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Abstract

Background: Microemulsion (ME) is a method that has been developed in the recent years for synthesizing the nano-sized drug,
metal or non-metal particles. These systems offer various advantages for drug delivery, such as ease of preparation, complete stabil-
ity, and high drug solvability in many pharmaceutical applications.
Objectives: This study aimed at evaluating the protective effect of sour cherry kernel extract microemulsion on methimazole-
induced nephrotoxicity in mice.
Methods: Sixty-four male Swiss albino mice were divided to eight groups; each group consisted of eight mice. Group 1 was served as
control, received normal saline; group 2 received base of ME without extract for 10 days; group 3 received a single dose of methima-
zole (100 mg/kg, ip) as positive control only on the 10th day; groups 4 to 6 received ME extract orally in doses of 250, 500, and 1000
mg/kg, respectively, during 10 days and methimazole (100 mg/kg, ip) on the 10th day; group 7 and 8 received ME extract and extract
in dose of 1000 mg/kg for 10 days, respectively. Then, on the 11th day, serum samples were collected and used to determine the levels
of serum creatinine (Cr) and blood urea nitrogen (BUN). After removing the kidney, malondialdehyde (MDA) and glutathione (GSH)
levels and glutathione peroxidase (GPx) and superoxide dismutase (SOD) activity were also determined.
Results: The results obtained from the present study indicated a significant increase in the levels of Cr, BUN and MDA, and decrease
of GSH, GPx and SOD by methimazole administration. Pre-treatment with ME extract showed reduction in the levels of Cr, BUN, MDA,
and increase of GSH, GPx, and SOD. In addition, these observations were confirmed by histopathological changes of the kidney.
Conclusions: The current study showed that the extract had a protective effect on methimazole-induced nephrotoxicity and this
effect was more for ME extract.
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1. Background

In the recent years, nanotechnology-based drug deliv-
ery systems have progressed and due to the physicochemi-
cal properties of various drugs, more intelligent drug de-
livery systems are needed (1). Microemulsions (MEs) are
modern colloidal drug vehicle systems. They are stable
and isotropic mixtures of oil, water, surfactant and a co-
surfactant with a diameter of 20 to 200 nm. These systems
have various properties, such as optical transparency, com-
plete stability, and high drug solvability in many pharma-
ceutical applications (2). Methimazole (MMI) is an anti-
thyroid drug used for the treatment of hyperthyroidism

associated with grave’s disease (3). It has been well-known
that MMI causes adverse effects, such as skin inflamma-
tion, allergies, pharyngitis, liver cirrhosis, and nephri-
tis when using this drug to treat hyperthyroidism (4).
The MMI-related nephrotoxicity is associated with obvious
changes of function kidney and a high potential for de-
creased antioxidant capacity (5). Antioxidant compounds
play a major role in various diseases. Early sources of natu-
rally occurring antioxidants are grains, fruits, and vegeta-
bles (6). The medicinal plants are being used for valuable
purposes around the world. They are important sources
for the new drugs and health products (7). Prunus cerasus
L. also, known as sour cherry, found in Europe and South-
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western Asia (8), has white flowers and tart red fruits (9).
Sour cherry kernels include 32% to 36% of vegetable oils
and 64% to 68% of the kernel is a solid deduction com-
prised of flavonoids, polyphenols, anthocyanins, stilbenes,
and catechins (10).

2. Objectives

This study aimed at evaluating the protective effects
of sour cherry (Prunus cerasus L.) kernel hydroalcoholic
extract microemulsion on MMI-induced nephrotoxicity in
mice.

3. Methods

3.1. Chemicals

Thiobarbituric acid (TBA), Trichloroacetic acid (TCA),
reduced glutathione (GSH), 5, 5-dithiobis (2-nitrobenzoic
acid) (DTNB), Coomassie blue G, tween-80, propylene gly-
col (PG), bovine serum albumin (BSA), Bradford reagent,
paraffin, formalin, ethanol, and methimazole powder used
for this experiment were obtained from Sigma. Sesame oil
was obtained from Sabz Kooh, Iran. Ketamine and xylazine
were purchased from Alfasan Co. (Holland).

3.2. Animals

Adult male Swiss albino mice (20 to 25 g, eight weeks
old, Research Center and Animal House of Jundishapur
University of Medical Sciences, Ahvaz, Iran) were kept in a
polycarbonate cage under standard conditions (ambient
temperature of 25 ± 2ºC) with a 12 hours light: 12 hours
dark cycle and free access to water and food. The study
protocols were approved by the Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences.

3.3. Extract Preparation

Sour cherry kernel seeds were dried and eliminated
from the external shell components. The kernel was bro-
ken down and extracted with n-hexane during four hours.
Accordingly, the oil and solid fraction were broke up. The
solid fraction was soaked in 70% ethanol for three days. The
extract was filtered and was kept in the freeze dryer for 48
hours (Virtis, USA) until they were dried and the solvent
was evaporated (11).

3.4. Microemulsion Preparation
Pseudo-ternary phase diagram was made using the

titration method to investigate the Microemulsion (ME)
existence range. The ME system was made-up of sesame
oil (oily phase), tween-80 as surfactant, and propylene gly-
col as co-surfactant. The proportion of surfactant to co-
surfactant at 3:1 was used. The doses of sour cherry ker-
nel extract (250, 500, and 1000 mg/kg) were added to this
system, then a clear and transparent system was obtained.
The MEs were kept at three temperatures (4ºC, 25ºC, and
37ºC) and checked for turbidity and coalescence. Further-
more, samples were centrifuged at 10000 rpm for 30 min-
utes at 25ºC. The components of appropriate formulation
were as follows: 2.43% oil, 66.55% S+C; and 31.02% water.
The microemulsions were appraised regarding their vis-
cosity, particle size, and pH.

3.4.1. Viscosity Measurement

Viscosity (η) was measured with a Brookfield viscome-
ter (DV-II + Pro) at 25ºC and 100 rpm (12).

3.4.2. Particle Size Measurement

Particle size analysis was measured at 25ºC by Scatter
Scope 1 Quidix. Moreover, their refractory indices were also
calculated (13).

3.4.3. The pH Determination

The pH of samples was measured on the basis of experi-
ment at 25ºC, using a pH-meter (Mettler Toledo Seven Easy).

3.5. Experimental Design
In this study, animals were randomly allocated to eight

experimental groups; each group consisted of eight mice.
Group 1 as negative control group, received normal saline
orally for 10 days; group 2 received base of ME without ex-
tract orally for 10 days, group 3 received a single dose of
MMI (100 mg/kg intraperitoneally) as positive control (14)
only on the 10th day; groups 4 to 6 received ME extract
orally at doses of 250, 500, and 1000 mg/kg respectively,
during 10 days and MMI (100 mg/kg intraperitoneally) on
the 10th day. Groups 7 and 8 received ME extract and extract
at dose of 1000 mg/kg for 10 days, respectively.

3.6. Sample Collection
On the 11th day, animals were anesthetized with ke-

tamine and xylazine and blood samples were gathered.
Serum was centrifuged at 3000 rpm for 10 minutes and
stored at -20ºC until assayed. The kidney was removed and
immersed in 10% buffered formalin solution for histolog-
ical examination and small fragments of the kidney was
frozen at -70ºC degree for measuring glutathione peroxi-
dase (GPx) and superoxide dismutase (SOD) activity, and
malondialdehyde (MDA) and glutathione (GSH) levels.
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3.7. Serum Analysis

The levels of serum creatinine (Cr) and blood urea ni-
trogen (BUN) were measured for kidney function using the
biochemical analyzer with respective test kits.

3.8. Malondialdehyde Levels Assay

Lipid peroxidation was measured by determining the
amounts of MDA. Assays of MDA content were performed
using the reaction of color TBA method (Buege and Aust)
(15) involving the measurement of total MDA. The sam-
ple containing 0.5 mL of homogenized tissue was blended
with 2.5 mL of TCA (10%, w/v) and centrifuged at 3000 rpm
for 10 minutes. Then, 1 mL of TBA solution (0.67%, w/v) was
added to 2 mL of each sample in a test tube. The solution
was heated for 10 minutes in boiling water until develop-
ing a pink-colored solution. After cooling, the absorbance
was recorded at 532 nm using a spectrophotometer. The re-
sults were declared as nmol/mg protein.

3.9. Glutathione Levels Assay

The levels of GSH were measured by the response with
Ellman’s reagent (5-5-dithiobis 2-nitrobenzoic acid) to give
a yellow colored complex. The absorbances were read at
412 nm (16). A portion of tissue homogenate was precipi-
tated with 0.1 mL of 25% TCA and centrifuged at 1000 rpm
for 10 minutes. The reference cuvette contained 2 mL of 0.5
mM DTNB in 0.2 M phosphate buffer (pH = 8) and 0.1 mL of
the floating to a final volume of 3 mL, and the yellow color
developed was evaluated in the spectrophotometer. The re-
sults were declared as nmol/mg protein.

3.10. Glutathione Peroxidase Activity Assay

The levels of GPx were evaluated with the GPx kit (Ran-
dox Labs, Crumlin, UK). It was declared as units/mg pro-
tein.

3.11. Superoxide Dismutase Activity Assay

The homogenate was centrifuged for 20 minutes at
4ºC, 12,000 × g, and the absorbance was evaluated in the
spectrophotometer. The SOD activity was determined us-
ing the Martin method (17). The results were declared as
U/mg protein.

3.12. Histopathological Assessments

The kidney was fixed in 10% buffered formalin. After
one day, samples were immersed in 70% ethanol and pro-
cessed for paraffin sectioning. The paraffin blocks were
cut to pieces of 5 µm, which were then stained with hema-
toxylin and eosin to evaluate under the light microscope.

3.13. Statistical Analysis

The SPSS statistical software (SPSS for Windows, ver-
sion 18.0) was used to analyze the data. The results were
presented as mean ± SD and all statistical comparisons
were obtained by means of one-way analysis of variance
(ANOVA) test pursued by Tukey’s post hoc test. P < 0.05 was
considered as statistically significant.

4. Results

4.1. Microemulsion Results

The ingredients of appropriate formulation were as fol-
lows: oil, 2.43%; surfactant/co-surfactant, 66.55%, and water,
31.02% (Figure 1). The ME formulations had mean viscosity
of 316.6 ± 23.7 centipoises, the mean droplet sizes of 7.9 ±
1.1 nm, and mean pH of 4.8 ± 0.2.
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Figure 1. The Pseudo-Ternary phase diagram of the oil-surfactant/co-surfactant
mixture-water system at the 3:1 weight ratio of tween-80 propylene glycol at ambient
temperature; dark area shows ME zone.

4.2. Effects of Extract and Methimazole on Creatinine and Blood
Urea Nitrogen Levels

Results showed that MMI alone caused a significant
increase in the levels of Cr (1.35 ± 0.32 mg/dL) and BUN
(68.31 ± 6.71mg/dL) in comparison to the group receiving
saline (0.66±0.12 and 31.12±5.05 respectively) (P < 0.001).
Pre-treatment with ME extract in groups 4 to 6 showed
a decrease in the levels of Cr and BUN at all doses com-
pared with the group receiving MMI, yet it significantly de-
creased the levels of Cr at a dose of 1000 mg/kg (P < 0.05)
and significantly decreased the levels of BUN at doses of
500 and 1000 mg/kg (P < 0.01 and P < 0.001 respectively)
(Figure 2).
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Figure 2. Effects of pre-treatment with ME extract on serum levels of Cr and BUN in MMI-induced nephrotoxicity. All values are expressed as mean ± SD, N = 8. *Significant
difference in comparison with the control group (***P < 0.001). #Significant difference in comparison with the MMI group (#P < 0.05, ##P< 0.01, ###P < 0.001).

4.3. Effects of Extract and Methimazole on Malondialdehyde
and Glutathione Levels

Results showed that the MDA and GSH of kidney tissue
in the group receiving MMI were 2.3 ± 0.35 and 1.9 ± 0.4
nmol/mg protein and in the group receiving saline, these
were 1.2 ± 0.21 and 5.2 ± 0.7nmol/mg protein. The MMI
significantly increased the amount of MDA and decreased
the amount of GSH in renal tissue in comparison with the
group receiving saline (P < 0.001). Pre-treatment with ME
extract in groups 4 to 6 decreased MMI-induced increase
in MDA in renal tissue compared with the group receiving
MMI, yet it was significantly decreased in MDA at doses of
500 and 1000 mg/kg (P < 0.05 and P < 0.001, respectively).
Also, pre-treatment with ME extract in groups 4 to 6 in-
creased MMI-induced decrease in GSH in renal tissue com-
pared with the group receiving MMI, yet it was significantly
increased in GSH at doses of 500 and 1000 mg/kg (P < 0.05)
(Figure 3).

4.4. Effects of Extract and Methimazole on Glutathione Peroxi-
dase and Superoxide Dismutase Activity

Results showed that the GPx and SOD activity in the
group receiving MMI were 0.2 ± 0.05 and 0.55 ± 0.1 U/mg
protein and in the group receiving saline, these were 0.5
± 0.1 and 1.7 ± 0.27 U/mg protein. The MMI significantly
decreased the activity of Gpx and SOD in renal tissue in
comparison to the group receiving saline (P < 0.001). Pre-
treatment with ME extract in groups 4 to 6 increased MMI-
induced reduction of GPx activity in renal tissue compared
with the group receiving MMI, yet it significantly increased
GPx activity at dose of 1000 mg/kg (P < 0.05). Also, pre-
treatment with ME extract in groups 4 to 6 increased MMI-
induced reduction of SOD activity in renal tissue compared

with the group receiving MMI, yet it was significantly in-
creased in SOD at doses of 500 and 1000 mg/kg (P < 0.05
and P < 0.001, respectively) (Figure 4).

4.5. The Light Microscopic Findings

The histopathological analysis of renal tissues in the
groups 1, 2, 7 and 8 showed a normal structure without sig-
nificant pathologic changes. The kidney tissue of mice in
group 3 (positive control) showed degenerative changes in
glomeruli, hyaline deposition in the form of eosinophilic
material in the tubules, some tubules with moderate to se-
vere epithelial atrophic changes, widening of the lumen
of tubules and foci of congestion of capillary loops. In the
groups 4 to 6, increasing of dosage of ME from 250 mg/kg
to 1000 mg/kg showed greater protection from destructive
effects of MMI kidney tissue (Figure 5).

5. Discussion

The kidney has a major role in the elimination of a wide
diversity of xenobiotics. Besides, the renal system regu-
lates the volume of blood and extracellular fluid, acid-base
homeostasis, and electrolyte combination (18). Kidney in-
juries caused by drugs are common in humans and could
disturb these functions (19).

Cr and BUN (20) are two evaluation indices for re-
nal functions. Treatment with MMI causes nephrotoxicity,
which has major negative side effects (3). Measuring blood
levels of enzymes, biochemicals are important for indica-
tion of damage to any tissue. High levels of any factor
may connote a fracture of active pathologies (21, 22). Also,
in this study, increasing Cr and BUN levels in MMI-treated
group demonstrated renal toxicity (P < 0.001), which may
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Figure 3. Effects of pre-treatment with ME extract on MDA and GSH levels in MMI-induced nephrotoxicity. All values are expressed as mean± SD, N = 8. *Significant difference
in comparison with the control group (***P < 0.001). #Significant difference in comparison with the MMI group (#P < 0.05, ###P < 0.001).
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Figure 4. Effects of pre-treatment with ME extract on GPx and SOD activity in MMI-induced nephrotoxicity. All values are expressed as mean± SD, N = 8. *Significant difference
in comparison with the control group (***P < 0.001). #Significant difference in comparison with the MMI group (#P < 0.05, ###P < 0.001).

possibly be due to damage generated in kidney tubules in
comparison to the control group. Lipid peroxidation is a
common procedure of cellular damage, which is a com-
mon consequence of oxidant stress, owning toxic charac-
teristics (23). The GSH is an α-amino acid and a tripeptide
evolved as a molecule that protects cells against radical tox-
icity (24). Use of MMI could increase MDA levels in kidney
tissue and reduce the level of GSH (P < 0.001). This repre-
sents the increase of oxidative stress and oxidative detri-
ment to macro molecules, tissues or organs (25). GPx is an
enzyme with peroxidase function, whose principal biolog-
ical role is to defend cells from serious detriment (26) and
SOD is a metallic enzyme and an important link in a biolog-
ical defense mechanism, to be rapidly cleared by the kid-

neys (27). The results of this study showed the activities of
antioxidants enzymes; GPx and SOD were significantly (P
< 0.001) decreased in kidney tissues of MMI-treated group,
in comparison to the control group, which demonstrated
that MMI has caused severe oxidative stress.

In a study evaluating the effect of selenium on methi-
mazole nephrotoxicity, antioxidant enzyme activities, su-
peroxide dismutase, catalase, and glutathione peroxidase
decreased. Lipid peroxidation indicated an increment
by high kidney malondialdehyde levels. Methimazole-
treated rat kidneys demonstrated leucocytic infiltrations,
vascular congestion, and narrowed Bowman’s space. The
observed renal protection effects of selenium can be at-
tributed to the high content of antioxidant selenium (5). In
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Figure 5. Histopathological observations (kidney sections stained with Hematoxylin & Eosin, magnification× 40) showing effects of ME extract on MMI-induced nephrotox-
icity changes in mouse kidney. A, Normal; B, ME base treated group; C, MMI treated group; D, E and F are MMI group pre-treated with 250, 500 and 1000 mg/kg of ME extract,
respectively; G, ME extract treated group; H, extract treated group.

another study, renal dysfunction and decrease in the size
and length of the tubules was observed (25). The current
results are in agreement with recent experiments.

It has been reported that sour cherry kernel has an-
tioxidant compounds, such as flavonoids, polyphenols, an-
thocyanins, stilbenes, and catechins that work by donat-
ing electrons or hydrogen atoms to free radicals (28, 29),
and lead to protection against oxidative stress. This prop-
erty has led to the use of flavonoids (anthocyanins, cat-
echins) in studies on oxidative stress, cancer, and aging
processes (30). It has been reported that anthocyanins in-
hibit the growth of cancer cells. In some studies, it has
also been shown that it prevents the spread of tumors and
the growth of colon cancer cells in mice (31). In addition,
cyanidin shows more anti-inflammatory effects than as-
pirin (32). Recent studies indicate that anthocyanins are a
quality index for a cherry extract, and it has been shown
that cherry extract reduces inflammation, edema, and the
appearance of gout and arthritis pain (33).

Furthermore, the histological examinations of kidney
confirmed the protective effects of extract against the MMI-
induced kidney damage (34) that showed considerable im-
provement in proximal and distal convoluted tubules in
pre-treated groups. A lot of studies have been done on
the sour cherry kernel that evaluated several properties on
the inflammation (35), systemic and dermal toxicity (36),
ischemic-reperfused myocardium (37), and protective ef-
fects (38, 39). These results indicate that sour cherry kernel

is safe and has no adverse effects.

Since this plant has a potent antioxidant and anti-
inflammatory effects, the protective effect of the extract
of this plant in MMI-induced nephrotoxicity was inspected
in this experiment. Therefore, we studied different doses
of ME extract to evaluate of oxidant/antioxidant parame-
ters as markers of oxidative stress-induced kidney injury,
and the best results were observed at the dose level of 1000
mg/kg.

Results showed group 2 that received only microemul-
sion base did not show any significant differences in com-
parison to the group receiving saline on all biochemical
parameters and histopathological observations. as well as,
between group 7 and 8 with control group did not have any
significant differences. Therefore, it can be concluded that
the extract and microemulsion base have no toxic effects.
Using the data of this report and by observing no record
of toxicity of extract, ME base and ME extract, bioavailabil-
ity enhancement of bioflavonoids and antioxidant in sour
cherry seed kernel extract and the purposeful drug deliv-
ery was indicated. Therefore, nano size range of particle
showed a better efficacy and protective role of sour cherry
kernel extract against oxidative damage.

Eventually, the findings of the present study demon-
strated that ME of sour cherry (Prunus cerasus L.) ker-
nel extract showed protective effects against MMI-induced
nephrotoxicity in mice.
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