ISSN Print: 2617-4693
ISSN Online: 2617-4707
IJABR 2024; 8(2): 128-140

www.biochemjournal.com

Received: 21-12-2023
Accepted: 27-01-2024

Hanan A Abd Elmonem
Department of Biological
Application, Nuclear Research
Centre, Egyptian Atomic
Energy Authority, Egypt

Doaa S Mansour

Department of Biological
Application, Nuclear Research
Centre, Egyptian Atomic
Energy Authority, Egypt

Reham M Morsi

Department of Biological
Application, Nuclear Research
Centre, Egyptian Atomic
Energy Authority, Egypt

Wafa M Wafa

Department of Radiation
Protection and Civil Defence,
Nuclear Research Centre,
Egyptian Atomic Energy
Authority, Egypt

Corresponding Author:

Doaa S Mansour

Department of Biological
Application, Nuclear Research
Centre, Egyptian Atomic
Energy Authority, Egypt

International Journal of Advanced Biochemistr

Research 2024; 8(2): 128-140

Comparative study between some fixed and essential
oils on toxicity induced by gentamicin in male albino
rats

Hanan A Abd Elmonem, Doaa S Mansour, Reham M Morsi and Wafa M
Shahin

DOI: https://doi.org/10.33545/26174693.2024.v8.i2b.634

Abstract

The present study was conducted to assess the effect of fixed mix oils (radish and parley) and essential
mix oils (clove and peppermint) administration on gentamicin -induced inflammation, oxidative stress
toxicity and kidney injury in male rats. In the present work seventy male albino rats were arranged into
seven equal groups. Control (G1); carrier group (G2); gentamicin group (G3); fixed mix oils group
(G4); essential mix oils group (G5); co-treated group included rats that received fixed mix oils and
injected at the same time by gentamicin (G6); co-treated group included rats that received essential mix
oils and injected at the same time by gentamicin (G7). The administration of gentamicin revealed a
significant increase in levels of serum kidney function (urea, creatinine and uric acid), liver function
(alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase), lipid profile
(cholesterol and triglyceride), tumor necrosis factor-alpha, malondialdehyde, parathyroid hormone and
white blood cells count as compared to control group. In contrast; a significant decrease in albumin,
superoxide dismutase, catalase, calcium and phosphorus ions levels, Osteocalcin, triiodothyronine, red
blood cells count and hemoglobin were observed in gentamicine group as compared to control. The oral
supplementation of fixed mix oils and essential mix oils has significantly attenuated the severity of
gentamicin-induced oxidative stress. Both two mixtures of oils have potential antioxidant synergistic
effect to ameliorate nephrotoxicity and changes in hematological, bone homeostasis and liver function
induced by gentamicin. It could be concluded that fixed mix oils (radish and parsley) as well as
essential mix oils (clove and peppermint) considered as a natural substance and has a promising
protective effect against toxicity induced by gentamicin. Both of these mixtures of oils have nearly the
same antioxidant activities. So it is easier to use the fixed oil mixture of low coast than essential oil of
high coasted.

Keywords: Gentamicin, kidney, radish extract, parsley extract, clove oil, peppermint oil

Introduction

The most dangerous adverse effect of gentamicin (GM), an aminoglycoside antibiotic that is
clinically efficient against infections caused by Gram-negative bacteria (Ali, 1995) [, is
nephrotoxicity, which makes it less useful in clinical settings. Within one week of beginning
GM therapy, thirty percent of patients begin to exhibit symptoms of nephrotoxicity (Paterson
et al., 1998) 9. It was recently demonstrated that GM can induce acute kidney injury at a
single dosage. Although it's unclear exactly how genetically modified organisms cause
nephrotoxicity. However, it has been linked to GM buildup in the proximal and distal
collecting duct tubular epithelial cells (Fujiwara, et al., 2012) 241, Reactive oxygen species
(ROS) are produced in greater quantities in mitochondria as a result of genetic modification
(GM); these free radicals damage biomolecules such proteins, lipids, and nucleic acids.
(Lopez-Novoa et al., 2011) B, Moreover, the main effects of GM-induced ROS
overproduction are the induction of inflammation and the suppression of the natural
antioxidant system (Cao, et al., 2019) (11,

Therefore, the deposition of GM in tubular epithelial cells causes a host of harmful events in
tubular cells, including inflammation, necrosis, apoptosis, phospholipidosis, mitochondrial
dysfunction, and endoplasmic reticulum stress. These events can lead to glomerular filtration
rate decline, tubular dysfunction, and cell death (Lopez-Novoa et al., 2011) 37,
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According to Babaeenezhad et al. (2021) ¥, gentamicine
caused hepatotoxicity in an animal model.

Reactive oxygen species (ROS) are produced in greater
guantities in mitochondria as a result of genetic modification
(GM); these free radicals damage biomolecules such
proteins, lipids, and nucleic acids. (Lopez-Novoa et al.,
2011) B7, Moreover, the main effects of GM-induced ROS
overproduction are the induction of inflammation and the
suppression of the natural antioxidant system (Cao, et al.,
2019) (4. Therefore, the deposition of GM in tubular
epithelial cells causes a host of harmful events in tubular
cells, including inflammation, necrosis, apoptosis,
phospholipidosis, mitochondrial ~ dysfunction,  and
endoplasmic reticulum stress. These events can lead to
glomerular filtration rate decline, tubular dysfunction, and
cell death (Lopez-Novoa et al., 2011 B7 Peppermint oil
(Mentha piperita L.) is one of the essential oils that is
commonly utilized in alternative medicine and traditional
therapies because of its antioxidant properties (Riachi & De
Maria, 2015) %1, The main constituents of peppermint
essential oil include flavonoids, pulegone, piperitone,
menthofurane, and menthol (50-30%), menthone (10-30%),
menthyl esters (Up to 10%), and various monoterpene
derivatives (Dawidowicz et al., 2014) (¥ The main
constituents of peppermint essential oil include flavonoids,
pulegone, piperitone, menthofurane, and menthol (50-30%),
menthone (10-30%), menthyl esters (up to 10%), and
various monoterpene derivatives (Dawidowicz et al., 2014)
(131, peppermint may have been utilized as early as 1000 BC,
according to the finding of dried peppermint leaves in the
Egyptian pyramids (Spirling and Daniels, 2001) [
According to Keifer et al. (2008) [, it possesses anticancer,
antibacterial, and antiallergenic properties in addition to
reducing cramps, digestive issues, anorexia, nausea, and
diarrhea.

A cruciferous vegetable, radish (Raphanus sativus Linn) has
been used in folk medicine to combat a variety of toxicants
(Salah-Abbe’s et al., 2008) B8, Alkaloids, glycosides,
saponins, tannins, carbohydrates, phenolic chemicals,
flavonoids, amino acids, and volatile oil have all been
identified in Raphanus sativus Linn extract (Manivannan et
al., 2019) 8  According to Jan and Badar (2012) [32,
radishes are high in potassium, magnesium, copper,
calcium, ascorbic acid, folic acid, vitamin B6, and
riboflavin. Furthermore, radishes have been shown in many
studies to have antioxidant, antibacterial, and anticancer
properties (Rakhmawati et al., 2009; Pocasap et al., 2013;
Noman et al., 2021) [52 8. 43 Radish oil has significant
antioxidant and anti-carcinogenic properties against toxicity
brought on by a variety of chemical agents, according to
Chung et al. (2012) 22,

Due to its high water content (78-82%, wi/w), parsley
(Petroselinum crispum) is an extremely rich source of
vitamins C and E, carotene, thiamin, and organic minerals.
It comes from the Mediterranean region and is used in
cooking and medicine. Additionally, oleic Petroselinum,
palmatic linoleic, and other fatty acids are present in parsley
fixed oil (Farah et al., 2015) 22, According to Papay et al.
(2012) 8 apigenin and its glucosidal flavonoids, which are
present in parsley leaves, have anti-inflammatory,
antioxidant, and anticancer properties.

Because of their antioxidant action, natural products like
plant extracts and essential oils are widely utilized
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worldwide to protect people from a variety of ailments
brought on by oxidative stress. The synergistic interactions
between various antioxidant components found in blends of
natural and synthetic antioxidants, as well as blends of
various plant essential oils or herbal extracts, can increase
antioxidant activity. Moreover, non-volatile fixed oils have
a lower carbon footprint than essential oils. Accordingly, the
primary goal of this study is to assess any potential
synergistic effects on nephrotoxicity and alterations in
hematological, bone homeostasis, and liver function brought
on by gentamicin between two mixed essential (Volatile)
oils extracted from clove buds and peppermint leaves and
two mixed fixed (Non-volatile) oils extracted from radish
and parsley seeds.

Materials and Methods

Materials

Chemical

Gentamicin  (GM) was purchased from  Devo
Pharmaceuticals Company as pharmaceutical ampoules (80

mQ).

Preparation of plant and seeds

We bought dried clove buds (Syzygium aromaticum) from a
local Cairo, Egypt market. The glass jar contained the clove
blossoms. We bought the parsley seeds (Petroselinum
Cspum), peppermint leaves (Mentha piperta L.), and radish
seeds (Raphanus sativus L.) from EIl-Maghrabi farm of
fragrant plants in EI-Nobareya, Egypt. Glass jars contained
peppermint leaves, parsley seeds, and radish seeds.

Extraction of oils

The essential oils of clove buds and peppermint leafs were
extracted by steam distillation method for 6hrs, as described
by Guenther, (1961) 5. The obtained essential oils were
dried over anhydrous sodium sulphate and stored in dark
bottles at 5 °C until used.

Extraction of radish and parsley seeds

Both of radish and parsley seeds were grinded by a clean
grinder for 15s. The powder of radish and parsley seeds
(500 g) were subsequently soaked in 2500 ml of n-hexane
for h at 25 °C, filtered and concentrated by rotary evaporator
to remove n-hexane according to Zhao, et al., (2017) 73],
The obtained oils stored at 4 °C until used. The extract oils
were dissolved in Tween 80 before administration.

Animals

The study used 70 male albino rats, weighing between 130
and 150 g and aged between 9 and 10 weeks. Before
beginning the experiment, the rats were housed in an animal
home for one week, fed a normal rodent food, and given
unlimited access to water. After acclimatization for one
week, the rats were split evenly into seven groups. The
Institutional Animal Care and Use Committee (IACUC-SCI-
TU-0019) authorized the biology department's and the
nuclear research center's animal care guidelines, which were
followed in the upkeep and treatment of the animals.

Experimental Groups

Rats were equally divided into seven groups

= 1t group: Control group included rats injected
intraperitoneally (I.P.) with normal saline.
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= 2" group: Carrier group included rats that received
orally by stomach tube with 1ml of 1% of tween 80 for
two weeks.

= 3 group: gentamicine group included rats that
received gentamicin (80 mg/kg /day) i.p for two weeks
daily 1/P as described by Ohtani et al., (1995) I to
induce experimentally acute renal failure.

= 4™ group: Fixed mix oils group included rats received
radish oil by oral gavages at a dose of (2ml/kg/day)
according to (Omran and Soliman, 2005) [ and
parsley oil at a dose of (250 mg/kg/day) according to
(Elkomy et al., 2020) 2% for two weeks.

= 5" group: Essential mix oils group included rats
received clove oil at a dose of (200 mg/kg /day)
according to (El-Hadary and Hassanien, 2016) [*81 and
peppermint oil at a dose of (100 mg/kg /day) by oral
gavages for two weeks.

= 6" group: Co-treated group included rats that received
fixed mix oils of radish oil at a dose of (2 ml/kg /day)
and parsley oil at a dose of (250 mg/kg /day) for two
weeks and injected at the same time by gentamicin (80
mg/kg/day) for two weeks.

= 7" group: Co-treated group included rats that received
essential mix oils clove oil at a dose of (200 mg/kg
/day) and peppermint oil at a dose of (100 mg/kg/day)
for two weeks and injected at the same time by
gentamicin (80 mg/kg/day) for two weeks

Samples

At the end of the experimental period, rats were fasted
overnight; euthanized with intraperitoneal injection with
sodium pentobarbital and subjected to a complete necropsy.
Blood sample was collected in two tubes, one with EDTA
for determination of blood picture including RBCs, Hb, and
WBCs were estimated using automatic blood cell counter
(Abacus 380 CBC counter). The other tube without
anticoagulant then centrifuged at 3000rpm for 15 minutes to
obtain serum for evaluate biochemical parameters.

Tissue samples were homogenized in 9 volume of ice-cold
0.05 mM potassium phosphate buffer (pH7.4) through glass
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homogenizer. Then, homogenates were centrifuged at 5,000
r.p.m for 15 minutes at 4 °C then the supernatant was used
to evaluate biochemical parameters.

Alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, albumin, total cholesterol (TC),
triacylglycerols (TG), creatinine, urea, uric acid, calcium
(Ca) and Phosphorus (P) were estimated by using
colorimetric assay kits from Biodiagnostic Co, Egypt.
Serum levels of tumor necrosis factor-alpha (TNF-a) was
performed by Ray Bio mouse ELISA kit. Osteocalcin and
Parathyroid hormone (PTH) levels were determined by
ELISA technique. Determination of serum triiodothyronine
hormone (T3) level by Radioimmunoassay (RIA) using Kits
purchased from DIA source Immuno Assay S.A.-Rue du
Bosquet, 2-B 1348 Louvain- La- Neuve- Belgium. In kidney
homogenate activities of superoxide dismutase (SOD) and
catalase (CAT)as well as malondialdehyde (MDA) were
measured according to the method of Sun et al., (1988) [63],
Aebi (1984) 4, and Ohkawa et al., (1979) 1“4 respectively,
by using assay kits from Biodiagnostic Co, Egypt.

Statistical Analysis

The obtained data were presented as means + SD. One-way
analysis of variance (ANOVA) was carried out. The
statistical comparisons among the groups were performed
with Duncan's test, using a statistical package program
(COSTAT). Differences among the groups were considered
significant at p<0.05.

Results

Animals of gentamicin (GM) treatment shows significant
increase (p< 0.05) in kidney weight and relative kidney
weight as compare to normal control. Also, there were
significant increases in serum creatinine, urea, uric acid and
TNF-0 with a marked decrease (p< 0.05) in albumin and
serum triiodothyronine levels in the animals treated with
GM relative to the control group. Whereas those treated
with fixed mix or essential mix oils showed a marked
improvement in the mentioned measurements compare to
those of GM treated group (Table 1 & Figurel).

Table 1: Kidney weight and function tests, tumor necrosis factor-alpha (TNF-o) and triiodothyronine (T3) in all experiment groups.

Groups Parameters Gl G2 G3 G4 G5 G6 G7

Kidney weight 0.956+0.04° | 0.944+0.02¢ | 1.234+0.072 0.986+0.03¢ 1.0+0.06° 1.094+0.05° 1.078+0.09°
Relative kidney weight | 0.542+0.01¢ | 0.551+0.02¢ | 1.168+0.10? 0.572+0.01¢¢ | 0.584+0.02« | 0.667+0.03° | 0.621+0.04°

Creatinine (mg/dL) 0.56 +0.06° | 0.59+0.07¢ 1.11+0.052 0. 61+0.02¢ 0. 62+0.04°¢ 0.80+0.03° 0.78+0.01°
Urea (mg/dL) 37.96+10.46° | 42.41+7.62¢ | 86.33+9.242 41.41%5.12%¢ | 39.49+8.52b¢ | 50.76+4.35° | 48.01+6.78%°

Uric acid (mg/dL) 4.65+0.12¢ | 4.62+0.33¢ 6.79+0.232 4.56+0.29¢ 4.48+0.36¢ 5.73+0.15° 5.33+0.25¢
Albumin (g/dL) 453+0.162 | 4.23+0.26% | 2.28+0.32°¢ 4.22+0.31% 4.31+0.46% | 3.89+0.43° 4.12+0.18®
TNF-o (pg/ml) 79.08+8.049 | 83.13+11.22¢ | 208.2+16.672 | 90.63+10.31.45¢ | 84.36+10.619 | 151.22+16.98 | 120.54+17.11¢

T3 (nmol/L) 2.82+0.03° | 2.79+.035" | 1.69 +.036% 2.78+.092° 2.74+0.031° | 2.63+0.019° 2.15+0.019°

Values are presented as Mean * SD (n=10).
Different letters indicate significant difference (p<0.05)
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Fig 1: Percent of change in the kidney weight, relative kidney weight, levels of serum creatinine, serum urea, serum uric acid, serum
albumin, TNF-a and T3 on male albino rats in different experimental groups.

Administration of gentamicin caused oxidative stress
demonstrated by a significant increase (p>0.05) of MDA
level associated with a significant decrease (p>0.05) in SOD
and catalase activities compared to control rats (Table 2 and

fig. 2). The oral supplementation of fixed mix oils (Radish
and parsley) as in group 6 and essential mix oils (Clove and
peppermint) as in group 7 has significantly attenuated the
severity of gentamicin-induced oxidative stress.

Table 2: Oxidative stress biomarkers in kidney tissues of all experimental groups.

Groups Parameters G1 G2 G3 G4 G5 G6 G7
MDA (nmol/mg) 21.48+1.16¢ 22.48+0.41% | 36.3+4.23% | 21.08+1.64 22.28+1.764 28.90+0.96° 25.86+3.31°
SOD (U/mg) 21.0+2.452 22.2x2.772 11.2+1.26° 23.8+2.152 20.8+1.312 13.8+2.70° 15.22+2.41°
CAT (U/min/mg) 15.8+2.572 16.01+1.25% | 7.06+1.58¢ 15.89+3.052 15.22+2.41a 11.00+1.58° 12.22+0.83°

Values are presented as Mean £ SD (n=10).
Different letters indicate significant difference (p<0.05)

The results in Table (3) and fig. (3) Shows mean values of
serum calcium, phosphorus, osteocalcinand parathyroid
hormone for all tested groups. The results of the present
study revealed significant decrease (p< 0.05) of calcium,
phosphorus and osteocalcin as well as significant increase
level of PTH in gentamicin administered animals (G3),
compared to the other groups. These alternations were
almost returned to normalcy in rats supplemented with fixed
mix oils (Radish and parsley) in group 6 and essential mix
oils (Clove and peppermint) in group 7.

Data presented in table (4) and fig. (4) illustrate the changes

of the hematological parameters in response to gentamicin,
fixed mix oil and essential mix in rats. These data
demonstrated the negative impact of gentamicin on RBCs
and WBCs count, Hb concentration in treated animals. This
was evident from the significant (p>0.05) decrease in RBCs
count, Hb concentration and significant increase (p>0.05) in
WBCs induced by gentamicin. Data also showed that
treatment by fixed mix oils (radish and parsley) in group 6
and essential mix oils (clove and peppermint) in group?
restored the negative effect of gentamicin treatment on these
parameters to almost the control level.

Table 3: Bone markers in all experimental groups

Groups Parameters G1 G2 G3 G4 G5 G6 G7
Ca (mg/dL) 8.02+0.132 7.7+0.56° 5.1+0.16° 7.54+0.822 7.68+0.72% | 7.32+0.41° 7.92+0.242
Ph (mg/dL) 4.61+0.48° | 4.36+0.422 | 3.37%0.41° 452 +0.582 | 4.56 +0.50* | 4.08 £0.53% 4.24 +0.46%
PTH (pg/ml) 44.6+6.14% | 41.645.8¢ 82.6+5.132 46.0+6.52 ¢ 43.0£5.70° | 53.8+4.43" | 50.2+10.96
Osteocalcin (ng/ml) 21.62+2.07% | 22.36+1.8% | 15.96+1.54° | 21.42+1.96® | 21.56+2.2% | 19.58+1.312 20.98+1.602

Values are presented as Mean £ SD (n=10).
Different letters indicate significant difference (p<0.05)
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Fig 2: Percent of change in the levels of MDA (nmol/mg), SOD (U/mg), CAT (ng/mg) in kidney homogenate on male albino rats in different
experimental groups
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Fig 3: Percent of change in the levels of serum Ca (mg/dl), Ph (mg/dl), OST (ng/ml) and serum PTH (pg/ml) on male albino rats in different
experimental groups

Table 4: Hematological parameters in all experimental groups

Groups Parameters Gl G2 G3 G4 G5 G6 G7
Hemoglobin (g/dl) 14.41+0.51% | 14.53+0.53* | 11.97+0.80° | 13.81+0.74® | 14.42+0.63* | 13.56+0.69° | 13.91+0.12%
RBCs (x10"6/cmm) 5.38+0.512 5.48+0.31° 4.18+0.16" 5.46+0.36° 5.42+0.532 5.12+0.40° 5.31+0.32°
WBCs (x10"6/cmm) 9.44+0.58% | 9.39+0.75% 13.38+1.5° 9.02+1.5¢ 9.71+1.4% 10.51+1.3° | 10.18+0.45"
Values are presented as Mean + SD (n=10).
Different letters indicate significant difference (p<0.05)
significantly decreased the increased levels of these

Table 5 and fig. (5) shows significant increase in, AST,
ALT, ALP, TC and TG in G3 (gentamicin group), compared
to the control group. Treatment with gentamicin either by
fixed mix oil in group 6 or essential mix oils in group 7

parameters to the control levels compared to gentamicin

group.
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Table 5: Some biochemical parameters in all experimental groups

Groups Parameters Gl G2 G3 G4 G5 G6 G7
ALT (U/L) 55.53+6.03 ¢ | 56.50+6.20° |102.62+21.64%| 50.7245.17¢ 49.1+2.98°¢ 63.8+4.48° 62.56+7.91
AST(U/L) 81.90+7.35¢9 | 80.38+7.12¢9 | 189.84+5.322 | 82.64+11.53¢ | 78.92+9.41¢ | 138.64+10.76" 97.7x1541°

ALP(U/L) 130.14+12.29°| 142.24+5.39" | 256.96+30.6% | 132.12+13.93¢ | 128.72+0.01°¢ | 153.22+4.741° | 128.62+13.47°¢
TC (mg/dL) 86.17+4.67° | 88.01+6.01°° | 170.96+8.34° 81.46+6.99°¢ 88.667.20° 95.82+7.17° 92.2646.87°
TG(mg/dL) 93.41+6.97° | 89.14+7.44° | 117.14+5.782 | 88.24+7.69° 90.56+10.30° 95.42+7.11° 93.84+7.18°
Values are presented as Mean + SD (n=10).
Different letters indicate significant difference (p<0.05)
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Fig 4: Percent of change in the levels of hematological parameters on male albino rats in different experimental groups
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Fig 5: Percent of change in the levels of serum ALT (U/I), serum AST (U/L) and serum ALP (IU/L) parameters on male albino rats in
different experimental groups

The data presented in table (6) demonstrate that there were TNF-0. Statistical analysis showed significant strong
significant strong positive correlations were found between negative correlations between MDA and each of the
MDA and kidney weight, creatinine, urea, uric acid, following; albumin, calcium, phosphorus, osteocalcin, RBC,

parathyroid hormone, WBC, ALT, AST, ALP, TC, TG and Hb and Ts.
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Fig 6: Percent of change in the levels of serum cholesterol (mg/dl), serum triglyceride (mg/dl) and serum triiodothyronine on male albino
rats in different experimental groups.

Fig. (6). Percent of change in the levels of serum cholesterol

triiodothyronine on male albino rats in different

(mg/dl), serum triglyceride (mg/dl) and serum experimental groups.
Table 6: Correlation coefficient between lipid peroxidation product (MDA) and biochemical parameters
Parameters
Parameters Kidney weight Creatinine Uric acid Albumin TNF-a T3
MDA 0.788646 0.901287 0.806406 0.877652 -0.82859 0.890116 -0.8754
Parameters
SOD CAT Ca P Osteocalcin
-0.73179 -0.768675 0.833128 -0.8078 -0.63434 -0.63621
Parameters
Parameters RBC WBC ALT AST ALP
MDA -0.68679 0.787006 -0.72744 0.781321 0.899423 0.798416
Parameters TC TG
MDA 0.583938 0.757967

All parameters significant correlation with MDA at p<0.01

Discussion

Research has demonstrated that (GM) negatively impact the
kidneys by producing reactive oxygen species (ROS) and
weakening the antioxidant defense system. This, in turn,
causes a build-up of free radicals that can cause severe
tissue damage (Lopez-Novoa et al., 2011) B7. Therefore,
using antioxidants could provide protection against GM-
induced oxidative damage. Fixed (Non-volatile) oils and
essential (Volatile) oils have antioxidants and reactive
oxygen species scavenger properties. To the best of our
knowledge, no previous studies have designed to compare a
possible antioxidant effect between two mixed essential oil
extracted from clove buds& peppermint leafes, and two
mixed fixed oil extracted from seeds of radish & Parsley on
nephrotoxicity and changes in hematological, bone
homostasis and liver function induced by gentamicine.
According to the current results, GM caused renal damage,
which was shown by a discernible rise in the serum levels of
urea, uric acid, and creatinine as well as a decrease in
albumin when compared to the control group. These
findings are consistent with the findings of Mishra et al.
(2021) B9: Althunibat et al. (2022) ! about the impairment
of renal function induced by GM. This may be due to GM

accumulate in the renal proximal convoluted tubes,
producing free radicals which elevated lipid peroxidation in
renal tissues, this leads to destruction of organelle
membrane and reduction of glomerular filtration rate (GFR)
(Hussain et al., 2012) [0,

Additionally, GM resulted in a marked decrease in serum
albumin levels; this might be attributed to problems with
albumin production in the liver as well as impairment of
albumin reabsorption through proximal tubules (Dickson et
al., 2014) . GM is strongly linked to both inflammation
and tissue remodeling, which ultimately results in renal
fibrosis. It also causes kidney edema and inflammation, as
seen by an increase in kidney weight and pro-inflammatory
cytokines (TNF-a).

Moreover, this study showed that total Ts significantly
decline in GM group, this result is in contract with
Wiederkehr et al., (2004) 5% who found the impaired of
thyroid function in chronic kidney disease. Decrease Ts
level may be attributed to variety of reasons including
chronic protein deficiency, lowering peripheral T4 to Ts
conversion and protein binding (Zoccali et al., 2005) [74,

In this study, the GM group showed a significant
elevation in MDA and a decrease in CAT and SOD in the
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renal tissues when compared to the control group. This
might be attributed to GM deposited in renal cortex where it
enhanced oxidative stress by released iron ion from
mitochondria and forms an Iron-GM complex (Yanagida et
al., 2004) ['1, This generates reactive oxygen species (ROS)
as (OH, 02, H,0,) and reactive nitrogen species as (NO,
ONOO™) thus increasing free radicals which suppress
antioxidant defense system in renal tissues. Tomsa et al.,
(2021) ®2 reported that MDA (Marker of lipid peroxidation)
is a very sensitive marker for kidney damage by GM. Lipid
peroxidation produces MDA inside the tissues and lowers
the amount of polyunsaturated fatty acids, which act as a
substrate for free radicals, especially superoxide and
hydrogen peroxide. The development of GM toxicity begins
with this interaction between aminoglycosides and
phospholipids (Ozbek, 2012) 1. There was a positive
correlation found between the raised levels of serum
creatinine, uric acid, and urea and the increased MDA levels
seen in the current study. This implies a connection between
renal failure, oxidative stress, and nephrotoxicity and lipid
peroxidation (Ungur et al., 2022) %31 The reduction in
activities of CAT (Decomposer of H2 02) and SOD (A free
radical scavengers) in the renal tissues of GM rats group,
may be due to increase ROS induced by GM thus occur
diminished antioxidant defenses.

In the current study both the mixture of essential and fixed
oils could considerably ameliorate renal function testes,
antioxidant profile of kidney and thyroid function. This may
be attributed to the phenolic compound in these oils and the
synergistic effects of its bio compounds which improve
renal filtration barrier function and GFR, through elevation
antioxidant defense system. Also, decrease in kidney weight
and TNF-a indicating that these oils have anti-inflammatory
effects. Furthermore, as compared to the GM group, these
two oil combinations significantly lower the activity of the
SOD, CAT, and MDA enzymes in the kidney tissues. This
may be explained by the oils' capacity to protect kidney
cells' structural integrity from the damaging impacts of
GM since they contain bioactive components, particularly
phenolic compounds, which scavenging free radicals, metal
ion chelation, suppression of cell membrane lipid
peroxidation, and antioxidant enzyme control (Yosr et al.,
2013) 731,

Figardina et al. (2022) 2% showed that administering to rats
10 mg/kg of clove oil decreased the rise in serum urea,
creatinine, and kidney MDA levels following a 28-day
levofloxacin treatment. Eugenol, a powerful antioxidant
molecule, eugenol acetate, and thymol are examples of
phenolic chemicals that may contribute to clove oil's
antioxidant action (Nassar et al., 2007) 2. By scavenging
free radicals, chelating transient metal ions, blocking
oxidant enzymes, or regenerating a-tocopherol from the a-
mecofol radical, clove oil can prevent cell damage
(Pulikottil et al., 2015) 59, Furthermore, flavonoids have the
ability to suppress LPO activity and scavenge OH, O, and
peroxyl radicals (Van Acker et al., 1996) 8. As a result,
they can raise SOD, GPx, and GSH while lowering MDA.
According to Aryanti et al. (2018) [, peppermint oil's high
phenolic component content, which includes mono and
dicaffeoylquinic acids, monoterpenes, and flavonoids
(Luteolin), might enhance endogenous antioxidant enzyme
activity. It has been demonstrated that these compounds
have strong antioxidant activity (Riachi LG & De Maria,
2015) B3, According to Khalil et al. (2015) B4, giving rats
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peppermint leaves oil improves their antioxidant activity
when they are administered CCl4.

Strong antioxidants like radish can effectively stop tissue
damage from getting worse by scavenging free radicals and
acting as an antioxidant. According to Shehzadi et al. (2021)
18] rats' nephrotoxicity caused by carbon tetrachloride
(CCl4) was reversed by co-administration of Raphanus
sativus seed extract. This may be attributing to its
sulforaphene content which have antioxidant and free
radical scavenging properties that augments the antioxidant
defense mechanism, decrease lipid peroxidation and reduce
oxidative stress (Sita et al., 2018) [, According to research
by Thangapandiyan et al. (2018) [®4, sulforaphane is a
potential antioxidant medication that effectively lowers
oxidative stress and repairs tissue/cell damage in both in
vitro and in vivo experimental animals.

Mohammed et al. (2020) 1“9 found that by increasing SOD,
CAT, and GSH and decreasing lipid peroxides, the extract
from Raphanus sativus seeds increased the oxidative stress
of CCl4. The presence of alkaloids such as coumarins,
saponins, flavonoids, and anthocyanins in the extract from
Raphanus sativus seeds may explain its capacity to directly
scavenge oxygen free radicals (El-Sayed, 2001) (24,

Serum urea, uric acid, and creatinine were significantly
reduced when parsley and radish seed extract was
administered in addition to gentamicin, compared to the
group that received gentamicin treatment. These results
were consistent with those obtained by Elkhamisy et al.
(2015) [° uysing rats that were induced to become
nephrotoxic due to gentamicin. Parsley extract's method of
action seems to be mediated by inhibition of the Na+/K+
pump, which would decrease the reabsorption of K+ and
Na+ and, as a result, the lumen's osmotic water flow and
dieresis. Parsley has diuretic effects because of two
ingredients: Meristic and apiol (Eidi et al., 2009) 171, Thus,
the decrease in creatinine, urea, and uric acid in the data
might be attributed to parsley's diuretic action. According to
Al-Seeni et al. (2018) ['8], parsley methanolic extract
improved kidney function, reduced lipid peroxidation, and
raised antioxidant levels. Furthermore, by corrected renal
and hepatic function tests, Salama et al. (2020) " revealed
that parsley extracts had defensive benefits against
gentamicin toxicity. Parsley's antioxidant properties, which
include flavonoids, carotenoids, and other phenolic
components, may be the cause of its effectiveness (Liberal
et al., 2020) 3%, Furthermore, parsley's phytochemicals have
been shown by Haidari et al. (2011) [?] to increase overall
antioxidant capacity, inhibit harmful oxygen free radicals,
and protect against oxidative stress damage.

Moreover, these two mixtures of oils were attenuated the
increases in level of TNF-a in gentamicin group, this
indicated its have anti-inflammatory effect. TNF-a
expressions are modulated by the parsley leaf extract,
according to Malik et al. (2017) (8%,

Furthermore, Elkomy et al. (2020) ™ discovered that
parsley's ability to alleviate thyroid gland dysfunction can be
attributed either directly to its antioxidant properties or
indirectly to its hepatoprotective properties, which reduce
thyroid hormone metabolic abnormalities connected to liver
damage.

Gentamicin causes electrolyte imbalances by inhibiting a
number of cell membrane transporters in the brush border
and basolateral membranes, regardless of cell damage.
According to Raghavan and Weisz (2016) B, transport
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inhibition impairs cell viability in addition to tubular
reabsorption, which eventually leads to necrosis or
apoptosis. According to Rhee et al. (2015) 54, the notable
decrease in calcium and phosphorus concentrations after
GM treatment may be caused by antagonistic calcium ions
that inhibit acetylcholine release from motor neuron
terminals and generate are-like effects. This may lessen rats'
forced motor activity. Also, GM dramatically lowers
serum phosphorus and total calcium levels while
dramatically raising PTH (Mineral-regulating hormone)
levels. In line with these findings, Abdel-Azeem et al.
(2017) 81,

The scientists linked these disruptions to the increased PTH
level that resulted from gentamicin treatment. It's possible
that in order to preserve calcium homeostasis. Because of
the hyperfiltration of calcium generated by GM, significant
levels of serum PTH are always present when calcium is
liberated from the bone. Moreover, in damaged skeletal
muscle, elevated glucocorticoid levels promote calcium
deposition as calcium phosphate and carbonate (Heibashy &
Abdel Moneim, 1999) 8 Additionally, gentamicin
intoxication may increase the amount of calcium excreted in
urine, restrict calcium absorption into mitochondria, and
induce the release of ionized calcium from mitochondria
(Heibashy et al., 2009) 2,

Osteoblasts produce osteocalcin, a non-collagenous protein
found in bone that is essential for calcium ion homeostasis,
metabolic control, and bone mineralization (Delmas, 1993)
(441 It could be measured as an indicator of osteoblast
activity and bone formation. Our findings demonstrated that,
in comparison to the control, GM adversely impacted or
slowed down the formation of bones by lowering the
serum osteocalcin level. The most probable cause of low
osteocalcin levels is GM's increase in free radicals, which
may be causing a drop in osteoblastic activity.

The treatment by mixture of essential (Volatile) or mixture
of fixed (Nonvolatile) oils restored PTH hormone, total
calcium, phosphorus and osteocalcine to normal range
compared to GM group. This may be related to rich
phenolic component in these two mixtures of oils could be
having ameliorative effect on renal function and stimulates
osteoblastic activity and bone formation. Due to their
antioxidant effects, a number of studies have discovered
associations between consumption of polyphenols and bone
health (Rao et al., 2012; Welch and Hardcastle, 2014) [53. 681,
Callaway and Jiang (2015) [ discovered that oxidative
stress promotes an increase in bone resorption connected to
direct and indirect effects on osteoclast activity and
differentiation, which is a significant role in the
pathophysiology of osteoporosis. Polyphenols have a
protective effect on bone metabolism via modifying calcium
signaling. This is primarily accomplished by suppressing
bone resorption, with osteoclastogenic genes serving as the
principal targets (Dudari¢ et al., 2015) [16],

Hematological parameter measurements are thought to be
the first sign of the harmful impact caused by the
nephrotoxic medication and its metabolite (Lim et al., 2022)
[3¢1 - According to Ashour et al. (2007) 8, exposure to
hazardous compounds can alter the human body's
morphology, biochemistry, and physiology, leading to
haematological diseases and reduced kidney function,
among other effects on many organ systems. Certain drugs
primarily target the hematopoietic system, negatively
impacting heme synthesis enzymes, normal erythropoietin
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production rates, and the normal range, shape, and
distribution of different blood cell types (Sharma et al.,
2013) B9 According to Vaziri et al. (1999) 7 toxic
medications cause harm to erythrocytes and impair their
ability to carry oxygen, which raises the risk of hypertension
and cardiac arrest. The pathophysiology of anemia is caused
by reduced red blood cell survival, uraemic toxin-induced
marrow suppression, and iron or folate deficiencies.
According to Naeshiro et al. (1997) ®I  gentamicin
primarily harms the kidney because the kidney's
erythropoietin-producing cells do not produce enough of it,
and the reduced plasma erythropoietin level inhibits the
bone marrow from manufacturing a normal number of new
erythrocytes. GM induced elevation in the number of WBC,
this may attributed to immunological response against the
adverse effect induced by GM. The antioxidant activities of
components present in each mixture of volatile or
nonvolatile oils reversed these hematological changes to
normal levels. Waheeba et al., (2020) " reported that
parsley can ameliorate change in hematological parameter
induced by potassium bromate due to phenolic compound
and vitamin C presence in parsley.

Hepatotoxicity was indicated by a significant increase in the
level of ALT, AST, and ALP following gentamicin
injection. Transaminases and ALP are considered sensitive
markers of liver function because they are cytoplasmic
compounds that are released into the circulation by
modifications in the permeability of the hepatocyte
membrane. As a result, their levels in the serum are
enhanced. The results of this study are consistent with
earlier research (Salama et al., 2020) 571, which discovered
that rats receiving an intraperitoneal injection of 100 mg of
gentamicin for eight days had increased levels of
serum AST, ALT, and ALP activities.

According to Heidaria et al. (2011) [, oxidative stress
generated by gentamicin may have caused a change in lipid
profile, which may have contributed to the notable increase
in serum cholesterol and triglycerides seen in the rats in the
gentamicin group. Additionally, particularly in cases when
GMe-induced liver injury results in increased synthesis of
cholesterol or decreased hepatic catabolism. As a result, the
accumulating of filtered LDL fractions in the glomeruli,
which decrease the glomerular filtration surface area, may
be linked to the elevated lipid levels observed in rats
administered GM treatment. This is in agreement with
Rashid & Khan, (2017) % and Hijazi, & Mouminah, (2017)
31 who reported that injecting rats with gentamicin (80
mg/kg) increased the levels of total cholesterol and TGs as
compared with control animals.

When compared to GM groups, administration of a
combination of volatile (Essential) or non-volatile (Fixed)
blend oils significantly enhances liver enzymes, TC, and
TG. This may be because these oils include polyphenols,
which prevent oxidative stress, lower hazardous oxygen free
radicals, and improve total antioxidant capacity. As a result,
damage to the liver tissue's membranes, proteins, and DNA
was prevented. The toxicity of liver indicators was therefore
substantially adjusted. The mixture of volatile oils produced
the greatest results, followed by the combination of non-
volatile oils. This might be because the mixture of volatile
oils included a higher concentration of phenolic components
than the mixture of nonvolatile oils. Yildiz & Oztiirk (2020)
[721 found that Eugenol have high antioxidant properties on
oxidative stress in liver rats induced by ethanol. Ali et al.,
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(2014) ™ reported that eugenol, an antioxidants, found in
dried flower bud of clove can protect liver rats against injury
by thioacetamide. According to Al-Okbi et al. (2014) I,
clove oil and eugenol microemulsions are beneficial for
fatty liver and dyslipidemia. Furthermore, giving
gentamicin-treated rats volatile clove oil reduces the
increase in ALP activity to levels close to normal,
suggesting that clove oil prevented liver damage. According
to Ullah et al. (2014) '/, gentamicin’'s harmful effects might
be eliminated from rats by giving them peppermint leaf oils.
Based on the findings of Abed et al. (2015) @, radish oil
used orally may effectively repair liver tissue damage by
reducing serum levels of AST, ALT, and ALP. This
suggests that radish oil is useful in protecting against
hepatotoxicity. Its antioxidant concentration, which can
guard against membrane fragility and reduce the amount of
marker enzyme leaking into the bloodstream, may be
responsible for this. Parsley possesses anti-inflammatory
and antioxidant properties that protect against liver damage

caused by gentamicine, according to Salama et al. (2020)
1571

Conclusion

Both two mixtures of oils have potential antioxidant
synergistic effect to ameliorate nephrotoxicity and changes
in hematological, bone homeostasis and liver function
induced by gentamicin. And both of them have nearly the
same antioxidant activities, so it is easier to use the fixed
(Non-volatile) oils mixture of low coast other than the high
coasted essential (volatile oils).
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