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Abstract: In the present study, the nephroprotective potentials of cinnamon and/or parsley oils was assessed
on gentamicin (GM)-induced nephrotoxicity in rats. About 49 male rats were assigned randomly into 7 equal
groups (7 rats each). Group 1-3: were orally administered normal saline, cinnamon oil (400 mg kgG1 b.wt.) and
parsley oil (200 mg kgG1 b.wt.), respectively, once daily for 30 consecutive days. Group 4: rats in this group
were intraperitoneally injected with GM (100 mg kgG1 b.wt.) in the last 10 days (20-30th day) of the experiment.
Group 5: rats in this group were given cinnamon and GM while rats in group 6 were administered parsley and
GM. Group 7: rats in this group were administered cinnamon and parsley plus GM. At the end of the
experiment, rats were sacrificed, serum samples and kidney specimens were collected for biochemical and
oxidative status evaluation. Rats administered GM alone showed significant increases in serum concentrations
of creatinine, urea and glucose while renal tissue levels of superoxide dismutase, catalase and glutathione
reductase were significantly declined. Additionally, the malondialdehyde level was significantly elevated in
kidney tissues. Also, GM administration caused renal histopathological alterations. The altered levels of various
parameters provoked by GM toxicity were restored towards normal levels by cinnamon and/or parsley oils
administration. These results suggested the nephroprotective potentials of cinnamon and/or parsley oils in rats,
probably triggered by their antioxidant phytoconstituents.
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INTRODUCTION

The kidney is important in cleaning wastes and
toxins from the blood (like creatinine and urea),
regulating electrolyte balance, blood pressure and
hormone secretions (Wu et al., 2017). Because of its high
vascularity and complex metabolic activities, many drugs
and environmental xenobiotics intoxicate the kidney
(Elsayed et al., 2013, 2014). Nephrotoxicity is an
important side effect of several antibiotics that may lead
to acute kidney failure, especially in renal insufficiency
patients if taken without considerations.

The aminoglycoside antibiotics, especially,
gentamicin (GM) are widely prescribed for life-menacing
infections  caused  by  Gram-negative  bacteria
(Randjelovic et al., 2012). Renal proximal tubulesare the
main venue of GM excretion and reabsorption and are
usually accumulated within it causing renal damage
(Ghaznavi et al., 2016) which limits the therapeutic
prescribing  of  GM.  This  requires  decreasing  the  total
dose of GM and duration of treatment, especially in
patients with renal insufficiency (Acharya et al., 2013).
GM-triggered renal impairment is usually accompanied
by the pronounced release of reactive oxygen and

nitrogen species (ROS and RNS), superoxide anions,
hydrogen peroxide and hydroxyl radicals by kidney
mitochondria (Yang et al., 1995; Tavafi and Ahmadvand,
2011). 

The plant extracts-derived phyto-medical agents
represent  a  substantial  portion  of  traditional  medicine 
and  are  increasingly  used  to  treat  a  wide  range  of
diseases (Gupta et al., 2004). Antioxidants act as free
radical scavengers, inhibiting lipid peroxidation and
oxidation processes and protect the human body from 
several   diseases    attributed   to   the   reactions   of 
radicals  (Kurowska  and  Gaiazzka,  2006;  Lee  et  al.,
2010).  Therefore,  the  protective  effects  of  natural
herbal-derived antioxidants against drug-provoked side
effects need more attention. (Frei and Higdon, 2003).
Because of its enrichment by polyphenolic compounds,
cinnamon (Cinnamomum zeylanicum) is regarded as a
powerful natural antioxidant. In folk medicine, cinnamon
is widely used as antioxidant, anti-diabetic, anti-microbial
effects and anti-inflammatory herb (Elkomy et al., 2016;
Abdeen et al., 2019). The main constituents identified in
the cinnamon extract and have powerful free radical
scavenging activities are cinnamaldehyde, eugenol and
cinnamic acid which mainly restores the redox hemostasis
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and normal cellular function (Hafizur et al., 2015).
Parsley (Petroselinum crispum) is mainly utilized as a
flavoring agent in food manufacturing or as a fragrance in
perfumery and cosmetics factories. Parsley was
previously reported to show weak antioxidant, diuretic
and antimicrobial activities (Teissedre and Waterhouse,
2000). Moreover, myristicin an important constituent
from parsley oil, revealed a potential cancer
chemoprotective agent (Benevides et al., 1999).
According to our knowledge and literature data, there
were no studies concerning cinnamon and parsley
combination for protection against nephrotoxicity.
Therefore, the purpose of the present study was to check
if the renal impairment induced by GM can be
ameliorated by cinnamon and/or parsley oils
pretreatments in rats.

MATERIALS AND METHODS

Drugs: Gentamicin sulfate was kindly supplied by
Memphis Pharm and Chemical Ind., Cairo, Egypt) and
used in the present study to induce nephrotoxicity.
Cinnamon and parsley oils were obtained from El-Captain
Company for extracting natural oils, herbs and cosmetics,
El-Obour City, Cairo, Egypt. Chemical kits were
purchased from Biodiagnostic, Chemical Co., Giza,
Egypt. All chemicals used were of analytical grade.

Experimental animals: A total of 49 Wister albino male
rats weighing 190-220 g were obtained from Laboratory
Animal Center, Faculty of Veterinary Medicine, Benha
University, Egypt. Rats were housed in polypropylene
cages under standard environmental conditions of
temperature and humidity and received standard
commercial pelleted diet with water ad libitum. The
experimental protocol was approved by the Ethics
Committee of the Faculty of Veterinary Medicine, Benha
University and all efforts were done to minimize pain to
rats.

Experimental design: Rats were assigned randomly into
7 equal groups (7 rats each). Group 1-3: were orally
administered normal saline, cinnamon oil (400 mg kgG1

b.wt., Abdeen et al., 2019) and parsley oil (200 mg kgG1

b.wt., Abdellatief et al., 2017), respectively, once daily
for 30 consecutive days. Group 4: rats in this group were
intraperitoneally injected with GM (100 mg kgG1 b.wt.,
Sadeghi et al., 2015) in the last 10 days (20-30th day) of
the experiment. Group 5: rats in this group were given
cinnamon and GM and rats in group 6 were administered
parsley and GM. Group 7: rats in this group were
administered cinnamon and parsley plus GM.

Sampling: About 24 h after the last administration, rats
were sacrificed under isoflurane anesthesia and blood
samples were collected directly from retroorbital plexus

for serum separation intended for the biochemical
evaluations. Kidneys tissues were collected immediately
after complete necropsy of rats, cut into specimens and
were  washed  with  a  cooled  phosphate  buffer  saline
(pH 7.4). Some specimens were kept at -80°C for
oxidative cascade determination and the others were fixed
immediately in 4% paraformaldehyde phosphate buffer
solution (Wako Pure Chemicals Co., Osaka, Japan) and
kept in the refrigerator for histopathological assessments.

Serum biochemical analysis: Serum samples were used
for  spectrophotometric  estimation  of  creatinine,  urea
and glucose levels using commercial assay kits
(Biodiagnostic, Chemical Co., Giza, Egypt). The serum
samples were used for the quantitative assay of creatinine
(Bartels et al., 1972), urea (Chaney and Marbach, 1962)
and glucose (Sugiura and Hirano, 1977) levels.

Preparation of kidney homogenates and determination
of oxidative cascade: About 1 g of the frozen kidney
specimens was allowed to thaw and washed by ice-cold
0.9%  NaCl  solution  and  then  homogenized  in  9  mL
ice-cold Phosphate Buffer Saline (PBS, 50 mM, pH: 7.4) 
using homogenizer. The obtained homogenate was
centrifuged at 600 g for 15 min at 4°C and the supernatant
was collected into and kept at -80°C until analysis. The
oxidative status evaluation was done by determination of
Malondialdehyde (MDA) level (Uchiyama and Mihara,
1978), Catalase (CAT) activity (Aebi, 1984), Superoxide
Dismutase (SOD) activity (Nishikimi et al., 1972) and
reduced Glutathione (GSH) concentration (Habig et al.,
1974).

Histopathological examinations: The formalin-fixed
specimens of the kidney were washed, dehydrated,
paraffin-embedded, sectioned into three um sections.
Thereafter, the sections were deparaffinized and stained
with Harris hematoxylin and eosin for general histological
examination (Bancroft and Gamble, 2008).

Statistical analysis: Statistical assessment was performed
using SPSS (Version 20.0; SPSS Inc., Chicago, IL, USA).
The significant differences between groups were
evaluated by one-way ANOVA using the Duncan test as
a post hoc. Results are expressed as mean±SEM. All
values at p#0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Concerning biochemical parameters results, rats
administrated GM showed significant (p<0.05) elevation
of creatinine, urea and glucose levels in serum when
compared to the control group. Considerable
improvement in these parameters was observed following
cinnamon and/or parsley oil administration and these
results were recorded in Table 1.
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Table 1: Ameliorative  effects  of  orally  administered  cinnamon oil
(400 mg kg!1 b.wt.) or parsley oil (20 mg kgG1 b.wt.) or their
combination on some serum renal biochemical changes
induced by i.p. injection of gentamicin (100 mg kg!1 b.wt.) in
rats (mean±S.E.M, n = 7)

Groups Creatinine (mg/dl) Urea (mg/dl) Glucose (mg/dl)
Control 0.71±0.02d 32.30±1.34d 80.21±3.87d

CN 0.72±0.01d 31.61±1.28d 79.31±2.70d

PR 0.69±0.009d 29.88±1.47d 76.90±3.44d

GM 1.43±0.03a 83.31±1.54a 193.53±2.41a

GM+CN 1.10±0.02b 71.70±2.24b 157.15±1.34b

GM+PR 1.06±0.01b 73.08±1.94b 153.87±2.19b

GM+CN+PR 0.89±0.01c 58.85±1.27c 101.84±2.18c

Means within the same column carrying different superscripts are
significant at (p<0.05). CN; Cinnamon, PR; Parsley, GM; Gentamicin

Table 2: Ameliorative effects of orally administered cinnamon oil (400
mg kgG1 b.wt.) or parsley oil (20 mg kg!1 b.wt.) or their
combination on renal tissues levels of oxidative stress
biomarkers induced by i.p. injection of gentamicin (100 mg/kg
b.wt.) in rats (mean±S.E.M, n = 7)

Groups MDA(nmol/g) CAT(U/g) SOD(U/g) GSH(mg/g)
Control 58.81±0.99de 3.55±0.06a 25.57±0.63a 60.86±0.76a

CN 59.92±2.25de 3.62±0.04a 25.16±0.30a 59.19±1.10a

PR 55.05±2.74e 3.59±0.04a 23.98±0.51b 58.42±1.93a

GM 122.78±3.67a 1.75±0.04d 11.67±0.31e 31.16±0.17d

GM+CN 98.73±3.14b 2.40±0.02c 15.06±0.29d 40.75±0.44c

GM+PR 89.24±1.53c 2.36±0.03c 14.84±0.35d 39.51±0.68c

GM+CN+PR 65.11±0.89d 2.98±0.02b 20.30±0.28c 49.83±0.58b

Means within the same column carrying different superscripts are
significant at (p<0.05). CN; Cinnamon, PR; Parsley, GM; Gentamicin

Regarding the results of oxidative stress (Table 2),
the rats administrated GM showed a marked rise in MDA
level and significant decline in CAT, GSH and SOD in
renal tissues compared with control groups. Considerable
improvement in these parameters was observed following
cinnamon and/or parsley administration.

Histopathological examination of renal tissues in
different treated groups revealed alterations in their
histological architecture. An improvement in
histopathology was observed following cinnamon and/or
parsley administration (Fig. 1).

The current study was designed to examine the
nephroprotective potentials of cinnamon and/or parsley
against GM-induced nephrotoxicity in rats, probably due
to their antioxidant properties. Kidney damage by
antibiotics depends mainly on the dose and the course of
the treatment (Benett et al., 1991).  Expanded information
concerning the side effects of antibiotics will be of
benefits   to   both   physicians   and   their   patients 
(Elsayed et al., 2013, 2014). Gentamicin, the mostly used
aminoglycoside antibiotic used at different doses to
induce nephrotoxicity,  followed  in  the  current study  at
100 mg kgG1 b.wt./day to generate nephrotoxicity
(Sadeghi et al., 2015).

Determination of serum creatinine level is considered
as an important index of renal function (Howard, 1989).
Creatinine, a by-product of muscle metabolism and
actively secreted by the proximal tubular cells, is excreted
unchanged by the kidneys. Its level rises in the blood if
there is a shortage in kidney filtration capacity, suggesting

remarkable damage to the nephron. Our findings on serum
creatinine levels support the existing literature data which
showed that GM toxicity is associated with increased
serum creatinine concentration (Pedraza-Chaverrı et al.,
2000; Maldonado et al., 2003). These further buttresses
the fact that GM administration has nephrotoxic
potentials.

Urea, produced by the liver in the urea cycle as a
waste product of metabolism of protein (either from the
oxidation of amino acids or from ammonia) is dissolved
into the blood and transported and excreted by the kidney
as a component of urine. It is a sensitive biomarker used
in the assessment of established renal tissue damage.
Therefore, in renal tissue injury, there is retention of urea.
Increase urea level is associated with nephritis, renal
ischemia, urinary tract obstruction and extra-renal
diseases (Oyewole, 2011). The gentamicin-induced
increase  in  serum  urea  level  as  observed  in  the
present  study  is  consistent  with  the  findings  of
Pedraza-Chaverrı et al. (2000) and Maldonado et al.
(2003). It has been established that gentamicin causes
inhibition of protein synthesis in renal cells with a
consequent abundance of amino acid in the kidney
resulting in increased urea levels (Sundin et al., 1997).
However, cinnamon and/or parsley oils administration
significantly reversed the deleterious alteration of plasma
total protein levels.

The levels of creatinine and urea in the serum of the
groups that received GM and pre-treated with cinnamon
and/or parsley oils were significantly declined, suggesting
the protective potentials of cinnamon and parsley against
kidney damage induced by GM. As mentioned before,
after GM treatment, the use of compounds that possesses
antioxidant effect improves renal function (Mestry et al.,
2018). Serum creatinine and urea levels and the results of
pathohistological analysis reflected the development of
kidney impairment in GM-administered rats. 

In renal tubules, glucose is almost reabsorbed but
descend in the urine when their plasma level exceeds  the
renal threshold and/or due to defect in renal tubules as a
result of kidney damage (Elsayed et al., 2013, 2014). The
administration of GM caused significant hyperglycemia
in the present study. This could be explained based on the
lack of glucose filtration due to renal tubular damage
induced by GM. This is shown histopathologically in the
present study by vacuolization of the lining endothelium
of the glomerular tufts with dysplasia and degeneration in
the epithelial cells lining of renal tubules (Fig. 1d) with
focal inflammatory cells infiltration (Fig. 1d).

It is known that oxidative stress has a pivotal role in
the establishment of gentamicin-provoked nephrotoxicity
(Walker et al., 1999).  Overproduction of ROS alter the
oxidant-antioxidant scale and disrupt the integrity of
membrane lipid through lipid peroxidation and
subsequently increase the MDA, a final metabolite
product  of  lipid  peroxidation  (Witko-Sarsat  et  al., 
2003;    Bekheet   et   al.,   2013;    Sahu    et    al.,    2014;
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Fig. 1(a-h): Improvement of the renal histopathological changes induced by GM by administration of cinnamon and/or
parsley oils to rats. Rat’s kidney of the control group (a), cinnamon oil- (b) and parsley oil- (c) treated
groups showed the normal histological architecture of the glomeruli and renal tubules. Rat’s kidney of
gentamicin-treated group showed vacuolization of the lining endothelium of the glomerular tufts with
dysplasia in the epithelial cells lining of some tubules (d) and focal inflammatory cells infiltration was
detected in between the degenerated tubules at the cortex (e). Rat’s kidney of gentamicin-and cinnamon
oil-treated group showed focal inflammatory cells aggregation in between the degenerated and necrosed
tubules in medullary portion (f). Rat’s kidney of gentamicin-and  parsley oil-treated group showed focal
inflammatory cell infiltration was detected in between the glomeruli and degenerated tubules at the cortex
(g). Rat’s kidney of gentamicin-cinnamon-and parsley oil-treated group showed focal inflammatory cells
infiltration in between the tubules and glomeruli (h)

Devkar  et al., 2015). GSH is one of the main intracellular
defense  systems  against  oxidative  damage  via
scavenging of hydroxyl radicals and singlet oxygen
(Priyamvada  et  al.,  2008;  Gosavi  et  al.,  2012;
Honmore et al., 2016). SOD is an intracellular antioxidant
enzyme which rapidly and specifically reduces superoxide
to hydrogen peroxide, a reaction with a 10000-fold faster
rate than spontaneous dismutation (Abdel-Raheem et al.,
2009; Lee et al., 2010). CAT, another endogenous

antioxidant,  detoxify  hydrogen  peroxide  to  water
(Quiros et al., 2016). For evaluating the antioxidant
activities of cinnamon and parsley in renal tissue, we
measured the renal GSH level, SOD and CAT activity.

Several studies reported that GM-decreased activity
of GSH might be due to excess output of free radicals or
increased   consumption   in   the   protection   of   SH 
group-containing proteins and decreased SOD antioxidant
enzymes accompanied with over output of superoxide
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anions and hydrogen peroxide (Visnagri et al., 2012;
Kandhare et al., 2013). In the present study, our results
clearly demonstrate that GM caused oxidative renal
failure as shown by significant elevation of MDA
concentration and significant decline of CAT, SOD and
GSH activities in rat’s kidney specimens. These oxidative
parameters were probably increased due to the reduction
of CAT. Similarly, GM administration elevated the MDA
level and decreased GSH and SOD activities in renal
tissue (Samarghandian et al., 2015). Interestingly, the
present findings revealed that the pre-treatment with
cinnamon and/or parsley oils significantly restored the
MDA level and GSH, CAT and SOD activities in the
renal tissue of GM-treated rats (Table 2) via its free
radical scavenging and/or antioxidant properties. Our
results agree with the previous reports that showed a
decline in renal antioxidant enzymes activities, CAT,
SOD   and   GSH   in   animals   treated   by   GM 
(Abdel-Naim et al., 1999; Ghaznavi et al., 2016).

In line with the results of the biochemical assessment,
histopathological findings demonstrated structural
changes in the renal tissue of GM-treated rats. We found
that GM administration causes histopathological lesions
in kidney, like glomerular atrophy, cell fragments in the
tubules and swollen epithelial cells in proximal and distal
convoluted tubules. Histopathological results are in
rapport with the previous studies (Kalantari et al., 2011).
In addition, the protective effects of cinnamon and/or
parsley oils were confirmed by histopathological studies
of kidney which indicates considerable improvement in
proximal and distal convoluted tubules and glomerular
atrophy in pre-treated groups (Fig. 1g and h).

CONCLUSION

We clearly demonstrated that pretreatment with
cinnamon and/or parsley oils to GM-treated rats
significantly decreased serum creatinine and urea and
efficiently lowered renal MDA level compared with
GM-treated rats. It also increased SOD, GSH and CAT
activities in kidney tissues compared with GM-treated
rats. Cinnamon and/or parsley oils treatment mitigated
renal damage associated with GM treatment, probably
attributed to their potent antioxidant activities and its
ability to protect the cell membrane integrity and prevent
inflammation. Further, studies are required to elucidate
the molecular mechanisms of their protective levels.
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