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Abstract
In utero and lactational exposure of mice to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) leads to
cardiac hypertrophy and hydronephrosis in adulthood. We tested the hypothesis that perinatal
TCDD exposure increases the susceptibility to cardiovascular disease when offspring are exposed
to a common cardiovascular disease risk factor, angiotensin II (Ang II). Pregnant C57BL/6N mice
were exposed to corn oil (control) or 6.0 µg/kg TCDD on gestation day 14.5. Male offspring were
then exposed to a subpressor (0.1 mg/kg/d) or pressor (0.7 mg/kg/d) dose of Ang II at 3.5 mo and
cardiac morphology and blood pressure analyzed, respectively. Perinatal TCDD exposure
increased left ventricular cavity dilation during diastole, and wall thickness during diastole and
systole. While Ang II stimulated an increase in wall thickness, the degree of increase was
equivalent between control and TCDD offspring. In contrast, perinatal TCDD exposure did not
alter basal blood pressure. However, Ang II increased systolic blood pressure more rapidly and to
a greater degree in TCDD offspring. Further, Ang II stimulated renal myofibroblast differentiation
and collagen deposition to a greater degree, and tended to increase procollagen I mRNA in TCDD
offspring, compared to controls. These data suggest that perinatal TCDD exposure increases the
susceptibility of offspring to renal fibrosis and hypertension in adulthood.

INTRODUCTION
Barker and others (1–3) have proposed that critical periods exist during fetal and neonatal
development when tissues are plastic and responsive to environmental insults, but
afterwards lose their plasticity and exhibit a fixed functional capacity. Thus, the Barker
Hypothesis postulates that exposure to an exogenous insult during a critical period will be
manifested later in life by increased susceptibility to chronic disease. In support of this
hypothesis, for example, human epidemiology studies have shown that early insults
occurring during the prenatal and perinatal periods increase the risk of a variety of
cardiovascular diseases in adulthood, including hypertension, stroke, and coronary heart
disease (4).

One physiological system that may play a key role in fetal programming of adult
cardiovascular disease is the renin-angiotensin system (RAS). The primary biological active,
humoral factor in the RAS is angiotensin II (Ang II). Ang II induces vasoconstriction,
cardiac hypertrophy, and cardiac and renal fibrosis, the latter mediated in part by induction
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of transforming growth factor β1 and activation of matrix metalloproteinases (5). The RAS
is commonly activated in human cardiovascular diseases and blockade of this pathway has
lead to some of the most successful therapeutic approaches for reducing morbidity and
mortality associated with cardiovascular disease (6). For example, ACE inhibitors, drugs
that block the conversion of angiotensin I to Ang II by angiotensin converting enzyme
(ACE), reduce the incidence of stroke, reverse cardiac hypertrophy, improve symptoms of
congestive heart failure, and slow the progression of renal disease (7). Thus, an activated
RAS is a common feature of cardiovascular disease in adult humans.

A number of animal studies have suggested that the normal homeostasis of the RAS can
become reprogrammed during fetal development, leading to increased risk of cardiovascular
disease later in life. For example, feeding a low protein diet to rats during gestation results in
hypertension in the offspring, which can be normalized by treatment with an ACE inhibitor
(8) and made significantly worse by infusion of Ang II (9). These effects may be mediated,
in part, by changes in expression of Ang II receptors observed in the kidney, adrenal gland,
and brain (9–11). In addition, a low protein diet during gestation results in reduced renal
nephron number, which could increase the susceptibility to renal injury, particularly in the
face of an activated RAS.

We have previously shown that in utero and lactational exposure of mice to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) results in changes in fetal cardiac gene expression,
which persist into adulthood (12, 13). Further, many of the genes that are changed in
expression cluster into a category associated with extracellular matrix turnover and
remodeling, including matrix metalloproteinases and collagens. Importantly, these changes
in gene expression are associated with cardiac hypertrophy and mild hydronephrosis in the
adult offspring (13, 14). It has been demonstrated that hydronephrosis occurring during fetal
development increases expression of renal Ang II receptors, activates the renal RAS, and
promotes renal fibrosis (15, 16). Taken together these observations led us to test the
hypothesis that in utero and lactational TCDD exposure would increase the sensitivity to
Ang II-induced cardiac hypertrophy, renal fibrosis, and hypertension in adult offspring and
would be associated with alterations in Ang II receptor expression.

MATERIALS AND METHODS
Chemicals

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) was a gift from Dr. Richard E. Peterson
(University of Wisconsin-Madison). Angiotensin II (Ang II) was purchased from American
Peptide (Vista, CA). 2,2,2-Tribromoethanol (Avertin) and methyl green was purchased from
Sigma-Aldrich (St. Louis, MO).

Developmental Exposure of Mice to TCDD
Six-to-eight week old male and female C57BL/6N mice were purchased from Harlan
(Indianapolis, IN) and mated. Time-pregnant dams were dosed with corn oil (control, 5 µl/g
body weight) or 6.0 µg TCDD/kg in corn oil by oral gavage on gestation day (GD) 14.5
(control, n=23; TCDD, n=24). We selected this dose because it represented the lowest dose
that reduced fetal heart weight to the greatest degree (14). Dams were allowed to deliver and
one male offspring from each litter was randomly assigned to one of two analysis groups at
3.5 mo of age.

Mice in group 1 (control, n=15; TCDD, n=15) were exposed to 0.9% NaCl (n=8/
developmental exposure group) or a subpressor dose (0.1 mg/kg/d) of Ang II (n=7/
developmental exposure group) for 14 d via an osmotic minipump. After 14 d, these mice
were analyzed by echocardiography. Mice in group 2 (control, n=8; TCDD, n=9) were
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implanted with a radiotelemeter and baseline blood pressure values were recorded for 7 d
(described in detail below). Following collection of baseline information, mice were
exposed to 0.9% NaCl (n=4/developmental exposure group) or a pressor dose (0.7 mg/kg/d)
of Ang II (n=4/developmental exposure group) for 11 d via an osmotic minipump and blood
pressure continued to be recorded. One mouse from a TCDD-exposed litter died prior to
minipump implantation. After 11 d, these mice were euthanized, the right kidney collected
for histology and immunohistochemistry, and the left kidney frozen in RNAlater (Ambion)
for mRNA analysis.

Echocardiography
Mice were anesthetized with 300 µl of Avertin (20 mg/ml) by i.p. injection. An Acuson
Sequoia C512 with a 10V4 pediatric transducer was used to record a two dimensional, M-
mode transthoracic echocardiogram. The M-mode echocardiogram was used to measure the
internal diameter of the left ventricle and the thickness of the left ventricle posterior wall in
diastole and systole.

Implantation of osmotic minipumps
Mice were anesthetized with isoflurane and, using aseptic technique, an osmotic minipump
(model 1002, Alzet Osmotic Minipumps, Cupertino, CA) was placed into a subcutaneous
pouch between the scapula. The pump was loaded to deliver 0.25 µl/hr for a maximum of 14
d.

Implantation of blood pressure radiotelemeters and blood pressure measurements
Mice were given a s.q. injection of buprenorphine (0.1 mg/kg) prior to surgery as an
analgesic followed by anesthesia with isoflurane. Using aseptic technique, the catheter of the
telemeter (PhysioTel PA-C10, Data Sciences International, St. Paul, MN) was inserted into
left carotid artery, while the body of the telemeter was placed subcutaneously to the left of
the abdomen. Seven days after surgery, diastolic, systolic, and mean arterial blood pressure;
and heart rate and activity were recorded every 15 minutes for 10 seconds (Dataquest ART
3.0, Data Sciences International, St. Paul, MN). Baseline telemetry values were recorded for
7 d prior to the implantation of an osmotic minipump, which contained 0.9% NaCl or a
pressor dose of Ang II. Following minipump implantation, telemetry values were recorded
for 11 d and then mice were euthanized and kidneys collected for histological and gene
expression analyses.

Renal Immunohistochemistry
Kidneys were fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned
at 6 µm. Slides were dewaxed, rehydrated, and stained with picrosirius red to detect collagen
deposition or with anti-alpha smooth muscle actin (A5228, Sigma-Aldrich) to identify the
presence of myofibroblasts. For antibody staining, endogenous peroxidase activity was
blocked with 2% hydrogen peroxide in phosphate buffered saline (PBS) and then tissue
sections were blocked with 10% goat serum in Tris-buffered saline, 0.1% Tween 20 for 1 hr
at room temperature. Sections were incubated with 1/400 dilution of the primary antibody
for 1 hr at room temperature, washed three times with PBS containing 1% bovine serum
albumin and 0.5% Tween 20, and then incubated with 1/50 dilution of goat anti-mouse IgG-
horse radish peroxidase (HRP) (Southern Biotech, Birmingham, Alabama) for 1 hr at room
temperature. After washing, HRP was developed using a peroxidase substrate kit (Vector
Laboratories, Burlingame, CA) and counterstained with methyl green.
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Renal RAS and collagen gene expression
Total RNA was isolated from kidneys of saline- and Ang II-treated adult mice from control
and TCDD-exposed litters with RNeasy Mini Kit (Qiagen, GmbH, Germany) (n=4/
minipump treatment/developmental exposure). cDNA was synthesized using iScript Select
cDNA Synthesis Kit (Bio-Rad Laboratories, Hercules, CA) with random primers and 250 ng
RNA. PCR amplification was performed using an iCycler (Bio-Rad Laboratories) with a
reaction mixture comprised of iQ SYBR Green Supermix (Bio-Rad Laboratories) with 500
µM forward and reverse primers (Table 1). Cycle threshold data and amplification efficiency
for the target and reference gene, polymerase (RNA) II (DNA directed) polypeptide A
(Polr2a), were used to calculate mean normalized expression as previously described (17).

Statistics
Data are expressed as a mean ± SEM. One-way or two-way analysis of variance (ANOVA)
was used for statistical analysis of multiple treatment groups. A two-way repeated measures
ANOVA was used to compare blood pressure changes assessed by radiotelemetry. A value
of p<0.05 was considered statistically significant.

RESULTS
We investigated the degree to which developmental TCDD exposure increased the
susceptibility to cardiac hypertrophy and hypertension following a exposure to a common
cardiovascular risk factor in adulthood. In this study following perinatal TCDD exposure,
the adult offspring were exposed to either a subpressor or pressor dose of Ang II, and then
analyzed by echocardiography to assess cardiac morphology or by radiotelemetry to
evaluate blood pressure regulation, respectively.

Adult cardiac morphology assessed by echocardiography
Adult offspring from control- or TCDD-exposed litters were challenged at 3.5 mo of age
with a dose of Ang II that is not associated with increases in blood pressure, but rather with
cardiac hypertrophy and fibrosis (18) and echocardiography was used to assess cardiac
morphology after 14 days of exposure. The internal diameter of the left ventricular cavity in
diastole was increased in TCDD offspring, but treatment with Ang II did not result in a
further increase in the size of the cavity in either control or TCDD animals (Fig. 1A). In
addition, there was a trend for an increase in the internal diameter of the left ventricular
cavity in systole in TCDD offspring (one-way ANOVA, p<0.06), but it did not reach
statistical significance (Fig. 1B). Further, Ang II treatment had no effect on this
measurement in either control or TCDD animals.

In addition to measuring the left ventricular cavity size, we also assessed left ventricular
posterior wall thickness by echocardiography, which is considered one of the most reliable
assessments of cardiac hypertrophy. An increased posterior wall thickness was observed
during diastole in TCDD offspring (Fig. 1C). While treatment with Ang II further increased
the left ventricular wall thickness in TCDD adult offspring, it also significantly increased the
left ventricular wall thickness of control offspring. This was reflected in the two-way
ANOVA by a significant effect resulting from the TCDD exposure (p<0.004) and from the
Ang II treatment (p<0.008), but no significant interaction between the two variables.
Similarly, the thickness of the left ventricular wall in systole was increased in offspring from
TCDD-exposed litters and Ang II stimulated an increase in wall thickness in systole in both
the control and TCDD offspring (Fig. 1D). These results suggest that developmental TCDD
exposure by itself induces cardiac hypertrophy in adult offspring, as we have reported
previously (13, 14), but that it does not increase the sensitivity to cardiac hypertrophy
induced by Ang II.
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Adult blood pressure assessed by radiotelemetry
Blood pressure was assessed in adult offspring from control- or TCDD-exposed litters by
radiotelemetry at 3.5 mo of age. We found that neither mean, diastolic, nor systolic blood
pressure at baseline were affected by developmental TCDD exposure (Fig. 2). After
collecting this baseline information, these adult offspring were challenged with a dose of
Ang II that has been shown to increase blood pressure in mice (19) and blood pressure was
continuously monitored during the 11 days of exposure.

The time-dependent changes in diastolic and systolic blood pressure were compared within
the control and TCDD treatment groups and between saline and Ang II exposure groups.
Ang II did not significantly alter diastolic blood pressure in offspring from either the control
or TCDD perinatal exposure groups (Fig. 3 A, C). However, Ang II significantly increased
systolic blood pressure in both groups of offspring, although the time-dependent changes
differed (Fig. 3 B, D). The increase in systolic blood pressure in the control offspring did not
exhibit a time-dependent increase, rather systolic blood pressure increased with the first days
of exposure and remained at approximately the same level for the entire 11 days of
exposure. In contrast, the increase in systolic blood pressure in the TCDD offspring
exhibited a significant time-dependent effect where systolic blood pressure increased over
the first few days and continued to increase throughout the entire 11 days of exposure. This
resulted in both a significant effect of Ang II and Ang II-day interaction.

The diastolic and systolic blood pressures were then compared at the end of the 11 day
exposure between the perinatal treatment groups and minipump exposure groups. This
analysis showed that Ang II significantly increased diastolic blood pressure in offspring
from both the control and TCDD groups (Fig. 4A). However, while Ang II significantly
increased systolic blood pressure in both groups of offspring, the degree of increase differed.
In this case, Ang II increased systolic blood pressure in the TCDD offspring to a
significantly greater degree, compared to the control offspring (Fig. 4B). These data
demonstrate that following perinatal TCDD exposure offspring are sensitized to the pressor
response of Ang II.

Adult renal myofibroblasts and collagen deposition
To assess whether the pressor dose of Ang II had a differential effect on renal fibrosis
between control and TCDD offspring, kidney sections from male offspring exposed to saline
or pressor Ang II were stained for the presence of myofibroblasts, using an anti-smooth
muscle alpha actin antibody. There was no evidence for myofibroblast differentiation in the
kidneys from either perinatal exposure group when exposed to saline in adulthood (Fig. 5 A,
B). While Ang II stimulated a small degree of myofibroblast differentiation in the renal
medulla of control offspring, a much greater degree was detected in the renal medulla of
TCDD offspring (Fig. 5 C, D).

To determine whether this increase in renal myofibroblasts was associated with an increase
in renal fibrosis, kidney sections from male offspring exposed to saline or pressor Ang II
were stained with picrosirus red to detect collagen deposition. There was an equal degree of
collagen deposition evident in the renal medulla from both perinatal exposure groups when
exposed to saline in adulthood (Fig. 6 A, B). While Ang II stimulated collagen deposition in
the renal medulla of control offspring, a much greater degree was detected in the renal
medulla of TCDD offspring (Fig. 6 C, D). This was further evident when the sections were
exposed to polarizing light, revealing more bifringence in the renal medulla of TCDD
offspring (Fig. 6 E, F).
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Adult renal mRNA expression of RAS components, gp91phox, and procollagen I
We then determined whether the increase in renal fibrosis and increased sensitivity to Ang
II-induced hypertension in TCDD offspring was associated with alterations in the renal
mRNA expression of RAS components or downstream targets. Thus, total RNA was
isolated from kidneys of male offspring exposed to saline or pressor Ang II and analyzed for
expression of angiotensinogen (upstream precursor to Ang II), renin (rate limiting enzyme in
formation of Ang II), Ang II receptors (AT1a, AT1b, AT2), gp91phox (membrane-bound
catalytic subunit of NADPH oxidase and Ang II downstream target), and procollagen I. We
did not find any alterations in mRNA expression of any RAS components or the Ang II
target, gp91phox (data not shown). However, renal procollagen I mRNA expression was
significantly increased in kidneys from TCDD offspring in both the saline and Ang II
treatment groups (Fig. 7). While the pressor dose of Ang II did not increase renal
procollagen I mRNA in the control offspring, it did show a trend for increasing expression
further in the TCDD offspring.

DISCUSSION
We have shown previously that in utero and lactational exposure of mice to TCDD induces
changes in fetal cardiac gene expression that persistent into adulthood and which are
associated with cardiac hypertrophy and mild hydronephrosis in the adult offspring (12–14).
As in the previous study, the pregnant dam was dosed with TCDD resulting in a very small
percentage of the total TCDD dose being delivered to the fetus in utero (20). More
significant TCDD exposure occurred during lactation when the dam transferred a large
percentage of her body burden to the pups (21). Previously, we showed that the residual
TCDD remaining in the adult offspring was extremely low, such that studies of adult
offspring assess how early life exposure to TCDD alters their susceptibility to other diseases
(13). The results of the current study demonstrate that this same perinatal TCDD exposure
predisposes offspring to renal fibrosis and hypertension in adulthood when challenged with
a common cardiovascular risk factor, Ang II.

The most significant finding of this research is that perinatal TCDD exposure sensitizes
offspring to Ang II-induced hypertension. Infusion of Ang II increases systolic blood
pressure more rapidly and to a greater degree in TCDD offspring, compared to control
offspring. Human epidemiology and laboratory animal studies have suggested that
developmental reprogramming, leading to activation of the RAS, has been implicated as one
mediator of hypertension later in life. However, the specific mechanisms that contribute to
this reprogramming remain unclear. One study in rats fed a low protein diet during gestation
shows that multiple components of the RAS are altered in expression, including increases in
angiotensinogen mRNA in the liver, renin mRNA in the kidney, and Ang II receptor, AT1,
mRNA and protein in the adrenal gland (10). Interestingly, increases in AT1 expression are
associated with epigenetic changes, specifically reduced methylation of the proximal
promoter (10). In contrast to these results, we did not find any changes in mRNA expression
of any of the RAS components in the kidney. It is possible that the increased sensitivity to
Ang II-induced hypertension results from changes in expression of RAS components in
other tissues; however, the kidney is a logical target for analysis since it is a primary target
for Ang II-mediated responses that plays a fundamental role in Ang II production, blood
pressure regulation by the RAS, and is a known target of TCDD during perinatal
development.

An alternative explanation for the increased sensitivity of TCDD offspring to Ang II-
induced hypertension is the presence of hydronephrosis. The ability of TCDD to induce
hydronephrosis following perinatal exposure is well established (22–27). Our previous work
shows that litter incidence of hydronephrosis in perinatal TCDD-exposed offspring is 100%,
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although the relative severity is mild and does not alter renal filtration as assessed by blood
urea nitrogen and creatinine levels (13). Despite the lack of overt alterations in renal
function, other studies have shown that hydronephrosis is an underlying risk factor for
development of hypertension (28, 29). Blood pressure of rats is highly correlated with their
degree of hydronephrosis induced by unilateral partial ureteral obstruction (29). While
severe hydronephrosis significantly increases blood pressure, mild hydronephrosis results in
a much smaller increase. In addition, the hypertension associated with hydronephrosis is salt
sensitive, compared to control rats, and correlates with the severity of renal injury. Similar
results have been reported in mice (28). These results are very consistent with our
observations that Ang II infusion increases the degree of hypertension in mildy
hydronephrotic animals. Ang II not only induces vasoconstriction but also stimulates sodium
retention and blood volume expansion that resemble, in part, the renal responses induced by
a high salt diet.

In addition to TCDD offspring being more sensitive to Ang II-induced hypertension, we
found that TCDD offspring were more sensitive to Ang II-induced renal fibrosis. Infusion of
Ang II stimulates myofibroblast differentiation and collagen deposition in the kidney of
TCDD offspring, compared to controls. In addition, perinatal TCDD exposure increases
renal collagen I mRNA expression and Ang II tends to increase this expression further.
These changes are not associated with changes in renal Ang II receptor mRNA expression
nor in another Ang II target gene in the kidney, gp91phox. These data suggest that there is
not a general increase in Ang II signaling in the kidney, but rather previous TCDD exposure
enhances the sensitivity of renal tissue to extracellular matrix (ECM) remodeling and
collagen deposition. Numerous studies show that TCDD exposure is associated with
significant changes in genes that regulate ECM remodeling. TCDD significantly alters the
intensity and spatial expression of ECM proteins in the developing kidney (23) as well as
various collagen isoforms during zebrafish fin regeneration, a process that heavily relies on
precise ECM regulation (30). TCDD also increases collagen, fibronectin, and laminin
expression in the marmoset heart (31). Thus, the increased sensitivity to Ang II-induced
myofibroblast differentiation and collagen deposition may result from the combination of
both TCDD and Ang II stimulating pathways that mediate renal fibrosis. The degree to
which the renal fibrosis contributes to Ang II-induced hypertension remains to be
determined; however, renal ECM remodeling can play a critical role in Ang II-induced
hypertension (32).

The possibility that TCDD-induced effects on kidney during perinatal development may
contribute to the increased sensitivity to Ang II-induced hypertension is supported by other
studies showing that TCDD-induced hydronephrosis is associated with changes in renal
gene expression that could have a major impact on renal function. In a recent study,
hydronephrosis associated with lactational TCDD exposure significantly reduces mRNA
expression of two key sodium and potassium transporters in the kidney as well as induces
renal cyclooxygenase-2 (COX-2) and prostaglandin E2 (33). It is not apparent how these
changes might contribute to increases in Ang II-induced hypertension or renal fibrosis;
however, COX-2 and COX-2 metabolites are associated with regulating renal function and
may mediate both acute and chronic renal injury. Thus, these TCDD-induced changes in the
neonate could increase the susceptibility of the kidney to additional injury and dysfunction
later in life.

A final important finding of our research is that perinatal TCDD exposure by itself is a risk
factor for cardiac hypertrophy and diastolic dilation. Perinatal TCDD exposure increases left
ventricular cavity dilation during diastole, and wall thickness during diastole and systole.
We and others have previously reported that perinatal TCDD exposure increases heart
weight in postnatal and adult mice (12, 13, 34). The specific mechanisms that mediate this
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effect remain unclear. In utero TCDD exposure reduces cardiomyocyte proliferation, which
may contribute to the decrease observed in fetal heart weight (14). The reduction in heart
size at birth may subsequently induce a compensatory cardiomyocyte hypertrophy in order
to maintain sufficient cardiac output. This notion is supported by the evidence that the
cardiac enlargement that occurs postnatally is associated with an increase in expression of
the hypertrophy marker gene, atrial natruiretic factor (14). New evidence from the current
study suggests that the cardiac hypertrophy also is associated with left ventricle cavity
dilation during diastole, but that these changes occur in the absence of systemic
hypertension. This physiological and/or pathological mechanisms underlying the cardiac
hypertrophy and cavity dilation remain to be determined.

In summary, these results demonstrate that perinatal TCDD exposure induces cardiac
hypertrophy and dilation, and increases the risk of hypertension when exposed to a common
cardiovascular risk factor in adulthood. Human cardiovascular disease, including
hypertension, is multifactorial and rarely is one single risk factor responsible for disease
etiology. Studies suggest that there is a fetal basis for adult cardiovascular disease risk,
including exposure to environmental agents (35). Results from our laboratory animal study
suggest that exposure to a prototypical halogenated aromatic hydrocarbon may increase the
susceptibility to cardiovascular disease, specifically, hypertension later in life.
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Figure 1.
Effects of a subpressor dose of Ang II on left ventricular morphology of offspring from
control- and TCDD-exposed litters as assessed by echocardiography. Pregnant C57BL/6N
mice were exposed to corn oil (control) or 6.0 µg/kg TCDD on GD 14.5 by oral gavage and
their offspring raised to 3.5 months of age. Offspring were then implanted with an osmotic
minipump containing either 0.9% NaCl or 0.1 mg/kg/day Ang II for 14 d. M-mode
echocardiography was used to measure left ventricular internal dimension in diastole (A)
and systole (B), as well as left ventricular posterior wall thickness in diastole (C) and systole
(D). One-way ANOVA, p<0.05 for TCDD treatment in panels A, C, and D. *p<0.05, post
hoc comparisons between control and TCDD; #p<0.05, post hoc comparisons between
saline and Ang II treatment. Control - saline (n=8); TCDD - saline (n=8); control - Ang II
(n=7); TCDD + Ang II (n=7).
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Figure 2.
Effect of perinatal TCDD exposure on blood pressure in adulthood. Pregnant C57BL/6N
mice were exposed to corn oil (control, n=8) or 6.0 µg/kg TCDD (n=9) on GD 14.5 by oral
gavage and their offspring raised to 3.5 months of age. Offspring were then implanted with
radiotelemeters, allowed to recover from surgery, and then mean, diastolic, and systolic
blood pressure recorded for 7 d.
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Figure 3.
Effects of a pressor dose of Ang II and day of treatment on blood pressure of offspring from
control- and TCDD-exposed litters as assessed by radiotelemetry. Pregnant C57BL/6N mice
were exposed to corn oil (control, n=8) or 6.0 µg/kg TCDD (n=9) on GD 14.5 by oral
gavage and their offspring raised to 3.5 months of age. Offspring were then implanted with
radiotelemeters at 3.5 months with an osmotic minipump containing either 0.9% NaCl or 0.7
mg/kg/day Ang II (n=4/treatment group) at 4 months of age. Radiotelemetry was used to
continuously record diastolic (A, C) and systolic (B,D) blood pressure during an 11 d
exposure. Two-way repeated measure ANOVA, Ang II effect on systolic blood pressure of
offspring from control (panel B, p<0.018) and TCDD litters (panel D, p<0.003); treatment
day effect on systolic blood pressure of offspring from TCDD litters (panel D, p<0.001); and
an Ang II-day interaction on systolic blood pressure of offspring from TCDD litters (panel
D, p<0.002). *p<0.05, post hoc comparisons between saline and Ang II treatment on
individual days.
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Figure 4.
Effect of perinatal TCDD exposure on Ang II-induced increases in blood pressure.
Radiotelemetry was used to record diastolic (A) and systolic (B) blood pressure at the end of
the 11 d exposure to Ang II. Two-way ANOVA, significant Ang II effect on diastolic blood
pressure (panel A, p<0.02) and systolic blood pressure (panel B, p<0.001); significant
TCDD effect on systolic blood pressure (panel B, p<0.002); and a significant Ang II-TCDD
interaction on systolic blood pressure (panel B, p<0.004). *p<0.05, post hoc comparisons
between control and TCDD; #p<0.05, post hoc comparisons between saline and Ang II
treatment.
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Figure 5.
Effect of perinatal TCDD exposure on Ang II-induced increase in renal myofibroblasts.
Adult offspring from control and TCDD-exposed litters were exposed for 11 d to 0.9% NaCl
or a pressor dose of Ang II. Renal myofibroblasts were identified by staining with anti-alpha
smooth muscle actin from control (A, C) and TCDD offspring (B, D), which had been
treated with saline (A, B) or a pressor dose of Ang II (C,D).
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Figure 6.
Effect of perinatal TCDD exposure and Ang II on renal collagen deposition. Adult offspring
from control and TCDD-exposed litters were exposed for 11 d to 0.9% NaCl or a pressor
dose of Ang II. Collagen deposition as detected by picrosirius red staining from control (A,
C, E) and TCDD offspring (B, D, F), which had been treated with saline (A, B) or a pressor
dose of Ang II (C–F). Visualization of collagen deposition using polarizing light from
control (E) and TCDD (F) offspring treated with a pressor dose of Ang II.
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Figure 7.
Effect of perinatal TCDD exposure and Ang II on renal procollagen I mRNA expression.
Adult offspring from control and TCDD-exposed litters were exposed for 11 d to 0.9% NaCl
or a pressor dose of Ang II. proCollagen I mRNA expression was analyzed by real time PCR
and was normalized to the reference gene, polymerase (RNA) II (DNA directed) polypeptide
A (Polr2a). Two-way ANOVA, significant effect of TCDD exposure (p<0.001) and a trend
for an Ang II effect (p<0.065). *p<0.05, post hoc comparisons between control and TCDD
groups.
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Table 1

Real time PCR primer sequences.

mRNA Target Forward primer (5’ to 3’) Reverse Primer (5’ to 3’)

Angiotensinogen CACTCATTTGTTCAGAGCCTGG GTTCATCTTCCACCCTGTCACA

Ang II receptor 1a GGGCGTCATCCATGACTGTAAA TTCCCCAGAAAGCCGTAAAACA

Ang II receptor 1b CCAATGAAGTCTCGCCTCCG ACATTTCGGTGGATGACGGC

Ang II receptor 2 GCAGCCGTCCTTTTGATAATCTC ATCTGATGGTTTGTGTGAGCAATT

gp91phox CACCCATTCACACTGACCTCTG CTTATCACAGCCACAAGCATTGAA

Procollagen I CGCTGGCAAGAATGGCGATC TCTCACCCTTDTCACCACGG

RNA polymerase II 1 TGACTCACAAACTGGCTGACA TACATCTTCTGCTATGACATGG

Renin ATGAATATGTTGTGAGCTGTAGCC GTCTCTCCTGTTGGGATACTGTAG
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