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ARTICLE HISTORY ABSTRACT

Received: 02.05.2020 Objective: To evaluate the effect of norfloxacin on pregnant female rats.

Animals: 30 pregnant female rats (170-200 gm of weight and 3.5-4 months age).

Design: Randomized controlled study.

Procedures: The effect of orally administrated norfloxacin, given twice daily for 10 successive days, on the
fetal development in pregnant female rats at therapeutic (35 mg/kg) and double therapeutic (70 mg/kg)
doses was investigated in pregnant female rats. At 6" -15% day of pregnancy, 30 females were classified,
in groups of ten rats, into 3 groups. Group 1 (control group): rats were given distilled water orally. Group
2: rats were given norfloxacin at a dose rate of 35 mg/kg bwt. Group 3: rats were given norfloxacin at a
double therapeutic dose of 70 mg/kg bwt. At 20 day of gestation all pregnant rats were anesthetized to
determine the changes; if any; in fetal development (morphological, visceral, skeletal and
histopathological examinations) and on treated dams (biochemical parameters of serum and
histopathological alterations in placenta, liver and kidney).

Results: Administration of norfloxacin, in both doses, to pregnant females decreased the number of
viable feti, fetal body weight and crown-rump length, and increased the number of resorbed feti (P<
0.05). It also induced visceral and skeletal abnormalities in feti. Histopathological examination of internal
organs to both dams and feti revealed pathological alterations in liver and kidney of both, and placenta of
the dam. Administration of norfloxacin at both therapeutic and double therapeutic doses increased
maternal serum transferases levels (ALT and AST), decreased serum albumin and total portein levels, and
increased serum levels of urea and creatinine (P< 0.05).

Conclusion and clinical relevance: High doses of norfloxacin induce fetal defects and abnormalities in
early stage of gestation in rats.
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Fluoroquinolone antibiotics are commonly used to treat
a variety of infections, including urinary tract, respiratory

1. INTRODUCTION

Numerous therapeutic agents that are used in the
Veterinary field for the control of diseases in pregnant
females may produce teratogenic effects. The development
of fetus during pregnancy includes the formation of
blastocyte, organogenesis, histogenesis and fetal
maturation. Several studies indicated that during blastocytes
formation some teratogenic agent can interfere with the cell
division of the embryo. The malformations that result from
the use of teratogenic drugs depend on at which stage of
pregnancy the exposure occur. During organogenesis, the
alterations occur in the brain, eye, heart, blood vessels,
skeleton, limbs and urogenital system [1].

Particular drugs can pass the placental barrier and enter
the fetal circulation, induce therefore structural
abnormalities in the neonate at birth extending to
undefined period [2].

During past decades, it has become increasingly evident
that human and animal embryos are subjected to the toxic
effects of many drugs, such as antibacterial agents used in
treatment of serious diseases occurring during pregnancy
including, among others, fluoroquinolones [3].

tract, gastrointestinal tract, skin, bone, and joint infections.
The popularity of fluoroquinolone antibiotics has increased
because of their broad antimicrobial spectrum, multiple
approved indications, and favorable pharmacokinetics [4].

Norfloxacin is a synthetic antimicrobial agent of the
second-generation fluoroquinolones. Like other
fluoroquinolones, it acts by inhibition of DNA gyrase; the
enzyme required for the proper supercoiling of bacterial
chromosomes. It has a wide spectrum of activity, acting
against many G -ve and G +ve bacteria, and is rapidly
bactericidal at low concentration. It can be used for the
treatment of urinary tract infections that occur during the
first trimester of pregnancy [5].

The current work was therefore designed to explain the
adverse effects; if any; of norfloxacin on fetal development
in pregnant female rats.

2. MATERIALS AND METHODS
2.1. Drug
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Norfloxacin was purchased from ATCO Pharma for
Pharmaceutical Industries, Egypt, and used in form of oral
solution (300 mg of norfloxacin acid base/1 mL). Norfloxacin
was administered orally at a therapeutic dose of 35 mg/kg
bwt twice daily for 10 days. The dose of norfloxacin was
determined according to Paget and Barnes [6].

2.2. Animals

Thirty mature healthy female albino rats were obtained
from The Laboratory Animal Colony, Helwan University,
Egypt, and were used in the study. The animals were 3.5-4
months of age, and 170-200 gm of weight. Pelleted food and
tap water were provided ad libitum.

2.3. Determination of zero day of pregnancy

Rats were examined periodically to ensure that they
were always in a regular estrous cycle. Vaginal smears from
the animals were examined daily, and the female that was
determined in estrus was paired with a male in a separate
cage. In the following morning a vaginal smear was taken
from the female rat to verify the first day of gestation.
Presence of sperms in the obtained vaginal smear was used
as an indicator of the zero day of gestation [7]. Pregnancy
was further confirmed by microscopic examination of
vaginal smears, and the persistence of diestrus indicated
pregnancy. Body weight was recorded regularly and
prominent increases were observed chiefly after 10 days
from the determined day of pregnancy [8].

Norfloxacin was given orally during the organogenesis
period (from the 6™ to the 15" day of pregnancy), the
period during which organs are sensitive to the effect of
toxic substances [9].

3. Grouping and drug administration

The pregnant rats were categorized into three equal
groups of 10 rats each, and were given norfloxacin by
stomach tube twice daily for 10 consecutive days (from the
6% till the 15t day of pregnancy) as follows:

(G1): animals received 0.5 ml distilled water orally. (G2):
animals received a therapeutic dose of norfloxacin at the
rate of 35 mg/kg bwt. (G3): animals received a double
therapeutic dose of norfloxacin at a dose of 70 mg/kg bwt.

Female rats were kept under a daily observation
scheme until the 20" day of gestation. Afterwards, they
were weighed and euthanized by intraperitoneal injection of
large doses of thiopental sodium (EIPICO, Egypt). Caesarian
sections were performed to examine the effects of
norfloxacin on fetal development via morphological,
visceral, skeletal and histopathological examinations.

4. Examination and sampling:
4.1. Morphological examination

Morphological examination of feti was performed
according to the method described by Hayes [10].

4.2. Visceral examination:
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Feti were preserved in Bouin's fixative, and were rinsed
with cold water and examined grossly according to Hayes
[11].

4.3. Skeletal examination

Skeletal examination of feti were conducted according
to Staples [12], and examination by hand lens was done
according to the method described by Hayes [10].

4.4. Histopathological examination

Specimens from liver, kidney, placenta of dams, and
liver, kidney of feti were collected on the 20" day of
pregnancy, and were preserved in 20% neutral buffered
formalin [13]. The slides were examined under a
photomicroscope with an Olympus DP25 digital camera.

4.5. Blood sampling

On the 20™ day of pregnancy, 5 rats from each group
were anesthetized using ketamine hydrochloride and fresh
blood samples were immediately collected from eye plexus
using non-heparinized microhematocrit tubes in plain
centrifuge tubes, and were kept in an inclined position for
20 minutes at room temperature. Blood samples were put in
the refrigerator overnight to avoid glycolysis and complete
clot retraction, and were then centrifuged at 3000 rpm for
10 minutes and clear sera were separated carefully,
collected and stored in Eppendorf tubes at —20 2C until
biochemical analysis [14].

4.6 Serum biochemical analysis

ALT, AST, TP, albumin, urea and creatinine were
measured using commercial kits (Diamond diagnostic,
Egypt). All serum biochemical parameters were assayed
spectrophotometrically (Spectrophotometer SP50, Gallen
KAMP, U.K) according to enclosed pamphlets.

5. Statistical analysis

Data were analyzed using computerized SPSS program
version 16. Results are presented as means + SE. Data were
analyzed by one-way ANOVA followed by Duncan's test.
Means are considered significant at P < .05.

3.1. Morphological examination

Oral administration of norfloxacin in both doses to
female rats from 6™ to 15™ days of gestation caused
decrease the number of viable feti, fetal body weight and
crown-rump length, and increased the number of resorbed
feti (Table 1 and Figure 1).

3.2. Visceral examination

The administration of norfloxacin in both doses to
pregnant rats during organogenesis period induced
diverticulum dilatation in the brain, hypoplasia of thymus
gland, thickening of the ventricular wall of the heart (cardiac
hyperplasia), a slight unilateral or bilateral widening of the
renal pelvis and hypoplasia of one or both kidneys (Table 2
and Figure 1).
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Table 1. Effect of norfloxacin on body weight and length of feti
obtained from pregnant female rats after oral administration of 35
and 70 mg norfloxacin/kg bwt from the 6™ to 15" day of pregnancy
twice daily.

Group Fetal body weight (gm) Fetal body length (cm)
G1 4.6010.052 4.53+0.06°
G2 3.64+0.16° 3.18+0.04°
G3 2.75+0.07¢ 2.45+0.10¢°

Within the same column mean carry different superscript differ significant
(P<0.05).
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Figure 1. A: C: Lateral view of 3 rat feti arranged from left to right showing a
decrease in fetal size. B: Cross section in brain of feti showing diverticulum
dilation in the brain. C: Cross section in head of the feti showing thymus
hypoplasia. D: Cross section in heart ventricles of the feti showing
thickening of the ventricular wall of the heart. E: Cross section in kidney of
the feti showing widening of the renal pelvis and kidney hypoplasia. F: A
dorso-ventral view of skeleton of rat feti arranged from left to right
showing absence of caudal vertebrae and irregular and short ribs in T1,
incomplete ossification of skull and absence of digits of fore and hind limb
in T2. (C) Control group (T1) dams treated orally with therapeutic dose of
norfloxacin 35 mg/kg bwt from 6t to 15t day of pregnancy, and (T2) dams
treated orally with double therapeutic dose of norfloxacin 70 mg/kg bwt
from 6t to 15t day of pregnancy.

Table 2. Visceral abnormalities in feti obtained from pregnant
female rats after oral administration of 35 and 70 mg
norfloxacin/kg bwt from the 6t to 15t day of pregnancy twice
daily. (n = 10).

Parameters G1 G2 G3
Number of examined feti 20 20 20

Brain - 10 (50%) 13 (65%)
Thymus - 6 (30%) 8 (40%)
Heart - 9 (45%) 12 (60%)
Kidney - 7 (35%) 11 (55%)

3.3. Skeletal examination

The administration of norfloxacin in both doses to
pregnant rats during organogenesis period caused
impairment of skull ossification, irregular ribs, absence of
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strenebrae, caudal vertebrate and digital bones of fore and
hind limb with absence of some metacarpal and metatarsal

Figure 2. A: Liver section of female rat where (C) liver of control rat showing
normal histological structure, (T1) liver section of rats given therapeutic
dose of norfloxacin showing minor vacuoles in hepatocytes (arrows), (T2)
liver section of rats given double therapeutic dose of norfloxacin showing
diffuse hydropic degeneration (arrows). H&E, X: 200. B: Liver section of feti
where (C) liver section of feti obtained from control rats showing normal
tissue architecture and cellular details, (T1) liver section of feti from rats
given therapeutic dose of norfloxacin showing congested hepatic sinusoids
(arrows) and prominent Kupffer cells (curved arrow), (T2) liver section of
feti from rats given double therapeutic dose of norfloxacin showing
congested portal vein surrounded with mononuclear cells (MNCs)
infiltration (arrows), markedly degenerated hepatocytes (asterisk). H&E, X:
200.

Table 3. Skeletal deformities in feti obtained from pregnant
female rats after oral administration of 35 and 70 mg
norfloxacin/kg bwt from the 6™ to 15" day of pregnancy
twice daily (n = 10).

Parameters Gl G2 (CE]
Number of examined feti 20 20 20
Impairment of skull ossification - 8 (40%) 11 (55%)
Absence or dislocation of strenebrae - 6 (30%) 9 (45%)
Absence of digital bone - 8 (40%) 10 (50%)
Absence of caudal vertebrate - 5 (25%) 7 (35%)
Absence of metatarsal bone - - 1(5%)
Absence of metacarpal bone - 1(5%) 2 (10%)

3.4. Biochemical analysis

Oral administration of norfloxacin in both therapeutic
and double therapeutic doses increase serum levels of
transferases (ALT and AST), urea and creatinine, and
decreased serum levels of total portein and albumin (Table
4).

3.5. Histopathological findings

Histopathological examination of the effects of oral
administration of norfloxacin in both doses to female rats
from 6% to 15™ days of gestation revealed various
pathological alterations (Figure 2, 3, and 4) as follows.

3.5.1. Liver

The administration of therapeutic dose of norfloxacin
(35 mg/kg) produced minor vacuoles in hepatocytes, while
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the double therapeutic dose (70 mg/kg) induced diffuse
hydropic degenerations in the dam.

Figure 3. A: Kidney section of female rat where (C) kidney section of rat
showing normal histological structure in control group, (T1) kidney section
of rats given therapeutic dose of norfloxacin showing degenerated
glomerulus (arrow) and tubules affected with cloudy swelling (arrowhead),
(T2) kidney section of rats given double therapeutic dose of norfloxacin
showing swollen endothelial cells lining glomerular tuft (arrows) and
tubular dilation with hyaline cast (arrowheads). H&E, X: 200. B: Kidney
section of feti where (C) kidney section of feti obtained from control rats
showing normal parenchyma and cellular details, (T1) kidney section of feti
from rats given therapeutic dose of norfloxacin showing desquamated
tubular epithelium (arrows) and tubular dilation, (T2) kidney section of feti
from rats given double therapeutic dose of norfloxacin showing separated
tubular epithelium (arrowhead) with tubular dilation (thick arrow) and mild
fibroblast proliferation (thin arrow) in G3 (thin arrows) . H&E, X: 200.

Therapeutic dose of norfloxacin (35 mg/kg) produced
congested hepatic sinusoids and prominent Kupffer cells,
while the double therapeutic dose (70 mg/kg) induced
congestion in portal vein with surrounding mononuclear
cells infiltration of markedly degenerated hepatocytes in
feti.

Figure 4. Placenta section of female rat where (C) section of rats showing
normal histological structure in control group, (T1) section of rats given
therapeutic dose of norfloxacin showing congestion in chorioallantoic blood
vessels (arrows), (T2) section of rats given double therapeutic dose of
norfloxacin showing severe congestion in chorioallantoic blood vessels
(arrows) with degenerated trophoblasts (arrowheads) and atrophied giant
cells (curved arrow). H&E, X: 200.

3.5.2. Kidney

Therapeutic dose of norfloxacin (35 mg/kg) produced
degenerated glomerulus and tubules affected with cloudy
swelling, while the double therapeutic dose (70 mg/kg)
induced swollen endothelial cells lining glomerular tuft and
tubular dilation with hyaline cast in the dam.

Therapeutic dose of norfloxacin (35 mg/kg) produced
desquamated tubular epithelium and tubular dilation, while
the double therapeutic dose (70 mg/kg) induced separated
tubular epithelium with tubular dilation and mild fibroblast
proliferation in feti.

3.5.3. Placenta

Placental examination of dams received therapeutic
dose of norfloxacin (35 mg/kg) revealed congestion in
chorioallantoic blood vessels, while dams received the
double therapeutic dose (70 mg/kg) revealed increased
congestion in chorioallantoic blood vessels with
degenerated trophoblasts and atrophied giant cells.

Table 4. Effect of norfloxacin at therapeutic (35 mg/kg bwt) and double therapeutic (70 mg/kg bwt) doses on 6" to 15 day of
pregnancy on biochemical parameters of female rats (Mean + SE) n=10.

ALT AST Total
(U/ml) (U/ml) protein
(g/dI)
G1 26.45+0.9¢ 75.83+0.14¢ 6.68+0.12
G2 30.91+0.41>  80.31+0.93 5.75+0.122
G3 33.05+0582 84.66+0.252 4.94+0.10b

Albumin

4.43+0.05°

3.320.13b

2.44+0.7¢

Globulin Urea Creatinine
(g/dl) (g/dl) (mg/dI) ( mg/dl)
2.25+0.102 27.90+0.40¢ 0.72+0.03¢
2.43+0.22 29.58+0.77P 0.85+0.01°
2.50+0.112 31.26+0.282 0.90+0.032

Within the same column mean carry different superscript differ significantly at (P< 0.05)

4. DISCUSSION

Oral administration of norfloxacin in both doses to
pregnant rats during organogenesis period induced a
marked decrease in number of viable fetuses, a significant
decrease in fetal body weight, and crown-rump length, and
a significant increase in the number of resorbed fetuses.

The decrease in number of viable feti may be attributed
to the early embryonic death and the increase in fetal
resorption ratio [3]. The reduction in fetal weight and length
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reported in the current study after the oral administration of
norfloxacin might be attributed to disturbance in
metabolism of certain minerals as magnesium and zinc in
feti [16]. This finding are similar to that reported by previous
experiments. Several fluoroquinolones as (enrofloxacin,
ciprofloxacin, ofloxacin, and norfloxacin) used to treat
infections in domestic animals (dogs, cats, pigs, cattle and
poultry) have been reported to decrease the number of feti,
and to increase the number of resorbed feti either early or
late [17]. A decrease in litter size, and fetal weight, and an



E. Soliman et al. 2020/ Teratogenic effect of norfloxacin in rats 205

increase in fetal resorption ratio was detected, compared to
the recorded value of the control group, after the
administration of fluoroquinolones to rats [3]. The
administration of norfloxacin to pregnant female rats
induced a significant decrease in the number of viable feti,
increase in the number of resorbed feti, and induced
retardation in growth of viable feti [5, 18].

Results of the current experiment demonstrated that
oral administration of norfloxacin in both doses to pregnant
dams during organogenesis period induced numerous
visceral abnormalities including diverticulum dilatation in
the brain, hypoplasia of thymus gland, cardiac hyperplasia
(thickening of the ventricular wall of the heart), a slight
unilateral or bilateral widening of the renal pelvis and
hypoplasia of one or both kidneys.

The brain defect (diverticulum dilatation) reported in
feti after the administration of norfloxacin might have
resulted from the lack of placental transfusion of amino acid
and arginine which are important for the metabolism in feti.
Hypoplasia of thymus gland reported in feti as a toxic effect
of norfloxacin in rats were explained as due to cell death by
converting topoisomerase Il to cellular poison [19, 20].
Cardiac hyperplasia appeared due to norfloxacin may be due
to ability of fluoroquinolones to block cardiac potassium
channel leading to prolonged QT intervals with cardiac
arrhythmia and consequently cardiac hyperplasia [21]. The
results of the current experiment are similar to those
reported by previous work. Stahlmann [22] indicated that
the administration of ofloxacin and ciprofloxacin to
immature animal's induced cardiac hyperplasia. Similarly,
Elkomy et al. [2], AL-Myahi et al. [3], Aboubakr et al. [5], and
El Komy et al. [18] stated that the administration of both
norfloxacin and difloxacin induced visceral malformation in
pregnant rats.

Our results showed that administration of norfloxacin in
both doses to pregnant rats during organogenesis period
induced skeletal abnormalities in the form of impairment of
skull ossification, short and irregular ribs, disappearance of
strenebrae, caudal vertebrate and digital bones of fore and
hind limb with absence of some metacarpal and metatarsal
bone.

These skeletal abnormalities might be attributed to the
accumulation of fluoride with repeated fluoroquinolone
administration that causes bone and cartilage damage [23].
These findings are similar to those of Lemus et al. [24] who
found that enrofloxacin and ciprofloxacin were associated
with severe alterations in the development of embryo
cartilage and bones in griffon vultures (Gyps fulvus) and red
kites (Milvus milvus), two threatened avian scavengers. Also,
Siddiqui et al. [25] reported that ciprofloxacin reduced the
length of long bone extremities in rats. In addition, Hall et al.
[26] revealed that fluoroquinolones were associated with a
wide spectrum of musculoskeletal complications that
involved not only tendon but also cartilage, bone, and
muscle.
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Oral administration of norfloxacin at both therapeutic
and double therapeutic doses induced a significant increase
in levels of serum transferases (ALT and AST), urea and
creatinine, and a significant decrease in serum total portein,
albumin and a non signficant change in serum globulin.

The presence of liver disease is often realized through
the elevated serum activities of enzymes of hepatic origin
which indicate either alteration in the integrity of the cell
membrane or necrosis of hepatocytes. These liver enzymes
leak from the injured hepatocytes to the serum, and its
increased activity has a diagnostic importance [27]. ALT and
AST are considered sensitive indictors of hepatocellular
damage and, within limits, can provide a quantitative
assessment of the degree of damage sustained by the liver
[28].

In the -current work, data revealed that the
administration of both therapeutic and double therapeutic
doses of norfloxacin caused significant alterations in liver
functions reflected in significant elevations in serum
transferases (ALT and AST) and significant reductions in
serum total portein and albumin. These findings were
further confirmed by the histopathological findings of liver.
These results are similar to those reported by previoius
work. Studies on ciprofloxacin revealed a decrease in total
proteins content and a significant decrease in total protein
of feti in rats [29]. Hypoalbuminemia were reported after
repeated doses of oral norfloxacin in rats due to defect in
albumin synthesis associated with impaired liver function
[27]. In the same line, fluoroquinolones significantly increase
AST, ALT in treated female rats due to mild hepatotoxicity
[30, 31]. Moreover, in human females, ciprofloxacin caused
acute liver injury within a period of two days to two weeks
following the initiation of antibiotic treatment resulting
represented in hepatocellular necrosis and elevated liver
enzymes [32]. Furthermore, increases in serum ALT and AST
were reported in rats after administration of enrofloxacin
[33]. The increased levels of serum ALT and AST detected in
rats after administration of norfloxacin were referred to the
oxidative stress where the production of oxidative radicals
caused mitochondrial damage, @ RNA  processing,
transcription and inflammation that could serve as a
mechanism for hepato-renal toxicity [34].

Serum creatinine is used mostly for observing and
diagnosing kidney disease in human and animals. It is rapidly
cleared from plasma and eliminated in urine, as a most
efficient indirect marker of glomerular filtration rate (GFR) in
mammals [27]. Its level is elevated in chronic and acute
renal failure and in some other conditions not directly
involve the kidney. Urea level in serum or plasma is also
routinely used as a marker of GFR but is subjected to
multiple extrarenal factors of variation. Both urea and
creatinine are almost totally eliminated by glomerular
filtration, therefore their concentrations in plasma are
elevated in renal failure [27].

In the present study the administration of norfloxacin at
therapeutic and double therapeutic doses to female rats
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provoked a marked increase in serum urea and creatinine
levels. These findings agree with those of previous
experiments. Nephrotoxicity with increased serum
creatinine, serum urea, and creatinine clearance was
detected in rats after administration of ciprofloxacin,
fluoroquinolones and norfloxacin [30, 34, 35, 36].

Oral administration of norfloxacin in both doses to
pregnant rats during organogenesis period induced various
pathological alterations. The reported histopathological
picture of liver and Kidney of treated dams are supported by
findings of previous experiments. Mild interstitial nephritis
were reported with the use of various fluoroquinolones
(norfloxacin, ciprofloxacin and ofloxacin) [37]. The
administration of ciprofloxacin in humans was associated
with histopathological changes in liver and kidney [38, 39,
40, 41]. Oral administration of 2 x 250 mg ciprofloxacin per
day to a 22-year-old male caused acute liver failure 14 days
later. Liver biopsy revealed extensive hepatocellular necrosis
involving zones 3 and 2 of hepatic acini and a mixed
inflammatory infiltration containing abundant eosinophils
[42]. Ciprofloxacin induced pathological changes in liver of
pregnant rats in the form of dilatation of central and portal
vein, and sinusoidal spaces, appearance of macrophages and
Kupffer cells in sinusoidal spaces and congestion in blood
vessels, and that the liver sections of feti obtained from
pregnant rats revealed similar histopathological alterations
as that of mothers [29]. Furthermore, norfloxacin evoked
histopathological alterations in liver, kidney, heart, spleen
and intestine of treated rats [30]. Also, oral administration
of norfloxacin induced granulomatous interstitial nephritis
[43, 44]. Also, histopathological examination of internal
organs of pregnant rats following oral administration of both
doses of norfloxacin from 6™ day of pregnancy revealed
various pathological changes in liver, kidney, brain and
placenta [3, 5, 18].

CONCLUSION

The administration of norfloxacin during early stage of
pregnancy of rats in high doses induced fetal abnormalities
and defects, therefore it is advisable to avoid its use during
pregnancy.
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