney homogenate supernatant of droups 
IV and V were also restored with olive oil supplementation 
in this study compared with the EG control group.

CONCLUSIONS

The study results indicate that administration of olive 
oil (1.7 mL/kg body weight) reduced and prevented the 
growth of urinary stones. The current study revealed the 
antiurolithic effect of olive oil (1.7 mL/kg body weight) in 
an EGinduced renal calculi model. Therefore, olive oil (1.7 
mL/kg body weight) may prevent renal stone formation 
by inhibiting damage to the renal tubular membrane 
due to peroxidative stress induced by hyperoxaluria. The 
underlying biochemical mechanism of this potential effect 
of olive oil may be its antioxidant properties. However, more 
investigation is required to clarify the exact mechanism of 
this action.
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