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Abstract: The present investigation reports the nephrotoxic effect of levofloxacin and gentamicin in rabbits on
the basis of pathological and clinicopathological alterations. Thirty rabbits were divided into 3 equal groups
(n=10 in each group): control group; levofloxacin group: rabbits received 82 mg /kg bwt. Levofloxacin Hcl orally
once daily for 4 weeks and gentamicin group: rabbits injected S/C with 40 mg /kg bwt. Gentamicin sulphate once
daily for 4 weeks. Clinically, no mortalities were recorded in both treated groups. At the end of the experiment,
both treated groups showed significant decrease in body weight. Non-significant changes were observed in
hematological parameters except significant changes in total leucocytic count at the end of the 1% and 4" weeks
of the experiment in both treated groups. Both antibiotics induced significant changes in serum hepatic and
renal function parameters. These changes were marked at the end of the 4™ week post treatment.The prominent
histopathological lesions in levofloxacin group were typical of diffuse lymphocytic interstitial nephritis; while
in gentamicin treated group were consisted of cortical tubulonecrosis with interstitial mononuclear infiltration
and fibroplasia. The results indicated that both levofloxacin and to greater extent gentamicin induced

nephrotoxic alterations in rabbits when applied at 4 times its therapeutic doses in time dependent manner.
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INTRODUCTION

The kidney is a target organ for numerous
environmental toxins and therapeutic agents such as
antibiotics [1]. Although antibiotics have altered
fundamentally the controlling of many diseases, they
often have several side effects; one of the most important
is the increased incidence of acute and/or chronic renal
insufficiency after long term usage [2, 3]. Wide range of
toxicity has been reported with commonly rates of 5-14%
for nephrotoxicity [4].

Gentamicin (GM) is probably one of the most
commonly used aminoglycoside antibiotics for the
treatment of serious and life-threatening infections caused
by Gram-negative bacteria [5]. In spite of its beneficial
effects, low cost and low levels of resistance, serious
complications like nephrotoxicity limit its use [6, 7].
Although several studies have been undertaken to
investigate the mechanisms underlying these unwanted
side effects, the mechanism of nephrotoxicity induced by
GM is not completely known and remains to be studied

further [8]. However, the pathological mechanisms
involved in GS induced nephrotoxicity include induction
of oxidative stress, apoptosis, necrosis, up regulation of
transforming growth factor B(TGF-B), elevation of
endothelin I and increase of monocyte/macrophages
infiltration [9- 11].

Fluoroquinolones comprise a relatively large,
growing and most interesting group of antibiotics, which
have made major impact in the field of antimicrobial
chemotherapy [12]. These agents represent an
improvement over their quinolone counterparts in many
ways, including a wider spectrum of antimicrobial activity,
improved pharmacokinetic properties, clinical efficacy
against a wide range of diseases and fewer and less
severe adverse effects. Levofloxacin belongs to the
second generation of fluoroquinolones which has high
activity against Gram-positive, Gram-negative and
anaerobic bacteria [13]. The effects on the kidney that
have been reported with quinolones and fluoroquinolones
include mild interstitial nephritis, occult blood in urine,
decreased renal function and crystalluria [14]. Therefore,
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this study aimed to evaluate the nephrotoxic effect of the
high doses of levofloxacin and gentamicin treatment in
rabbits on the basis of pathological and
clinicopathological alterations.

MATERIALS AND METHODS

Animals and Experimental Design: Thirty male New
Zealand rabbits of 2000 - 2400 g body weight were housed
in cages under proper hygienic conditions and fed on
pelted commercial feed and water was supplied without
restriction. Rabbits received human care in compliance
with the animal care guidelines of the National Institute of
Health and the local ethical committee approved this
study. After 2 weeks of adaptation,rabbits were randomly
divided into three groups of ten rabbits each: control
group; levofloxacin group:rabbits received 82 mg /kg bwt.
levofloxacin Hcl (Pharaonia Pharmaceuticals Co. Egypt)
orally once daily for 4 weeks and gentamicin group:rabbits
injected S/C with 40 mg /kg bwt. gentamicin sulphate
(Garamicin, 40 %) ® obtained from Memphis
pharmaceutical company once daily for 4 weeks. The
doses of levofloxacin and gentamicin represent four times
the therapeutic doses of rabbit according to Paget &
Barnes [15]. Blood samples were collected from jugular
veins during slaughtering at the end of the 1% and 4"
weeks post -treatment whereas five rabbits from each
group were sacrificed. A part of blood samples were
collected in tubes containing dipotassium salt of EDTA as
anticoagulant and used for evaluation of hemogram. The
other part was placed in plain centrifuge tubes, left to clot
and centrifuged at 3000 rpm for 15 minutes for separation
of serum. The clear serum was carefully separated and
kept at -20°C for biochemical analysis.

Hematological Examination: The erythrocytic parameters
of all collected blood samplesred blood cells (RBCs)
count, packed cell volume (PCV%) and hemoglobin
(Hb)concentration were evaluated following the standard
techniques described by Feldman et al. [16]. The
erythrocytic indices (mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC)were calculated [17].
Total leukocytic count (TLC) was performed using the
improved Neubauer hemocytometer, leukocytic pipette
and Turkey's solution as diluting fluid. The differential
leukocytic count was performed manually by
microscopical examination of blood film after fixation with
absolute methyl alcohol and stained by Wright's stain
according to standard technique described by Tankeyul
etal. [18].
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Serum Biochemical Parameters: Serum biochemical
parameters were evaluated using commercially available
diagnostic kits (Diamond Co. Egypt). The serum activities
of serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were colorimetrically estimated
according to Reitman and Frankel [19], alkaline
phosphatase (ALP)using the colorimetric method of
Belfield and Goldberry [20], as well as serum levels of total
proteinand albumin were colorimetrically determined
according to the method described by Doumas et al.
[21]and Drupt [22], respectively. Serum globulins level
was calculated by subtracting the obtained albumin level
from the obtained total protein level [23]. The
concentration of blood urea was colorimetrically assayed
according to the method described by Tabacco et al. [24]
and creatinine was determined by colorimetric kinetic
method according to Fabiny and Ertingshausen [25].

Histopathological Studies: After each sacrifice,
small pieces of kidney were quickly collected, fixed in
neutral  buffered formalin (10%) and processed
by paraffin embedding technique. Five micron thick
sections were stained by hematoxylin and eosin (H&E)
according to the method described by Bancroft and
Stevens [26].

Statistical Analysis: Data were analyzed using the GLM
procedure of the Statistical Analysis System Software
[27]. The analysis model included the effects of group and
period of measurement within group. Means were
compared using the Least Squares Means (LSM) of the
same program and the level of significance was0.05.

RESULTS

Clinical Signs, Mortalities and Body Weight: Clinically,
no mortalities were recorded in rabbits of both treated
groups. The animals of both of treated groups did not
exhibit any clinical signs at the end of the first week of the
treatment except for excessive salivation in levofloxacin
treated group which started from first day of
administration and continued to the end of the experiment.
Two weeks post- treatment, animals of both of treated
groups exhibited mild anorexia, fur loss and depression
toward the end of the experiment. Moreover, all treated
rabbits showed a significant weight loss in a time-
dependent manner, in addition to turbidity of the urine
was noticed after the first week of the treatment which
was more obvious in levofloxacin treated group. Also,
bloody urine was obvious in gentamicin treated group at
day 18 post treatment. By the end of the experiment,
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Table 1: Effect of levofloxacin and gentamicin treatments for 4 weeks on body weight and hematological parameters in rabbits.

Group
Parameter Period (week) Control Levofloxacin Gentamicin
Body weight, g 0 day 2050.0 £ 57.8 a 2090.0 +61.7 a 2085.0+31.5a
I 2070.0+57.7a 2088.0+57.4a 2058.0+26.3a
4 2116.7+84.1a 1880.0 + 54.8 b* 1863.0 + 35.5 b*
RBCs, 10%ml I 5.88+0.61a 526+0.55a 556+0.51a
4 6.04+0.19a 5.88+0.61a 590+0.12a
Hemoglobin, g/dl 1 12.87+1.18 a 11.93+1.07a 12.13+£1.07a
4 13.38+0.21a 12.90 + 0.66 a 12.88+0.39 a
PCV, % I 38.87+343a 3894+147a 3830+ 143a
4 38.94+239a 38.97+2.82a 38.71+0.86 a
MCV, fl I 66.47+1.95a 65.92+1.01a 65.88+1.07a
4 66.14+1.15a 66.58+1.03 a 65.97+0.70 a
MCH, pg I 21.00+0.55 a 20.94+0.48 a 21.22+0.63 a
4 21.28+0.34a 21.03+£0.57 a 21.92+0.65 a
MCHC, % I 31.70+£0.25 a 31.67+0.46 a 31.22+0.41a
4 30.98+0.15a 30.96+0.48 a 30.24+0.39 a
WBCs, 10°/ml It 557+052b 797+ 1.24a 827+ 1.87a
4 6.12+0.56 b 9.86 £ 0.45 a* 9.99 +0.25 a*
Lymphocytes, % I 50.33+0.67 a 4733+£2.19b 47.00+£0.67 b
4 50.60 +1.25a 42.80 + 1.85 b* 39.20 +0.87 c*
Neutrophils, % I 34.33+0.58 b 37.33£0.88 a 36.00£0.58 a
4 35.00+0.93 ¢ 44.6+ 1.09 b* 47.40+ 1.86 a*
Eosinophils, % 1% 2.33+033a 2.31+0.46a 2.15+£035a
4 2.24+0.45a 2.26+0.40 a 2.20+£0.20 a
Basophils, % 1 6.33+0.67 a 6.09+0.34 a 6.35+0.67 a
4 6.00+0.45 a 5.90+0.51 a 5.88+0.24 a
Monocytes, % 1 8.00+0.54 a 8.33+0.45a 8.00+0.50 a
4 8.40+0.51a 8.80£0.37 a 8.20+0.92 a
Platelets count (x10° /ul) I 256.78+ 1.97 a 256.76+ 1.07 a 25733+ 1.22a
4 256.20+ 1.76 a 256.60+2.91 a 256.40+2.05 a

Values are means + standard errors.

WBCs, white blood cells count; RBCs, red blood corpuscles count; PCV, packed cell volume; MCV, mean corpuscular volume; MCH, mean corpuscular

hemoglobin; MCHC, mean corpuscular hemoglobin concentration.

Means in the same row without a common letter differ significantly (P<0.05).
* For body weight, means of 0 day and final weights differ significantly in the same group (P<0.05). For other parameters, * means of the 1* and 4™ weeks

differ significantly (P<0.05) in the same group.

both treated groups showed significant reduction in body
weights compared to the control group and their initial
body weight (Table 1).

Hematological Results: As illustrated in Table (1),there
were non-significant changes in RBCs count, PCV%, Hb,
MCV, MCH and MCHC in both treated groups either at
the end of the 1* and 4"weekspost-treatment as compared
to control group.As well, levofloxacin and gentamicin
treated groups showed a significant increase in TLC at the
end of the 1*and 4"weeks of the experiment. The highest
increase in TLC was observed at the end of the 4" week
post-treatment and it was higher in levofloxacin treated
rabbits than gentamicin treated one. The differential
leukocytic counts showed a significant increase and
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decrease in percentage of neutrophils and lymphocytes,
respectively at the end of the 1" and 4"  weeks
post-treatment comparatively with the control group.
These changes at the percentage of neutrophils and
lymphocytes were marked at the end of the 4" week
post-treatment, while other leukocytic count
(eosinophils, basophils, monocytes and platelets) showed
non-significant changes at any point of the experiment
compared to the control group.

Serum  Biochemical Parameters: As shown in
Table (2). The serum AST and ALT activities showed a
significant increase in both treated groups at the end of
the 1*and 4"weeks of the treatment in a time dependent
manner; however levofloxacin group showed highest
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Table 2: Effect of levofloxacin and gentamicin treatments for 4 weeks on serum biochemical parameters in rabbits.

Group

Parameter Period (week) Control Levofloxacin Gentamicin
ALT, U/L I 37.00+3.21 ¢ 63.33+3.53a 4456 +2.35b

4 38.60+1.72¢ 116.00 +2.94 a* 92.80 + 1.69 b*
AST, UL 1 35.67+1.20b 51.00+3.61 a 47.00+3.77 a

4 37.20+£2.10 ¢ 113.00 +2.36 a* 83.80 +2.63 b*
ALP, UL 1 131.67+4.11a 131.00 +3.64 a 131.00 + 4.64 a

4 132.80+5.76 ¢ 234.00 + 3.32 a* 181.80 +2.22 b*
Total protein, g/dl I 6.85+£043a 6.69+0.40a 5.56+040b

4 594+055a 3.66 +£0.25 b* 3.97 £0.22 b*
Albumin, g/dl I 338+0.15a 340+£0.20a 2.06£0.05b

4 340+0.12a 2.13+£0.03 b* 1.88+£0.03 ¢
Globulins, g/dl I 3.47+0.06 a 3.29+0.10a 350+0.10a

4 2.54+0.10 a* 1.53+£0.11 c* 2.09+0.12 b*
Urea, mg/dl I 52.76 £ 1.45b 55.67 +4.06 ab 59.67+3.06 a

4 52.80+2.63 ¢ 85.60 +4.12 b* 104.60 + 4.19 a*
Creatinine, mg/dl 1% 1.52+0.04b 2.59+0.09a 2.97+0.08a

4 1.63+£0.09 ¢ 3.11 £0.06 b* 4.78 £0.12 a*

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase.

Means in the same row without a common letter differ significantly (P<0.05).

* means of the 1% and 4™ weeks differ significantly (P<0.05) in the same group.

increase in these enzymes levels at both 1%and 4"weeks of
the treatment than gentamicin group. The serum ALP
activity was increased significantly in levofloxacin and
gentamicin-treated groups when compared with the
control group at the end of the fourth week of the
treatment only. The highest increase was in levofloxacin
treated group in comparison with gentamicin treated
group.The serum total protein level showed a significant
decrease only in gentamicin treated rabbits when
compared with the control group at the end of the 1* week
post-treatment, however a highly significant decrease was
observed at the end of the 4" week post-treatment in both
treated groups. Moreover, serum albumin level was
decreased in levofloxacin group only at the end of the 4"
week post-treatment but it was decreased at the end of the
1"and 4"weeks in gentamicin group if compared with the
control group. Serum globulins level was significantly
decreased in levofloxacin and gentamicin treated groups
only at the end of the 4"week of the treatment, however,
it revealed non-significant changes at the end of the
1*week post-treatment when compared with control
group. Also, Table (2) shows daily administration of high
doses of levofloxacin and gentamicin to rabbits for 1 and
4 weeks provoked a significant increase in serum
concentration of urea and creatinine in time dependent
manner, in comparison with the control group. However,
marked increase in these enzymes levels was

observed in gentamicin treated group.
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Histopathological Findings: Kidneys of the control group
at the end of the both 1¥and 4"weeks of the experiment
had normal morphology of the renal parenchyma with
well-defined glomeruli and tubules (Fig. 1A). Kidneys of
levofloxacin-treated group during the 1®week of the
experiment showed multifocal interstitial nephritis that
characterized by mononuclear cells infiltration, mainly
lymphocytes. In addition, tubular necrosis was evident
and necrotic tubular epithelial cells showed pyknotic
nuclei and hypereosinophilia of its cytoplasm (Fig. 1B).
Some cortical renal tubules showed cytoplasmic
vacuolation and presence of eosinophilic material inside
their lumina. The intertubular blood vessels were
congested and surrounded by mononuclear cells
infiltrates. During the 4"™week of the experiment, the
microscopic renal pictures were similar to those
previously described during the 1*week, but it was more
severe in the intensity and distribution. The prominent
lesion was diffuse lymphocytic interstitial nephritis
(Fig. 1C). Kidneys of gentamicin-treated rabbits during the
1*week of the experiment exhibited vacuolar degeneration
of the lining epithelium of proximal convoluted tubules
with multifocal tubular necrosis. The necrotic tubular
epithelium was detached and desquamated in the tubular
lumina (Fig. 2A). Some necrotic renal tubules were
hyalinized. In addition to the above mentioned lesions,
the interstitial tissues exhibited multifocal monocular cells
infiltrates, particularly lymphocytes (Fig. 2B). Congestion
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Fig. 1: Kidney of a rabbit stained by HE (Bar=50um).(A) Normal morphology of the renal parenchyma with well-defined
glomeruli and tubules. (B) Necrotic cortical renal tubules (arrows), accompanied by mononuclear cell infiltrates
(arrowheads) in a levofloxacin-treated rabbit during first week of treatment. (C) Diffuse lymphocytic interstitial
nephritis (A) and tubulonecrosis (arrow)in a levofloxacin-treated rabbit for four weeks.

Fig. 2: Kidney of a gentamicin-treated rabbit stained by HE (Bar=50um). During first week of treatment: (A) Detached
and desquamated necrotic tubular epithelium in the tubular lumina, (B) Multifocal lymphocytic cell infiltrates
(asterisk). (C) Four weeks of treatment: Prominent interstitial fibroplasia.

of the intertubular blood vessels was evident. During the
4™week of the experiment, renal lesions were similar to
those previously described during the 1%week of the
experiment. Besides, there was prominent fibroplasia as
the interstitial tissues were markedly thickened by fibrous
connective tissue (Fig. 2C) and mononuclear cells
infiltrates. As well as, cortical tubular epithelium was
suffered from severe cytoplasmic vacuolation and
necrosis. The intertubular blood vessels were severely
congested.
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DISCUSSION

This study was conducted to evaluate the
nephrotoxic effect of the high doses of levofloxacin and
gentamicin treatment in rabbits on the basis of
pathological and clinicopathological alterations. Results
of this study revealed clinical signs of depression,
anorexia, roughness of body coat and fur loss in animals
of both treated groups after the 1" week of treatment. At
the end of the experiment, both treated groups showed
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significant decrease in body weights compared to the
control group. Roy et al. [28] reported suppressed feed
intake and decreased weight gain in rats dosed with
besifloxacinas a result of direct irritation of the intubated
fluoroquinolones on the gastrointestinal
Saleemiet al. [29] recorded a significant decrease in body
weight and food consumption of birds received
gentamicin at a dose levels of 60, 70, 80 and 90 mg/kg
B.Wt. started from first week of the experiment and
continued till the end of the experiment while the body
weight loss and decreased food consumption of birds
received gentamicin as dose level of 40 mg/kg B.Wt.
started from second week of the experiment and continued
till the end of the experiment at 5 weeks.Concerning
hematological results of levofloxacin group at both 1* and
4™ weeks revealed non-significant changes except for
increased total leukocytic count with a significant
increase and decrease in neutrophils and lymphocytes
percent respectively. This neutrophilic leukocytosis may
be attributed to the immune mediated response against
the precipitation of foreign complexes of the agent [30].
These results were in agreement with Escobar and
Grindem, [31].Also, hemogram results of gentamicin
group, there were no significant changes in hematological
parameters at the end of both 1" and 4™ weeks post-
treatment except for leukocytosis with neutrophilia and
lymphopenia. These results agree with Fadel and Larkin
[32]. Regarding the biochemical results in our experiment
a significant increase in serum AST and ALT activities
wasobserved at 1" and 4" weeks and a significant increase
in serum activity of ALP only at the end of 4" week of
treatment in both levofloxacin and gentamicin treated
groups. These results are compatible with those recorded
by Rashmier al. [12], Roy et al. [33] and Saleemi et al. [29],
Alarifi et al. [34], respectively. Levofloxacin group
showed marked increase in these enzymes levels at both
1" and 4" weeks of the treatment than those of gentamicin
group.Hypoproteinemia and hypoalbuminemia were
evident in levofloxacin treated group at 4" week post-
treatment; however, in gentamicin treated group at the
end of both 1" and 4™ weeks post-treatment. Such results
may be attributed to liver damage and nephrotoxic effect
induced by both levofloxacin [12, 33] and gentamicin
[35, 36] treatment causing severe reduction in protein
synthesis by liver and also increases protein loss in urine
by the kidney. Serum urea and creatinine levels are the
most sensitive parameters in diagnosis of renal disease
[37]. Therefore, serum urea and creatinine levels were
significantly increased in levofloxacin treated group at
both 1%and 4"weeks post-treatment. These results could
be attributed to severe tubulointerstatial nephritis [12].

mucosa.
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Concerning gentamicin group, our study revealed a
significant increase in serum levels of urea and creatinine
at 1" and 4" weeks. These results agree with Alarifi et al.
[34], Dinevet al. [38] and Christoet al. [39]. It may be due
to tissue spilling and cellular residues inside the tubular
lumen due to tubular destruction induced by gentamicin
which partially or totally obstructs the tubules and
reduces or even voids the excretory function of the
affected nephron, in addition, it increases the hydrostatic
pressure inside tubules and in Bowman's capsules which
reduces filtration pressure gradient and consequently the
glomerular filtration rate [40]. However, marked increase in
these enzymes levels were observed in gentamicin treated
group. The encountered renal lesions which were noticed
in levofloxacin-treated group at 1* and 4" weeks of the
experiment were typical of tubulointerstitial nephritis.
Fluoroquinolones administration is believed to have an
immunological basis as drug derived antigen can mimic an
antigen normally present within tubular basement
membrane encouraging an immune response against this
antigen resulting in attraction of inflammatory cells as T-
lymphocytes and mononuclear cells [41]. The interstitial
nephritis of the present work was characterized by
tubulonecrosis and intense infiltration of lymphocytes in
the intertubular tissue. These results are well-matched
with those of Hunger al. [42] and Walker et al. [43].
Kidney specimens of gentamicin-treated group revealed
tubular necrosis, multifocal interstitial nephritis and
congestion of the intertubular blood vessels at 1% and 4"
weeks of the experiment with thickening and fibrosis of
interstitial tissues at the end of the 4"week of the
experiment. These results are parallel with those recorded
by Rouaset al. [44] and Rehmanet al. [45]. These lesions
may be resulted from the accumulation of gentamicin in
proximal renal tubules which enhance the generation of
reactive oxygen metabolites (ROS) which produce cellular
injury and necrosis [35].

In conclusion, levofloxacin and to greater extent
gentamicin induced nephrotoxic alterations in rabbits
when applied at 4 times its therapeutic doses in time
dependent manner.
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