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Introduction

Levofloxacin (LFX), a fluoroquinolone, is a broad 
spectrum antibiotic which possesses highly assertive 

antimicrobial activity against Gram-positive as well as 
Gram-negative bacteria (Al-Soufi and Al-Rekabi, 2019). 
It also exhibits exceptional proficiency to exterminate 
pathogens like Chlamydia and Mycoplasma (Aboubakr and 
Soliman, 2014). In comparison with other members of 
the same family, like ciprofloxacin, levofloxacin has much
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better efficacy to treat typhoid fever. It is extensively used 
to treat various infections such as pneumonia, bronchitis, 
sinusitis and genitourinary insanitation including both in-
tricate and facile urinary tract infections (Olayinka et al., 
2015). The bactericidal action of levofloxacin as well as oth-
er fluoroquinolones is primarily achieved by their binding 
to enzyme DNA gyrase leading to subsequent inhibition 
of DNA replication and transcription, hence disabling the 
bacteria to divide (Aboubakr and Soliman, 2014). 

Most of the fluoroquinolones are found to be 
consolidated with some detrimental effects on vital organs 
of body (Gurbay et al., 2001). They actually produce reactive 
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Abstract | Levofloxacin (LFX), a broad spectrum fluoroquinolone antibiotic of third 
generation, is widely used to treat respiratory and genitourinary infections. Keeping in view the 
controversy about its toxicity, current study was conducted to assess the levofloxacin induced 
hepatotoxicity, nephrotoxicity and its likely noxious effects on spermatogenesis in mammals. 
Forty mice, randomly categorized into four groups (N=10) were administered orally with 
different concentrations of levofloxacin (0.00, 9.37, 18.75 and 37.50µg/g BW of mice) for 30 
days consecutively. Mice were sacrificed on 31st day (24 hours after last dose administered) 
under deep chloroform anaesthesia. Blood was extracted through cardiac puncture and viscera 
were dissected out for further analysis. Levofloxacin induced reduction in body weight while 
caused a noticeable increase in liver, kidney and testis weights. Significant increase in levels 
of total alkaline aminotransferase (ALT), aspartate transaminase (AST), alkaline phosphatase 
(ALP) and bilirubin was observed in blood plasma. Urea level showed a remarkable decrease, 
whereas creatinine level increased but not significantly. Histological examinations exhibited 
pyknosis, necrosis, vacuolations, increased sinusoidal spaces, karyomegaly, glomerulosclerosis, 
glomerulonephritis, epithelium degeneration, spermatocytes exfoliation, tubular degeneration 
and aspermia in liver, kidney and testis respectively. Levofloxacin causes deleterious effects on 
liver, kidneys and testes of mice and alters normal functioning of vital organs.
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broad spectrum antibiotic) on repeated exposure to mammals
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oxygen species (ROS) which subsequently causes oxidative 
stress as well as hepatic and renal cells deterioration (Afolabi 
and Oyewo, 2014). Generally, the toxicity of levofloxacin 
in liver results in the formation of free radicals, ruination 
of mitochondria and lipid peroxidation of membranes 
(Hincal and Taskin, 1995) or alterations in redox status 
of glutathione (GSH) (Gurbay et al., 2001). Renal effects 
of fluoroquinolones include allergic interstitial nephritis, 
acute tubular necrosis, acute renal failure and crystalluria. 
Most of these responses are associated with ciprofloxacin, 
norfloxacin and ofloxacin (Ramalakshmi et al., 2003). With 
respect to spermatogenic toxicity, levofloxacin induces 
reduction in sperm count, oligospermia, sperm motility 
and abnormal sperm morphology (Norra et al., 2003). 
Chronic exposure to LFX can cause pathological changes 
such as atrophy in seminiferous tubules, disturbing the 
regular process of spermatogenesis hence inducing hypo 
spermatogenesis and infertility in rats (Ahmadi et al., 
2016).

The production of reactive oxygen species (ROS) in 
phagocytic cells (Thuong-Guyot et al., 1994; Yazar and 
Tras, 2001) and weakening of enzymatic antioxidant 
defence system in tissues is closely associated with 
the notorious effects of fluoroquinolones (Kavutcu et 
al., 1996). Hepatocytes which generally comprise of 
enzymatic and non-enzymatic antioxidants play role 
in protection against tissue bruises caused by ROS and 
free radicals (Rahman, 2007). It has been conceded that 
various classes of antibiotics produce varying degrees of 
ROS that subsidize to kill the cells (Albesa et al., 2004; 
Dwyer et al., 2007). Moreover, getting exposed to elevated 
level of ROS may result in decline of cellular antioxidant 
capacity hence exposing the cell to enhanced level of 
lipid peroxidation and ultimately causing tissue injury 
(Wagener et al., 2013). Above mentioned studies are 
usually on other fluoroquinolone family members, our 
study specifically focuses on levofloxacin toxicity. As this is 
a multiparametric study, so data authenticity is undoubted. 
We used various concentrations of LFX to explore which 
was the safest concentration after subchronic exposure. 

Materials and Methods

Animal husbandry
BALB/c strain of Swiss Webster albino mice (5 

males, 10 females) was used to raise the colony in the 
animal house, Department of Zoology, University of 
the Punjab, Lahore. Where they were kept under well 
controlled environment, having light and dark cycle of 12 
hours, temperature (27±2°C) and relative humidity of 40-
55%. Breeding collection from this colony was reserved 
and forty male mice out of this collection were selected to 
conduct the experiment. They were accommodated in steel 
cages placed on iron racks, and fed on highly protein rich 
and vitamin loaded feed pellets which are commercially 
prepared by National feeds, Lahore, Pakistan. Mice were 

provided regular supply of food and water ad libitum 
throughout the experiment.

Dose preparation
Levofloxacin 250mg Film-coated Tablets were 

supplied by Abbott Laboratories (Pak). 250 mg tablet 
was dissolved in distilled water in such a way that 0.1ml 
contained the required dose concentration (9.37µg/g, 
18.75µg/g and 37.50µg/g body weight) for mice.

Experimental design and dose administration
Four to five weeks old, forty male mice with mean 

weight of 27±02 gm were randomly divided into four 
groups, 10 mice in each group. These groups were entitled 
as C, D-I, D-II and D-III, orally administered with various 
doses of levofloxacin (0.00 µg/g, 9.37µg/g, 18.75µg/g and 
37.50µg/g BW) respectively, for 30 days routinely. Mice of 
all experimental groups were weighed unanimously at the 
start as well as at the end of experiment.

 
Dissection

Dissection was carried out on 31st day, exact 24hrs 
after the last treatment, mice were deeply anaesthetized 
by anaesthetic chloroform. Blood and organ samples were 
collected for biochemical assay and histological study, 
respectively. Blood was ejected out from intracardiac 
puncture, stored in EDTA vials to prevent blood clotting 
and later on different enzymes were analysed using Randox 
diagnostic kits, purchased from Randox Laboratories 
Ltd. Online, following the kit protocols. For histological 
study, liver, kidneys and testes were excised out, weighed 
and fixed in Bouine’s fixative for about 48 hours and later 
were subjected to morphometric, morphological and 
histological examination.

Morphological and morphometric analyses
For morphology and morphometric studies, wet weight 

of organs, liver, kidney and testis was measured by using 
digital balance. Then organs were macro photographed 
using close-up lens fitted camera of Panasonic TZ15 and 
Microscope Labomed, CZM6, at different magnifications.

Histological preparations of organs
The organs, previously fixed in Bouine’s fixative were 

treated with ascending concentrations of alcohol (70% to 
100%) for dehydration. Then organs were cleared with 
xylene. After this, organs were embedded in paraffin wax 
and were cut into sections of 5µ thickness by using rotary 
microtome. Finally, the slides were stained by Eosin-
hematoxylin staining method and microphotographed by 
light microscope, SWIFT MD3500.

For sperm count, the epididymis was excised from 
testis, and macerated thoroughly in trisodium citrate 
solution. Then a drop of suspension was shifted to a 
Neubauer haemocytometer thereby sperm count was 
assessed (Val and Robledano, 2013).
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Table 1: Shows the effect of Levofloxacin on various body parameters, liver and kidney specific enzymes and sperm 
count in male mice.
 Dose groups Δ

Parameters
Control Levofloxacin treated groups

D-I D-II D-III
Body weight (g±SEM)

28.4±0.19 28.58±0.46 29.24±0.30 28.88±0.76Day 1
Day 30 32.3±0.19 29.2±0.37 28.96±0.20 27.12±0.66*
Organ weight (mg±SEM)

1323±44.57 1260.4±1.76 1244.6±18.70 1496±42.09***Liver
Kidney 402.8±50.23 415.2±7.10 421.8±20.79 449.4±18.48*
Testis 118.6±9.02 123.8±1.81 156.4±8.02* 192.4±15.55**
Liver function test

0.51±0.11 0.49±0.11 0.58±0.21 0.91±0.05*Bilirubin (mg/dl)
ALT (U/L) 34±0.57 37±1.15 52±2.88** 77±1.15***
AST (U/L) 47±2.30 51±1.15 68±0.57** 83±1.73***
ALP (U/L) 121±2.88 69±2.08 76±3.00** 91±3.46***
Renal function test

42±1.73 39±1.30 33±1.15* 37±1.15Urea (mg/dl)
Creatinine (mg/dl) 0.50±0.17 0.49±0.17 0.56±0.17 0.61±0.17
Sperm count 65×106±1.22 57×106±1.14*** 39×106±0.83*** 29×106±1.14***

Δ: For explanation see materials and methods; Asterisks show, p≤0.001= ***;  p≤0.01= **;  p≤0.05= *.

Statistical analysis
Numerical data collected, tabulated and processed 

statistically in the form of mean ± standard error of mean 
(SEM) using software SPSS version 16 (SPSS Inc., Chicago, 
IL, USA). One-way analysis of variance (ANOVA) was 
applied followed by Tukey’s test for multiple comparison. 
Differences were considered significant at p≤0.05.

Results

Morphological and morphometric observations
Current study observations showed a considerable 

decrease (p≤0.05) in the average body weight of levofloxacin 
treated mice in dose dependent manner relative to control. 
The weight of liver revealed a significant increase (p≤0.001) 
at high concentration of LFX in comparison with control. 
However, a remarkable increase (p≤0.05, p≤0.01) in the 
mean weight of kidney and testis was observed in dose-
wise concentrations (Table 1). 

Biochemical analysis
Hepatic and renal function tests
Table 1 shows elevated levels (p≤0.001, p≤0.01) of 

different liver biomarkers like Alanine aminotransferase 
(ALT), Aspartate Aminotransferase (AST) and Alkaline 
phosphatase (ALP) in dose dependent concentrations. 
Whereas bilirubin level exhibited significant increase 
(p≤0.05) only at high dose of LFX.

Urea, the biochemical marker for kidney, exhibited 
significant decrease (p≤0.05) in levofloxacin treated mice 
as compared to control. However, creatinine level in serum 
increased but not significantly (Table 1).

Figure 1: Histopathological examination of liver tissues 
of LFX exposed mice at 10X magnification. (A) Control 
mice showing normal structure i.e. HD: Hepatic duct; HC: 
Hepatocyte; N: nucleus. (B) Mice treated with 9.37 μg/g B.W. 
of LFX showing IS: increased sinusoidal spaces; SH: swollen 
hepatocytes. (C) Mice treated with 18.37 μg/g B.W. of LFX 
exhibiting Nc: necrosis; PN: pyknosis. (D) Mice treated with 
37.50 μg/g B.W. of LFX showing showing defects i.e. Vac.: 
Vacuolation; PN: pyknosis; Lys: Lysed blood cells; Cys: cyst. 
H and E staining.

Sperm count
Current study exhibited that levofloxacin has adverse 

effects on testis and epididymis. Number of sperm was 
reduced significantly (p≤0.001) in all levofloxacin treated 
mice in comparison with control group (Table 1). 

Histopathological Observations
Histopathology of liver sections from control group 
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showed normal hepatic features like normal morphology 
of hepatocytes and sinusoids as well as regular hepatic 
lobules and hepatic duct. Whereas exposure to various 
concentrations of levofloxacin caused multiple liver 
damages such as necrosis, vacuolations, increased sinusoidal 
spaces, pyknosis, karyomegaly, hypertrophy and hepatic 
cysts (Figures 1 and 2).

Figure 2: Histopathological examination of liver tissues 
of LFX exposed mice at 40X magnification. (A) Control 
mice showing normal structure i.e. HD: Hepatic duct; HC: 
Hepatocyte. (B) Mice treated with 9.37 μg/g B.W. of LFX 
showing Cys: cyst; K.m: karyomegaly. (C) Mice treated with 
18.37 μg/g B.W. of LFX exhibiting Nc: necrosis; PN: pyknosis. 
(D) Mice treated with 37.50 μg/g B.W. of LFX showing Cys: 
cyst; Nc: necrosis’ H and E staining.

Figure 3: Histopathological examination of mice kidneys 
with LFX at 10X. (A) Control mice showing normal tissues 
i.e. G: glomerulus; E: epithelial lining. (B) Mice treated 
with 9.37 μg/g B.W. of LFX showing Vac.: vacoulation. (C) 
Mice treated with 18.37 μg/g B.W. of LFX showing GS: 
gomerulosclerosis; Vac.: vacoulation. (D) Mice treated with 
37.50 μg/g B.W. of LFX showing GS: glomerulonephritis; 
GN: glomerulonephritis; TD: tubular degeneration. Stain H 
and E.

Sections of kidney from control group exhibited 
normal structure of Bowman’s capsules, glomeruli as well 
as tubules. Whereas exposure to LFX caused various 
damages including glomerulosclerosis, glomerulonephritis, 
epithelium degenerations, tubular degenerations and 
dilation of tubules (Figure 3).

Histological sections of testis from control group 

showed normal histology of testis having lumens of 
seminiferous tubules filled with Sperm tails and intact 
interstitial cells. While LFX exposure led to interstitial 
cell degenerations, exfoliation of spermatocytes, rupture of 
epithelium, vacuolations and aspermia (Figure 4 and 5).

Figure 4: Histopathological examination of testes of LFX ex-
posed mice at 10X magnification. (A) Control mice showing 
normal tissues i.e. SP: sperm; S.T.: semeniferous. (B) Mice 
treated with 9.37 μg/g B.W. of LFX showing Ex.F: exfolia-
tion of spermatocytes; R.E: Rapture of epithelium. (C) Mice 
treated with 18.37 μg/g B.W. of LFX exhibiting A.S: spermia; 
Ex.F: exfoliation of spermatocytes; T.D: tuber degeneration. 
(D) Mice treated with 37.50 μg/g B.W. of LFX showing Ex.F: 
exfoliation of spermatocytes; Vac: vaculation; F.D: fat deposi-
tion, A.S: Aspermia. H and E staining.

Figure 5: Histopathological examination of testes of LFX ex-
posed mice at 40X magnification. (A) Control mice showing 
normal tissues i.e. SP: sperms. (B) Mice treated with 9.37 μg/g 
B.W. of LFX showing Ex.F: exfoliation of spermatocytes. (C) 
Mice treated with 18.37 μg/g B.W. of LFX exhibiting ICD: 
interstitial cell degeneration. (D) Mice treated with 37.50 
μg/g B.W. of LFX showing Vac: vaculation; A.S: Aspermia. 
H and E staining.
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Discussion

Although fluoroquinolone antibiotics are being 
extensively used to treat serious and life threatening 
infections but most of them are known to be consolidated 
with inimical effects (Gurbay et al., 2001). Body weight 
of animal is one of the pragmatic parameter towards 
antibiotics induced toxicity. Current study exhibited 
detrimental effects of levofloxacin on weight of mice, as 
the body weights declined significantly after exposure 
to different concentrations of levofloxacin (LFX). These 
findings are contrary to the observations of Ray, 2012 
who reported that the relative body weights of antibiotic 
exposed mice was increased. According to literature, it has 
been reported that fluoroquinolone antibiotics generate 
reactive oxygen species that ultimately result in oxidative 
stress and cellular damage to liver and kidney (Afolabi and 
Oyewo, 2014; Pouzaud et al., 2006). In current research, 
levofloxacin being used at three different concentrations 
induced hepatic damages and altered its histology in 
the form of necrosis, vacuolations, increased sinusoidal 
spaces, karyomegaly, hypertrophy and hepatic cysts and 
hepatocytes disruptions. LFX caused liver injuries due 
to oxidative stress and depletion of hepatic antioxidant 
reserves (Olayinka et al., 2015). Functionality and integrity 
of liver is judged by the reliable marker enzymes of plasma 
ALT and AST (Naik and Panda, 2007). Additional ALT 
and AST are released and added into blood plasma when 
a body tissue or any organ like heart or liver is diseased 
or damaged (Pratt and Kaplan, 2000). Elevated levels 
of total Alanine Aminotransferase (ALT), Aspartate 
Aminotransferase (AST), Alkaline phosphatase (ALP) 
and bilirubin in serum of LFX treated groups indicated 
liver dysfunction. These results are in concordance with 
the study of (Pratt and Kaplan, 2000) who reported that 
the necrosis of hepatocytes results in an increase of ALT 
and AST. However, ALP elevation has been attributed to 
increased osteoblastic activity, neoplasm and hepatobiliary 
diseases (Singh et al., 2011). Increased level of bilirubin 
is also associated with hepatocellular damage (Nagao et 
al., 2012). Exposure of mice kidney to LFX in present 
study revealed renal damages including glomerulosclerosis, 
glomerulonephritis, epithelium degenerations, tubular 
degenerations and dilation of tubules. These findings are 
corroborating with the results of Dharnidharka et al., 
1998, they disclosed that reactive oxygen species and free 
radicals induce cellular damages to kidney. Commonly 
serum concentrations are used to screen renal diseases 
( Johnson, 2011). Deviation in urea and creatinine levels of 
LFX treated mice be seen from the normal levels, which is 
an idication of abnormal renal function. Urea level showed 
a significant decline while creatinine level increased non-
significantly. Study of Mouton and Holder, 2006 also 
reported elevation of creatinine and urea levels in blood 
plasma. Moreover, plasma urea is also reported to elevate 
in acute as well as chronic renal diseases, or when there 
is less efficient circulating blood volume with mitigated 

renal perfusion (Stevens et al., 2006). Histopathological 
alterations manifested in testes of LFX exposed mice were 
interstitial cell degenerations, exfoliation of spermatocytes, 
rupture of epithelium, vacuolations and aspermia. These 
results are in consonance with Ahmadi et al., 2016. Their 
experiment on male rats treated with levofloxacin showed 
severe disruptions including immature spermatozoea, less 
seminiferous tubules and less leydig cells. Their research 
also revealed that LFX caused destruction in tubules, 
spermatogonia and primary spermatocytes (Ahmadi et 
al., 2016). Sperm count was significantly decreased in 
mice exposed to LFX. According to Ahmadi et al., 2016, 
sperm concentration reduced linearly as levofloxacin was 
consumed. The results of Khaki et al., 2008 who worked 
on ciprofloxacin, were also in accordance to our research, 
indicating sperm reduction. Another fluoroquinolone, 
moxifloxacin also exhibited decline in number of sperms, 
reduced motility and disrupted morphology.

So the chief outcomes of present study revealed 
that levofloxacin toxicity is proven by various parameters 
such as morphometry, histology and blood biochemistry. 
Overall, our results disclose that subchronic exposure of 
levofloxacin at various concentrations induce hepatic and 
renal damages, testicular toxicity as well as deviations in 
enzymatic biomarkers and reduction in sperm count. 
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