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Abstract

Aim: The purpose of this study was to evaluate the implications of toxic exposure on pregnancy, by exploring the oxidant–antioxidant balance
and the histopathological (HP) changes of fetal organs. Materials and Methods: Our study was performed on fetuses of gestating rats exposed
to ethanol, nicotine and caffeine. HP tissue analysis of fetuses’ brain and lung samples were performed. Brain and lung homogenates were
quantitatively analyzed to determine the oxidant–antioxidant balance [malondialdehyde (MDA), protein carbonylation (PC), glutathione
(GSH) and thiol groups (–SH)]. Results: An increase in cerebral pro-oxidant capacity was observed for alcohol exposure groups through
increased MDA levels (p<0.001), as compared to controls. An increase in pulmonary and cerebral pro-oxidant capacity was observed for
nicotine and caffeine study groups, through increased PC levels (p<0.001). Lower GSH levels indicate a decrease in brain antioxidant
defenses in alcohol, nicotine and caffeine groups. Alcohol and nicotine exposure in pregestational and gestational periods caused neuronal
hypoplasia in hippocampus and brainstem congestion. Caffeine registered negligible differences as compared to controls. Conclusions:
In our experimental model for gestational exposure to chemical agents, alcohol was the strongest teratogenic agent in rat brain samples.
No significant changes were observed in lung samples. Results indicate an increase in oxidative stress as a result of alcohol and nicotine
consumption during gestation in rats.
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 Introduction
Alcohol, nicotine and caffeine consumption during
pregnancy is a major public health problem [1, 2]. Recent
studies have shown that these substances may cause severe
metabolic and endocrine side effects in animals and humans
[3–5]. The most common side effects described are low
birth weight, congenital anomalies among many other
harmful conditions for the fetus [6, 7].
Tobacco smoke in utero increases the risk of stillbirths
and infant deaths [8]. Nicotine is the main active compound
in the cigarette smoke [9]. Nicotine causes addiction and
has numerous negative effects on the brain. It is important
to mention that the central nervous system (CNS) and
autonomous nervous system functions can be altered –
the stimulation of acetylcholine receptors may trigger
exaggerated sympathetic responses, such as increased heart
rate, high blood pressure, tremor, agitation, and anxiety
[10, 11]. Nicotinic acetylcholine receptor (nAChR) are
expressed in numerous hippocampal brain cells, and
pharmacological studies have shown nAChR signaling
in behaviors related to hippocampus, such as attention,
learning and memory [12]. Nicotine has intensive and
prolonged effects in the synaptic hippocampal activity,
besides the cholinergic signaling [13]. Nicotine promotes
the production of free radicals, such as reactive oxygen
species (ROS) both in vitro and in vivo conditions. The
ROS play an important part in the oxidative stress and
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alter the antioxidant defense mechanisms in smokers [14].
Oxidative stress is an important marker for cellular changes
associated with exposure to toxic substances. The brain is
one of the most vulnerable organs, due to increased oxygen
consumption and the specific cellular membranes. Cell
membranes are rich in lipids and polyunsaturated fatty acids
(PUFAs), so they are a target for the oxidative processes
[15]. Caffeine is a methylxanthine that stimulates the
CNS. Caffeine is present in coffee, tea, energy drinks,
chocolate and other natural and industrial products. It is
the most widely used psychoactive substance worldwide
[16]. Caffeine quickly crosses the placental barrier [17].
The half-life time of caffeine increases in pregnant women.
Caffeine is metabolized in the liver via cytochrome P450
1A2 (CYP1A2) enzyme. CYP1A2 plays a key-part in the
liver metabolization of caffeine, but, unfortunately, it is
absent at the fetal and placenta levels. Thus, the fetus
cannot perform the demethylation and excretion of caffeine.
Therefore, high levels of caffeine tend to accumulate in
the fetal brain. High levels of caffeine are presumed to
have negative fetal and neonatal effects, such as fetal
growth restriction [18]. Moreover, up to 11% of spontaneous
abortions can be attributed to smoking, 5% to alcohol
consumption, and 2% to caffeine consumption [19]. Prenatal
chronic caffeine consumption of at least eight cups/day
increases the risk of fetal death, especially after 20 weeks
of gestation [20].
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Even small quantities of alcohol consumed prenatally
on a regular basis may cause immediate and long-term
negative effects on the development and health of the baby
[21]. Ethanol easily crosses the placenta, and accumulates
in the fetus. Within an hour after intake, the fetal plasma
levels of alcohol are proportional to maternal blood levels
[22].
In vitro studies of chronic alcohol exposure have
shown that there is a severe degree of vasoconstriction
in the placenta. The vasoconstriction and the quantity
of alcohol are in a relation of dose-dependence. This
phenomenon increases the vascular resistance in the fetal–
placental circulation and increases the placental perfusion
pressure, which results into alterations of the transport
of oxygen to the fetus [23].
Recent neuroimaging studies have revealed changes
in normal fetal brain development after perigestational
exposure to alcohol. There have been noted reduced
biparietal diameter and lower brain weight after birth in
fetuses exposed to chronic alcohol exposure compared
to unexposed feathers. It is possible that the decreased
placental perfusion, which results in decreased oxygen
availability, may contribute to the small size of the fetal
brain [24].
Moderate to high prenatal consumption of alcohol is
associated with spontaneous abortions, premature birth,
intrauterine growth restriction (IUGR), stillbirths, behavioral
and cognitive disorders [25, 26]. In Romania, there are
limited studies that compare the teratogenic effects of
alcohol, caffeine, and nicotine. Therefore, the aim of this
study is to evaluate the histopathological (HP) changes
that may be triggered by the gestational exposure to
ethanol, caffeine, and nicotine and to assess the oxidant–
antioxidant balance in fetuses.
 Materials and Methods
Study groups and procedures
We conducted an experimental, cross-sectional study
on 70 fetuses from 70 primiparous female Wistar rats
weighing between 180–200 g, approximately 16 weeks of
age. Only one fetus from each female rat was included in
the study. Over the course of the experiment, two female
rats died during gestation and were replaced to achieve the
above-mentioned sample. During the gestational period,
rats gained between 100–120 g in weight. Nutrition was
provided through standardized 20 g rodent chow and
adequate hydration was available. No food supplements
or vitamins were administered. Animals were bred at the
“Iuliu Haţieganu” University of Medicine and Pharmacy
Animal Facility Department for Transgenic and Nude
Mice and Experimental Medicine in Cluj-Napoca (Romania)
and kept in adequate vivarium conditions at the Department
of Physiology. The study was performed under Ethics
Protocol No. 438/24.07.2016, approved by “Iuliu Haţieganu”
University of Medicine and Pharmacy, Cluj-Napoca.
Preparation for gestation and animal control was performed
at the Experimental Research Laboratory within the
Department of Physiology of the same University. The
animals were randomly attributed to one of the study
groups. Control and study groups were composed of 10
individuals and divided according to Table 1.

Table 1 – Study groups
#

Agent

I
II
III
IV
V
VI
VII

Ethanol
Ethanol
Nicotine
Nicotine
Caffeine
Caffeine

Gestational Pregestational
exposure
exposure
time
time
[min]
[min]
Control group
20
0
20
30
20
0
20
30
20
0
20
30

Total
exposure
time
[min]
20
50
20
50
20
50

N
10
10
10
10
10
10
10

Administration of teratogenic agents
Chemical agents were administered in the pregestational
and gestational periods through oral gavage:
(1) Ethanol, 2 mL/kg/day – the equivalent of three
normal beers and a glass of wine for a 60 kg adult [27];
(2) Nicotine hydrogen tartrate (Glentham Life Science,
UK), 6 mg/kg/day – the equivalent of 2–3 packs of
cigarettes/day for a 60 kg adult [28];
(3) Caffeine (1,3,7-trimethylxanthine, C0750-100G,
Sigma Aldrich), 5 mg/kg/day – the equivalent of two
brewed coffees/day for a 60 kg adult [29].
Exposure was considered according to the normal rat
gestational period of 20 days and the rat equivalent of oneyear prenatal period of 30 days. Gestation was induced
using a rodent adaptation of the Ladoşi method [30].
Fecundation occurred at 24 hours after human chorionic
gonadotropin (hCG) was administered. On day 20 of
gestation, a Cesarean delivery was performed for fetal
extraction. Anesthesia was performed using Ketamine
(10%) and Xylazine (2%), 2:1 ratio, 0.1 mL/100 g/animal.
Fragments of brain and lung were drawn for histological
and oxidant–antioxidant balance analyses. Brain tissue
was harvested from the cerebrum and the base of the
posterior hypothalamus. Lung tissue was harvested from
the right caudal lobe. Organ areas selected for histological
and biochemical studies were chosen according to revised
guides for organ sampling and trimming in rats and mice
[31]. On completion, all animals (female rats and their
fetuses) were euthanized with Ketamine (10%) overdose.
Despite the liver and kidneys being one of the organs
most affected by long-term exposure to the toxicity of
agents, such as ethanol and nicotine, brain and lungs were
chosen as candidates for developmental abnormalities in
our model of chemical exposure. As these chemicals are
established toxic agents in adult brain and lungs, our
objective was to explore the effects of intrauterine exposure.
Biochemical analysis of tissue samples
Tissues homogenization was performed with a Polytron
PT1200E homogenizer (Tris buffer). Protein concentration
in supernatant was used as an expression of biochemical
parameter values. Homogenate analysis was performed
accordingly: 50 μL tissue homogenate was treated with
450 μL of 10% m-phosphoric acid and centrifuged for
10 minutes, at 1000×g. The oxidative stress indicators
measured were malondialdehyde (MDA) and protein
carbonylation (PC). MDA levels were determined though
fluorescence method via assessment of lipid peroxidation.
MDA is produced from PUFAs by chemical reactions
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catalyzed by enzymes. A fluorescent adduct is formed
in combination with thiobarbituric acid [32]. PC levels
were determined by reaction with a common chemical
reactive compound – 2,4-dinitrophenylhydrazine [33].
Antioxidant defense system indicators measured were
glutathione (GSH) and total thiol groups (–SH). GSH forms
a fluorescent compound together with o-phthalaldehyde,
which can be observed quantitatively at a near-infrared
wavelength of 420 nm and an exposure of 350 nm. –SH
was determined based on the color change when reacting
with 5,5’-dithiobis(2-nitrobenzoic acid), also known as
Ellman’s reagent [34]. All indicator values are expressed
in nmol/mg.
Histopathological analysis
At the end of the experimental period, the fetuses
were removed from the uterus and fixed in 10% neutral
buffered formalin. Mid-sagittal sections were performed,
and the fetal organs were examined macroscopically.
Tissue samples from several organs were collected
according to the recommendations of the European Society
of Toxicologic Pathology (ESTP).
From the nervous system, two coronal (cross) sections
of forebrain were realized. The caudal section included
the hippocampus and diencephalon [35].
Lung samples were also taken, longitudinal section on
the left lobe was realized [36].
The harvested samples were embedded in paraffin,
sections were made at 4 μm and the slides were stained
by Hematoxylin–Eosin (HE) method.
The slides were examined using an Olympus BX 41
microscope, and the images were taken with an Olympus
UC 25 digital camera and special image acquisition and
processing program: Olympus Stream Basic.
The hippocampal cellularity was assessed semiquantitatively on the HE-stained slides, in which: 0 was
considered normal; 1 – mild neuronal loss; 2 – moderate
neuronal loss; 3 – severe neuronal loss [37].
Statistical analysis
Data analysis was conducted using the Statistical
Package for the Social Sciences (SPSS, IBM) v.23 software.
Variables of interest collected for the quantitative analysis
were MDA, PC, GSH and –SH levels for each study group.
Histological findings were recorded for each case using
a dichotomous variable (0 – noral histological aspect).
A variable was constructed to aid comparison between
oxidative stress, antioxidant markers and histological
findings. A statistically significant difference between an
exposure group and the control was recorded in a binary
dummy variable (1 – difference). Both descriptive and
analytical statistical methods were used for the entire
sample. MDA, PC, GSH and –SH levels were compared
within the seven study groups using cross-tabs with
minimum, maximum, median, mean and standard deviation
parameters. For correlations, the Pearson’s coefficient
computed and appraised using Colton’s empirical rule.
The χ2 (chi-squared) test was used to determine association
between histological and biological findings. The significance threshold used was p<0.001. The small sample
for each type of analysis severely limits the statistical
power of evaluations.
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 Results
Histological examination
The brainstem and hippocampus were evaluated
histologically. Brain sections from the control group
showed normal morphology.
Brain tissue samples from the groups treated with
ethanol (groups II and III) during pregestational and
gestational period, showed diffuse meningeal congestion,
mild vacuolation and congestion in the brainstem and mild
neuronal cell loss (decreased neuronal cellularity) in the
hippocampus (regions CA2 and CA3), the lesions being
more severe in animals from group III (Figure 1). This
aspect is rather considered neuronal hypoplasia than a
neuronal loss induced by necrosis/apoptosis (Figure 1,
A–H).
Pregestational and gestational administration of nicotine
(groups IV and V) induced mild congestion in the
brainstem and minimal neuronal hypoplasia in the CA2
and CA3 regions of the hippocampus (Figure 1, I–P).
Brain sections from the fetuses from groups VI and VII
(animals treated with caffeine) showed normal histology
(Figure 1, Q–X).
Other brain regions showed normal histological aspect
in all experimental groups. Lung histological samples
are available in Figure 2. No HP changes were observed
between study groups in collected lung homogenate.
Quantitative analysis
In lung homogenate, ethanol, nicotine and caffeine
are associated with statistically significant increases in
PC, when compared to their respective control groups
(p<0.001). In this case, PC values also increase with longer
exposure (Figure 3). In brain homogenate, statistically
significant increases in PC levels were observed, in
comparison with control groups, in the case of caffeine
(Figure 4). In lung homogenate, increases in MDA levels
after nicotine exposure occurred in pregestational and
gestational study groups, as compared to controls (Figure 5).
All three exposure groups registered increases in MDA
levels (p<0.001) obtained from brain samples for both
exposure time periods (Figure 6).
Comparing the control group to alcohol, nicotine and
caffeine groups, strong statistically significant differences
between groups (p<0.001) were observed. Values for
unpaired samples indicate strong statistically significant
differences for alcohol exposure between groups I and II,
I and III (p<0.001) and II and III (p<0.05). In the case of
nicotine, moderate differences between groups I and IV
(p<0.05) and strong differences between groups IV and V
(p<0.001) were observed. For caffeine, strong differences
between groups I and VI, I and VII (p<0.001) and groups
VI and VII (p<0.01) were observed. In 20-day exposure
groups, strong differences between groups II and IV
(p<0.01) and groups II and VI, IV and VI (p<0.001) were
observed. In 50-day exposure groups, similar effects were
produced for groups III and V, III and VII, V and VII
(p<0.001).
The indicator for antioxidant defense that was associated
with statistically significant differences was GSH. In lung
homogenate, statistically significant differences in GSH
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levels between alcohol and nicotine groups were observed
(p<0.001) (Figure 7). In brain homogenate, statistically
significant differences in GSH levels were observed between
control and all three exposure groups (p<0.001) for both
types of exposure duration (Figure 8).
In lung homogenate, statistically differences in –SH
levels between caffeine (p<0.01) and nicotine (p<0.05)
groups were observed (Figure 9).
In brain homogenate, statistically significant differences
in –SH levels were observed between control and all
three 20-day exposure groups (p<0.001) and statistically
differences in 50-day exposure group (p<0.05) (Figure 10).
A chi-squared evaluation between the presence of
histological changes (dichotomous variable) and changes
in oxidative stress and antioxidant markers (dichotomous,

based on difference from control) yielded a positive
statistically significant association (χ2=3.171, p=0.0009)
for brain samples in the case of MDA, PC and GSH. Lung
homogenate did not reach statistical significance, when
compared with histological findings (p=0.38).
 Discussions
Pregnancy is most commonly an unexpected event.
As sexually active women tend to consume alcohol,
we were interested in finding specific alcohol-induced
modifications in pregestational and gestational period.
Our findings suggest that the mechanisms of alcoholinduced teratogenesis involve PC and MDA increase and
GSH decrease.

Figure 1 – Histology of the brain samples in different experimental groups. Mild neuronal loss in the CA2 and CA3
regions of the hippocampus in animals from groups II and III. HE staining. Scale bar = 50 μm. CA: Cornu Ammonis
(Ammon cortex); DG: Dentate gyrus.
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Figure 2 – Histology of the lung samples in different experimental groups: Group II (A); Group III (B); Group IV
(C); Group V (D); Group VI (E); Group VII (F). HE staining. Scale bar = 50 μm.

Figure 3 – Comparative analysis of PC in lung
homogenate. PC: Protein carbonylation; SD: Standard
deviation.

Figure 4 – Comparative analysis of PC in brain
homogenate. PC: Protein carbonylation; SD: Standard
deviation.

Figure 5 – Comparative analysis of MDA in lung
homogenate. MDA: Malondialdehyde; SD: Standard
deviation.

Figure 6 – Comparative analysis of MDA in brain
homogenate. MDA: Malondialdehyde; SD: Standard
deviation.
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Figure 7 – Comparative analysis of GSH levels in lung
homogenate. GSH: Glutathione; SD: Standard deviation.

Figure 8 – Comparative analysis of GSH levels in brain
homogenate. GSH: Glutathione; SD: Standard deviation.

Figure 9 – Comparative analysis of –SH levels in lung
homogenate. –SH: Thiol groups; SD: Standard deviation.

Figure 10 – Comparative analysis of –SH levels in brain
homogenate. –SH: Thiol groups; SD: Standard deviation.

Even if the alcohol exposure is ceased after the 1st
pregnancy trimester, it may still reduce the oxygen levels
in the 2nd and 3rd trimester, with negative effects on fetal
brain development. It is ideal for women trying to get
pregnant to avoid alcohol consumption. However, no
remedies to reduce alcohol effect in fetuses seem to exist
for unexpected pregnancies [24].
We have demonstrated a decrease of the antioxidant
defense mechanism due do a decrease of GSH pulmonary
levels in the fetuses that have been exposed to alcohol in
pregestational–gestational period.
Undergoing development tissues, such as the lungs,
have immature antioxidant systems, and therefore are
highly vulnerable to alcohol induced oxidative stress
and to wearing off the antioxidant defense [38].
Perigestational alcohol exposure increases oxidative
stress in alveolar macrophages and decreases cell phagocytosis both in vitro and in vivo conditions, suggesting
that in utero alcohol exposure may affect the macrophages
by decreasing GSH levels in the lungs [39].
Parnell et al. have proved that administering high doses
of N-acetylcysteine (NAC) antioxidant in mice exposed
to alcohol reduces ocular malformations by 22% in fetuses
[40]. The most important mechanism in alcohol teratogenesis would be the production of ROS.
As stated by other authors, alcohol exerts its brain
teratogenicity in the same way, by producing ROS [41].
Our results have shown necrosis/apoptosis-induced neuronal

hypoplasia in the hippocampus after alcohol exposure.
This is an indicator of the impact of ethanol on the
development of the fetus, consistent with the results a
recent review article written by Fontaine et al. (2016)
[42].
The teratogenic effect of caffeine in rodents is documented in relatively high doses (80 mg/kg/day). Caffeine
enhances the teratogenic effects of other substances like
tobacco and alcohol, inducing maternal and fetal vasoconstriction that may lead to ischemic induced malformations
[43, 44]. In contrast, our study explored the effect of
exposure duration rather than the dose. We believe that our
current approach is an important to understanding the
association between the exposure agents and indicators of
oxidative stress. Nevertheless, more specific hypotheses
need to be explored in order to study the interaction
between these substances by measuring the compound
effects of variables.
Oxidative stress occurs at the maternal–fetal interface
from the beginning of the pregnancy, having a potentially
normal role in development of the placenta or a pathogenic
role in complications like abortion, preeclampsia, IUGR
and premature membrane rupture [45, 46]. A recent metaanalysis performed by Li et al. concluded that consumption
of caffeine and coffee during pregnancy seems to increase
the risk of pregnancy loss [47]. Despite this large body
of evidence on the effects of caffeine [48], the debate on
the safety of caffeine and its regulation is still heated,
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due to the inconsistent and divided findings, along with
methodological issues that complicate interpretation of
results. Therefore, our study may provide evidence and
context for the formulation consumption recommendations.
From a biochemical quantitative point of view, caffeine
was associated in our study with oxidative stress at
cerebral and pulmonary levels, but only in study groups
that were exposed for a total of 50 days. Observations
of enhanced effects of the combined pregestational and
gestational exposure to caffeine suggest limiting the amount
of caffeine consumed for at least 30 pregestational days.
Lipid peroxidase (LP) is a marker of oxidative
aggression and it is represented by the MDA. The activity
of the LP in the brain is significantly correlated by the
administration of nicotine.
Xiao et al. (2011) have determined oxidative stress
in aortic endothelium in rats born from nicotine-exposed
females. Their results indicate high levels of MDA in
aortic endothelium [49]. Elevated levels of MDA have
been associated with an increase in ROS production and
vascular lesions of all layers of the aortic wall as observed
in electronic microscopy. Our study has shown similar
modifications of MDA, so we are entitled to believe that
similar modifications could have been triggered in cerebral
blood vessels – consequently inducing ischemia.
Nicotine exposure in the pregestational–gestational
period has shown an increase of PC in cerebral tissue
samples in fetuses, which is an argument for the oxidative
stress.
Bruin et al. (2008) demonstrated oxidative stress
processes by assessing PC and MDA after gestational
exposure to nicotine in fetal pancreas. Nicotine may
contribute to loss of enzyme functions and cell structure
integrity in the mitochondria [50].
The decrease of antioxidant defense in the brain was
assessed by the decrease of GSH after nicotine administration. Chan et al. (2016) demonstrated an increase of
antioxidant defense in the brain in response to hypoxic
conditions [51].
Nicotine exposure in utero induces oxidative stress in
the lungs; as a result, there is a reduction of the alveoli
maturating process, with a consequent impairment in
pulmonary development. Maternal smoking influences
brain development and functions in the fetus. The
pathological mechanisms consist of nicotine influence
on axonal level, synapse forming and the presence of
carbon monoxide, which induces fetal hypoxia [50].
Nicotine exposure in pregestational–gestational period
triggers HP modifications in the brain. These consist of
mild congestion in the brainstem and minimal neuronal
hypoplasia in the CA2 and CA3 areas of the hippocampus.
Our results support the findings of Placzek et al. in their
review on the alterations of the synaptic plasticity in
hippocampal neurons [13].
Our findings did not reveal any HP modifications in
lungs, although nicotine may influence fetal lung development [52]. We consider that the existing discrepancy
between the results observed in rats and in humans may
be attributed to the different types of exposure: gavage
and smoking or vaping, respectively.
To our knowledge, previous studies have only demon-
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strated pulmonary and cerebral function impairments by
other pathological mechanisms, without a specific determination of the markers considered by our study.
Our results indicate specific modifications of oxidative
stress markers and anti-oxidative defense markers in
relation to chronic exposure to risk factors. Oxidative
stress increase is due to PC and anti-oxidant defense
decrease is due to GSH. Our results could support the
necessity to administer antioxidants during gestation and
in the pregestational period in selected cases to maintain
the oxidation–reduction balance.
Tobacco smoking and coffee drinking are frequently
associated. Although caffeine, by itself, has no direct
teratogenic potential, it may potentiate the teratogenic
effect of tobacco by inducing maternal and fetal vasoconstriction, which may lead to complications induced
by chronic ischemia [44].
GSH was the most relevant quantitative marker for
the antioxidant defense to nicotine exposure, with low
errors and standard deviation (SD) levels, both in lung
homogenate, and in brain homogenate. Total (–SH)
radicals have not proved a relevant marker of antioxidant
defense in our study.
The main limitations of this study are related to the
design. The sample size was not planned to reflect a certain
statistical power. Therefore, the small sample size for
the control group negatively influences the accuracy of
statistical evaluations. A randomized controlled trial is
the preferred option to further explore these hypotheses
in the future. Furthermore, it would be useful to complete
the present study with immunohistochemical analysis in
order to clarify the neuronal alteration mechanism and
synaptic alteration.
Nevertheless, our results contribute to the current
findings in literature and offer a perspective on oxidativestress mediated mechanisms of alcohol, caffeine and
nicotine teratogenesis. It is important to discover and
understand the pathological mechanism of teratogenesis
in order to fight them.
 Conclusions
In our experimental model for gestational exposure to
chemical agents, alcohol was the strongest teratogenic
agent in rat brain samples, followed by nicotine and
caffeine. No significant changes were observed in lung
samples. Alcohol and nicotine exposure in pregestational
and gestational periods caused neuronal hypoplasia in
hippocampus and brainstem congestion. Caffeine did not
appear to have negative effects as compared to controls.
Alcoholic teratogenesis in pregestational–gestational period
may be explained by the induction of oxidative stress via
increasing PC and MDA, as pro-oxidative factors, and
decreasing antioxidant defense via GSH. Our findings
open new avenues for studying the influence of these
common agents of gestational exposure on teratogenesis.
The design limitations of this study warrant further
investigation of our hypotheses using superior, randomized
research methods.
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