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Abstract

Aims: Excess salt intake during pregnancy may alter fetal organ structures and functions leading to increased risks in the
development of cardiovascular diseases in later life. The present study determined whether and how the prenatal high-salt (HS)
diets affect renin—angiotensin system (RAS) that may mediate cardiac cell death. Methods and Results: Angiotensin |l receptors,
ATI and AT2, protein expression was increased in the myocardium of the offspring exposed to prenatal HS; apoptotic cells
appeared in the myocardium of the adult offspring. Mitochondrion was isolated in cell experiments, and the data showed car-
diomyocyte apoptosis requiring cytochrome C release. Pretreating H9C2 cells with AT2 agonist CGP42112A induced cell
apoptosis in DNA fragments and activated caspase 3. CGP421 12A increased mitochondrion cytochrome C release and apoptosis
in the cells. Conclusion: Both in vitro and in vivo study demonstrated that cardiomyocyte apoptosis was related to AT2 acti-
vation. Prenatal HS diets may reprogram RAS that mediates apoptosis in the offspring myocardium, and AT2 may contribute to
cardiomyocyte apoptosis via the cytochrome C release pathway.
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Introduction

Both genetic and environmental factors can be involved in the
development of cardiovascular diseases. Epidemiological stud-
ies showed that cardiovascular diseases could be programed ini-
tially in utero.'™ Reprogramming during fetal life occurs in
response to adverse fetal environments and results in permanent
adaption that may alter organ growth, structure remodeling, and
dysfunction, leading to an increased risk in the development of
cardiovascular diseases in the offspring.’® Previous studies
demonstrated that many pregnant women spontaneously prefer
salt diets.” Exposure to excess salt during early developmental
periods may cause long-term physiological changes in later life
in rats.'® Following in utero exposure to high salt (HS), the off-
spring showed a suppressed renin—angiotensin system (RAS),
indicating HS diet during pregnancy may reprogram RAS.'"-'?
These may produce offspring with maladaptive phenotypes in
a predicted adult life.

Local cardiac RAS plays roles in the maintenance of an
appropriate cellular milieu, balancing signaling between indu-
cing and inhibiting cell proliferation as well as mediating adap-
tive responses to myocardial stress.'> Two major subtypes of
angiotensin II receptors (AT1 and AT2) are G-protein-
coupled receptors with structural features of 7 transmembrane

domains.'* The AT1 and AT2 share limited sequence homol-
ogy (~ 34% amino acid sequence identity).'> The pathophysio-
logical roles and signaling mechanisms of AT2 are less clear.'®
The AT2 appears as the dominating subtype in fetuses but
decreases rapidly after birth.'” In adults, normal expression
of AT2 is largely restricted to certain cell types and certain tis-
sues. An increase in the AT2 expression was observed under
pathological conditions, such as myocardial infarction and con-
gestive heart failure.'® The AT2 was found to mediate caspase
3-dependent apoptosis.'” The 3 major transduction mechan-
isms responsible for AT2 signaling are activation of various
protein phosphatases for protein dephosphorylation; activation
of the nitric oxide/cyclic guanosine monophosphate system;
and stimulation of phospholipase A2.%° Overexpression of
AT?2 in certain cell lines leads to apoptosis.?!
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Apoptosis plays a key role in the pathogenesis of cardiac
diseases. Cardiomyocyte apoptosis is a rare event in healthy
myocardium.?* However, hypertrophied, infarcted, senescent,
and failing hearts contain apoptotic cardiomyocytes.”*® Car-
diac apoptosis via AT2 may be a maladaptive response in the
stimulation of cellular proliferation and hypertrophy and in
controlling cardiac cell populations.?” Limited information is
available on prenatally programed pathogenesis of cardiovas-
cular conditions via RAS. Our previous study demonstrated
that prenatal high-salt diets induced abnormal heart develop-
ment in 21-day-old fetus.”® The present study investigated
whether prenatal HS diets reprogram offspring’s RAS and
whether and how reprogramed local RAS is involved in pro-
gramed cardiac cell death in the offspring.

Methods

Animals

Female Sprague-Dawley rats (12 weeks old) were obtained
from Soochow University Experimental Animal Center. Each
rat was caged with a single male rat of verified fertility (history
of fertile mating) until successful copulation. Detection of
sperm in vaginal smears collected between 9:00 and 11:00
hours was performed in the following morning. Rats were
housed in a temperature-controlled 12:12-hour light—dark envi-
ronment, with food and water ad libitum. The dams were ran-
domized to receive a diet with modified salt content: 0.6%
NaCl (normal salt [NS], n = 8) or 8.0% NaCl (HS, n = 8). All
diets were based on a standard rodent diet containing 19.3%
protein, 39.1% carbohydrates, 3.3% fat, 1.00% calcium,
0.70% phosphate, and 0.68% potassium (Slaccas, Shanghai,
China). The salt diet was administered from gestational day 4
until born.>” Male offspring at 2 days (newborn), 1 month, and
5 months after birth were tested.

Rats were anesthetized intraperitoneally with sodium pento-
barbital (50-100 mg/kg; Hengrui Medicine, Jiangsu, China).
After blood samples were collected from the abdominal aorta into
chilled tubes containing 5 pLL of heparin (2000 U/mL), the heart
was excised and prepared for histological and molecular studies.
All procedures and protocols were approved by the Institutional
Animal Care and Use Committee and followed the Guidelines for
the Care and Use of Laboratory Animals published by US
National Institutes of Health (publication no. 85-23).

Immunohistochemistry

Heart tissue was fixed in 10% formalin at room temperature for 8
hours. Immunohistochemical staining using paraffin sections
was performed by Soochow University Pathology Laboratory,
using polyclonal antibodies raised from rabbit against AT1 and
AT?2 (Santa Cruz Biotech, Santa Cruz, California) and secondary
antibodies (Maixin, Shenzhen, China). 3,3-Diaminobenzidine
was used to produce a brown precipitate in immunohistochem-
ical staining. The sections were observed using an image analy-
sis system. Cardiocyte apoptosis was tested using terminal

deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
detection kit for fragmented DNA in the nucleus (Takara,
Kyoto, Japan). Fluorescein-labeled nucleotides in TUNEL assay
kit could bind with the DNA 3’-OH ends using recombinant
terminal deoxynucleotidyl transferase. The fluorescence was
observed with a fluorescence microscope. All analyses were
performed in a blind manner. All fluorescence signals were
quantified using a UVP Bioimaging system EC3 apparatus
(UVP, California).

Measurement of Plasma Renin Activity, AT1, AT2, and
Angiotensin Converting Enzyme

Blood samples in tubes with heparin lithium were centrifuged
(800g at 4°C for 10 minutes), and then the plasma was collected.
Plasma samples were used for measuring the renin activity, AT1,
AT2, and angiotensin converting enzyme (ACE) levels by Sino-
UK Institute of Biological Technology®® using radioimmunoas-
say methods.

Mitochondrion and Cytosolic Protein Isolation

Mitochondrion was separated from cytoplasm in the myocar-
dium from either offspring’s heart tissue or H9C2 cells (H9C2
cell line is a subclone of the original clonal cell line derived from
the embryonic rat heart) using a mitochondria-extraction kit
according to the manufacturer’s instructions (Solarbio, Beijing,
China).

Western Blotting

Mitochondrion and cytosolic protein from both offspring’s heart
tissue and H9C2 cells were prepared as described previously.
Homogenate of heart tissue was processed for Western blotting
as reported previously.?® Samples were randomly chosen 8 ani-
mals (1 per litter) each group. The protein concentration (1.5-2.5
mg/mL) was determined using the Bradford and standard bovine
serum albumin (DC Protein Assay; Bio-Rad, California). Equal
amounts of total protein (30 pg) were loaded on polyacylamide
gels and then transferred to nitrocellulose membranes and
blocked with 5% dry milk in Tris-buffered saline/Tween 20. The
primary antibodies were diluted (AT1, 1:500; AT2, 1:1000;
Bcl-2-associated X [Bax], 1:500; cyclooxygenase 4 [Cox-4],
1:500; cytochrome C, 1:300; activated-caspase 3, 1:500; Santa
Cruz Biotech). Blots were then probed with a horseradish
peroxidase-coupled goat anti-rabbit secondary antibody (1:5000),
and B-actin antibody (1:5000) was probed with rabbit anti-mouse
secondary antibody. Blots were developed using enhanced
chemiluminescence Western blotting detection reagents (Thermo,
Illinois), and specific bands were quantified using a UVP Bioima-
ging system EC3 apparatus (UVP).

Cells and Experimental Treatments

Cell line H9C2, obtained from Shanghai Institutes for Biological
Sciences, was cultured in Dulbecco modified Eagle medium
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(Invitrogen, California) with 15% fetal bovine serum (Hyclone,
Utah) and 1% penicillin/streptomycin. The cells were grown in
5% CO, at 37°C in a humidified atmosphere culture incubator.
The AT2 (Sigma, MO) or AT2 agonist CGP42211A (Sigma)
was added to the medium at 0, 0.1, 1, and 10 pmol/L, pretreated
with either AT2 antagonist PD123319 (10 pmol/L) or ATl
antagonist (losartan, 10 pmol/L; Sigma), and then apoptosis was
examined.

Flow Cytometry

HO9C2 was added to AT II (0, 0.1, 1, or 10 umol/L) or
CGP42112A (0, 0.1, 1, or 10 pmol/L) combined with pretreat-
ment of either AT1 receptor antagonist losartan (10 pmol/L ) or
AT?2 receptor antagonist PD123319 (10 umol/L). Apoptosis
was determined using annexin V conjugates for apoptosis
detection kit (Invitrogen) with flow cytometry. After treatment
with the probes from the kit, apoptotic cells show green fluor-
escence, dead cells show red and green fluorescence, and live
cells show little or no fluorescence. Apoptotic cells were ana-
lyzed using a Beckman FC500 machine. All experiments were
repeated for at least 4 times.

DNA Extraction and Gel Electrophoresis

Myocardium (from 5-month-old male offspring) and HIC2 cells
were washed twice with phosphate-buffered saline and lysed in
lysis buffer containing 10 nmol/L Tris-HCI (pH 7.5), | mmol/L
EDTA, and 0.5% Triton X-100. After lysing, the debris was
removed by centrifugation at 12 000g for 20 minutes. Ribonu-
clease A (RNase A; Sigma) was added at a final concentration
of 40 ng/mL to the lysates, which were incubated for 1 hour
at 37°C with gentle agitation. Proteinase K (Sigma) was added
to the RNase A-treated lysates (40 pg/mL). The lysates were fur-
ther incubated for 1 hour at 37°C with gentle agitation. DNA in
the supernatant was precipitated and dissolved in Tris-EDTA
(TE) buffer (10 nmol/L Tris, 1 mmol/L EDTA, pH 8.0). The
extracted DNA and molecular marker (100 bp DNA ladder;
Takara) were subjected to 2.0% agarose gel (containing
0.5 pg/mL ethidium bromide) electrophoresis with the electro-
phoretic apparatus (Bio-Rad). DNA ladder formation was
visualized under a UV transilluminator (UVP).

Statistical Analysis

Data were expressed as mean + standard deviation or median.
Student ¢ test and 1-way analysis of variance were used. For
Western blots, the NS group served as reference, and the mean
value of individual measurements was set as 100%. The results
were considered significant when probability of error (P) was
<.05.

Results

There was no difference in litter size (NS: 11.5 + 1.2 vs HS:
109 + 1.2, P = .32, NS: n = §; HS: n = 8) and body weight
in the newborn (male pup birth weight [NS: 6.47 + 0.14 g vs

Table I. Body and Heart Weight and the Ratio.

Group n BW, g HW, mg HW/BW, mg/g
NS 32 336 + 20 302 + 22 0.899 + 0.08
HS 34 314 + 23 330 + 26 1.051 + 0.1%
t test P> .05 P> .05 P = .002

Abbreviations: BW, body weight; HW, heart weight; NS, normal salt; HS, high
salt.
2P <.0l versus NS.

HS: 6.62 + 0.18 g, P = .09, NS: n = 42; HS: n = 39]; female
pup birth weight [NS: 6.26 + 0.08 g vs HS: 6.33 + 0.07 g,
P = .13, NS: n = 46; HS: n = 41]). There was also no differ-
ence in the ratio for female-to-male offspring (NS: 0.92 + 0.12
vs HS: 0.9 + 0.05, P = .59, NS: n = §; HS: n = 8).

Heart Weight

Heart weight (5-month-old offspring) in the HS group was not
statistically different from that of the NS (NS: 303 + 22 mg vs
HS: 330 + 26mg, P > .05). Body weight in HS offspring was
also not statistically different from that of the NS (NS: 336 +
20 g vs HS: 316 + 23 g, P> .05). However, the ratio of heart/
body weight of the HS offspring was significantly higher than
that of the NS (NS: 0.89 + 0.08 vs HS: 1.05 + 0.1, P = .002;
Table 1).

Plasma Renin, Angiotensin Enzyme, and Peptides

Plasma angiotensin IT and ACE levels were significantly reduced
in the newborn HS group compared with the NS. Although
plasma 2angiotensin II and ACE seemed lower in the 1-
month-old and 5-month-old HS offsprings than that of the NS,
there was no statistical difference. For the newborn, 1-month-
old, and 5-month-old HS offsprings, there was no significant dif-
ference in plasma AT I and plasma renin activity (PRA) levels
between the groups (Table 2).

Expression of AT| and AT2

Positive immunostaining was observed for both AT1 and AT2
in the myocardium of the newborn, 1-month-old, and 5-month-
old HS offsprings (Figure 1). Western blot analysis showed that
AT1 was significantly increased in the newborn, 1-month-old,
and 5-month-old offsprings exposed to HS. The expression of
AT2 was significantly increased in the 5-month-old HS off-
spring (Figure 2).

Apoptosis in the Myocardium

The proportion of positive TUNEL staining was significantly
higher in the myocardium of the 5-month-old HS offspring than
that of the NS (Figure 3). Typical apoptotic DNA laddering was
visualized in agarose gel with ethidium bromide staining for
DNA extraction from the myocardium of the 5-month-old HS
offspring (Figure 4).
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Table 2. Plasma AT I, AT Il, ACE, and PRA in the New Born, I-Month-Old, and 5-Month-Old Offspring.
New Born 2 Days 1-Month-Old Male 5-Month-Old Male
NS HS NS HS

Serum n==8 n=28 n=28 n=28
AT |, ng/mL 1.93 + 0.05 1.84 + 0.186 + 0.07 1.67 + 0.20
AT I, pg/mL 107.44 + 3.0l 95.32 + 3.06* 116.22 + 5.55 111.26 + 2.89 + 5.34 107.56 + 7.45
ACE (um/mL) 56.17 + 2.66 32.76 + 5.12° 43.96 + 4.16 + 6.0l 42.07 + 491
PRA, ng/mL 2.15 + 0.40 232 4+ 0.11 + 0.09 2.02 + 0.14

Abbreviations: NS, normal salt; HS, high salt; PRA, plasma renin activity; ACE, angiotensin converting enzyme; AT, angiotensin receptor.

? P < .05 versus NS.

New born
2days

1 month

S months

AT1

AT2

ATI1

AT2

Figure I. Immunostaining of AT| and AT2 in the myocardium of the newborn, I-month-old, and 5-month-old offspring. Positive immunostain-
ing was observed for both AT| and AT2 in the myocardium of the newborn, |-month-old, and 5-month-old high-salt (HS) offspring. Positive

brown immunostaining was marked with arrows. AT indicates angiotensin receptor.

Cytochrome C Pathway-Mediated Myocardium Apoptosis

Mitochondrion was separated from cytoplasm of the myocar-
dium. The Cox-4 was shown as a marker of mitochondrion in the

separated mitochondrion samples, and not in the separated cyto-
plasm. The Bax was significantly increased in the mitochondrion,
while cytochrome C was significantly increased in the cytoplasm
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Figure 2. Western blot analysis showed that AT | was significantly increased in the newborn, I1-month-old, and 5-month-old offspring exposed
to HS. The expression of AT2 significantly increased only in the 5-month-old HS offspring. **, P < .0l versus NS (NS: n = 8; HS: n = 8). AT

indicates angiotensin receptor; HS, high salt; NS, normal salt.

and decreased in the mitochondrion. Activated caspase 3 was also
significantly increased in the cytoplasm from the myocardium of
the 5-month-old HS offspring (Figure 5).

AT2 Receptor-Mediated Apoptosis

In flow cytometry assay, apoptosis rate in HIC2 was at the
highest level when the cells were treated with 10 pmol/L angio-
tensin I or 1 pmol/L. CGP42112A. PD123319 (10 umol/L), not
losartan (10 pmol/L), inhibited AT2- or CGP42112A-induced
apoptosis (Figure 6). In DNA ladder analysis, following pretr-
eatment of CGP42112A (1 or 10 umol/L), characteristic low-
molecular-weight DNA fragments were shown in H9C2 cells.
On the other hand, pretreatment of H9C2 with PD123319
decreased CGP42112A-induced DNA fragments (Figure 7).
Analysis showed that CGP42112A (1 or 10 pmol/L) signifi-
cantly induced caspase 3 activation, which was blocked by
PD123319. CGP42112A (1 or 10 pmol/L) significantly reduced

cytochrome C in H9C2 mitochondrion and significantly
increased cytoplasmic cytochrome C in H9C2 (Figure 8).

Discussion

In the present study, the tested subjects included newborn, ado-
lescents (1-month-old), and adult (5-month-old) male offspring
rats, in the determination of the influence of HS intake during
pregnancy on the heart of the offspring. Prenatal HS increased
myocardium apoptosis in the 5-month-old offspring, and the
induction of myocardium apoptosis was related to the elevated
expression of AT2 receptors in the heart. An important hypoth-
esis for a relationship between poor fetal development and car-
diovascular diseases in adulthood was proposed 20 years
ago.>*3! Subsequent investigations provided evidence that
underdeveloped babies at birth were associated with an
increased risk of heart diseases and hypertension,®***2- indi-
cating that the prenatal environments could cause permanent
changes in the body and increase risks of diseases later in life.



Lv et al 57
-500bp
-300bp
30 sk
z % [ -200bp
15
§ 10 -100bp
5
oL

NS HS

Figure 3. TUNEL assay showed apoptotic cells in the myocardium of
the 5-month-old HS offspring. TUNEL-positive nuclei (blue arrows) are
marked with green fluorescence. The proportion of positive TUNEL
staining was significantly higher in the myocardium of 5-month-old HS
offspring compared with the NS. *¥, P < .0l versus NS (NS: n = §;
HS: n = 8). HS indicates high salt; NS, normal salt; TUNEL, terminal
deoxynucleotidyl transferase dUTP nick end labeling.

Previous studies reported that protein restriction during preg-
nancy suppressed the intrarenal RAS in the newborn rats and
leads to a reduced number of glomeruli, glomerular enlargement,
and hypertension in the adults.***° Our recent study has demon-
strated that fetal heart weight at birth was increased following
maternal HS intake during pregnency.® In the present study, the
prenatal treatment with HS diets was the same as that reported?®;
heart weights of the HS offspring at 5 months was not statically
different from that of the N'S. Notably, in the fetus exposed to the
exactly same HS intake during pregnancy, their heart weight was
significantly increased.”® The difference in heart weight between
the fetus and the 5-month-old offspring suggests that the affected
heart weight by HS diets could be reversed somewhat after birth
when feeding returned to normal situation. However, such a kind
reverse was limited, since the ratio of heart weight to body
weight was still significantly higher in the HS offspring in the
present study, indicating a possible chronic influence from pre-
natal HS intake on cardiac structures.

In pathological increase in heart weight, cellular fibrillation is
a common mechanism, and apoptosis is closely linked to the
pathological changes.*® In light of this, we determined apoptosis
in the cardiac tissue of the offspring heart and found increased
positive TUNEL staining in the heart tissue, providing new his-
tological evidence that apoptosis occurred in the heart of the male
offspring exposed to prenatal HS. The subsequent experiments
added further information with characteristic low-molecular-

Figure 4. Gel electrophoresis of DNA fragments in the myocardium of
the 5-month-old offspring. Apoptotic DNA laddering was visualized in
an agarose gel by ethidium bromide staining. DNA was extracted from
the 5-month-old myocardium. Right lane: high-salt (HS) 5-month-old
myocardium. Left lane: normal-salt (NS) 5-month-old myocardium.

weight DNA fragments in the myocardium of the 5-month-old
HS offspring. Both TUNEL staining and DNA fragments are
positive indicators commonly used in the determination of apop-
tosis.’’~® Together, these data demonstrated that apoptosis
occurred in the myocardium of the HS offspring associated with
an increased ratio of heart/body weight.

Based on the above findings, 2 questions were thought
important. Why and by what pathways HS intake may induce
cellular apoptosis in the heart? What happened inside the apop-
tosis cells? It is well known that HS or high sodium in the body
would affect cardiovascular systems via RAS pathways.>**°
Thus, we measured key components of the systemic RAS in the
offspring exposed to prenatal HS. The data showed that plasma
angiotensin II and ACE levels were reduced only in the new-
born exposed to prenatal HS; however, this reduction was back
to normal in the 1-month old or 5-month old. Notably, in our
previous report, fetal plasma AT II levels were also decreased
in the maternal HS-diet group.?® There was no significant dif-
ference in AT I and PRA levels between the HS and the NS in
the newborn and older offspring. This indicates that cardiac
apoptosis and the altered ratio of heart/body weight in the adult
offspring were not primarily via systemic RAS pathways.

Local RAS was expressed in the heart during in utero devel-
opment,** playing a role in growth and differentiation in the
heart.** Han et al reported that unbalanced maternal diets influ-
enced the fetal cardiac RAS.** It is rational that the heart could
exhibit abnormalities if RAS was affected during fetal periods.
Our previous fetal study has demonstrated an altered expression
of the angiotensin II receptors in the fetal heart exposed to the
same HS diets.”® In the present study, protein analysis in the
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Figure 5. The expression of cytochrome C and activated caspase 3, Bax, and Cox-4 in the mitochondrion and cytoplasm of the 5-month-old
offspring’s myocardium. The Cox-4: was a marker for mitochondrion. The Bax was significantly accumulated in the mitochondrion of the 5-
month-old HS offspring, and cytochrome C was significantly increased in the mitochondrion and significantly decreased in the cytoplasm. Acti-
vated caspase 3 was significantly increased in the cytoplasm. *¥, P < .01 versus NS; *, P < .05 versus NS (NS: n = 8; HS: n = 8). BAX indicates Bcl-
2-associated X; COX-4, cyclooxygenase 4; HS, high salt; NS, normal salt.

HS offspring showed an increased AT1 in the newborn heart that
persisted into adulthood. It is interesting to note that AT2 expres-
sion in Western blot was not significantly altered between the
HS and the NS offspring at new born and 1-month old. However,
local cardiac AT2 presented a significant higher expression in
the HS offspring at 5-month old. This may be related to the
long-term changes in AT1 in the same tissue. Additional postna-
tal chronic influence from the abnormal expression of AT1 in the
same tissue, AT2 expression could be eventually changed in the
5-month-old HS offspring. This possibility offers a new and
interesting clue for future investigation.

The AT II contributes to apoptosis in vitro and in vivo.
The angiotensin II-induced apoptosis in primary and trans-
formed epithelial cells and coronary artery endothelial cells were
mediated by ATI receptors.*®** By contrast, AT2 receptor

45-47

activation contributed to apoptosis in fibroblasts, smooth muscle
cells, human umbilical vein endothelial cells, primary lung
endothelial cells, and PC12W cells (rat pheochromocytoma cell
line).'%5? The angiotensin Il-induced signaling has been
demonstrated to be cell type dependent, and the signaling speci-
ficity is related to the biological responses.'® In the present
study, positive TUNEL staining was observed in the 5-month-
old HS offspring in association with an alteration in the AT1 and
AT?2 expression in the heart, demonstrating that the local RAS or
its receptors in the heart, not the systemic RAS in circulation,
may be responsible for apoptosis in the cardiac tissue of the
HS offspring.

H9C2 is a subclone of the original clonal cell line derived
from embryonic rat heart tissue. In the determination of whether
AT1 and AT2 pathways are involved in cellular apoptosis in the
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Figure 7. Gel electrophoresis for DNA fragment detection in H9C2
cells. CGP42112A (I and 10 pmol/L) induced characteristic low-
molecular-weight DNA fragments in H9C2 cells, and pretreatment
of H9C2 with PD123319 inhibited CGP42112A-induced DNA frag-
ments. PD: PD123319; CGP: CGP421 I2A, AT2 agonist. AT indicates
angiotensin receptor.

heart, our in vitro study showed that angiotensin II induced car-
diocyte apoptosis in H9C2 cells, indicating angiotensin Il may
cause cardiac apoptosis either via AT1, or AT2, or both. The
subsequent experiments using AT2 agonist CGP42112A demon-
strated a similar pattern of cellular apoptosis, providing a new
evidence of the role of AT2 in cardiac apoptosis. In addition,
CGP42112A-mediated apoptosis in the cells was dose dependent
(from 0.1 to 1 pmol/L) in increasing activated caspase 3 and
DNA fragment in the present study. In flow cytometry analysis,
PD123319 (AT2 antagonist) not losartan (AT1 antagonist)
inhibited AT II- or CGP42112A-induced apoptosis. At the same
time, pretreatment of the cells with PD123319, not losartan,
inhibited CGP42112A-induced DNA fragments. Further experi-
ments in the present study demonstrated that CGP42112A-
induced caspase 3 activation could be blocked by PD123319.
Together, the data provide new information that AT2 may play
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Figure 8. The expression of AT2, activated-caspase 3, and cytochrome C in H9C2 mitochondrion and cytoplasm after treating with
CGP42112A or pretreating with PD123319. The | or 10 pmol/L CGP421 12A significantly increased AT2 expression in H9C2 cells, mitochon-
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CGP421 12A, AT2 agonist. **P < .01 versus NS, *P < .05 versus NS, t test. AT indicates angiotensin receptor; NS, normal salt.

a key role in apoptosis in cardiac cells. Notably, although the
cells used in our in vitro studies were also cardiac cells, the
experimental conditions were different from the cardiac cells
in the heart tissue of the HS offspring. Both AT1 and AT2
expression were increased in the HS offspring’s heart in associ-
ation with cardiac apoptosis, while only AT2 pathway was
shown to be mediated with cellular death in vitro. This can be
considered a major contribution of AT2 pathway; however, an
involvement of AT1 in such case should not be simply excluded
in the HS offspring.

To determine pathways inside the cardiac cells during
apoptosis, mitochondrion was separated from cytoplasm of the
myocardium in the present study. The Cox-4, as a marker of
mitochondrion, was shown in the separated mitochondrion
samples and not in the separated cytoplasm. Then, we

determined possible apoptosis pathway involved inside the
cells. The data showed that activated caspase 3 and cytochrome
C were increased, and Bax decreased in the cardiocyte cyto-
plasm. Previous studies showed that cytochrome C plays a crit-
ical role in apoptosis.”® On the other hand, Bax was increased
in the mitochondrion, indicating Bax translocated to mitochon-
drion. The Bax proteins regulate apoptosis, in part, by control-
ling the formation of the mitochondrion apoptosis-induced
channel (MAC), which is a cytochrome C release channel
induced in an intrinsic apoptotic pathway. The MAC appeared
when Bax translocated to the mitochondrion, and cytochrome
C was released in dying cells due to apoptosis.”* Previous stud-
ies have also demonstrated that caspase 3 activation in response
to cytochrome C release from mitochondrion led to apopto-
sis.”> The present study demonstrated that cardiocyte apoptosis
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required cytochrome C release from the mitochondrion, pro-
viding new information on molecular pathways inside the
apoptosis cells in the HS offspring’s heart.

Finally, the present study also showed that CGP42112A
reduced cytochrome C in H9C2 mitochondrion and increased
cytochrome C in cytoplasm, suggesting that AT2 may mediate
cardiocyte apoptosis via the pathway in release of cytochrome C.

In conclusion, the present study demonstrated that apoptosis
in the myocardium of the offspring exposed to prenatal HS
intake, indicating an increase in the risk of development of car-
diac diseases. The data showed that altered expression of the
angiotensin II receptors in the local RAS in the heart may play
a critical role in cell death and provide new evidence that the
pathway is important in RAS-mediated cell apoptosis in release
of cytochrome C in the heart of the male offspring exposed to
prenatal HS, adding new information for further understanding
the long-term influence of prenatal conditions on cardiovascu-
lar health and diseases in fetal origins.
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