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ABSTRACT

Physiological changes in pregnancy, including changes in body composition and metabolic enzyme activity, can alter drug
pharmacokinetics. Nifedipine (Adalat), a dihydropyridine calcium entry blocker, is an effective tocolytic agent with low toxicity and
teratogenicity but has potential cardiovascular side effects that may affect the mother as well as the fetus. Therefore, the aim of this
study was to assess the genotoxicity effects of maternal Nifedipine administration on micronucleus formation and DNA damage in
bone marrow and their embryos. Swiss virgin female mice were allocated in several groups: control, non-pregnant female groups
treated with three different doses of Nifedipine (25, 50 and 75mg/kg) and pregnant female mice treated with the same doses of
Nifedipine starting from the day 3 to 18 of gestation. The results revealed that micronucleus formation and DNA damaged cells of
non-pregnant and pregnant female mice as well as their embryos treated with low dose of Nifedipine (25 mg/kg) relatively similar to
those in control cells. In contrast, the results showed that micronucleus formation and DNA damaged cells of non-pregnant and
pregnant female mice as well as their embryos treated with medium and high doses of Nifedipine was higher 2 and 3 times
compared with control and those treated with low dose of Nifedipine. The results suggest that induction of genetic toxicity by
Nifedipine treatment was dose dependent manner. Nifedipine seems to be safe at the low dose but by increasing its concentration

caused genetic toxicity due to imbalance in intracellular calcium level which increases of the ROS production.
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INTRODUCTION

he results of database surveys in developed

countries show that 44-93% of pregnant women

take at least one prescription medication other
than vitamins and iron." Pregnancy leads to a number of
physiologic changes that alter drug metabolism and
disposition. Despite the impact of pregnancy on
pharmacokinetics, this population is underrepresented in
and often excluded from clinical trials.® Therefore, for
many drugs, the pharmacokinetics and effects in pregnant
women are largely unknown. One means of overcoming
the ethical and practical constraints associated with
studying the effects of individual drugs in pregnant
women is to use Pharmacometrics models to predict drug
disposition at various stages of pregnancy. Traditionally,
physiology-based  pharmacokinetic  (PBPK)  models
incorporate physiologic parameters (such as blood flow
and tissue volumes) with drug-specific parameters (such
as physicochemical properties and in vitro metabolism
data) to predict the concentration of drugs in various
tissues. Such PBPK models of pregnancy have historically
been used by toxicologists to predict the concentration of
toxicants, including drugs, in various tissues.*> More
recently, pharmacokinetic modeling has come to be
accepted by regulatory agencies and pharmaceutical
scientists as an important component of clinical
pharmacology studies that address drug efficacy and
drug—drug interactions.’

Preterm delivery remains one of the top three causes of
perinatal morbidity worldwide. Various pharmacological

agents have been used to stop preterm uterine
contractions in an attempt to prevent preterm delivery.
When using tocolytic agents the maternal and fetal side-
effect profiles are important considerations. Following
the most recent Cochrane database review the
preferential use of calcium channel blockers over other
tocolytic agents is likely to increase.” Nifedipine (Adalat),
a dihydropyridine calcium entry blocker, is an effective
tocolytic agent with low toxicity and teratogenicity but
has potential cardiovascular side effects that may affect
the mother as well as the fetus.®® Animal studies suggest
that administration of calcium channel blockers may
result in impaired uterine blood flow, potentially resulting
in fetal hypoxemia and academia.'®*! However, studies in
human pregnancies did not confirm significant alterations
in uterine blood flow.**™ Fetal cardiovascular responses
to Nifedipine (other than those observed in the placental
circulation) have not been reported in detail. The cerebral
circulation in the human fetus is capable of active auto
regulation and a decrease in blood flow resistance with
perceived hypoxemia (‘brain sparing’).”> In addition,
differential changes in the placental and cerebral blood
flow resistances may affect the cerebro placental Doppler
ratio and the overall distribution of cardiac output.” In
addition, cardiac effects of Nifedipine may affect the
contractility and diastolic cardiac function.

Till date there is no information about the potential effect
of Nifedipine in induction genetic toxicity either on
pregnant female or the embryos. Therefore, the aim of
this study was to assess the genotoxicity effects of
maternal Nifedipine administration on micronucleus
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formation and DNA damage in bone marrow and their
embryos.

MATERIAL AND METHODS
Test drug

Adalat (Nifedipine) tablets produced by (Bayer health
care pharmaceuticals corp) is an anti anginal drug
belonging to a class of pharmacological agents, the
calcium channel blockers. Nifedipine is 3,5 pyridine
dicarboxylic  acid 1,4  dihydro-2,6-dimethyl-4-(2-
nitrophenyl)-dimethyl ester, the molecular weight is
364.3 and the molecular formula is Ci7Hg0s and
structural formation of Nifedipine is.

HaC CHs

COCHa4

NO,

Nifedipine is a yellow crystalline substance, practically
insoluble in water but soluble in ethanol. Adalat
(Nifedipine) tablets contain either 30 or 60 mg of
Nifedipine for once-a day oral administration.

Experimental animal and design

Swiss virgin female mice weighting 25-30 g were required
in pathogen-free well-ventilation room in order to enable
the animals to acclimatize to their environment. Drinking
water and food supplied ad libitum. Females were divided
into two groups the first group was used for studding the
effects of the treatments (in non—pregnant females) and
the second group was used for studding the effects of the
treatments (in pregnant females and their embryos) as
following:

The first group was divided into four subgroups. The first
subgroup of three virgin females was administrated orally
with a dose of (25 mg/kg) once daily.

The second subgroup of three virgin females was
administrated orally with a dose of (50 mg/kg) once daily.

The third subgroup of three virgin females was
administrated orally with a dose (75 mg/kg) once daily.

Additionally a fourth subgroup of three virgin females
served as control.

The second group were housed with adult males by ratio
3:1 after one day of mating the females which exhibiting a
vaginal plug were considered as pregnant the day of the
appearance of vaginal plug was considered as the first day
of pregnancy.

The pregnant females were weighted and caged
individually and divided into four parts.
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The first subgroup of three pregnant females was
administrated orally with a dose of (25 mg/kg) once daily.

The second subgroup of three pregnhant females was
administrated orally with a dose of (50 mg/kg) once daily.

The third subgroup of three pregnant females was
administrated orally with a dose of (75 mg/kg) once daily
and the fourth subgroup of three pregnant females
served as control.

Nifedipine was dissolved in ethyl alcohol and
administrated once daily for 15 consecutive days in virgin
female mice and pregnant female mice from day (3) to
day (18) of gestation. These doses of Nifedipine are the
recommended low, medium and high for human after
modified to suit the small weight of albino mice (25g)
according to Gaafa et al.”

After treatment with Nifedipine the virgin and pregnant
females were killed, the bone marrow and the liver of
females were collected and the embryos and their livers
were randomly selected from each subgroup of pregnant
females to investigate the genotoxic effects (micronuclei
formation and DNA damage) of Nifedipine on females and
embryos

Comet assay

Liver tissues collected from female mice and their
embryos were isolated by homogenization and
centrifugation (15min, 280 g) in a density gradient of
Gradisol L (Agua Medica, Lodz, Poland). The
concentration of the cells was adjusted to (1-3) x 10°
cells/ ml by adding RPMI 1640 without glutamine to the
single cell suspension. A freshly prepared suspension of
cells in 0.75% low melting point agarose (Sigma
Chemicals) dissolved in phosphate buffer saline (PBS;
sigma chemicals) was cast onto microscope slides
precoated with 0.5% normal melting agarose. The cells
were then lysed for 1h at 4°C in a buffer consisting of
2.5M NaCl, 100 mMEDTA, 1% Triton X-100, 10mM Tris,
pH10. After the lysis, DNA was allowed to unwind for 40
min in electrophoretic solution consisting of 300mM
NaOH, 1mM EDTA, pH>13. Electrophoresis was
conducted at 4°C for 30 min at electric field strength 0.73
V/cm (30mA). The slides were then neutralized with 0.4M
Tris, pH 7.5, stained with 2ug/ml ethidium. bromide
(Sigma Chemicals) and covered with cover slips. The slides
were examined at 200 x magnification fluorescence
microscope (Nikon Tokyo, Japan) to a COHU 4910 video
camera (Cohu, Inc., San Diego, CA, USA) equipped with a
UV filter block consist an excitation filter (359nm) and
barrier filter (461nm) and connected to a personal
computer —based image analysis system, Lucia-Comet
v.4.51. Hundred images were randomly selected from
each sample and the comet tial DNA was measured.™
Endogenous DNA damage measured as the mean comet
tail DNA of liver tissues of female mice groups. The
number of cells scored for each animal was 100."®
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Micronucleus test

The bone marrow cells of non-pregnant and pregnant
female mice as well as liver tissues of their embryos
resuspended in a small volume of fetal calf serum on a
glass slide were used for smear preparation. The smear of
bone marrow and liver cells was prepared from each
mouse and embryo. After air-drying, the slide was fixed in
methyl alcohol for 10 min and stained with 5% Giemsa
stain for 10 min. Three slides were prepared for each
animal and were coded before observation and one was
selected for scoring. From each coded slide, 2,000
polychromatic erythrocytes (PCEs) were scored for the
presence or micronuclei under oil immersion at high
power magnification. In addition, the percentage of micro
nucleated polychromatic erythrocytes (%MnPCEs) was
calculated on the basis of the ratio of MnPCEs to PCEs."

RESULTS
Comet assay

The results of the comet assay for DNA strand break in
nuclei from individual liver cells of non-pregnant and
pregnant female mice as well as their embryos exposed to
Nifedipine (Adalat) showed considerable DNA damage
(Table 1-3). These results showed that DNA damaged cells
of non-pregnant and pregnant female mice as well as
their embryos treated with low dose of Nifedipine
relatively similar to those in control cells (Tables 1-3).

In contrary, these results showed that DNA damaged cells
of non-pregnant and pregnant female mice as well as
their embryos treated with medium and high doses of
Nifedipine was higher 2 and 3 times compared with
control and those treated with low dose of Nifedipine
(Tables 1-3).
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In addition, the DNA damaged cells categorized in class 3,
which is defined as the highest category of DNA damage
having long tail of damage, were also higher in non-
pregnant and pregnhant female mice as well as their
embryos treated with medium and high doses of
Nifedipine compared with control and those treated with
low dose of Nifedipine (Tables 1-3).

Micronucleus Test

The effect of Nifedipine (Adalat) on MnPCEs formation in
the bone marrow cells of non-pregnant and pregnant
female mice as well as their embryos is summarized in
Figure 1-3 and Tables 4-6. The results revealed that
MnPCEs formation in control of non-pregnant and
pregnant female mice as well as their embryos was lower
than those in all treated groups. Treatment of non-
pregnant and pregnhant female mice as well as their
embryos with low dose of Nifedipine increased slightly
the formation of MnPCEs compared with the control
group (Figures 1-3 and Tables 4-6). However, the increase
rates of MnPCEs formation in non-pregnant female mice
and their embryos with low dose of Nifedipine was not
significantly different except in pregnant female mice
compared with control group.

On the other hand, treatment of non-pregnant and
pregnant female mice as well as their embryos with
medium and high doses of Nifedipine increased
significantly the incidence of MnPCEs compared with
control group. However, the rates of MnPCEs formation
in non-pregnant and pregnant female mice as well as
their embryos due to treatment with the high dose of
Nifedipine was significantly higher than those treated
with medium dose Nifedipine (Figure 1-3 and Tables 4-6).

Table 1: Visual score of DNA damage in liver tissues of hon-pregnant female mice exposed to several concentrations of

Nifedipine (Adalat) using comet assay.

. Number of No. of cells Class® of comet DNA damaged
Mice Treatment animals Analyzed (*)  Total comets o 1 2 3 cells (%)
Control 3 300 20 280 17 3 0 6.7
Nor-pregnant Adalat L 3 300 25 275 17 8 0 8.3
Adalat M 3 300 33 267 19 6 5 11.0
Adalat H 3 300 51 249 13 18 20 17.0

¥: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length >
2X the diameter of nucleus. (*): No of cells analyzed were 100 per an animal.

Table 2: Visual score of DNA damage in liver tissues of pregnant female mice exposed to several concentrations of

Nifedipine (Adalat) using comet assay.

Mice Treatment Number of animals No. of cells Class” of comet SN
Analyzed (*)  Totalcomets 0 1 2 3 cells (%)
Control 3 300 20 280 17 3 0 6.7
i e Adalat L 3 300 28 272 15 10 3 9.3
Adalat M 3 300 42 258 21 13 8 14.0
Adalat H 3 300 65 235 19 24 22 21.7

¥: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length >
2X the diameter of nucleus. (*): No of cells analyzed were 100 per an animal.
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Table 3: Visual score of DNA damage in liver tissues of embryos of female mice exposed to several concentrations of

Nifedipine (Adalat) using comet assay.

No. of cells Class® of comet
Mice Treatment Number of animals DIA dan;aged
Analyzed (*)  Totalcomets 0 1 2 3 cells (%)
Control 3 300 20 280 17 3 0 6.7
Adalat L 3 300 26 2714 15 6 5 8.7
Embryos
Adalat M 3 300 37 263 21 9 7 12.3
Adalat H 3 300 56 244 12 21 23 18.7

¥: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length >
2X the diameter of nucleus. (*): No of cells analyzed were 100 per an animal.
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Figure 1. Micro nucleated polychromatic erythrocytes
(MnPCEs) of non-pregnant female mice exposed to
several concentration of Nifedipine (Adalat) (mean =
SEM)

Table 4: The Micro nucleated polychromatic erythrocytes
(MnPCEs) of non-pregnant female mice exposed to
several concentration of Nifedipine (Adalat) (mean =
SEM)

Treatment MnPCEs / 2000 PCEs
Control 6.8+0.11
Adalat L 8.2+0.12
Adalat M 13.6+0.10*
Adalat H 16.8+0.13**
20 + ;
18 1 -
§ ol E
g 12+
S 104 :
S &1 3
= 4
- 3P B
0+ -
Control Adalat L AdalatM AdalatH

Treatment of preqnant female mice

Figure 2. Micro nucleated polychromatic erythrocytes
(MnPCEs) of pregnant female mice exposed to several
concentration of Nifedipine (Adalat) (mean £ SEM)

DISCUSSION

The present study was performed to evaluate the
potential effect of Nifedipine in inducing genetic toxicity

either on pregnant female or the embryos. Therefore, the
aim of this study was to assess the genotoxicity effects of
maternal Nifedipine administration on micronucleus
formation and DNA damage in bone marrow and their
embryos.

The results revealed that micronucleus formation and
DNA damaged cells of non-pregnant and pregnant female
mice as well as their embryos treated with low dose of
Nifedipine (25 mg/kg) relatively similar to those in control
cells.

The findings were in agreement with the observations
reported by Gaafa et al.'’ They found that Nifedipine
pretreatments at dose of 25mg/kg were found to safe
and induce highly protective effects against the evinced
diethyl dithiocarbamate (DDC) hepatotoxicity,
manifesting that free radical, cytochrome P450, and
calcium-dependent processes contribute to DDC liver
toxicity.

Table 5: The Micro nucleated polychromatic erythrocytes
(MnPCEs) of pregnant female mice exposed to several
concentration of Nifedipine (Adalat) (mean £ SEM)

Treatment MnPCEs / 2000 PCEs
Control 6.8+0.11
Adalat L 9.24+0.11*
Adalat M 15.440.10**
Adalat H 19.740.12**
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Figure (3): Micronucleated polychromatic erythrocytes
(MnPCEs) of mice embryos exposed to several
concentration of nifedipine (Adalat) (mean + SEM)
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Table 6: The Micronucleated polychromatic erythrocytes
(MnPCEs) of embryos of female mice exposed to several
concentration of nifedipine (Adalat) (mean + SEM)

Treatment MnPCEs / 2000 PCEs
Control 6.8+0.11
Adalat L 8.6+0.12*

Adalat M 14.2+0.11**
Adalat H 17.6+£0.14**

The protective mechanism of Nifedipine against agents
inducing genetic toxicity is not well understood. It seems
to be dose dependent action. Nifedipine and other
calcium antagonists were found to inhibit the increase in
hepatocellular calcium level induced by different toxic
agents in rats®’, by acetaminophen in mice?, and in
isolated rat hepatocytes.”?”® In this respect, the
restoration of a high intracellular calcium level to normal
levels, under the influence of calcium-channel blockers,
would prevent the hepatic cell injury caused by a variety
of calcium-elevating toxic agents, as reported from in
vivo??* and in vitro studies.? %

In contrary, these results showed that micronucleus
formation and DNA damaged cells of non-pregnant and
pregnant female mice as well as their embryos treated
with medium and high doses of Nifedipine was higher 2
and 3 times compared with control and those treated
with low dose of Nifedipine.

During acute liver injury, an increase in the level of
intracellular calcium, can cause damage to the cell by
activation of calcium-dependent degenerative enzymes;
these include the stimulation of Ca2+-dependent
phospholipases, proteases, and endonucleases with
resultant membrane digestion, destruction of critical
proteins, and DNA fragmentation, respectively.”?*
Therefore, we could suggest that increase the genetic
toxicity by increasing the dose of Nifedipine could be
attributed to imbalance in intracellular calcium level.
Popescu et al.® reported that increasing the genotoxicity
associated with caspase activation which was in part
correlated to an increase in intracellular calcium levels. In
addition, Li and Cao®’ reported that Induction of DNA
damage in Barrett's cells and Barrett's esophageal
adenocarcinoma cells was observed due to increase of
intracellular calcium and increases ROS production.

Conclusion: induction of genetic toxicity by Nifedipine
treatment is a dose dependent manner. Nifedipine seems
to be safe at the low dose but by increasing its
concentration causing genetic toxicity due to imbalance in
intracellular calcium level which increase of the ROS
production.
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