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Abstract
Consumption of arsenic contaminated drinking water has been linked to higher rates of coronary
disease, stroke, and peripheral arterial disease. Recent evidence suggests that early life exposures
may play a significant role in the onset of chronic adult diseases. To investigate the potential for in
utero exposure to accelerate the onset of cardiovascular disease we exposed pregnant ApoE-knockout
(ApoE−/−) mice to arsenic in their drinking water and examined the aortic trees of their male offspring
for evidence of early disease 10 and 16 weeks after birth. Mice were maintained on normal chow
after weaning. ApoE−/− mice are a commonly used model for atherogenesis and spontaneously
develop atherosclerotic disease. Mice exposed to arsenic in utero showed a >2-fold increase in lesion
formation in the aortic roots as well as the aortic arch compared to control mice at both 10 and 16
weeks of age. The mice exposed to arsenic also had a 20 – 40% decrease in total triglycerides, but
no change in total cholesterol, phospholipids and total abundance of VLDL or HDL particles.
Subfractionation of VLDL particles showed a decrease in large VLDL particles. In addition, the
arsenic exposed mice showed a vasorelaxation defect in response to acetylcholine suggesting
disturbance of endothelial cell signalling. These results indicate that in utero arsenic exposure induces
an early onset of atherosclerosis in ApoE−/− mice without a hyperlipidemic diet and support the
hypothesis that in utero arsenic exposure may be atherogenic in humans.
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Introduction
Inorganic arsenic is a worldwide natural drinking water contaminant and is a high priority
hazardous substance in the United States. The role that exposure to arsenic in drinking water
plays in disease is a major concern in the U.S. because large areas of the country have elevated

*Corresponding author: J. Christopher States, Ph. D., Department of Pharmacology & Toxicology, University of Louisville, 570 S.
Preston St., Room 221B, Louisville, KY 40202, Tel: 502-852-5347, Fax: 502-852-2492, email: jcstates@louisville.edu
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Reprod Toxicol. Author manuscript; available in PMC 2008 April 1.

Published in final edited form as:
Reprod Toxicol. 2007 ; 23(3): 449–456.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



arsenic in the ground water. Inorganic arsenic is metabolized in the liver by humans and rodents
to mono- and dimethylated forms (1–4). Both inorganic and organic arsenic species cross the
placenta in humans (5) and rodents (6). Thus, in utero arsenic exposure may play an important
role in environmental arsenic induced disease.

Cardiovascular disease accounts for more than half the deaths in the United States. Chronic
ingestion of arsenic contaminated drinking water has been implicated in development of
cardiovascular disease (3). The contribution of arsenic ingestion to cardiovascular disesase in
the U.S. is unknown but is likely significant. Nearly 4,000 wells supplying public water in the
U.S. have arsenic levels greater than 10 μg/L (7). In addition, many people living in rural areas
consume arsenic laden water from their own wells as exemplified by the documentation of
chronic arsenicism in rural Michigan as reported in the Detroit Free Press (8). Consumption
of arsenic contaminated drinking water is associated with mortality from arterial disease in the
U.S. (9,10). Data from epidemiological studies performed in the arsenic endemic area of
Taiwan suggest dose dependence of the incidence of both peripheral vascular disease and
cardiovascular disease related mortality (11–15). A role for transplacental arsenic exposure in
development of arterial disease is suggested by reports of myocardial infarction in infants
whose mothers consumed water with high levels of arsenic (16,17).

There is a need to investigate the role of in utero arsenic exposure on the etiology of vascular
disease leading to myocardial infarction and stroke. Apolipoprotein E knockout (ApoE−/−)
mice (18,19) represent the most relevant and useful model currently available, and are used
extensively in atherosclerosis research (20,21). In ApoE−/− mice, the lack of apolipoprotein E,
which is a ligand for lipoprotein recognition and clearance by the lipoprotein receptor, results
in delayed clearance of lipoproteins. The mice develop a phenocopy of human type III
hyerplipidemia with severe hypercholesterolemia on a normal chow diet due to the
accumulation of chylomicrons and VLDL remnant lipoproteins, and spontaneously develop
atherosclerosis (18,19,22,23). We used these mice to determine whether early life exposure to
arsenic can accelerate the atherosclerotic process. We show here that transplacental arsenic
exposure of ApoE−/− mice maintained on normal chow accelerates development of aortic
lesions and vasorelaxation defects.

Methods
Chemicals

Sodium arsenite (As3+), phenylephrine, acetylcholine and sodium nitroprusside (SNP) were
purchased from Sigma Chemical Company (St. Louis, MO).

Animal housing and husbandry
ApoE−/− mice (B6.129P2-Apoetm1Unc/J, Jax Labs, Bar Harbor, ME) were housed and bred in
a temperature- and humidity-controlled room with a 12 h/12 h light/dark cycle following the
guidelines of the Association for the Accreditation of Laboratory Animal Care-approved
animal care facility. Matings were performed with 1 male to breed 2 females separated by 3
days. Females were monitored daily for the presence of a seminal plug. Pregnant dams were
housed individually and with their respective litters until weaning. Post-weaning, the mice
were housed in cages with 3 mice per cage, and screened regularly for the presence of common
adventitious mouse pathogens. The mice were weaned at 3 weeks of age and were maintained
on a standard chow diet (PicoLab Rodent Chow 20 containing 4.5 % fat by weight and 0.02
% cholesterol). Arsenic exposed pregnant mice were provided drinking water containing 85
mg/L NaAsO2 starting on gestational day 8 and ending on day of birthing (day 20). Controls
were provided tap water. Studies were performed under protocols approved by the University
of Louisville Institutional Animal Care and Use Committee.
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Plasma Lipoprotein Analysis
At 10 and 16 weeks of age, mice were anesthetized with pentobarbital (150 mg/kg), and the
blood was withdrawn by cardiac puncture. Disodium EDTA (3 mM) was used as an anti-
coagulant. The blood was centrifuged at 300 x g for 10 min at room temperature to remove the
cells. The plasma was centrifuged at 13,000 x g for 10 min at 4 ºC to remove the chylomicrons.
Plasma cholesterol, phospholipids and triglycerides were measured using commercial kits from
Wako Chemicals USA (Richmond VA). Lipoprotein subclass profiles were measured by
Liposcience Inc. (Raleigh, NC) using nuclear magnetic resonance spectroscopy as described
(24). Differences between groups of arsenic exposed and unexposed mice were assessed using
t-test analyses.

Atherosclerotic Lesion Analysis
For the morphometric analysis, the entire aorta from the heart, extending to 5 mm after
bifurcation of the iliac arteries and including the subclavian right and left common carotid
arteries, was removed and dissected for lesion analysis en face, using Sudan IV staining. The
aortic arch was defined as the region from ascending arch to 3 mm distal to subclavian artery
(25). Percent lesion area was calculated using Metamorph imaging software.

For the analysis of aortic roots, the tissue was frozen in OCT reagent and serial cryosections
of 8 μm-thickness were taken from the origin of the aortic valve leaflets, throughout the aortic
sinus and stained with oil red O and counter-stained with hematoxylin. Mean lesion area was
calculated from the analysis of digital images obtained from 9–12 sections/mouse, using
Metamorph imaging software. Differences between groups of arsenic exposed and unexposed
mice were assessed using t-test analyses.

Measurement of vascular tone
For the vascular tone measurements, the distal aorta was separated from the surrounding tissue
and placed in ice-cold PSS (118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl2, 1.2 mM KH2PO4,
1.2 mM MgSO4, 12.5 mM NaHCO3, and 11.1 mM glucose; pH 7.4). The PSS solution was
continuously aerated (20% O2, 5% CO2, and 75% N2). Adherent fat and connective tissue were
removed and descending aorta was cut into rings 2–2.5 mm in length for vascular tone
measurements.

Aortic rings were mounted separately on two tungsten wires, attached to a myograph (Kent
Scientific Corp., Litchfield, CT) and placed in a 5 mL organ bath filled with PSS (37°C) and
constantly aerated with O2:CO2 95%:5%. Rings were stretched gradually to obtain an optimal
resting tension of 1g and equilibrated for at least 30 min. The change of tension was measured
and recorded in computer program (26,27). To check the vessel integrity, rings were allowed
to contract in the presence of high K+ (80 mM KCl) for 20 min. The baths were washed three
times with PSS at 10 min intervals following high K+ and monitored to keep the initial tension
of 1 g prior to investigating the cumulative response to phenylephrine (10−9 M – 10−5 M) to
precontract submaximally, followed by endothelial-dependent relaxation induced by
acetylcholine (10−9 M – 10−5 M) which induces NO production by endothelial nitric oxide
synthase (eNOS) signaling smooth muscle relaxation. The rings then were washed three times
with PSS at 10 min intervals and equilibrated for 30 min to allow tension to return to baseline.
Then, the rings were precontracted submaximally with 10−5 M phenylephrine and endothelium
independent relaxation was assessed using sodium nitroprusside, a direct NO-generating agent.
Differences between arsenic exposed and unexposed mice were assessed using paired t-test
analyses.
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Results
Plasma Lipoprotein Profile

To asses lipid profiles, we measured plasma total cholesterol, phospholipids and triglyceride
levels by conventional enzymatic methods. We saw no difference in plasma cholesterol or
phospholipid concentrations between in utero arsenic-exposed and control mice (Fig. 1, panels
A and B), at 10 weeks of age. However, we observed a significant decrease (40%, p<0.01) in
plasma triglyceride levels in 10 week old arsenic-exposed mice. Next we performed a detailed
analysis of lipoprotein particle subpopulations and mean particle size by proton NMR in the
10 week old mice (Fig. 1, panel C). Consistent with the conventional methods, NMR analysis
of plasma showed a significant decrease in the total triglyceride levels (31%, p<0.05) and
VLDL triglycerides (28%, p<0.05) in the arsenic-exposed mice. NMR analysis of the
subclasses of plasma lipoproteins showed the concentrations of VLDL and HDL particles (Fig.
1, panels D and E) of arsenic-exposed mice were comparable to that of controls. The mean
particle size of VLDL and HDL particles (Fig. 1, panels F and G)of the arsenic-exposed were
also comparable to the controls. Sub-classification of the VLDL particle, however showed a
significant decrease in the abundance of the large VLDL particle (>60 nm diameter; Fig. 1,
panel J) in arsenic-exposed mice, whereas small (27–35 nm; Fig. 1, panel H) and medium (35–
60 nm; Fig. 1, panel I) VLDL concentrations were comparable in arsenic-exposed and control
mice. Thus, the only observable differences in plasma lipids was a decrease in total triglycerides
and large VLDL particles.

Atherosclerotic Lesion Formation Following Arsenic Exposure in Utero
We examined the atherosclerotic lesion formation throughout the aortic tree at 10 and 16 weeks
of age. In 10 week old mice, at most, a few small lesions were observed in the aortic arch or
the distal aorta of the control mice. Similar to the controls, 10 week old arsenic-exposed mice
showed no lesions in the distal aorta. However, five of the twelve arsenic-exposed mice showed
appreciable lesion formation in the aortic arch. The lesions were primarily localized in the area
of low shear stress. The most pronounced lesions were observed in the innominate and right
common carotid arteries, followed by left common carotid artery, left subclavian artery and
lesser curvature of the aortic arch (Fig. 2, panel A). Quantitation of the lesion area, indicated
that lesion formation in the aortic arch was > 2-fold greater in the arsenic-exposed mice
(p<0.05; Fig. 2, panel B). Similar to the aortic arch, five of the ten arsenic-exposed mice showed
increased lipid accumulation in the aortic valves (Fig. 2, panels C and D). As a group, arsenic-
exposed mice showed a 2- fold increase in the lesion size in the aortic sinus (lesion area 0.5 –
1.2 in controls vs 0.6 – 3.8% in arsenic-exposed, p<0.05, Fig. 4).

Next we examined the lipoprotein profile and atherosclerotic lesion formation in 16 week old
arsenic-exposed mice. Plasma cholesterol and phospholipid levels of the 16 week old arsenic-
exposed mice were comparable to the age matched controls (Fig. 3, panels A and B). However,
similar to the 10 week old mice, the 16 week old mice had significantly lower concentrations
of plasma triglycerides (> 20 % decrease; p< 0.05; Fig. 3, panel C). Despite a significant
decrease in the plasma triglycerides, four of the eight, 16 week old arsenic-exposed mice
displayed marked increase in the lesion area both in the aortic arch (Fig. 4, panels A and B) as
well as aortic roots (Fig. 4, panels C and D), as compared to the age matched controls. As a
group 16 week old arsenic-exposed mice had a 2- fold increase in lesion area in both aortic
arch (p<0.05) and aortic sinus (p<0.05). None of the 16 week old arsenic-exposed or control
mice displayed any visible lesions in the distal aorta.

Vasoreactivity studies were performed on aortic vessels from arsenic treated and control mice.
Initially, aortic rings were allowed to contract in a PSS buffer containing 80 mM potassium
chloride (KCl). High concentration of KCl opens the voltage-gated ion channels and allows
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extracellular calcium entry into the cells thus causing maximal contraction. Under this
condition no significant differences were observed between the in utero exposed and
unexposed groups indicating lack of gross abnormality from arsenic treatment on the voltage–
gated ion channels. Experiments performed using a cumulative dose of phenylephrine (10−9–
10−5 M) also showed no significant differences between the in utero exposed and unexposed
groups in the contractile responses of the vessels (Fig. 5). Phenylephrine binds to α-adrenergic
receptor, a G-protein coupled receptor, that mobilizes the intracellular calcium via
phospholipase C /inositol-3-phosphate pathway. Contraction occurs via the phosphorylation
of myosin light chain kinase. Following maximal contraction at 10−5 M phenylephrine,
relaxation of the rings was determined using cumulative doses of acetylcholine (10−9–10−5

M). Relaxation was reduced significantly in vessels from in utero exposed mice (Fig 5).
Acetylcholine mediates the release of nitric oxide (NO) through the stimulation of nitric oxide
synthase (NOS). Therefore, it appears that in utero arsenic exposure may block NO availability
which could be due to either inhibition of NOS or oxidation of NO. Furthermore, when vessels
were contracted with 10−5 M phenylephrine, and sodium nitroprusside (SNP, a NO donor),
was added, the relaxation responses were comparable between the groups. The SNP experiment
verifies the likely NO bioavailability defect in vessels from in utero arsenic-exposed animals
and eliminates the defect being in the guanylate cyclase system in the smooth muscle cells of
the vessels.

Discussion
The evidence for chronic arsenic exposure causing cardiovascular disease is based on a limited
number of small epidemiological studies (reviewed in (28)). One clinical manifestation of
chronic arsenicosis associated atherosclerosis is gangrene of the extremities. In Taiwan, the
gangrene most commonly manifests in the feet and the syndrome is known as Blackfoot
Disease. More recently, a high frequency of gangrene of the toes has been noted in reports
from Bangladesh and West Bengal in India (29–31), another area in which chronic consumption
of arsenic contaminated drinking water has occurred on a large scale. Earlier reports from this
area discussed skin lesions and cancers but did not mention gangrene (31–35), suggesting that
the manifestations of arterial disease may have appeared later. The reports do not contain
enough detail to determine whether the exposures in people with and without gangrene differ
in terms of fetal exposures. Our results suggest that early life arsenic exposure accelerates
atherosclerotic changes. Early life exposure to high levels of arsenic in drinking water have
been associated with arteriosclerosis and myocardial infarction in infants as young as 1 year
old in the Antofagosta region of Chile (17). Significant transfer of arsenic from mother to infant
via breast milk is unlikely because arsenic levels in human breast milk of mothers consuming
arsenic contaminated water are very low (36). Thus, it is likely that transplacental arsenic plays
a significant role in development of arterial lesions.

Transplacental arsenic exposure also is likely to play a role in other adult onset diseases.
Arsenic is a transplacental carcinogen in mice. In utero arsenic exposure was first shown to
induces tumor in the liver, adrenal, lung, and ovary in C3H mice (37). More recent studies
using CD1 mice showed that transplacental arsenic induced urogenital system tumors, mostly
benign tumors of the ovary and uterus, and adrenal adenoma, and that combining in utero
arsenic with post-natal exposure to diethylstilbestrol induced malignant urogenital tumors
(38). Early life exposures to arsenic are also likely to play a role in human carcinogenesis and
pulmonary disease. An epidemiological study of the population in Antofagasta, Chile that
experienced early life exposure to high levels of arsenic in drinking water showed an increase
in mortality from lung cancer and bronchiectasis in the exposed population (39). These data
indicate that early life arsenic exposure may be a serious risk factor for a variety of adult onset
diseases and that there is a need for more research on the mechanisms of action.
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The cholesterol levels in ApoE−/− mice are typically 400 to 600 mg/dL, as compared to < 100
mg/dL in wild-type mice (19). As they age, the ApoE−/− mice develop atherosclerotic lesions
spontaneously; the rate of atherogenesis is enhanced further by a high fat / high cholesterol
(HF/HC) diet, which increases their cholesterol to 2,000 – 4,000 mg/dL. We maintained the
mice on normal chow and their total cholesterol levels at the time of sacrifice averaged ~380
mg/dL and were unchanged by the in utero arsenic exposure.

The only effect of arsenic exposure on plasma lipids we observed was a significant decrease
in the concentration of plasma triglycerides and the abundance of large VLDL particles. Despite
this decrease, the in utero arsenic-exposed mice showed appreciable increase in lesion
formation in the aortic roots and the aortic arch at 10 or 16 weeks of age. In humans, increased
risk of coronary artery disease is associated with elevated concentrations of triglycerides and
VLDL (40,41). Thus, because transplacental arsenic exposure caused arterial lesions in these
ApoE−/− mice in spite of decreases in triglycerides and large VLDL particles, the mechanism
was not related to an induction of hyperlipidemia. Significantly, Hsueh et al (42) have observed
that arsenic-related ischemic heart disease in humans is independent of the changes in the serum
lipids. The observed cholesterol independent increase in atherosclerotic lesion formation in the
present study is consistent with observations by Simeonova et al (43), who showed that
prolonged arsenic exposure (20 or 100 mg/L sodium arsenite for 24 weeks) results in a 1.6–
2.3 fold increase in the atherosclerotic lesion formation in the aorta of female ApoE−/− mice
without any significant difference in the serum cholesterol levels. Similarly, Bunderson et al
(44) reported that adult ApoE−/−/LDLR−/− mice exposed to sodium arsenite (133 mg/L) for 18
weeks had a significant increase in atherosclerotic lesions in the innominate arteries. Our
observation of increased atherosclerotic lesion formation in the aortic roots as well as aortic
sinus of 10 and 16 week old offspring of mice drinking water containing sodium arsenite (85
mg/L) for only two weeks while pregnant is therefore quite remarkable.

The underlying mechanisms responsible for the transplacental arsenic induced atherosclerotic
lesion formation remain to be investigated. However, the mechanism may be related to
arsenic’s well established potential to cause oxidative stress. In vitro studies have shown that
arsenic causes oxidative stress in vascular cells (44–48) and enhances the generation of pro-
inflammatory cytokines and chemokines (43,48). In humans, increased blood arsenic level
correlates with increased oxidative stress, compromised oxidative defense capacity and
induction of proinflammatory cytokines and chemokines including IL-1β, IL-6 and monocyte
chemotactic protein-1 which could cause endothelial dysfunction (49). Our results suggest that
in utero arsenic exposure has lasting effects on susceptibility to atherosclerosis in adulthood.
Because the arsenic exposure occurred in utero long before the onset of arterial disease, the
arsenic is unlikely to still be resident and to be directly causing oxidative stress in the arterial
wall. In utero arsenic exposure induced epigenetic changes consistent with adult onset
tumorigenesis in the transplacental carcinogenesis model (50). Thus, it is likely that the in
utero arsenic exposure in our studies is inducing epigenetic effects that are long lasting and in
the ApoE−/− mouse model result in early onset of vascular disease. One of these effects appears
to be disruption of the nitric oxide signaling system in the endothelium. Our results indicate
that arsenic exposure in utero affects the contractile apparatus of aortic vessels of young adult
mice. This damaging effect of arsenic appears to affect the ability of the blood vessel to dilate
in response to acetylcholine. This could be an effect on endothelial nitric oxide synthase
(eNOS). Alternatively, arsenic can generate free radicals that in turn may react with nitric oxide
to form peroxynitrite (51), thus decreasing the bioavailability of nitric oxide.

Conflicting observations make it unclear how the endothelial NO system is affected by arsenic.
eNOS is inhibited in endothelial cells exposed to high concentrations of arsenic in vitro, (52,
53), but exposure to low concentrations activates eNOS and stimulates angiogenesis (52).
Others have observed increased reactive oxygen species but not reactive nitrogen species
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(46). Epidemiologic evidence associates chronic arsenic exposure with decreased blood levels
of nitric oxide suggesting inhibition of eNOS (54). Remediation of arsenic exposure appears
to reverse the vascular dysfunction (55). In vitro arsenic exposure inhibits eNOS mediated
relaxation in aortic rings of rats (55–57). Further studies are required to determine if eNOS
expression or function is altered in mice exposed to arsenic in utero.

In summary, we have demonstrated that the atherosclerotic process is accelerated by
transplacental inorganic arsenic exposure administered via drinking water to pregnant mice.
These results support the hypothesis that early life arsenic exposure plays a role in development
of cardiovascular disease and highlight the need for more research to gain an understanding of
the potential for early life arsenic exposure to mediate disease progression in adults.
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Figure 1.
Plasma lipid and lipoprotein analyses of 10 week old ApoE−/− mice exposed and unexposed
to arsenic in utero. Pregnant ApoE−/− mice were maintained either on tap water or tap water
supplemented with 85 mg/L NaAsO2 from gestational day 8 – 20. Male offspring were
maintained on normal chow and sacrificed at 10 weeks of age. Plasma cholesterol (panel A),
phospholipids (panel B) and triglycerides (panel C) were measured as described in methods.
Values are expressed as Mean ± SE; * indicates p<0.05. Plasma lipoprotein subclass analysis
of ApoE−/− mice exposed and unexposed to arsenic in utero performed by NMR. Particle
concentrations of total VLDL (panel D) and HDL (panel E). Particle size of VLDL (panel F)
and HDL (panel G). Particle concentrations of VLDL subclasses: small VLDL (panel H),
medium VLDL (panel I), large VLDL (panel J) . Values are expressed as Mean ± SE; * indicates
p<0.05.
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Figure 2.
In utero arsenic exposure accelerated atherogenesis in 10 week old ApoE−/− mice. Panel A
shows representative photographs of Sudan IV staining in the aortic arch en face of mice
exposed (Arsenic) and unexposed (Control) to arsenic in utero. Quantitation of lesions as per
cent of aortic arch surface area is illustrated in panel B. Panel C (frames 1 – 6) shows the
representative photomicrographs (10x) of aortic valves of mice exposed to arsenic in utero
(frames 1 – 3) and unexposed (frames 4 – 6). Lipids were visualized with oil red O staining.
Frames 3 and 6 show higher magnification image of the marked sections of images 2 and 4
respectively. Panel D, shows quantitation of lesions as per cent of aortic valve area. Values are
expressed as Mean ± SE; * indicates p<0.05.
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Figure 3.
Plasma lipid analyses of 16 week old ApoE−/− mice exposed and unexposed to arsenic in
utero. Pregnant ApoE−/− mice were maintained either on tap water or tap water supplemented
with 85 mg/L NaAsO2 from gestational day 8 – 20. Male offspring were maintained on normal
chow and sacrificed at 10 weeks of age. Plasma cholesterol (panel A), phospholipids (panel
B) and triglycerides (panel C) were measured as described in methods. Values are expressed
as Mean ± SE; * indicates p<0.05.
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Figure 4.
In utero arsenic exposure accelerated atherogenesis in 16 week old ApoE−/− mice. Panel A
shows representative photographs of Sudan IV staining in the aortic arch en face of mice
exposed (Arsenic) and unexposed (Control) to arsenic in utero. Quantitation of lesions as per
cent of aortic arch surface area is illustrated in panel B. Panel C (frames 1 – 4) shows the
representative photomicrographs (10x) of aortic valves of mice exposed to arsenic in utero
(frames 3 and 4) and unexposed (frames 1 and 2). Lipids were visualized with oil red O staining.
Panel D, shows quantitation of lesions as per cent of aortic valve area. Values are expressed
as Mean ± SE; * indicates p<0.05.
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Figure 5.
Arsenic exposure in utero affects vasorelaxation of mouse aortic rings. Contraction in response
to cumulative doses of phenylephrine (Phe) and relaxation response to cumulative doses of
acetylcholine (Ach) were assessed for mice exposed (○) and unexposed (●) to arsenic in
utero. Data are normalized to contraction induced by 80 mM KCl and expressed as Mean ±
SE; * indicates p<0.05.
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