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Abstract

Fluoroquinolones are more likely than any other antibacterial drug classes to cause serious
side effects. The purpose of this study is to assess the protective effects of vitamin E,
curcumin, and ginger in male rats against the side effects of levofloxacin (LFX).Ninety male
Wistar rats were placed into six groups, each of 15 animals. Groups 1 and 2 received distilled
water or olive oil and kept as normal controls, while groups 3-6 received LFX [10 mg/kg
body weight (BW)] alone or in combination with vitamin E (100 mg/kg BW.), curcumin (200
mg/kg BW.) or ginger (200 mg/kg BW.), respectively. All medications were administered
orally via gavage once a day for 5 successive days. Samples of blood were collected at zero
day , 7" and 14™ day post-treatments for biochemical analysis, while liver and kidney tissues
were dissected and subjected to antioxidants estimation. Levofloxacin administration caused
hepatic and renal damage evidenced by significant increase in serum liver enzymes, urea
(76.43+3.70, 72.67£0.47, 75.00+6.42), creatinine (2.48+0.01, 2.48+0.01, 2.50+0.01), total
cholesterol (166.67+6.81, 174.00+4.04, 176.00+£2.88), triglycerides (269.67+5.84, 289.33+
4.91, 249.67+1.86), and low density lipoprotein- cholesterol (LDL- C) (243.00+7.09, 213.67+
5.03, 226.33+5.45) levels. Meanwhile, significant decline in serum levels of high density
lipoprotein- cholesterol (HDL- C) (20.00+1.11, 23.33%£3.38, 20.10+1.53), total protein
(5.77£0.03, 5.97£0.09, 5.87+0.09), albumin (3.45+0.03, 3.60+0.06, 3.57+£0.09) and A/G ratio
(1.49+0.02, 1.51+0.05, 1.55+0.09) were determined in relation to normal control at zero, 7"
and 14" day post-treatments, respectively in a time dependent manner. The superoxide
dismutase (SOD) and glutathione peroxidase (GPx) activities in the liver (1.50+0.13,
1.67+0.18, 1.60+0.15; 2.02+0.38, 2.81+0.25, 3.30+0.37) and kidney (24.97+1.04, 21.33+1.33,
26.33t£1.71; 3.15+0.14, 2.13+0.36, 2.44+0.28) tissues were significantly decreased in all
levofloxacin- exposed rats compared to control values in the liver (3.00+0.11, 3.33£3.13,
3.33+0.16 for SOD; 19.76+0.03, 19.18+0.05, 18.42+0.13 for GPx) and kidney (71.33 + 2.60,
67.67+0.88, 66.00+1.73 for SOD; 8.32+0.08, 8.30+0.04, 7.81+0.06 for GPx). However, the
hepatic and renal malondialdehyde (MDA) concentrations (74.51+0.69, 80.97+0.41,
95.88+0.52; 66.58+0.14, 65.09+0.12, 65.23+0.14) were significantly increased compared to
the control (11.82+0.01, 11.82+0.001, 11.11+0.03; 30.88+0.03, 33.20+0.03, 32.83+£0.04). Co-
administration of LFX with vitamin E, curcumin or ginger attenuated the elevated liver
enzymes, renal damage biomarkers, lipogram and hepato-renal MDA, with elevation of
tissues antioxidants. From this study, biochemical results indicated that levofloxacin induced
hepato-renal alterations in rats over time, and that curcumin or ginger medications may be
more effective when used prophylactically rather than curatively.
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Introduction

Levofloxacin (LFX), a fluoroquinolone
antibiotic of the 3'-generation, is commonly
used in respiratory and urinary tract
infections, prostatitis and orchitis [1]. LFX
has a strong antibacterial action alongside
both Gram-positive and Gram-negative
bacteria. [2].When compared to other
fluoroquinolones, LFX has a substantially
higher efficacy in treating typhoid fever. It's
commonly used to treat infections like
pneumonia, sinusitis, and genitourinary
infections [3]. LFX's bactericidal activity is
primarily achieved by its interaction with the
enzyme DNA gyrase, which inhibits DNA
replication and transcription, preventing
bacteria from dividing [4]. In general, LFX
toxicity in the liver causes the generation of
free  radicals, the destruction of
mitochondria, and lipid peroxidation of
membranes or alterations in redox status of
glutathione [5]. Fluoroquinolones have been
linked to allergic interstitial nephritis, acute
tubular necrosis, acute renal failure, and
crystalluria. The majority of these reactions
are linked to the antibiotics ciprofloxacin,
norfloxacin, ofloxacin, and LFX [6, 7].

Plant-derived phytochemicals are used to
treat a wide range of human illnesses.
According to the World Health
Organization (WHO), around 75% of the
global population,  particularly  in
developing countries, believe and rely on
herbal remedies for the prevention and
treatment of a variety of ailments. About
10% of the population relies on herbal
medicine for the treatment or prevention of
digestive disturbances [8].

Curcumin, a polyphenolic compound, is
a natural bioactive constituent isolated from
the rhizome of Curcuma longa Linn.
contains antioxidant characteristics as well
as anti-inflammatory, anticancer, immune-
enhancing, antitumor, and hepatoprotective
activities [9]. Curcumin protects against
peroxidative damage by acting as a free
radical scavenger. Curcumin's efficacy in
pretreatment against hazardous substances
is enhanced by these features [10]. It has
been found to be an effective free radical

scavenger in the fight against oxidative
stress in a variety of tissues, and its
hepatoprotective effects have been reported
in various liver damage studies [11].

Ginger (Zingiber officinale) is a well-
known Zingiberaceae family plant that is
one of the most extensively used spices in
the world and one of the top five
antioxidant foods [12]. Ginger has several
beneficial effects in hyperglycemia and
hyperlipidemia [13], antioxidant and
hepatoprotective [14], with anti-obesity and
hypocholesterolemic effects in human [15]
and experimental animals [16]. Gingerols
were considered an important active
ingredient in ginger. The compound
6-gingerol appears to be responsible for its
characteristic taste. The analyzed chemical
compositions of aqueous extracts of ginger
root contain polyphenols, Vitamin C, B,
[3-carotene, flavonoids, and tannins [12].

Vitamin E, as a conventional
antioxidant, has been shown to protect the
liver from a variety of pollutants [14]. It is a
well-known free radical scavenger that
protects essential cellular structures from
oxidative injury caused by oxygen free
radicals and lipid peroxidation reactive
products [17].Various antioxidants, such as
vitamin C, vitamin E, and selenium, were
effectively added to the diet, reducing
oxidative stress in vivo and in animal
products [3, 18, 19].

Therefore, the current investigation was
designed to ascertain the beneficial effects
of curcumin and ginger supplement on
LFX- induced liver and kidney damage,
with relationship to vitamin E as a good
example.

Material and Methods

Drug, plants and doses preparation

1. Levofloxacin tablets (500 mg/tablet) were
supplied by Sanofi Avents Company,
Cairo, Egypt. They were dissolved in
distilled water then given orally to
individual rats at the therapeutic dose [10
mg/kg body weight (BW)] [3].
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2.Vitamin E capsules (1000 mg vitamin
E/capsule) were obtained from Pharco
Pharmaceutical Industries CO., Alex.,
Egypt. The capsules were expurgated
open and deflated in a clean container. To
make a suspension containing a dosage of
vitamin E (100 mg/kg BW.), it was
dissolved in 10 mL olive oil [20].

3.Curcumin powder was procured from
Pharco Pharmaceutical Industries CO.,
Alex., Egypt and emulsified in 10 mL
olive oil and administered orally at a dose
of 200 mg/kg BW [21].

4.Ginger powder was bought from Pharco
Pharmaceutical Industries CO., Alex.,,
Egypt, dissolved in 10 mL olive oil and
supplemented by oral route at a dose of
200 mg/kg BW. [22].

Animals and experimental design

Ninety healthy adult male Wistar rats
with mean body weight of 150+10g were
obtained from the Laboratory Animal
Housing, Faculty of Veterinary Medicine,
Zagazig University, Egypt. The rats were
kept in specially constructed metal cages
under immaculate hygienic conditions and
fed a balanced diet with unlimited access to
water. All animals were kept for one week
before starting the experiments for
adaptation.

The rats were arbitrarily divided into
equal six groups: negative control groups
take either distilled water (DW; 0.2 mL/kg
BW) or olive oil (0.2 mL/kg BW.) as a
vehicle. The positive control group
received LFX (10 mg/kg b.wt.), while the
treated groups received LFX + Vit. E (100
mg/kg BW), LFX + curcumin (200 mg/kg
BW.) or LFX + ginger (200 mg/kg BW).

All administrations were supplemented
orally by gavage once a day for 5
successive days. This study's methodology
complied with the ethical criteria for the
Care and Use of Laboratory Animals in

Scientific Investigations established by the
Animal Welfare and Research Ethics
Committee of the Faculty of Veterinary
Medicine at Zagazig University in Egypt.

Sampling

At zero day, 7" and 14" day post-
treatments, blood samples (n = 4/ group)
were collected from median canthus of
overnight fasted rats and were put in test
tubes  (sterile, labeled and without
anticoagulant). Sera were separated out by
centrifugation to be used for biochemical
analysis.

Tissue specimens: Pieces of hepatic and
renal tissues (n = 4/ group) were removed,
then weighed (0.5 g), washed out with ice-
cold saline to remove the blood and
homogenized in cold 50 mM phosphate
buffer. Tissue homogenate was centrifuged
to remove the debris. Finally, the pellets
were discarded and the supernatants were
collected to determine the antioxidants
status and lipid peroxidation level.

Biochemical and antioxidant studies

Serum was used to determine alanine
aminotransferase (ALT) and aspartate
aminotransferase  (AST), ALP, total
proteins,  albumin, urea, creatinine,
cholesterol, triglycerides , high density
lipoprotein-cholesterol (HDL- C) , and low
density lipoprotein- cholesterol (LDL- C)
[23-32] concentrations according to the
instructions of the diagnostic kits purchased
from Biodiagnostic Co., Cairo, Egypt.
Serum level of globulins was estimated by
deducting the value of albumin from total
proteins, while albumin/ globulins ratio
(A/G) was determined by dividing the
values of albumin on those of globulins
[33]. Furthermore, hepatic and renal
superoxide  dismutase  (SOD)  [34],
glutathione peroxidase (GPx) [35], and
malondialdehyde (MDA) [36] levels were
detected in the tissue samples.
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Statistical analysis

The SPSS software was used to analyze
the data in this study. At P < 0.05, one way
ANOVA is significant [37]. The differences
among the groups were intended by Tukey’s
Post-hoc Test and the maximum value was
characterized by the letter (a).
Results and Discussion

As shown in Table 1, the serum ALT,
AST and ALP activities were significantly
increased in LFX- treated male rats (group
3) at all experimental periods compared to
the control group. The increase in liver
enzyme activities indicates liver damage in
the LFX-treated rats, as fluoroguinolones
are known to display hepatotoxic effect [3].
The key indicators used to diagnose liver
damage are intracellular enzymes (ALT,
AST). Because of the loss of structural
integrity and impaired liver function, serum
levels of these enzymes could be altered
following a liver injury [38]. In mammalian
cells, ALP is a crucial enzyme. ALP is a
good biochemical indicator of bile flow into
the small intestine and liver dysfunction
[39]. Although the exact mechanism of
fluoroquinolone-induced liver damage is
uncertain, several reports suggest that it is
caused by an immunoallergic reaction [40].
Due to the oxidative stress and depletion of
hepatic antioxidant reserves, LFX induced
liver damage [3].A similar increase in liver
enzymes induced by LFX has been reported
in humans [41, 42], rats [3, 43- 45], mice
[1], and or in white leg horn layer birds
[46]. However, vitamin E, curcumin or
ginger therapy significantly reduced liver
enzyme activities as compared with LFX
group, accordingly providing proof that
these medicaments can guard against LFX
-induced liver damage. We found that rats
treated with LFX and vitamin E showed
better improvement and better recovery in

liver damage induced-marker changes than
rats exposed to LFX and curcumin or ginger.
Curcumin possesses free radical scavenging
activity that protects against peroxidative
damage and also the hydrogen donor
capacity, which is accompanied with
phenolic and methoxy groups. These
properties interestingly  increase  the
efficiency of curcumin in pretreatment
against toxic compounds [11].Gingerols, the
major components of ginger, have anti-
inflammatory and hepatoprotective
properties against several toxic compounds
[11, 13,16]. There are about eight naturally
occurring tocopherols with vitamin E
activity, among these, a- tocopherol is
considered to be the most important o-
tocopherol that possesses hepatoprotective
property against various toxicity in male and
female rats [14, 17, 18]. The components of
vitamin E, curcumin or ginger may stabilize
hepatocytes plasma membrane or preserve
the structural integrity of hepatocellular
membrane and prevent transmission of
enzymes to the extracellular fluid as reported
by the previous reports [1, 46]. Similar
results were previously obtained and
confirmed our findings [47-50].

Regarding proteinogram (Table 2), serum
total proteins, albumin and A/G ratio levels
displayed a statistical (P<0.01) diminution
(5.77£0.03, 5.97+0.09, 5.87+ 0.09; 3.45+0.03,
3.60+0.06, 3.57+0.09; 1.49+0.02, 1.51+0.05,
1.55+0.09) in LFX- exposed rats, meanwhile
serum globulin was significantly increased
(2.324£0.01, 2.37 £0.07, 2.30+0.12) compared
with the control group (7.60+0.21, 7.87%
0.09, 7.49% 0.09 for total proteins; 5.80+
0.06, 5.93+ 0.03, 5.60+0.06 for albumin;
1.8040.20, 1.93+0.09, 1.89+0.09 for globulin;
3.28+ 0.22, 3.07+0.09, 2.96+0.10 for A/G)
at zero, 7" and 14" day post- treatments,
respectively.
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Table (1): Effect of oral administration of vitamin E, curcumin or ginger on serum liver
enzymes of levofloxacin treated male rats for five successive days (Mean *

SE) (n=4).
D Liver enzymes
Groups trifmﬂ‘;tt' ALT AST ALP
(UIL) (UIL) U/
Zero day 13.00+2.11¢ 14.33+6.64 ¢ 72.67+6.74¢
Group 1 (Control) 7" day 12.00+1.15¢ 13.00+1.15¢ 71.67+3.84¢
14" day 13.00+1.15¢ 14.33+1.45¢ 72.00+6.43¢
Zero day 13.00+4.04 4 14.33+3.534 71.33+9.8¢
Group 2 (Olive oil) 7"day  12.67+0.88¢ 15.33+2.60 ¢ 72.33+9.45¢
14" day 13.00+1.73¢ 15.33+3.93¢ 71.00+9.84¢
Zero day 76.67+0.882 59.00+3.50 147.00+£13.31°
Group 3 (Levofloxacin) 7" day 71.58+1.45% 66.33+2.33% 151.33+15.032
14" day 70.93£6.362 55.33£2.33% 153.67+12.192
Group 4 (Vit. E + Zero day 45.3314.26°¢ 34.33£13.96°¢ 95.004£8.59°¢
levofloxacin) 7" day 42.67+£1.45° 32.97+£2.03°¢ 94.00+8.55°¢
14" day 40.67+£2.40° 34.00+£10.82°¢ 95.33+6.51°¢
Group 5 (Curcumin-+ Zero day 57.67+8.19° 37.67+23.14° 112.67+11.64°
levofloxacin) 7" day 58.67+2.33° 39.33+3.18° 115.33+9.13"
14"day 59.00+2.08° 37.95+2.40° 111.00+9.16°
Group 6 (Ginger+ Zero day 54.33+5.21° 35.67+16.19  115.00+14.55°
levofloxacin) 7" day 56.00+1.15° 36.40+5.57" 114.33+18.61°
14" day 55.33+2.73° 36.00+2.31" 116.67+16.90°

Means within the same column having different alphabetical superscript letters are significantly different at P
<0.05. ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase.

Table (2): Effect of oral administration of vitamin E, curcumin or ginger on proteinogram
of levofloxacin treated male rats for five successive days (Mean + SE) (n=4).

Groups Proteinogram
Days post- . ) .
treatment 1otal protein  Albumin Globulin AIG
(g/dL) (g/dL) (g/dL)
Zero day 7.60+0.21%  5.80+0.06% 1.80+0.20° 3.28+0.22°2
Gp. 1 (Control) 7" day 7.87£0.09°  5.93+0.03% 1.93+0.09° 3.07+0.09 2
14" day 7.49+0.09%  5.60+0.06% 1.89+0.09° 2.96+0.102
Zero day 7.20£0.322 5.50+0.31% 1.70+0.15° 3.23+0.30%
Gp. 2 (Olive oil) 7hday  7.40+0.06® 5.50+0.15° 1.90+0.21° 2.89+0.27°
14" day 7.03+0.09  5.10+0.06% 1.93+0.03° 2.64+0.022
Zeroday  5.77+0.03° 3.45+0.03¢ 2.32+0.01% 1.49+0.02°
Gp. 3 (Levofloxacin) 7" day 5.97+0.09¢  3.60+0.06¢ 2.37+0.07% 1.51+0.05°
14" day 5.87+£0.09° 3.57+0.09¢ 2.30+0.12% 1.55+0.09°
. . Zeroday 6.75+0.23®  4.32+0.03* 2.43+0.20% 1.77+0.28°¢
Gp. 4 (Vit B+ levofloxacin) — “Zu 4o §'80+0.06  4.35+0.06% 245+0.06% 1.78+0.08°
14" day 6.87+0.09®®  4.47+0.03® 2.40+0.122 1.86+0.10°¢
Gp. 5 (Curcumin-+ Zeroday 6.63+0.27®  4.03+0.13° 2.60+0.21% 1.55+0.24°¢
Ievdfloxacin) 7" day 6.83+0.15®  4.00+0.06° 2.83+0.19% 1.43+0.10°
14"day 6.87+0.09%  4.27+0.03* 2.60+0.10% 1.65+0.07°¢
Gp. 6 (Ginger+ levofloxacin) Zeroday 6.87+0.15®  4.40+0.15® 2.47+0.18* 1.78+0.30°¢
’ 7" day 6.67+0.07*  4.34+0.06® 2.33+0.03% 1.86+0.22°
14" day 6.47+0.12°  4.23+0.09®® 2.24+0.03% 1.88+0.02°¢

Means within the same column having different alphabetical superscript letters are significantly different at
P < 0.05. A/G: albumin/globulin ratio
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Table (3): Effect of oral administration of vitamin E, curcumin or ginger on kidney
function tests of levofloxacin treated male rats for five successive days (Mean

+ SE) (n=4).

Days post-treatment Urea Creatinine

Groups (mg/dL) (mg/dL)
Zero day 33.67+0.64° 0.48+0.01°
Gp. 1 (Control) 7" day 34.87+0.41° 0.45+0.01°¢
14" day 37.57+£0.35° 0.50+0.01°¢
Zero day 37.93+1.71°¢ 0.46+0.01°
Gp. 2 (Olive ail) 7" day 34.40+0.82° 0.44+0.01°¢
14" day 35.77+£0.93°¢ 0.50+0.01°¢
Zero day 76.43+3.702 2.48+0.012
Gp. 3 (Levofloxacin) 7" day 72.67+0.47% 2.48+0.012
14" day 75.00+6.42°2 2.50+£0.012
. . Zero day 38.90+5.27°¢ 0.95+0.01°
Gp. 4 (Vit. E + levofloxacin) 71 day 46.03+4.13° 0.93+0.01°
14" day 58.00+1.07° 0.94+0.02°
Zero day 50.27+2.84° 0.80+0.02°
Gp. 5 (Curcumin+ levofloxacin) 7" day 53.40+0.81° 0.91+0.01°
14"day 55.53+6.14° 0.93+0.01°
Gp. 6 (Ginger+ Zero day 53.73+11.02° 0.92+0.03°
levofloxacin) 7" day 46.3340.74°¢ 0.90+0.01°
14" day 49.63+0.71" 0.90+0.01°

Means within the same column having different alphabetical superscript letters are significantly different at

P<0.05.

The levels of total proteins and albumins
are imperative indicators of damaged
hepatocyte or their normal functions [51].
The hypoproteinemia and hypoalbuminemia
evident in the present study may be
attributed to liver damage and nephrotoxic
effect induced by LFX resulting in severe
reduction in protein synthesis by liver and
also increases protein loss in urine by the
kidney [52]. Our results were in agreement
with other investigations [53].The obtained
hyperglobulinemia is associated with liver
damage induced by fluoroquinolones [54]
or may be secondary to hypoalbuminemia
or as autoantibodies against diseased liver
cells [33].

Co-supplementation of vitamin E,
curcumin or ginger with LFX ameliorates
the abovementioned aberrations caused by
LFX toxicity; this supports the hepatorenal
protective, antioxidant, and anti-
inflammatory properties of vitamin E,
curcumin or ginger on the liver and kidney
parameters [48, 55-58].

As presented in Table 3, serum urea and
creatinine used as biomarkers for kidney
function evaluation were expressively (P <
0.001) augmented (76.43£3.70, 72.67+0.47,
75.00£6.42; 2.48+0.01, 2.48+0.01, 2.50+
0.01) at zero, 7™ and 14" day, respectively
post- treatment with LFX indicating their
toxic effect on the kidneys. Our data are
consistent with previous studies after
administration of LFX, ciprofloxacin,
norfloxacin and other fluoroquinolones [52-
55]. However, administration of LFX in
combination with vitamin E, curcumin or
ginger's has significantly (P < 0.01) reduced
the urea (38.90+5.27, 46.03+4.13, 58.00+
1.07; 50.27+2.84, 53.40+£0.81, 55.53%6.14;
53.73+£11.02, 46.33£0.74, 49.63+0.71) and
creatinine (0.95+£0.01, 0.93+0.01, 0.94+
0.02; 0.80+0.02, 0.91+0.01, 0.93+0.01; 0.92
+ 0.03, 0.90+0.01, 0.90+0.01) levels at
zero, 7" and 14™ day, respectively post-
treatments in comparison with the rats'
administered LFX alone (76.43+3.70, 72.67
+ 0.47, 75.00+6.42; 2.48+0.01, 2.48 + 0.01,
2.50£0.01). Our findings were in harmony
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with earlier reports [56- 61]. These results
contribute antioxidant activity of vitamin E,
curcumin or ginger, which inhibits the
generation of free radicals in the body,
neutralizes and scavenges them, and
chelates prooxidant transition metals such
as iron [14, 20, 45, 62, 63]. Similarly, EI-
Batsh et al. [64] reported that the Reno-
protective effect of curcumin may be owing
to their antioxidant properties as they
significantly decreased serum level of
malondialdehyde (MDA) and significantly
increased renal tissue level of gluthathione
(GSH) in treated rats compared with
adenine group. Furthermore, ginger may
protect against cisplatin-induced hepato-
renal damage, since there was a substantial
improvement in liver and kidney functions
with lower ALT, AST, ALP, urea, and
creatinine levels when compared to the
cisplatin group [65]. Administration of Z.
officinale (250 and 500 mg/kg, per Os) with
or without vitamin E ameliorated
nephrotoxicity produced by cisplatin in
mice [59].

Lipid profile showed the highest
significant (P < 0.01) increase in serum total
cholesterol  (166.67+£6.81, 174.00+4.04,

176.00 +£2.88), triglycerides (269.67+5.84,
289.33+4.91, 249.67+1.86) and LDL-C
(243.00+7.09, 213.67+5.03, 226.33%5.45)
levels, whereas serum HDL revealed a
significant (P< 0.01) decrease (20.00+1.11,
23.33£3.38, 20.10+1.53) in rats orally
treated with LFX for five successive days
matched with the control group (97.33%
8.88, 86.67+£3.28, 90.33%£5.76 for total
cholesterol; 172.00+5.56, 171.00+4.53,
172.67 +£2.03 for triglycerides; 38.67+2.78,
34.00+2.08, 33.00£1.15 for LDL- C,
63.02+3.20, 60.00+1.15, 61.33+1.45 for
HDL- C) at all experimental periods (Table
4). These findings indicate that LFX
exposure is associated with perturbations in
lipid homeostasis in organs, lipoproteins,
plasma and erythrocytes [65] or disorders in
the metabolism of lipid and lipoproteins
[38]. Our results were in synchronization
with those previously obtained reports [3,
20]. Co- supplementation of vitamin E,

curcumin or ginger with LFX significantly
improved serum lipid profile, as revealed
by marked decrease in cholesterol (97.33
+3.93, 86.67+2.60, 81.67+3.93 for Vit.
E+LFX; 102.67+£2.03, 91.33+6.49, 82.00
+3.61 for curcumin+ LFX; 102.00+7.64,
99.00+2.31, 85.67+1.76 for ginger + LFX)
triglycerides (198.67+£7.45, 185.00+2.65,
161.67£1.20; 198.67+7.86, 191.00£8.08,
182.33+£7.87; 174.00£5.36, 169.00£1.53,
188.00£2.65) and LDL-C levels (137.67x
1.33, 120.67+£1.88, 126.33+2.19; 142.00+
1.15, 121.67+2.85, 125.00+2.00; 145.67+
2.32, 123.67+1.88, 119.67+1.79) and upsurge
in HDL-C (50.67£3.71, 49.67+1.76, 53.33
+ 1.76; 51.67+1.67, 50.00+4.73, 47.00+
1.15; 52.00+5.77, 49.83+0.88, 55.33+2.40)
level at zero, 7" and 14™ day, respectively
post- treatments matched with LFX-treated
group, these caring properties may be
attributed to the antioxidant effects as
evident by attenuating lipid peroxidation
marker, MDA levels, and increasing renal
SOD activity [66, 67]. These results are
nearly similar to earlier studies [47, 68- 71].
Vitamin E can help to prevent cholesterol-
related endothelial damage, as well as
functional impairment caused by ROS [72].
Curcumin's hypocholesterolemic influence
can be linked to its stimulatory effect on the
hepatic cholesterol-7-hydroxylase enzyme,
which regulates cholesterol catabolism, or
decrease cholesterol absorption [73].
Ginger's hypolipidemic effect was caused
by a diminution in cholesterol synthesis and
superior hepatic uptake of circulating LDL-
C, or by increased LDL-C receptor activation,
resulting in better LDL-C elimination and
lower cholesterol levels [74]. Moreover, the
hypocholesterolemic  effect of ginger
because it stimulates hepatic enzyme
cholesterol-7-alpha hydroxylase activity,
which excites the transformation of
cholesterol to bile acids, an important
pathway for cholesterol removal from the
body [75]. On contrary, other studies
indicated that the supplementation with
ginger significantly increased HDL-C
levels and found no detrimental effect of
triglycerides, cholesterol and LDL- C in
overweight and obese humans [76].
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Table (4): Effect of oral administration of vitamin E, curcumin or ginger on lipogram of
levofloxacin treated male rats for five successive days (Mean + SE) (n=4).

Lipogram
Groups lt)rae);rggztt- Total cholesterol Triglycerides HDL-C LDL-C
(mg/dL) (mg/dL) (mg/dL) (mg/dL)

Zeroday ~ 97.33+8.88° 172.00+5.56¢ 63.02+3.20%  38.67+2.78¢

Gp. 1 (Control) 7" day 86.67+3.28"° 171.00+4.53¢ 60.00£1.15%  34.00+2.08¢
14" day 90.33+5.76° 172.67+2.03¢ 61.33+1.45%  33.00+1.15¢

Zeroday  92.00+7.90° 168.00+5.51 ¢ 62.33+2.98%  38.67+2.89¢

Gp. 2 (Olive oail) 7" day 89.67+4.76° 167.67+6.29¢ 62.67+1.20%  34.00+1.15¢
14" day 89.00+4.04° 169.67+2.40¢ 62.67+3.28°%  36.67+1.86¢

Zeroday  166.67+6.81%  269.67+5.84% 20.00+1.11¢ 243.00+7.09 ®

Gp. 3 (Levofloxacin) 7" day  174.00£4.04%  289.33+4.91% 23.33%3.38°¢ 213.67+5.032
14" day  176.00+2.88°  249.67+1.86% 20.10+1.53°¢ 226.33%5.452

Gp. 4 (Vit. E + Zeroday — 97.33+3.93" 198.67+7.45° 50.67+3.71° 137.67+1.33"
levofloxacin) 7" day 86.67+2.60°" 185.00£2.65 49.67+1.76° 120.67+1.88°¢
14" day 81.67+3.93°¢ 161.67+1.20¢ 53.33+1.76° 126.33+2.19*

Gp. 5 (Curcumin+ Zeroday  102.67+2.03°> 198.67+7.86° 51.67+1.67° 142.00+1.15
Ievbfloxacin) 7" day 91.33+6.49° 191.00+8.08"" 50.00+4.73> 121.67+2.85°¢
14"day 82.00+3.61° 182.33+7.87° 47.00+1.15° 125.00+2.00*

Gp. 6 (Ginger+ Zeroday 102.00+7.64° = 174.00£5.36¢ 52.00+5.77°  145.67+2.32°
levofloxacin) 7" day 99.00+2.31° 169.00+1.53¢ 49.83+0.88° 123.67+1.88°¢
14" day 85.67+1.76"  188.00+2.65" 55.33+2.40*  119.67+1.79°¢

Means within the same column having different alphabetical superscript letters are significantly different at P < 0.05.
HDL-C: high density lipoprotein- cholesterol; LDL-C: low density lipoprotein- cholesterol.

Table (5): Effect of oral administration of vitamin E, curcumin or ginger on the hepatic
antioxidants/ oxidant status of levofloxacin treated male rats for five
successive days (Mean + SE) (n=4).

Hepatic antioxidants/ oxidant status

Groups [t)rzﬁir‘r’]gztt' SOD GPx MDA
(U/mg) (U/mg) (UmoL/gm)
Zero day 3.00+£0.112 19.76+0.03% 11.82+0.01°
Gp. 1 (Control) 7" day 3.33£3.132 19.18+0.05% 11.82+0.001°¢
14" day 3.33£0.162 18.42+0.13% 11.11+0.03°¢
Zero day 3.00£0.132 19.69+0.01% 11.21+0.04°¢
Gp. 2 (Olive ail) 7" day 3.67+£0.132 18.85+0.02% 11.92+0.03°¢
14" day 3.33£0.152 18.88+0.01% 12.1240.04¢
Zero day 1.50+0.13°¢ 2.02+0.38¢ 74.51+0.692
Gp. 3 (Levofloxacin) 7" day 1.67+0.18° 2.81+0.25¢ 80.97+0.41°2
14" day 1.60+0.15°¢ 3.30+0.37¢ 95.88+0.522
Gp. 4 (Vit. E+ Zero day 2.55+0.08% 16.61+0.99° 25.84+0.26°
levofloxacin) 7" day 2.53+0.04% 19.52+0.60% 21.62+0.27¢
14" day 2.67+0.01% 18.02+0.82% 29.40+1.05"
Gp. 5 (Curcumin+ Zero day 2.67+0.03* 17.21+0.59° 20.83+0.06¢

Ievéfloxacin) 7" day 2.00+0.04 Pc 14.01+0.39°¢ 27.84£0.26°¢

14" day 2.84+0.09% 17.40+0.44° 30.78+0.06"
Gp. 6 (Ginger+ Zero day 2.00+0.01%¢ 15.02+0.87 © 26.75%£1.03°
levofloxacin) 7" day 2.67+0.03% 17.56+0.40° 34.78+0.33°
14" day 2.77+0.01% 15.83+0.42" 32.06+0.25°

Means within the same column having different alphabetical superscript letters are significantly different at P<0.05.
SOD: superoxide dismutase; GPx: glutathione peroxidase, MDA: malondialdehyde.
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As demonstrated in Tables 5 and 6, the
aptitude of LFX to generate oxidative stress
has been demonstrated by a significant
decline in SOD and GPx activities in liver
(1.50£0.13, 1.67+0.18, 1.60+0.15; 2.02+
0.38, 2.81+0.25, 3.30+0.37) and Kidney
(24.97+1.04, 21.33+1.33, 26.33+1.71; 3.15
+ 0.14, 2.13£0.36, 2.44+0.28) tissues of
rats compared to the control values in the
liver (3.00£0.11, 3.33+3.13, 3.33+0.16 for
SOD; 19.76+0.03, 19.18+0.05, 18.42+0.13
for GPx) and kidney (71.33 £ 2.60, 67.67+
0.88, 66.00+1.73 for SOD; 8.32+0.08,
8.30£0.04, 7.81+0.06 for GPx) at the end of
zero, 7" and 14"day, respectively post-
treatments. However, the MDA concentrations

were significantly increased in the liver
(74.51+0.69, 80.97+0.41, 95.88+0.52) and
kidney (66.58+0.14, 65.09+0.12, 65.23+
0.14) tissues compared to control levels
compared to control values of MDA
concentrations in the liver (11.82+0.01,
11.82 + 0.001, 11.11+0.03) and kidney
(30.88 + 0.03, 33.20+0.03, 32.83+0.04) at
the end of zero, 7" and 14"day,
respectively post- treatments. Levofloxacin
has been publicized to produce ROS in
phagocytic cells [60]. Increased ROS
production causes a depletion of one or
more antioxidants, which can be used as an
indicator of oxidative stress [77].

Table (6): Effect of oral administration of vitamin E, curcumin or ginger on the renal
antioxidants/ oxidant status of levofloxacin (10 mg/kg b.wt.) treated male rats
for five successive days (Mean = SE) (n=4).

Renal antioxidants/ oxidant status

Groups Days post-treatment SOD GPx MDA
(U/mg) (U/mg) (UmoL/gm)
Zero day 71.33+2.60% 8.32+0.082  30.88+0.03°
Gp. 1 (Control) 7" day 67.67+0.88%  8.30+0.04®  33.20+0.03°
14" day 66.00+1.73%  7.81+0.06°  32.83+0.04°
Zero day 68.67£0.57%  7.35+0.332  31.92+0.14°
Gp. 2 (Olive ail) 7" day 72.33+0.88%  8.72+0.12°  31.43+0.03°
14" day 71.67+£2.03*  7.77+0.06®  31.17+0.16°
Zero day 24.97+1.04¢9  3.15+0.14°¢  66.58+0.14%
Gp. 3 (Levofloxacin) 7" day 21.33+1.339  2.13#0.36°¢  65.09+0.122
14" day 26.33+1.719  2.4440.28°¢  65.23+0.142
Gp. 4 (Vit. E+ Zero day 65.33+1.61%  9.05+0.43%  32.65+0.15°
levofloxacin) 7" day 65.33+1.33%  8.69+1.31%  32.83+0.08°
14" day 58.00+1.53°  9.19+0.05*  33.24+0.16"
Gp. 5 (Curcumin+ Zero day 60.67+1.55°  7.79+0.76®®  31.01+0.19°
levofloxacin) 7" day 52.67+0.17°  7.25+0.46°  32.52+0.20°
14" day 48.00£0.53¢  8.79+0.28%  31.36+0.25"
Gp. 6 (Ginger+ Zero day 44.33+053¢  8.3740.54%  33.49+0.13"
levofloxacin) 7" day 44.67+0.67¢  9.18+0.33%  31.89+0.18"
14" day 59.00+0.69°  9.20£1.04%  33.37+0.17°

Means within the same column having different alphabetical superscript letters are significantly different at P<0.05.
SOD: superoxide dismutase; GPx: glutathione peroxidase, MDA: malondialdehyde.

This findings are consistent with earlier
reports proving the same results in brain of
male rats received ciprofloxacin or
levofloxacin [78], in liver homogenate of
rats received ciprofloxacin and levofloxacin
[22, 79], in the liver of male Wistar rats
received levofloxacin at different doses (5,
10 and 20mg/kg/ BW) for 7days [3],
and in kidney tissues of male Wistar rats
ordered ciprofloxacin (100 mg/kg/day,

intraperitoneally) for eight consecutive days
[57]. Also, administration of LFX (40
mg/kg BW.) daily for two weeks showed a
reduction in catalase, SOD and GSH as
well as rise in MDA levels in liver tissue of
rats [44]. Concurrent oral supplementation
of vitamin E, curcumin and ginger with
LFX repaired the oxidant/antioxidant
balance as reflected by significant increase
of SOD in liver (2.55+0.08, 2.53+0.04,
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2.67+0.01 for Vit. E+LFX;  2.67%0.03,
2.00+0.04, 2.84+0.09 for curcumin+ LFX;
2.00+0.01, 2.67+0.03, 2.77+0.01 for ginger
+ LFX) and kidney (65.33+£1.61, 65.33+
1.33, 58.00+1.53; 60.67+1.55, 52.67+0.17,
48.00+0.53; 44.33+0.53, 44.67+0.67, 59.00
+ 0.69), GPx in liver (2.02+0.38, 2.81+0.25,
3.30+0.37; 16.61+0.99, 19.52+0.60, 18.02+
0.82; 17.21+0.59, 14.01+0.39, 17.40+0.44;
15.02+0.87, 17.56+0.40, 15.83+0.42) and
kidney (9.05+0.43, 8.69+1.31, 9.19+0.05;
7.79+0.76, 7.25+0.46, 8.79+0.28; 8.37+
0.54, 9.18+0.33, 9.20£1.04 ) enzymes and
reduction of lipid peroxidation (32.65+0.15,
32.83+0.08, 33.24+0.16; 31.01+0.19, 32.52
+ 0.20, 31.36+0.25; 33.49+0.13, 31.89+
0.18, 33.37+0.17) in the liver and kidney
comparatively with LFX - cured rats alone.
Such result values were returned in close to
normal values of control especially SOD
enzyme. The positive effects of vitamin E,
or plants are linked to its antioxidant
qualities, which play a vital role in hepato-
renal protective mechanisms by removing
free radicals and enhancing the activity of
the natural antioxidant defense system [19,
49, 59]. Our results and interpretations are
in agreement with aforementioned reports
[14, 46, 50,]. In addition, Hashem et al. [80]
revealed good amelioration in the hepatic
MDA and catalase levels after treatment of
paracetamol- induced hepatic damage in
rats with Zingiber Officinale and Moringa
oleifera extracts. Damiano et al. [81]
showed that the treatment with curcumin,
used alone or in association with ochratoxin
A, revealed a significant reversion of the
activities of CAT, SOD, and GPx and MDA
levels, inhibiting effects of oxidative stress
induced by ochratoxin A in rats.

Conclusion

This study prominently exhibited that
curcumin and ginger display significant
protective effects in the liver and kidney
injury induced by levofloxacin, in
comparison with vitamin E as a standard
antioxidant. This protective effect is
concomitant with a significant reduction of
elevated liver enzymes, renal damage

biomarkers, lipogram and MDA level,
associated with improvements in the
proteinogram and antioxidants levels in the
experimental rats. In addition, the findings
proved that vitamin E had a Dbetter
hepatoprotective impact than curcumin or
ginger in levofloxacin-induced liver
damage, despite that both vitamin E and
herbs (curcumin and ginger) had nearly
similar  alleviative effects on other
biochemical investigations.

Conflict of interest

The authors have no conflict of interest
to declare.

References

[1] Ara, C.; Asmatullah, Kanwal, S.;
Chaudhary, A. and Siddiqua, A. (2020):
Haematological and histopathological
analyses of levofloxacin induced toxicity
in mammals. Punjab Univ J Zool, 35(1):
01-06.

[2] Al-Soufi, W.F. and Al-Rekabi, F.M.K.
(2019): The cytogenetic effects of
levofloxacin in male rats. Adv Anim
Vet Sci, 7(3): 138-150.

[3] Olayinka, E.T.; Ore, A. and Ola, O.S.
(2015): Influence of different doses of
levofloxacin on antioxidant defense
systems and markers of renal and
hepatic  dysfunctions in rats. Adv.
Toxicol, Volume 2015, Article ID
385023.

[4]Aboubakr, M. and Soliman, A. (2014):
Comparative  pharmacokinetics  of
levofloxacin in healthy and renal
damaged Muscovy ducks following
intravenous and oral administration. Vet.
Med. Int., 2014: 1-6.

[5] Gilrbay, A.; Gonthier, B.; Daveloose,
D.; Favier, A. and Hincal, F. (2001):
Microsomal metabolism of ciprofloxacin
generates free radicals. Free Radic Biol
Med, 30(10): 1118-1121.

[6] Ramalakshmi, S., Bastacky, S., and
Johnson, J.P., (2003): Levofloxacin-
induced  granulomatous interstitial
nephritis. Am J Kidney Dis, 41(2): e7.

309



Zag Vet J, Volume 49, Number 3, p. 300-315, September 2021

Ibrahimet al., (2021)

[7]

[8]

[9]

[10]Hosseini,

Abdel- Alim, F.A.; Kamel, M.A. and
ElSayed, R.AA. (2017): Some
pharmacological studies of

ciprofloxacin and levofloxacin in rats.
Zag Vet J, 45(1): 172-180.

Lim, J.M.; Song, C.H.; Park, S.J.; Park,
D.C.; Jung, G.W.; Cho, H.R.; Bashir,
K.M.1L.; Ku, S.K. and Choi J.S. (2019):
Protective effects of triple fermented
barley extract (FBe) on indomethacin-
induced gastric mucosal damage in rats.
BMC ComplementAlternMed, 19:49.

Farzaei, M.H.; Zobeiri, M.; Parvizi, F.;
El-Senduny, F.F.; Marmouzi, I.; Coy-
Barrera, E.; Naseri, R.; Nabavi, S.M;
Rahimi, R. and Abdollahi, M. (2018):
Curcumin in liver diseases: a systematic
review of the cellular mechanisms of
oxidative stress and clinical perspective.
Nutrients, 10(7): 855

A.; Rasaie, D.; Soleymani
Asl, S. NiliAhmadabadi, A. and
Ranjbar, A. (2019): Evaluation of the
protective effects of curcumin and
nanocurcumin against lung injury
induced by sub-acute exposure to
paraquat in rats. Toxin Rev, 40(3).

[11] Kheiripour, N.; Plarak, A.; Heshmati,

A.; Asl, S.S.; Mehri, F.; Ebadollahi-
Natanzi, A.; Ranjbar, A. and Hosseini,
A. (2021): Evaluation of the
hepatoprotective effects of curcumin
and nanocurcumin against paraquat-
induced  liver injury in rats:
Modulation of oxidative stress and
Nrf2 pathway. J BiochemMolToxicol,
35(5):e22739.

[12] Alshathly, M.R. (2019): Efficacy of

[13]

Ginger  (Zingiber  officinale) in
ameliorating streptozotocin-induced
diabetic liver injury in rats: Histological
and biochemical studies. J Microsc
Ultrastruct, 7(2): 91-101.

EIRokh, S.M.; Yassin, N.A.; EI-Shenawy,
S.M. and lbrahim, B.M. (2010):
Antihypercholesterolaemic effect of
ginger rhizome (Zingiberofficinale) in

[14]

[15]

[16]

[17]

[18]

[19]

[20]

rats. Inflammopharmacology, 18(6):
309-15.

Abdel-Azeem, A.S.; Hegazy, A.M.;
Ibrahim, K.S.; Farrag, A.R. and El-Sayed,
E.M. (2013): Hepatoprotective,
antioxidant, and ameliorative effects
of ginger (Zingiberofficinale Roscoe)
and Vitamin E in acetaminophen
treated rats. J Diet Suppl, 10 (3): 195-
209.

Grant, K.L. and Lutz, R.B. (2000):
Ginger. Am J Health Syst Pharm,
57(10): 945-7.

Abaekwume, C.O. and Kagbo, H.D.
(2021): Comparative effect of ginger
(Zingiber officinale) supplement on
hepato-renal damages induced by
acetaminophen toxicity in wistar rats.
Asian J Res Med Pharm Scis, 10(1): 1-
12.

Eid, R.A.; Zaki, M.S.A.; Alghamd, M.
A.; Wares, A.; Eldeen, M.A.; Massoud,
E. E. S. and Haidara, M. A. (2020):
Ameliorative effect of vitamin E on
biochemical and ultrastructural changes
in artemether-induced renal toxicity in
rats. Int J Morphol, 38(2):461-471.

Hashem, M.; Gamal El-Dein, I. and
Eltahawy, S. (2019): Clinicopathological
studies on the ameliorative effects of
selenium and vitamin E against
cadmium toxicity in chickens. Zag Vet
J, 47(3): 277-287.

Hashem, M.A.; Abd EI Hamied, S.S.;
Ahmed, EM.A.; Amer, S.A. and
Hassan, A.M. (2021): Alleviating Effects
of Vitamins C and E Supplementation
on Oxidative Stress, Hematobiochemical
and  Histopathological  Alterations
Caused by Copper Toxicity in Broiler
Chickens. Animals, 11: 1739.

Khatab, H.l. (2020): Ameliorative
effect of vitamin E against some
adverse effects of levofloxacin in male

rats. Master Thesis, Pharmacology
Department,  Zagazig  University,
Egypt.

310



Zag Vet J, Volume 49, Number 3, p. 300-315, September 2021

Ibrahimet al., (2021)

[21] Singh, R. and Sharma, P. (2011):
Hepatoprotective effect of curcumin
on Lindane-induced oxidative stress in
male Wistar rats. Toxicol Int, 18(2):
124-129.

[22] Hemieda F.A.E.; El-Kholy, W.M.
and Masud, AS.A. (2019):
Evaluating the protective impact of
ginger extract against ciprofloxacin-
induced hepatotoxicity in male albino
rats. IOSR J Pharm Biol Sci, 14(1):
23-30.

[23] Reitman, S. and Frankel, S. (1957):
Colorimetric method for determination
of serum glutamic oxalacetic and
glutamic pyruvic transaminases. Am J
Clin Path, 28:56-63.

[24] Tietz, N.W. (1976): Fundamentals of
clinical  chemistry, 2" edition.
Philadelphia, USA: W.B. Saunders

[30] Bucolo, G. and David, H. (1973):
Quantitative determination of serum
triglycerides by the use of enzymes.
Clin Chem., 19(5):476-482.

[31] Gordon, T.; Castell, W.P.; Hjortland,
M.C.; Kannel, W.B. and Dawber, T.R.
(1977): High-density lipoprotein as a
protective factor against coronary
heart disease. Am J Med, 62: 707-714.

[32] Friedewald, W.J.; Levy, RJ. and
Fredrichson, D.S. (1972): Estimation
of the concentration of low density
lipoprotein  cholesterol in  plasma
without the wuse of preparative
ultracentrifuge. Clin Chem, 18: 499 —
502.

[33] Coles, E.H. (1986): Veterinary clinical
pathology, 4th edition. Philadelphia,
USA: WB Saunders Company.

[34] Nishikimi, M.; Appaji, N. and Yagi, K.
(1972): The occurrence of superoxide
anion in the reaction of reduced phenazine
methosulfate and molecular oxygen.
Biochem Biophys Res Commun, 46(2):

Co.

[25] Henry, R.J. (1964): Clinical chemistry,
Harper and Row Publishers. New
York p: 181.

[26] Doumas, B.T., Watson, W.A. and
Biggs HG. (1971): Albumin standards
and the measurement of serum
albumin with bromcresol green. Clin
Chim Acta, 31(1):87-96.

[27] Vassault, A.; Grafmeyer, D.; Naudin,
C.; Dumont, G.; Bailly, M.; Henny, J.;
Gerhardt, M.F. and Georges, P.
(1986): Protocol for the validation of
methods. Ann Biol Clin, 44: 686-745.

[28] Henry, R.J. (1974):. Colorimetric
estimation of creatinine. In Henry, R.
J., Cannon, D.C., and Winkelman, J.
W.editors. Clinical Chemistry:
Principles and Techniques. 2" edition.
Hagerstown, USA: Harper and Row.

[29] Allain, C.C.; Poon, L.S.; Chan, C.S,
Richmond, W. and Fu P.C. (1974):
Enzymatic determination of total
serum cholesterol. Clin  Chem,
20(4):470-5.

849-54.

[35] Pascual, P.; Martinez-Lara, E.;
Barcena, J.A.; LoOpez-Barea, J. and
Toribio, F. (1992): Direct assay of
glutathione peroxidase activity using
high performance capillary
electrophoresis. J Chromatogr, 581
(1): 49-56.

[36] Ohkawa, H.; Ohishi, N. and Yagi, K.
(1979): Assay for lipid peroxides in
animal tissues by thiobarbituric acid
reaction. Anal Biochem, 95(2): 351-
358.

[37] Tamhane, A.C. and Dunlop, D.D.
(2000): Statistics and data analysis for
elementary to intermediate. Upper
Saddle River. USA.

[38] Kaneko, J.J.; Harvey, J. and Bruss, M.
(2008):  Clinical biochemistry of
domestic animals. San Diego, CA:
Academic Press.

311



Zag Vet J, Volume 49, Number 3, p. 300-315, September 2021

Ibrahimet al., (2021)

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Yang, H.Y.; Guo, D.H.; Jia, W.P.;
Zhu, M.; Xu, Y.J. and Wang, X.Y.
(2019): Incidence, clinical features,
and risk factors of fluoroquinolone-
induced acute liver injury: a case-
control study. Ther Clin Risk Manag,
15: 389-395.

Saad, N.A.; Elberry, A.A.; Samy
Matar, H. and Hussein, R.R.S. (2021):
Effect of ciprofloxacin vs levofloxacin
on QTc-interval and dysglycemia in
diabetic and non-diabetic patients. Int
J ClinPract, 75(5):e14072.

Hirsch, A.C. and Lundquist, L.M.
(2009): Ciprofloxacin-induce
hepatotoxicity resolved with
levofloxacin: A case report and a

review of the literature. Hospital
Pharmacy, 44: 978-983.
Figueira-Coelho, J.; Pereira, O.;

Picado, B.; Mendonca, P.; Neves-
Costa, J. and Neta, J. (2010): Acute
hepatitis associated with the use of
levofloxacin. Clin Ther, 32(10):1733-
1737.

Vahidi-eyrisofla, N.; Ahmadifar, M.;
Eini, AM. and Kalami, A. (2015):
The study of levofloxacin effects on
liver tissue in wistar rat. J Liver, 4(1):
173.

Farid, A.S. and Hegazy, A.M. (2020):
Ameliorative  effects  of Moringa
oleifera leaf extract on levofloxacin-
induced hepatic toxicity in rats. Drug
Chem Toxicol, 43(6):616-622.

Shams, G.A.M.; El-Latif, S.A.A. and
Ghanem, S.1. (2020): Protective effect
of vitamin E against moxifloxacin
induced side effect in rats. J. Anim.
Health Prod, 9(s1): 34-41.

[46] Patel. J.; Varia. R.; Patel. U.; Vihol. P;

Bhavsar, S. and Thaker A. (2009):
Safety level of levofloxacin following
repeated oral administration in white
leg horn layer birds. Vet World, 2(4):
137-1309.

[47]

[48]

[49]

[50]

[51]

Hasona, N.A. and Ahmed, M.Q.
(2017): Antioxidant and ameliorative
effects of Zingiber officinale against
aluminum chloride toxicity. Science
Intern, 5: 96-104.

Ibrahim,  J.; Kabiru, A.Y.;
Abdulrasheed-Adeleke, T.; Lawal, B.
and  Adewuyi, A.H. (2020):
Antioxidant and  hepatoprotective
potentials of curcuminoid isolates
from turmeric (Curcuma longa)
rhizome on CCl4-induced hepatic
damage in Wistar rats. JTaib Un Sci,
14(1): 908-915.

El Shemy, A. M.; Abdalla, A.O. and
Fararh, K.M. (2011): Anti-
inflammatory effect of ginger in rat.
Ben Ve tMed J, 22(2): 249-256,

Fahmi, A.;Hassanen, N.; Abdur-
Rahman, M. and Shams-Eldin, E.
(2019): Phytochemicals, antioxidant
activity and hepatoprotective effect of
ginger (Zingiber officinale) on diethyl
nitrosamine  toxicity in rats.
Biomarkers, 24(5):436-447.

Umar, S.I.; Ndako, M.; Jigam, A A,
Adefolalu, S.F.; Ibikunle, G.F. and
Lawal, B. (2019): Anti-plasmodial,
anti-inflammatory, antinociceptive and
safety profile of Maytenus
senegalensis root bark extract on
hepato-renal integrity in experimental
animals. Comp Clin Path, 28(6): 1571-
1579.

[52] Oda, S.S.; Hashem, M.A. and Gad El-

Karim, D.R. (2014): A comparative
study of levofloxacin- and gentamicin-
induced nephrotoxicity in rabbits.
Glob Vet, 13 (5): 898-905.

[53] Abdel-Alim, F.A.; Kamel, M.A. and

Elsayed, R.A.A. (2017): Some
Pharmacological Studies of
Ciprofloxacin and Levofloxacin in
Rats. Zag Vet J, 45(S1): 172-180.

[54] Shjaki, F., Ashari, S. and Ahangar, N.

(2016): Melatonin can attenuate
ciprofloxacin induced nephrotoxicity:

312



Zag Vet J, Volume 49, Number 3, p. 300-315, September 2021

Ibrahimet al., (2021)

[55]

[56]

Involvement of nitric oxide and TMF-
o.Biomed. Pharmacother, 84:1172-
1178.

Salim, A. and Fahmy, R.R. (2002):
Evaluation  of  cefepime  and
levofloxacin effect on renal and
hepatic functions in normal albino
rats. Research in Benha MJ, 19 (3
Part 2): 927-938.

Elmansi, A.M.; El-Karef, AA.;
Shishtawy, M.M.E. and Eissa, L.A.
(2017): Hepatoprotective effect of
curcumin on hepatocellular carcinoma
through autophagic and apoptic
pathways. Ann Hepatol, 16(4):607-
618.

[57] Ali, B.H.; Al-Salam, S.; Al Suleimani,

[58]

[59]

Y.; Al Kalbani, J.; Al Bahlani, S;
Ashique, M.; Manoj, P.; Al Dhahli, B.;
Al Abri, N.; Naser, H.T.; Yasin, J.;
Nemmar, A.; Al Zaabi, M,
Hartmann, C. and Schupp, N. (2018):
Curcumin ameliorates kidney function
and oxidative stress in experimental
chronic kidney disease. Basic Clin
Pharmacol Toxicol, 122(1):65-73.

Kyung, E.J.; Kim, H.B.; Hwang, E.S.;
Lee, S.; Choi, B.K.; Kim, JW.; Kim,
H.J.; Lim, S.M.; Kwon, O.l. and
Woo, E.J. (2018): Evaluation of
hepatoprotective effect of curcumin on
liver cirrhosis using a combination of
biochemical analysis and magnetic
resonance-based electrical conductivity
imaging. Mediators Inflamm, Volume
2018, Article ID: 5491797.

Abubakar, K.; Mailafiya, M.M.;
Chiroma, S.M.; Danmaigoro, A,
Zyoud, T.Y.T.; Abdul Rahim, E. and
Abu Bakar Zakaria, M.Z. (2020):
Ameliorative effect of curcumin on
lead-induced  hematological  and
hepatorenal toxicity in a rat model. J
Biochem Mol Toxicol, 34(6):e22483.

[60] El-Desoky, G.E.; Abdel-Ghaffar, A.;

Al-Othman, Z.A.; Habila, M.A.; Al-
Sheikh, Y.A.; Ghneim, H.K.; Giesy,
J.P. and Aboul-Soud, M.A. (2017):

[61]

Curcumin protects against tartrazine-
mediated  oxidative  stress  and
hepatotoxicity in male rats. Eur Rev
Med Pharmacol Sci, 21(3):635-645.

Ajith, T.A.; Nivitha, V. and Usha, S.
(2007): Zingiber officinale Roscoe
alone and in combination with alpha-
tocopherol protect the kidney against
cisplatin-induced acute renal failure.
Food Chem Toxicol, 45(6):921-927.

[62] Rosner, M. H., and Bolton, W. K.

[63]

[64]

[65]

[66]

[67]

(2006): Renal function testing.
American Journal of Kidney Diseases,
47(1): 174-183.

Oboh, G.; Akinyemi, A.J. and
Ademiluyi, A.O. (2012): Antioxidant
and inhibitory effect of red ginger
(Zingiber officinale Var. Ruba) and
white ginger (Zingiber officinale
Roscoe) on Fe2+, induced lipid
peroxidation in rat brain in vitro. Exp
Toxicol Pathol, 64(1-2): 31-36.

El-Batsh, M.M.; Samaka, R.M.;
Elhenawy, E.E.M.;Yassin, A.A. and
Elnaggar, S.R. (2021): Nephroprotective
effect of coadministration of curcumin
and sildenafil in adenine-induced
chronic renal failure in rats. Men Med
J, 34(1):297-304.

Tahoun, E.; Elgedawy, G. and
El-Bahrawy, A. (2021): Cytoprotective
effect of ginger extract on

cisplatin-induced hepatorenal toxicity
in rats via modulation of oxidative
stress, inflammation and apoptosis:

histopathological, biochemical and
immunohistochemical study. Comp
Clin. Path., 32: 647- 663

Owoade, A.O.; Airaodion, A.lL;

Adetutu, A. and Akinyomi O.D. (2018):
Levofloxacin-induced dyslipidemia in
male albino rats. As J Phar Phar; 4(5):
620-629.

Mehrdad, M.; Messripour, M. and
Ghobadipour, M. (2007): The effect of
ginger extract on blood urea nitrogen
and creatinine in mice. Pak J Biol Sci,
10(17): 2968-2971.

313



Zag Vet J, Volume 49, Number 3, p. 300-315, September 2021 Ibrahimet al., (2021)

[68] Ramudu, S.K.; Korivi, M.; Kesireddy,
N.; Lee, L.C.; Cheng, I.S.; Kuo, C.H.
and Kesireddy, S.R. (2011): Nephro-
protective effects of a ginger extract
on cytosolic and mitochondrial
enzymes against streptozotocin (STZ)-
induced diabetic complications in
rats. Chin J Physiol., 54(2):79-86.

[69] Wang, S.; Chen, B. and Sun, C.
(2000): Regulation effect of curcumin
on blood lipids and antioxidation in
hyperlipidemia rats. Wei Sheng Yan
Jiu.; 29(4):240-2.

[70] Karthikesan, K., Pari, L., and Menon, V.P.
(2010):  Antihyperlipidemic  effect of
chlorogenic acid and tetrahydrocurcumin in
rats subjected to diabetogenic agents.
Chemico Biological Interactions; 188: 643 —
650.

[71] Ragab, O.A.; Abdel-Majeed, A.D.;
Hassanin, K.M. and Abdelghaffar,
M.M. (2014): Biochemical effect of
curcumin, garlic extract and olive oil
on hyperlipidemia induced in rats. Ben
Vet Med J, 26(2):109-118.

[72] Hashem, M.A.; Abd EI Hamied, S.S.;
Ahmed, E.M.A.; Amer, S.A. and El-
Sharnouby, M.E. (2021): Mitigating
the growth, biochemical changes,
genotoxic and pathological effects of
copper toxicity in broiler chickens by
supplementing vitamins C and E.
Animals, 11: 1811.

[73] Hussein, S.A.; EI-Senosi, Y.A.; Ragab,
M.R. and Hammad, M.M.F. (2014):
Hypolipidemic effect of curcumin in
hyper-cholesterolemic rats. Ben Vet
Med J, 27(2): 277-289.

[74] Li, Y.; Tran, V.H.; Duke, C.C. and
Roufogalis, B.D. (2012): Preventive
and protective properties of Zingiber
officinale (ginger) in diabetes mellitus,
diabetic complications, and associated
lipid and other metabolic disorders: A
Brief Review. Evid Based
Complement Alternat Med, 516870.

[75] Hashem, M.A.; Nasr El-Deen, N.A.M.

andGhareeb, O.AEE. (2018):
Biochemical effects of ginger and/or
green tea extracts in high fat diet -
induced obese rats. Slov Vet Res; 55
(Suppl 20): 241-249.

[76] Maharlouei, N.; Tabrizi, R.; Lankarani,

KB.; Rezaianzadeh, A.; Akbari, M.;
Kolahdooz, F.; Rahimi, M.;
Keneshlou, F. and Asemi, Z. (2019):
The effects of ginger intake on weight
loss and metabolic profiles among
overweight and obese subjects: A
systematic review and meta-analysis
of randomized controlled trials. Crit
Rev Food SciNutr, 59(11): 1753-1766.

[77] Halliwell, B. and Gutteridge, J.M.

(1998): In Free radicals in biology and
medicine: 1-25 (pp. 351-429). Oxford:
Oxford University Press.

[78] Rawi, S.M.; Mourad I.M.; Arafa

N.M.S. and Alazabi N.I. (2011):
Effect of ciprofloxacin and
levofloxacin on some oxidative stress
parameters in brain regions of male
albino rats. Afr J Phar Pharm, 5(16),
pp. 1888-1897.

[79] Afolabi, O.K. and Oyewo, E.B.

(2014): Effects of ciprofloxacin and
levofloxacin administration on some
oxidative stress markers in the rat. Int
J Biol Life Sc Eng, 8(1): 38-42.

[80] Hashem, M.A.; Mahmoud, E.A. and

Abd  ElI-Rahman, G.I.  (2015):
Evaluation of immunostimulatory and
antioxidant activities of ginger and
moringa extracts against paracetamol-
induced hepatic damage in rats.
SCVMJ, 20(2): 303-316. DOI: 10.21
608/SCVMJ.2015.64642

[81] Damiano, S.; Longobardi, C; Andretta,

E; Prisco, F; Piegari, G; Squillacioti,
C; Montagnaro, S; Pagnini, F; Badino,
P; Florio, S, and Ciarcia, R (2021):
Antioxidative effects of curcumin on
the  hepatotoxicity  induced by
ochratoxin A in rats. Antioxidants
(Basel), 10(1):125..

314


https://dx.doi.org/10.21608/scvmj.2015.64642
https://dx.doi.org/10.21608/scvmj.2015.64642

Zag Vet J, Volume 49, Number 3, p. 300-315, September 2021 Ibrahimet al., (2021)

A padldl
I 583 (B Cppnulans 518 51 B jldall U)o S 511 9 (e S il
3l dise (5 stie syl 2l a5l elasic Taa ) Juaillve i
523550 Ak 5 ) ) S iy sl 1S o 31
Gl daala —(g bl Clall IS - Ls ol i) 2

sl UV s Juai 3l eSS0 5 B et 4 gl <ol i) iy s sa Aul_all 038 (he gl
(Ao saae K113 15) Gle sana Cus () Gl,adl ) 583 (e (e 230 sl &5 013 ) )5S (8 Gl Sl 8,1
6 - 3 Gle sanall cdli Loty cddailia Cile ganaS Logaladin s 3l cu )y ol ladall clall 2 5 1 lie ganall cils
UJ}u—ﬁeaS/eM 100) & (el go IV ol L anall G55 0 paS [ pae 10 Ao s S 518 341
s e (mand) 055 00 paS / pae 200) i 3l (mead) 055 G0 S/ pane 200) (eSS ¢ ()
mﬁ@\)\jeu\e,g\j)u”g\ s Adliie Al 5 330l o gl (B 3a) 53 ye adl) (G 5k e A gaY) aaea elhac)
Claliae el Lgeliad) 5 S g 0 Gl oy 55 o3 Lai ¢ (5 sand) el Jalasill ool e pan a3 ¢ 2 30)
¢adll bl ey 3 B S 8ol 3l (e oy WS ¢ S 5 2SI Al 8l 6l il 5l o auSY)
¢(2.48+0.01, 2.48+0.01, 2.50£0.01), ol S5 ¢ (76.43+3.70, 72.67+0.47, 75.00+6.42) Lsdls
(269.6745.84, 4B (saally ¢ (166.67+6.81, 174.00+4.04, 176.00+2.88), A8V Js il SN
& ¢ (243.00£7.09, 213.67+5.03, 226.33+£5.45)LDL <lisiwes ¢ 289.33+4.91, 249.67+1.86)
SIS Gy ¢ aall 4 (20.0041.11, 23.33+3.38, 20.10£1.53), HDL <lisiue 4 HuS [alisd)
O ¥ Aands ¢ (3.45+0.03, 3.60+0.06, 3.57£0.09) e sl¥s ¢(5.77+0.03, 5.97+0.09, 5.87+0.09)
Ja ol (8 ddalall Gle seaally 45 )la (1.49+0.02, 1.514+0.05, 1.5540.09) (A / G) calsnslall /
O gannd M\}}J\ ("’)"\ UAJSLLM@UA\A;J\L;}XJSS&J‘;‘L 30l ladlall (e e @\)]\} &Lﬂ\}
(1.50+0.13, 1.67+0.18, 1.60+0.15; 2.02+0.38, SV dail & (GPX) s s m o5 slall 5 (SOD)
(24.97+1.04, 21.33+1.33, 26.33+1.71; 3.15+0.14, 2.13+0.36, XI5 2.81+0.25, 3.30+0.37)
a0 Al cle seaall & lae uuus,h)mm dzpmall (el a8 S JSG2.4440.28)
(3.00£0.11, 3.33%£3.13, 3.33+0.16 for SOD; 19.76+0.03, 19.18+0.05, 18.42+0.13for GPx)
(71.33 £ 2.60, 67.67+0.88, 66.00+1.73 for SOD; 8.32+0.08, 8.30+0.04, 7.81+0.06 for ISl
il Jslall € J<8 JSs aSl Al 3 (MDA )uei sl 58 5 5005 &3 ¢ el aas .GPX).
M}M\u\y}d\swﬂ\mﬁ\uw_y\&wm&duu‘)ﬂ\ jiuus‘)ﬁ\ji_a&m@umusjhjuu
L@_\.\u L.?d‘ a)\.;aj\ JL\Y\ M\Jﬂ\ XYY L) u.\.u Jﬂ} MY\ Lﬁ o.lmSY\ Glalicaa ad\_u & 4635\_1 )LAA” 4_1}15]\
OSSN (e JST (el Sl aladiul) oy ¢ Bl e Oloall A JSUs Al e IS e Gaula 5la i)
e a6l g8l aladial (pe Al Rl yige e ) (gl S 18 52l e Jaan 311 f

315



