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Summary: The in vitro effects of various steroid and thyroid 
hormones on synthesisof rat atria1 natriuretic peptide (rANP) 
were studied using new-born rat atria1 myocytes in culture. 
Dexamethasone, testosterone and triiodothyronine markedly stimu- 
lated both synthesis and secretion of immunoreactive (IR)-rANP 
with the same peak after 4-day-culture. Dexamethasone and 
testosterone dose-dependently (lo-?- 10w6M) stimulated synthesis 
of IR-rANP and were the most potent among various steroids 
tested. Triiodothyronine (T3) also st&mulated synthesis of 
IR-rANP in a dose-dependent manner (10 *-lo-'M), of which effect 
was more potent than that of tetraiodothyronine, whereas reverse 
T3 was ineffective. The present study clearly shows that 
glucocorticoids, androgens and thyroid hormones directly stimu- 
late synthesis of ANP by atria1 myocytes and suggests that ANP 
may play a potential role in mediating and/or modulating the 
biological effects by these hormones in the cardiovascular 
system. 0 1987 Academic Press, Inc. 

Alpha-atria1 natriuretic peptide (a-ANP) is a 28-amino-acid 

polypeptide hormone with a potent natriuretic and vasoactive 

effect (l-4). Although the complete amino-acid sequence of 

y-ANP, a precursor molecule of c(-ANP. has been characterized 

(5,6), the exact mechanism(s) of its synthesis and secretion has 

not been elucidated. We have recently established primary rat 

atria1 myocytes in culture and studied the mechanism(s) by which 

rat (r) ANP is secreted in vitro (7). -- 

It has very recently been reported that glucocorticoids 

stimulate synthesis of rANP accompanied by an increased accumu- 
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lation of messenger (m) RNA for rANP in rat atria (8). The 

genomic structure for both rANP (9) and human ANP (10) contains 

DNA sequence homologous to the putative regulatory elements for 

glucocorticoids to which glucocorticoid-receptor complexes are 

considered to bind to induce gene transcription (11-13). 

Using primary rat atria1 myocytes in culture, we have 

attempted to study the effects of a variety of steroid hormones 

and thyroid hormones on synthesis of rANP in vitro. -- 

MATERIALS AND METHODS 

Cultured rat atria1 myocytes were prepared from new-born (3 
to 5-day-old) rats with 0.1% collagenase as described elsewhere 
(7). After atria1 myocytes were cultured in Dulbecco's modified 
Eagle's medium (DMEM; Flow Laboratories, McLean, VA) containing 
20 % fetal calf serum (FCS; Flow Laboratories) for 24 hrs, they 
were replaced with fresh DMEM without FCS. To study the effects 
of various drugs on synthesis of rANP, cells were usually 
incubated for 4 days with following drugs: dexamethasone, 
testosterone, corticosterone, aldosterone, deoxycorticosterone 
17u-hydroxyprogesterone, 3,3',5-triiod-L-thyronine (T3), 3,3',5,5' 
tetraiodo-L-thyronine (T,,) 3' ,5',3-triiodothyronine (reverse 
T3) (all purchased from Sigma Chemical, St. Louis, MO). 

The amounts of immunoreactive (IR)-rANP in cultured atria1 
myocytes and culture medium were determined by specific RIA as 
described elsewhere (7). IR-rANP in cultured cells was extract- 
ed by homogenization in 1M acetic acid containing protease 
inhibitors (1 mM phenylmethylsulfonyl fluoride and 1 mM N-ethyl- 
maleimide) . Cellular protein was measured by Lowry's method 
using bovine serum albumin as standard (25). 

RESULTS 

As shown in Fig. 1, rat atria1 myocytes cultured in serum- 

free condition synthesized and secreted IR-rANP as a function of 

time with the same peak on the 4th day, then decreased on the 

6th day. Dexamethasone (10m6M) and testosterone (10W6M) 

similarly and significantly (p < 0.01) stimulated secretion of 

IR-rANP into medium as well as its synthesis, reaching a peak on 

the 2-4th day and then declined, while T, (10D7M) also stimu- 

lated both synthesis and secretion of IR-rANP with a peak on the 

4th day (Fig. 1). The effects of various steroid hormones in 

the same concentration (lo- 6M) on synthesis of IR-rANP by 
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Fig. 1. Effects of dexamethasone, testosterone and triiodo- 
thyronine on secretion and synthesis of rANP by cultured rat 
atria1 myocytes. Atria1 myocytes were incubated in the absence 
(0) or presence of 10m6M dexamethasone (DEX : o), 10q6M testo- 

sterone (TEST : [3) and 10V6M triiodothyronine (T3 :A). 
Concentrations of IR-rANP in media and atria1 myocytes from 
different culture days were determined. 
were 2 x lo5 

Average cell numbers 
cells/dish (2-day), 

6 x 10' cells/dish (6-day). 
5 x lo5 cells/dish (4-day), and 

Each point is the mean of 3 dishes; 
bar indicates SEM. 

cultured rat atria1 myocytes were compared as shown in Fig. 2. 

Dexamethasone and testosterone were almost equipotent (about 

2-fold increase over control) and more potent in stimulating 

0 
Control DEX B DOC ALD TEST PROG 

Fig. 2. Effects of various steroid hormones on synthesis of 
rANP by cultured rat atria1 myocytes. Atria1 myocytes (5 x lo5 
cells/dish) were incubated for 4 days in the absence (D) or 
presence ( Hi) of various steroids (10m6M ): dexamethasone 
(DEX) , corticosterone (B), deoxycorticosterone (DOC), aldo- 
sterone (ALD), testosterone (TEST) and progesterone (PROG). 
Each column represents the mean'of.three dishes; bar indicates 
SEM. 
* : p < 0.01 vs control. - 
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Fig. 3. Dose-responsive effects of dexamethasone and testo- 
sterone on synthesis of rANP by cultured rat atria1 myocytes. 
Atria1 myocytes (5 x lO'cells/dish) were incubated for 4 days in 
the absence (0) or presence (a ) of dexamethasone and testo- 
sterone in various doses (lo-' - 10m6M). Each column represents 
the mean of three dishes; bar indicates SEM. 
* : p c 0.01 vs control. - 

synthesis of IR-rANP than corticosterone, progesterone (about 

1.7-fold), deoxycorticosterone and aldosterone (about 1.5-fold). 

Both dexamethasone and testosterone stimulated synthesis of 

IR-rANP in a dose-responsive manner (10-7-10-6M) by cultured rat 

atria1 myocytes (Fig. 3). 

The effects of various thyroid hormones in the same concen- 

tration (lo-'M) on synthesis of IR-rANP were compared (Fig.4 ). 

T3 had a more potent effect (about 1.8-fold increase over 

control) in stimulating synthesis of IR-rANP than did T, (about 

1.6-fold), whereas reverse T, was ineffective. Furthermore, T, 

dose-dependently (lo-*-lo-' M) stimulated synthesis of IR-rANP 

(Fig. 5 1. 

DISCUSSION 

It has recently been reported that administration of 

dexamethasone together with deoxycorticosterone, but not dexa- 

methasone alone, to the adrenalectomized rats increases plasma 

rANP levels and atria1 rANP contents (14). On the other hand, 
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Fig. 4. Effects of various thyroid hormones on synthesis of 
rANP by cultured rat atria1 myocytes. Atria1 myocytes (5 x 10' 
cells/dish) were incubated for 4 days in the absence (0) or 
presence ( q ) of lo-'M triiodothyronine ‘(TI), 10-'M tetra- 
iodothyronine (T+) and lo-'M reverse Ts (rT3). Each column 
represents the mean of three dishes; bar indicates SEM. 
* : p < 0.01 vs control. - 

Fig.5 . Dose-responsive effects of triiodothyronine on synthe- 
sis of rANP by cultured rat atria1 myocytes. Atria1 myocytes (5 
x lo5 cells/dish) were incubated for 4 day; in the absence (0) 
or presence ( q ) of triiodothyronine (10 - lo-'MM). Each 
column represents the mean of three dishes: bar indicates SEM. 
* : p < 0.01 Vs control. - 

Gardner et al. have very recently reported that administration -- 

of dexamethasone alone increases plasma rANP levels in both 

intact and adrenalectomized rats, accompanied by an increased 

accumulation of mRNA for rANP, whereas deoxycorticosterone has 

no effect (8). The present study using cultured atria1 myocytes 

of new-born rats complements their studies and further demon- 

strates that not only dexamethasone but testosterone also 

directly stimulates synthesis of rANP by atria1 myocytes. Since 

specific receptors for glucocorticoids as well as androgens have 

been demonstrated in the cytosol of the mammalian heart (15-191, 

it is suggested that glucocorticoids and androgens, after 

binding to their specific cytosolic receptors to form hormone- 

receptor complex in atria1 myocytes, may activate transcription 

of the rANP gene, thereby leading to stimulation of synthesis of 
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rANP. In the present study, aldosterone and deoxycorticosterone, 

both mineralocorticoids, also had the stimulatory effects on 

synthesis of rANP, although far less than those of dexamethasone 

or testosterone in the same concentration. Since it has been 

already demonstrated that no specific receptors for mineralo- 

corticoids exist in cardiac cytosol (17), it is possible to 

speculate that mineralocorticoids nonspecifically bind to 

glucocorticoids receptors to stimulate transcription of the rANP 

gene. Whether progesterone binds to its specific receptor 

and/or nonspecifically to other steroid receptors to exert a 

stimulatory effect on gene expression for rANP remains to be 

determined. 

The present study further shows that T3 and T,, stimulate 

both synthesis and secretion of rANP by cultured rat atria1 

myocytes, whereas reverse T3, an inactive derivative of T,, has 

no stimulatory effect. It has been well documented that thyroid 

hormones bind to the nuclear receptors in cardiac cells to 

regulate gene expression for specific cardiac proteins, such as 

u-cardiac actin and a-myosin heavy chain (20-22). Although it 

has been reported that T, -induced hyperthyroidism in rats causes 

a decrease of atria1 contents of IR-rANP and a reciprocal 

increase of plasma IR-rANP levels (23), altered hemodynamic 

effects by T,, such as increased heart rate, blood pressure and 

cardiac contractility, may have stimulated secretion of rANP 

with a concomitant decrease of atria1 storage. The lack of 

direct effect of T, on rANP release from rat atria1 slice in 

previous study (24) may be accounted by too short incubation 

time (4 hrs) employed to express its action on cardiac cells. 

In summary, we have clearly shown for the first time that 

dexamethasone, testosterone and T, directly stimulate synthesis 

and secretion of IR-rANP by cultured rat atria1 myocytes. These 
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findings indicate that synthesis and secretion of ANP is under 

multihormonal control including glucocorticoids, androgens and 

thyroid hormones, and suggest that ANP may play a potential role 

as a mediator and/or modulator of a variety of biological 

effects of these hormones in the cardiovascular system. 
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