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Abstract

Urinary tract infections are common inpregnantwomenandciprofloxacin frequently is usedas a broad
spectrumantibiotic. It hasbeen suggested that ciprofloxacin causes liverdamage in fetuses.Quercetin is
a flavonoid with antioxidant properties. We investigated the efficacy of quercetin treatment for
preventing fetal liver damage caused by ciprofloxacin. Pregnant rats were divided into four groups:
untreated control group (C), 20 mg/kg quercetin for 21 days group (Q), 20 mg/kg twice/day cipro-
floxacin for 10 days group (CP), and 20 mg/kg, ciprofloxacin + quercetin for 21 days group (CP + Q).
Fetal livers were removed on day 21 of gestation to measure antioxidants and for histological observa-
tion. Malondialdehyde (MDA) and glutathione (GSH) levels, and superoxide dismutase (SOD), cata-
lase (CAT) and glutathione peroxidase (GSH-Px) activities were measured in tissue samples. GSH-Px,
SOD and CAT activities were significantly lower in the CP group compared to group C. A significant
increase in MDA was observed in the CP group compared to group C. There was no significant
difference in GSH levels in any group. MDA levels were lower and CAT, SOD and GSH-Px enzyme
activities were higher in the CP + Q group compared to group CP. Liver samples of the CP group
exhibited central veindilation, portal vein congestion, pyknotic nuclei and cytoplasmic vacuolization in
some hepatocytes. Histological changes were less prominent in the rats treated with quercetin. Use of
ciprofloxacin during pregnancy caused oxidative damage in fetal liver tissue. Oxidative stress was
amelioratedbyquercetin.Quercetin supports the antioxidantdefensemechanismand it is beneficial for
treating fetal liver damage caused by ciprofloxacin.
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Recurrent urinary tract infection is a common
problem, particularly for pregnant and older
women (Dwyer PL 2002). Bacterial urinary tract
infections during pregnancy increase perinatal and
maternal morbidity and mortality (Onoh et al. 2013).
The fetus is at risk for prematurity, low birth weight,

intrauterine growth retardation and fetal death
(Abdul and Onile 2001, Ezechi et al. 2003).

Fluoroquinolones are recommended for women
infected with resistant microorganisms (Dwyer PL
2002); they are potent antibiotics with a wide spec-
trum of activity. The antibiotics interact with DNA
gyrase and topoisomerase IV to block DNA repli-
cation, which causes bacterial cell death (Robicsek
et al. 2006). Ciprofloxacin is a synthetic quinolone
that exhibits wide spectrum antibiotic activity
(Channa et al. 2012).

Some toxic effects of ciprofloxacin have been
reported in humans and animals including hepato-
toxicity (Orman et al. 2011, Moreno et al. 2015).
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Channa and Janjua (2003) reported that cipro-
floxacin administration during gestation caused
hepatocyte damage inWistar albino rats. Some anti-
biotics, including ciprofloxacin, increase the num-
ber of free radicals and cause oxidative damage to
tissues (Elbe et al. 2015, Taslıdere et al. 2015).

Malondialdehyde (MDA) levels are increased by
oxidative damage (Kletkiewicz et al. 2016).
Glutathione (GSH) is an antioxidant that prevents
damage to cellular components caused by reactive
oxygen species (ROS) (Pal et al. 2015). Oxidative
stress may reduce GSH levels (Martin et al. 2000,
Kletkiewicz et al. 2016). Superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase
(GSH-Px) enzymes participate in defense against
oxidative damage (Ismail et al. 2016).

Flavonoids are naturally occurring secondary
metabolites that are widely distributed as in the
plant kingdom (Kanter et al. 2007, Coskun et al.
2015). Quercetin is among the most widely
distributed flavonoids in plants and has been
reported to be beneficial to human health (Liu et al.
2010). Quercetin scavenges free radicals directly,
inhibits biomolecule oxidation, prevents lipid
damage and stimulates antioxidant defense path-
ways in vivo and in vitro (Sanders et al. 2001,
Coldiron et al. 2002).

We investigated the antioxidant and protective
effects of quercetin on ciprofloxacin-induced fetal
liver damage in Wistar albino rats. We analyzed
histopathological findings and performed bio-
chemical tests to determine tissue MDA and GSH
levels, and SOD, CAT and GSH-Px activities.

Material and methods

Animals and experimental design

We used twenty-eight 6-month-old 250 g female
Wistar albino rats. All experimental procedures were
reviewed and approved (2012/A-23) by the local
ethics committee of the Medical Sciences
Experimental Search and Application Center at the
Inonu University. Two females and one male were
housed together in a cage from 5 pm until 8 am the
following day; the males then were separated from
the females. Vaginal smearswere examined under the
microscope. Spermatozoa were found in the vaginal
smears of 22 rats; this was considered 0.5 day
gestation.

The 22 pregnant rats were divided randomly into
four groups. For controls (C), corn oil was adminis-
tered by gavage for 21 days to six pregnant rats and

intraperitoneal (i.p.) saline was administered twice/
day, between days 7 and 17 of gestation. For quercetin
group (Q), 20 mg/kg quercetin was administered
daily by gavage for 21 days to five rats throughout
gestation (Ciftci andOzdemir 2011). For the ciproflox-
acin group (CP), five rats were injected i.p. with 20
mg/kg CP for 10 days twice/day from day 7 through
day 17 of gestation (Channa and Janjua 2003). For the
ciprofloxacin + quercetin group (CP+Q), six ratswere
injected i.p. with 20 mg/kg ciprofloxacin twice/day
for 10 days and 20mg/kg quercetinwas administered
by gavage for 21 days.

Fetuses were delivered by C section on day 20 of
pregnancy. A pool was prepared by choosing ran-
domly one or two pups from each mother. The his-
tology and biochemistry of 28 pups, seven for each
group, were examined at 20 days of gestation.

Histology

At the end of the study, the rats were sacrificed by
ketamine and xylazine anesthesia. The right lobe of
the fetal liver was removed following laparotomy and
divided into two equal parts. Tissue samples for his-
tology were fixed immediately in 10% formalin solu-
tion (100 ml formalin, 8.5 g sodium chloride in 900 ml
distilled water) (Drury and Wallington 1967). The
specimenswere fixed for 24 h. After fixation the speci-
men was washed thoroughly with water and passed
through ascending grades of ethyl alcohol, and
cleared with xylene, then impregnated with molten
wax. After trimming, the paraffin blocks were cut at 4
μm, mounted on slides and stained with hematoxylin
and eosin (H & E) (Rekha et al. 2013).

All sectionswere examined using a LeicaDFC280
light microscope and a Leica Q Win and Image
Analysis system (Leica Micros Imaging Solutions
Ltd., Cambridge, UK).

Biochemistry

The second portion of the tissue samplewas stored at
−80° C for use inmeasuring levels ofMDA andGSH,
and SOD, CAT and GSH-Px activities. Samples were
homogenized in ice-cold 0.1 M Tris–HCl buffer, pH
7.5, containing 1mMphenylmethylsulfonyl fluoride,
a protease inhibitor, with a homogenizer (T25 Ultra
Turrax; IKA, Staufen, Germany) at 16,000 rpm for 2
min at 4–8° C. The homogenates were used to mea-
sure the levels of MDA and GSH, and the super-
natants were used to measure the activities of SOD,
CAT and GSH-Px.
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MDA
Lipid oxidation was determined as described pre-
viously (Uchiyama and Mihara 1978). The reaction
mixture contained 2 ml freshly prepared reaction
solution [15% (w/v) trichloroacetic acid, 0.375%
(w/v) thiobarbituric acid (TBA)] and 250 μl tissue
homogenate; the mixture was boiled for 15 min.
The mixture was cooled to room temperature and
centrifuged at 10,000 × g for 10 min, then the super-
natant was collected. Absorbance of the supernatant
was recorded at 535–520 nm. The MDA levels in
nmol were calculated from the plotted standard
curve prepared from 1,1,3,3-tetramethoxypropane.
MDA results were expressed as nmol/g wet tissue
in the homogenate.

GSH
GSH concentrations in the homogenates were mea-
sured using a spectrophotometric method (Elman
1959). This method is based on the reduction of
GSSG to GSH in the presence of glutathione reduc-
tase and NADPH, and formation of the colored
product which is formed by the reaction of GSH
with DTNB [5,5′-dithio-bis(2-nitrobenzoic acid)], fol-
lowed by measuring its absorbance at 410 nm.
Results are recorded as nmol/g wet tissue.

SOD
SOD activity was measured by determining the
reduction of nitroblue tetrazolium by measuring the
superoxide anion produced by xanthine and
xanthine oxidase (Sun et al. 1988). One unit of SOD
was defined as the amount of protein that inhibited
the rate of NBT reduction by 50%, and the results
were recorded as U/mg protein. Protein in the liver
tissue was determined using the method of Lowry
et al. (1951).

CAT
CAT activity was measured by determination of the
rate constant of H2O2 at 240 nm using a
spectrophotometer (Aebi 1974). H2O2 solution
[0.036% (w/v)] was prepared in 50 mM potassium
phosphate buffer, pH 7.0 at 25° C. The reaction
mixture was prepared by adding 50 μl of superna-
tant to 950 μl freshly prepared H2O2 solution. The
decreasing absorbance was recorded at 240 nm for
60 sec. The molar extinction coefficient of H2O2 was
used to determine CAT activity as 40/M/cm. One
unit of CAT activity is defined as the amount of
enzyme that catalyzes the degradation of 1 μmol of
H2O2/min at 37° C. Specific activity of CAT was
expressed as U/mg protein.

Statistical analysis

Statistical analysis was performed using SPSS for
Windows, version 13.0 (SPSS Inc., Chicago, IL)
statistical package program. Data are presented as
means ± SE. Normality for continuous variables
was determined using the Shapiro Wilk test. The
variables did not show normal distributions; there-
fore, the Kruskal-Wallis and Mann Whitney U tests
were used to compare the variables among the
study groups. Values for p ≤ 0.05 were considered
significant.

Results

Histology

The histological appearance was normal for sec-
tions of both C and Q groups (Fig. 1A and B).
Some histopathological changes including dilation
of central veins, congestion in portal veins and
sinusoids, pyknotic hepatic nuclei and vacuoliza-
tion were evident in the liver samples of the rats in
group CP. Lymphocytic infiltration and degenerat-
ing cells with eosinophilic cytoplasm were signifi-
cantly more frequent in the CP group compared to
C and Q groups (Fig. 1D−F). Histopathological
changes were reduced in the CP + Q group com-
pared to the CP group (Fig. 1C).

Biochemistry

The mean tissue MDA levels were significantly
higher in the CP group than in the C and Q
groups (p = 0.002 and 0.013, respectively).
Also, the mean MDA levels were significantly
lower for the CP + Q group than for the CP
group (p = 0.0035). The mean GSH level was
significantly lower for the CP group than for
the quercetin group (p = 0.047). The mean GSH
level for the CP group was lower than for the C
group, but the difference was not statistically
significant. The mean tissue SOD and CAT
activities of the CP group were significantly
lower than for the C group (p = 0.002 and
0.035, respectively). On the other hand, we
found significantly higher SOD and CAT activ-
ities for the CP + Q group than for CP group (p
= 0.035 and 0.002, respectively). Although GSH-
Px levels for the CP group were significantly
lower than for the C group (p = 0.035), there
was no significant difference between the CP
and CP + Q groups. The biochemical findings
for all groups are summarized in Table 1.
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Discussion

Fluoroquinolones often are used for genitourin-
ary infections, especially for treatment of hospi-
tal-acquired infections such as urinary catheter-
related infection (Rawi et al. 2011). Ciprofloxacin
is a well tolerated fluoroquinolone (Petri 2001).
Fluoroquinolone antibiotics, including ciproflox-
acin, have been reported to cause fetal liver and
epiphyseal cartilage damage, and increased risk
of skeletal malformations during the prenatal
period (Channa and Janjua 2003, 2006, 2008).
We found that ciprofloxacin administered dur-
ing gestation caused morphological changes in
the liver parenchyma of the offspring due to
oxidative damage. Adikwu and Brambaifa
(2012) also reported hepatotoxic effects of
ciprofloxacin.

Antioxidants, such as quercetin, are protective
against the toxic effects of oxidants (Cuevas et al.

2011). Our findings suggest that quercetin
decreased fetal liver tissue damage related with
ciprofloxacin administration; however it was
unable to fully prevent it. The protective effect of
quercetin may be due to free radical scavenging
(Hilliard 1995, Young and Woodside 2001, Singh
et al. 2003, Cherubini et al. 2005).

We found that MDA levels were significantly
higher in the CP group than in the C and Q groups .
MDA commonly is used as a biochemical marker for
oxidative stress and destruction of lipids (Sahna et al.
2006). IncreasedMDAlevels in theCPgroup indicated
oxidative damage, which is consistent with the litera-
ture (Elbe et al. 2015, Taslidere et al. 2015). We used
quercetin, a flavonoid with strong antioxidant charac-
teristics, to counteract the injury caused by ciproflox-
acin in fetal liver tissues and found that it decreased
high MDA levels significantly.

Many enzymes including SOD, CAT andGSH-Px
participate in the antioxidant defense system

Figure 1. A) and B) C) and Q group showing normal hepatocytes and the central vein (CV), H & E; × 20. C. CP + Q
group, histological appearance is similar to C and Q group in CP + Q group, H & E; × 20. D) CP group, asterisk;
lymphocytic infiltration, a; dilatation in central vein, H & E; × 10. E) CP group, H & E; × 40. F) Ciprofloxacin group, b;
pyknotic nuclei within the hepatocyte, H & E × 40.

Table 1. Mean MDA, GSH and GSH-Px levels, and SOD and CAT activities

Groups
MDA

(nmol/g)
GSH

(nmol/g)
SOD
(U/mg)

CAT
(U/mg)

GSH-Px
(nmol/g)

C 469.00 ± 21.32 1956.00 ± 177.05 37.88 ± 1.15 27.92 ± 2.81 561.28 ± 25.11
Q 583.57 ± 26.74 1979.85 ± 90.43 15.34 ± 2.52 30.47 ± 2.08 498.54 ± 15.30
CP 804.00 ± 55.46a,b 1688.42 ± 78.63d 9.24 ± 2.20e 18.35 ± 2.54g 487.04 ± 15.16i

CP + Q 613.14 ± 40.99c 2040.28 ± 145.91 21.65 ± 4.16f 32.34 ± 1.24h 524.95 ± 21.16

Data are means ± SE. n = 7.
ap = 0.002 vs. control group, bp = 0.013 vs. quercetin group, cp = 0.035 vs. CP group, dp = 0.047 vs. quercetin group, ep = 0.002 vs.
control group, fp = 0.035 vs. CP group, gp = 0.035 vs. control group, hp = 0.002 vs. CP group, ip = 0.035 vs. control group.
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(Nagasaka et al. 2006). We found that antioxidant
enzyme activity was decreased significantly in the
CP group compared to all other groups.
Administration of quercetin alleviated the decrease
in antioxidant enzyme capacity significantly.
Quercetin is a lipophilic antioxidant and it prevents
lipid damage lipid bilayers of membranes (Elliott
et al. 2000).

We found that quercetin administration inhib-
ited ciprofloxacin induced damage to fetal liver.
Oxidative damage that occurs as a result of imbal-
ance between oxidants and antioxidants in favor
of oxidants during the fetal period and early
childhood also causes permanent damage to the
brain (Demircioğlu and Yabancı 2003, Özmert
2005). Quinolone type antibiotics appear to be
bactericidal owing to their inhibition of bacterial
DNA gyrase (Guzmán et al. 2003). We believe that
fluoroquinolones cause oxidative stress in tissues
and damage DNA during fetal development; the
increased MDA level in fetal liver tissues and the
imbalance of the antioxidant system support our
hypothesis.

We found that ciprofloxacin caused oxidative
damage in fetal liver tissues. We suggest that sup-
plementation with antioxidants after ciprofloxacin
administration during pregnancy could reduce the
fetal toxicity of the antibiotic.
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