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SUMMARY
We report the production of a novel human natriuretic peptide
receptor/guanylyl cyclase A (hNPR-A)-selective agonist ANP
[G9T, AilS, G16R] (sANP). This agonist has similar affinity to
ANP for hNPR-A and 1 ,000-1 0,000-fold reduced affinity for the
human natriuretic peptide clearance receptor (hNPR-C). sANP
was used to directly test the hypothesis that hNPR-A mediates
the inhibitory effect of natriuretic peptides on aldosterone gen-
eration in a human zona glomerulosa cell line, H295R. Human
type A natriuretic peptide and sANP (1 0 � � to 1 0_6 M) resulted
in concentration-dependent increases in cGMP levels and de-
creases in forskolin (100 nM)- and angiotensin II (5 nM)-induced
aldosterone and pregnenolone production. These results re-
vealed an inhibitory effect of both peptides on the agonist-

stimulated conversion of cholesterol to pregnenolone (i.e., cy-

tochrome P-450 cholesterol monooxygenase side-chain
cleaving enzyme, EC 1.14.15.6). H295R cells also exhibited
angiotensin II- and forskolin-evoked conversion of [3H]cortico-
sterone to [�H]aldosterone (i.e., cytochrome P-450 steroid 1 1 �3-
monooxygenase/aldosterone synthase, EC 1 .14.15.4). Human
type A natriuretic peptide and sANP (10�� M) inhibited the
angiotensin Il-stimulated late pathway but did not affect fors-
kolin-facilitated conversion of corticosterone to aldosterone.
Our results directly demonstrate inhibitory effects of hNPR-A-
mediated signal transduction on cytochrome P-450 cholesterol
monooxygenase side-chain cleaving enzyme and steroid 1 1 �3-
monooxygenase/aldosterone synthase complex depending on
the steroidogenic agonist used.

Aldosterone is an essential mineralocorticoid intimately

involved in the regulation of sodium and fluid homeostasis
(1). Increases in the levels of this hormone act to retain

sodium and raise blood pressure in vivo. AMP is an endoge-

nous antihypertensive agent (1, 2). It is thought to lower

systemic sodium concentrations through direct effects on kid-

ney transport as well as indirect actions to inhibit both renin
release and aldosterone synthesis (1, 2). Therefore, ANP ef-

fects to attenuate steroidogenesis in the adrenal zona gb-

This work was supported by American Heart Association, Wisconsin Affil-

iate, Grant-in-Aid 94-GB-38 (J.G.D.) and by National Heart Foundation (a
program of the American Health Assistance Foundation) Research Starter
Grant and the 1995 Ruth Salta Junior Investigator Award (J.G.D.). Technical
assistance was supported in part by the National Institutes of Health and

National Center for Research Resources Minority High School Research
Apprentice Program Grant (1R25-RR1O113-O1) to the Medical College of
Wisconsin.

merubosa would be expected to result in decreases in sodium

retention (1, 2).

ANP inhibits aldosterone production in several species (3-

6). In rat zona glomerulosa cells, ANP is thought to reduce

angiotensin Il-evoked aldosterone production through effects

on the biosynthetic pathway at both CYP11A1 (EC 1.14.15.6;

early pathway, cholesterol to pregnenolone) and CYP1 1B2

(EC 1.14.15.4; late pathway, corticosterone to aldosterone (7).
Barrett and Isales (8) reported that ANP both increased

cGMP levels and decreased steroid production, which is con-
sistent with the possibility that the latter response was the

result of guanylyl cyclase activation. However, in the same

study, reductions in cAMP concentrations were also neces-

sary to completely account for the effects of ANP on steroid-

ogenesis (8). The combination ofANP-mediated reductions in

cAMP levels, the inability of membrane-permeable cGMP

analogs to mimic ANP effects on aldosterone production, and

ABBREVIATIONS: ANP, type A natriuretic peptide; ACTH, adrenocorticothyrotropic hormone; ANOVA, analysis of variance; CNP, type C
natriuretic peptide; CYP1 1A1 , cytochrome P-450 cholesterol monooxygenase side-chain cleaving enzyme; CYP1 1 B2, cytochrome P-450 steroid
1 1 f3-monooxygenase/aldosterone synthase; KHD, protein kinase-homology domain; hANP, human type A natriuretic peptide; NPR-A, natriuretic
peptide receptor/guanylyl cyclase A; NPR-B, natriuretic peptide receptor/guanylyl cyclase B; NPR-C, natnuretic peptide clearance receptor; PBS,
phosphate-buffered saline, pH 7.4; rANP, rat type A natriuretic peptide; sANP, natriuretic peptide receptor/guanylyl cyclase A-selective agonist

type A natriuretic peptide (G9T, Ri 15, G1 6R); vANP, variant type A natriuretic peptide; HEPES, 4-(2-hydroxyethyl)-1 -piperazineethanesulfonic

acid.
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some indications that the NPR-C had activity in zona gb-

merulosa cells (9) led to extensive debate surrounding the

mechanism of action ofANP in adrenocortical cells (2, 6, 10).

MacFarland et al. (11) began to unravel a role for guanylyl

cyclase (EC 4.6.1.2) in steroidogenesis by showing that ANP

activated the type II, cGMP-stimulatable phosphodiesterase,

presumably through NPR-A, to degrade cAMP in isolated
membranes and resulted in inhibition of ACTH-stimulated

aldosterone synthesis in intact bovine zona gbomerubosa cells.

Furthermore, they showed that the commercially available

cGMP analogs were not effective albosteric modulators of the

type II phosphodiesterase in zona gbomerubosa cells (11).

Their results are consistent with the hypothesis that guan-

ylyl cyclase mediates the inhibitory action of ANP on aldo-

sterone synthesis and offer plausible explanations for the

ANP-mediated decreases in intracellular cAMP concentra-

tions and the inability of cGMP analogs to reduce ACTH-

stimulated aldosterone generation (2, 6, 11). Their study (11)

did not address whether this mechanism could account for

the effects of ANP on angiotensin Il-evoked steroidogenesis.

Previous reports (6-9, 11), including that ofMacFarland et

al. (11), have been unable to provide a specific association

between NPR-A and reductions in steroidogenesis because no
NPR-A-selective agonists have been available (2, 6, 12-21).

Therefore, pharmacological studies have not been done to

more specifically define the role of NPR-A in signaling ANP-

dependent inhibition of aldosterone synthesis.
An NPR-A-selective variant of ANP was developed by dif-

ferential panning for mutant AMP display phage that bind

NPR-A in an excess of competing NPR-C (22). The first novel

analog, vANP, contained six mutations conferring NPR-A

selectivity or high secretion/expression for the production of

the peptide in Escherichia coli (Fig. 1; Ref. 22). Here, we

report the pharmacological activity of a chemically synthe-

sized analog of the E. coli-derived vANP (21). It is called

sANP (Fig. 1) and contains only the three mutations from

vANP required for NPR-A selectivity (Fig. 1; Ref. 22). The

selectivity of sANP for NPR-A provides a unique pharmaco-

logical tool to study the role of specific receptor targeting in

response to ANP.

In the current study, we use the newly identified human

zona gbomerubosa cell line, H295R (23), with which to exam-

me the effects ofhANP and sANP on aldosterone production.

H295R cells provide a convenient immortalized cellular

model that recapitulates responses seen in primary cultures
ofrat or bovine zona gbomerubosa cells such as angiotensin II-

and forskolin-stimulation of aldosterone production (6, 23).

The use of the combination of the H295R cells and the NPR-
A-selective agonist sANP allows a complete test of the hy-

pothesis that NPR-A mediates an inhibition of angiotensin

II- and/or forskolin-evoked aldosterone synthesis.
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rANP SLRRSSCFGGRIDRIGAQSGLGCNSFRY
vANP --0 T-SL-S-R
sANP T-S- R

Fig. I . Peptide sequences of NPR-A-selective agonists vANP and
SANP in comparison to rANP. The mutations in vANP and sANP are
shown below the sequence of rANP. Mutations in vANP that confer
receptor selectivity (22) have been incorporated in sANP. The isoleu-
cine at position 12 in rANP is a methionine in human ANP.

Materials and Methods

Natriuretic peptides, except for sANP, were obtained from Penin-

sula Laboratories (Belmont, CA). sANP was synthesized by solid-
phase methods using standard t-BOC chemistry and purified by high

performance liquid chromatography. Angiotensin II, forskolin, aldo-

sterone, leupeptin, pepstatin A, phenylmethylsulfonyl fluoride, and
pregnenolone were from Sigma Chemical (St. Louis, MO). Aldoste-

rone, pregnenolone, and cGMP antibodies were the gracious gifts of

the National Institutes of Health Pituitary Distribution Center (Lot
No. 088; Bethesda, MD), Dr. Celso E. Gomez-Sanchez (Truman Vet-

erans Affairs Medical Center, Columbia, MO), and Dr. David L.
Garbers (Howard Hughes Medical Institute, University of Texas

Southwestern Medical Center, Dallas, TX), respectively.
Human embryonic kidney 293 cell lines expressing stable trans-

fectants of hNPR-A (24) or hNPR-C (22) were cultured as described.
Cells were removed from culture plates with 0.5 mi�i EDTA in PBS,
transferred to ice-cold PBS, and pelleted (228 X g for 10 mm at 4#{176}).

Cell pellets were resuspended in ice-cold buffer containing 50 mM
HEPES, 1 mM EDTA, 1 mM dithiothreitol, 0.25 M sucrose, 0.7 mg/mb

pepstatin A, 0.5 mg/ml leupeptin, and 1 mM phenylmethylsulfonyl

fluoride and homogenized (Brinkman polytron, 30 sec at setting 5).

The homogenate was centrifuged (400 x g for 10 mm at 4#{176}),and the

resultant supernate was centrifuged (100,000 x g for 30 mm at 4#{176}).

The membrane pellet was resuspended in 50 mi.� HEPES, 0.1 mM

EDTA, 5 mM MgCl2, 100 mM NaCl, 0.7 mg/ml pepstatin A, 0.5 mg/mI

leupeptin, and 1 mM phenylmethylsulfonyl fluoride, pH 7.4, using a

dounce homogenizer. A BioRad (Hercules, CA) protein assay kit was
used to determine membrane protein content, with IgG as a stan-

dard.
hANP has a single substitution of a methionine at position 12

compared with rANP (Fig. 1), but hANP and rANP have been shown
to have identical potency on recombinant hNPR-A (25). Therefore,

labeled rANP was used in these binding assays. Duplicate assays

were performed three times in 96-well microtiter plates with mem-

branes diluted into buffer containing 50 mM HEPES, pH 7.4, 5 mM

MgCl2, 0.1 M NaC1, 0.1 mM EDTA, 0.2% (w/v) bovine serum albumin,

competing peptides, and [‘251]rANP at a final concentration of 15 pM
(2 hr at 22#{176}).Bound tracer was separated from free tracer by vacuum

filtration (Packard filtermate 196 cell harvester) with polyethylen-
imime (1%)-pretreated Packard unifilter 96GFB filter plates. Plates

were air-dried; then, scintillant was added before counting (Packard

Top-Count Scintillation Counter, Meriden, CT).
H295R cells were kindly provided by Dr. William E. Rainey (Uni-

versity of Texas Southwestern Medical Center, Dallas, TX) from

original isolated passages (23) and were grown (95% air/5% CO2 at
37#{176})in 24-well plates to confluence in Dulbecco’s modified Eagle’s/
Ham’s F-12 medium (GIBCO BRL, Gaithersburg, MD) supple-

mented with 3% Nuserum (Collaborative Research, Bedford, MA)

and 1% penicillinlstrepthmycin/fungizone (GIBCO). Before steroido-

genesis experiments, the medium was supplemented with 20 nM

angiotensin II and allowed to stand overnight (26). Pregnenobone

synthesis was evoked with an EC� for angiotensin II (5 nM)1 or

forskolin (100 nM)’ for 2 hr. Experiments were performed in the

presence of steroidogenic agonist vehicle, agonist, or agonist plus
natriuretic peptide treatments. (The angiotensin II and natriuretic

peptide vehicle was deionized, distilled water. The forskolin vehicle
was 95% ethanol.) Cyanoketone (10 ,.tM, Sterling-Winthrop Research

Institute, Rensselaer, NY) was present in experiments designed to

assess the effects on pregnenobone synthesis to block 3(3-hydroxy�5-

steroid dehydrogenase (EC 1.1.1.145) (27, 28).

Aldosterone generation was stimulated in a similar manner for 6

hr, and natriuretic peptide treatments were the same as above.

Steroidogenesis experiments were performed in fresh Ham’s F12

supplemented with 1% bovine serum albumin, 2.6 mM CaC12, and 25
mM HEPES, pH 7.4. Cell supernates were subsequently stored at
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Fig. 3. Natriuretic peptide effects on cGMP generation in H295R cells.
The number of experiments for each treatment are given in parenthe-
ses. Data are mean ± standard error. VEH, peptide vehicle. *, p < 0.05.**,p < 0.01.
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-80#{176}until assay. Aldosterone and pregnenolone production were

quantified by radioimmunoassay according to the method of Camp-

bell et al. (7). Conversion of[3H]corticosterone to [3Hjaldosterone was

assessed in the presence of cyanoketone to block the endogenous

production ofcorticosterone. Steroid products were separated by thin

layer chromatography and quantified as described previously (7).

Experiments designed to assess the effects of peptides on cGMP

synthesis were performed in confluent 24-well plates of H295R cells

at 37#{176}.Cells were rinsed twice with PBS and preincubated with the

same medium for 10 mm as used in steroid production experiments,

supplemented with 0.25 mM isobutylmethylxanthine. The preincu-
bation medium was removed, and fresh buffer that included isobu-

tylmethyixanthine and peptide vehicle, hANP, sANP, C-ANP (4-23),

or CNP (vehicle or one concentration, 10 ‘ ‘ to 10_6 � in each well)

was added for 5 mm before removal of the buffer, the addition of 1 N

perchloric acid, and freezing at -80#{176}.cGMP was purified and quan-
tified by radioimmunoassay as described previously (29).

The ANP and sANP effects on cGMP production and agonist-

evoked steroidogenesis were compared by repeated-measures

ANOVA. For these experiments, each concentration of peptide was

further compared with control (vehicle treatment) with the use of

Dunnett’s modification of a Student’s paired t test. In regard to the

conversion of[3Hjcorticosterone to [3Hlaldosterone, steroidogenic ag-

onist, agonist plus hANP or sANP (10� M), and hANP or sANP alone
was also compared with control (agonist vehicle) in the same man-

ner.

Results and Discussion

The receptor specificity of sANP was measured in equilib-

rium binding studies with membranes from human embry-

onic kidney 293 cells expressing stable transfectants of re-
combinant hNPR-A or hNPR-C (Fig. 2). With hNPR-A, sANP

Log [Peptide] (M)

Fig. 2. Competition binding of [125l]rANP with rANP (#{149})or sANP (0) on
membranes from cells expressing recombinant NPR-A (A) and NPR-C
(B). Binding is expressed as the fraction of bound [125l]rANP over the
total amount of [1251]ANP in the reaction (BIT). A, IC50 = 50 �M for rANP
and 66 �M for sANP on NPR-A. B, IC50 = 1 1 6 �M for rANP and 366 n�
for sANP on NPR-C.

had a similar affinity (IC50 = 100 ± 18 pM) as rANP (IC50 =

105 ± 40 pM) in three experiments. Representative competi-

tion curves from one experiment are shown in Fig. 2A. For

sANP competitive binding to hNPR-C, the IC50 was > 1 p.M in

two experiments and 366 nM in a third (Fig. 2B). Binding of

rANP to hNPR-C was much tighter in these three experi-
ments (IC50 = 191 ± 62 pM). These data demonstrate that

sANP has similar affinity for NPR-A as for ANP and a 1,000-
10,000-fold reduced affinity for NPR-C. Therefore, sANP is

an NPR-A-selective analog of ANP.

Fig. 3 demonstrates that in H295R cells, hANP and sANP
have the same potency (EC5O = 2 nM) and maximal effect

(10_6 M) in stimulating cGMP production. [There was no

greater effect of iO� M peptides (two experiments).]’ Both ANP

and sANP result in concentration-dependent increases in cGMP

(repeated-measures ANOVA, p < 0.0001). There was no signif-

icant difference between the response curves for the peptides.

The effectiveness ofhANP and sANP, combined with the inabil-

ity of CNP, the NPR-B-selective agonist (30), to increase cGMP

production demonstrates that the only NPR in the H295R cells

is NPR-A. This result is consistent with the reported absence of

NPR-B in calf zona glomerulosa cells (31). The inability of

C-ANF(des[Gln’8,Ser’#{176},Gly�#{176},Leu21,Gly�2]A.NF-4-23-NH2) to

increase cGMP production is commensurate with its selectiv-

ity for NPR-C (32).

Fig. 4A shows the effect of both peptides in attenuating

forskolin- and angiotensin Il-stimulated aldosterone produc-

tion in H295R cells. The results in Fig. 4A represent the net

inhibitory effect of hANP and sANP on the entire aldostero-
nogenic pathway (Fig. 5). The effects of hANP and sANP on
forskolin- and angiotensin Il-evoked aldosterone production

are concentration dependent (repeated-measures ANOVA,
p < 0.0001) and consistent with an effect of both natriuretic

peptides through NPR-A. This result is very interesting

given previous suggestions that A.NP acts through differing

receptors to modulate both forskolin- and angiotensin II-

stimulated steroidogenesis (6). Until the current study and

associated development ofsANP, this hypothesis could not be

directly tested. Fig. 4B shows that both peptides have similar
concentration-dependent effects (repeated-measures ANOVA,

p < 0.0001) to reduce angiotensin II- or forskolm-induced pro-

duction of pregnenolone in the presence of cyanoketone, an
inhibitor of 3f3-hydroxy�5-steroid dehydrogenase, which blocks

conversion of pregnenolone to downstream products and allows

a measure of effects on the conversion of cholesterol to preg-
nenolone (Fig. 5). These results show an effect of NPR-A

signal transduction on CYP11A1 in human cells and are



* *

*

-U- hANP+AII (6)
--0-- sANP+AlI (5)
-4.-. hANP+Fsk (7)
--8- - sANP+Fsk (7)

*

A. i�oo

�1 �

B. �i00

� 75

#{149}0
g.250

0 2.- 25
C
0)
a)
0.

-r7�*�*�*
I �

-.- hANP+AIl (10)
- -0-- sANP+AII (10)
-.- hANP+Fsk (9)
--a-- sANP+Fsk (10)

TABLE 1

hANP and sANP effects on the agonist-evoked conversion of
corticosterone to aldosterone
Percent conversion = [aldosterone cpm x1 00] + [corticosterone added (i.e..
58,000 cpm)]. values are mean ± standard error for six experiments.
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Fig. 4. Effects of ANP and NPR-A-selective agonist sANP on forskolin
(Fsk)- and angiotensin II (A/l)-evoked aldosterone (A) or pregnenolone
(B) production in H295R cells. A, Basal levels of aldosterone produced
were 544 ± 83 pg/hr/mg protein. After forskolin (100 nM) and angio-
tensin II (5 nM) treatment, the levels were 3667 ± 294 and 1 367 ± 150
pg/hr/mg protein, respectively. B, Basal levels of pregnenolone were
2444 ± 56 pg/hr/mg protein. After forskolin and angiotensin II treat-
ment, the levels were 1 0,888 ± 333 and 3,389 ± 61 1 pg/hr/mg protein
(four experiments), respectively. Data are presented as a percentage of
production in the presence of the peptide vehicle (VEH). The number of
experiments for each treatment are given in parentheses. Average
protein content was 1 78 ± 1 0 j�g of protein/well. Data are mean ±

standard error. A and B, Comparisons between the effectiveness of

ANP and sANP were not statistically different by ANOVA. *, p < 0.05.

consistent with a previous study examining the effect of ANP
in rat zona gbomerubosa cells (7).

CNP and C-ANP (4-23) (10’#{176}to 10_6 M) had no effect on
angiotensin II- or forskolin-stimulated aldosterone or preg-
nenobone synthesis (four experiments; mean range,
100-115%). These results demonstrate that NPR-B and

NPR-C do not modulate aldosteronogenesis or that these
receptors are not present in H295R cells. In regard to NPR-B,
the latter possibility is consistent with the inability ofCNP to

increase cGMP concentrations in this cell line (Fig. 3).
It is noteworthy that hANP and sANP are equipotent at

blocking steroid production in response to either forskolin or
angiotensin II. The degree of ANP- or sANP-mediated max-
imal suppression on each stimulus is different, with a less

efficacious reduction of forskolin-facilitated aldosteronogen-
esis as assessed by repeated-measures ANOVA (p < 0.05)

and shown in Fig. 4A. Furthermore, bANP and sANP com-
pletely block angiotensin II stimulation of the late pathway

of aldosterone production without an effect on forskolin-fa-
cilitated conversion of [3H]corticosterone to [3H]aldosterone
(Table 1 and Fig. 5). The ability of the peptides to reduce
angiotensin II stimulation of both CYP11A1 and CYP11B2

(7) and diminish only forskolin-mediated activation of the

former enzyme agrees with earlier findings in rat zona gb-
merubosa cells (33). In the latter study, ANP was found to

inhibit the ACTH-induced stimulation of only the early path-
way, not the late pathway (33). ACTH is thought to act
through increases in cAMP via a G8 protein-coupled receptor,

CHOLESTEROL
cypi 1 Al4,��ANP

PREGNENOLONE
1�.-

3�-HDH �EJ

PROGESTERONE

I
*

CORTICOSTERONE
I *-ANP

cypi 1 B2j�

ALDOSTERON E
Fig. 5. Biosynthetic pathway of aldosterone synthesis. Relevant en-
zyme complexes noted are CYP11A1 , 3f3-hydroxy�5-steroid dehydro-
genase (3�-HDH), and CYP1 1 B2. Data relevant to hANP and sANP
effects on the agonist-evoked entire pathway, early pathway
(CYP1 1A1), and late pathway (CYP-1 1 B2) are presented in Fig. 4, A and
B, and Table 1 , respectively. Cyanoketone is shown as an inhibitor of
3p-HDH. The points at which ANP attenuates the pathway are also

shown.

Treatment Conversion

%

Vehicle 16 ± 1

Forskolin 23 ± 3�
Forskolin + hANP 24 ± 3�
Forskolin + sANP 25 ± 3�
Angiotensin II 21 ± 3�

Angiotensin II + hANP 1 7 ± 2
Angiotensin II + SANP 1 7 ± 3

hANP 16±1
sANP 14±1

ap < 0.05.

and therefore its effect on steroid production should be corn-

parable with that of forskobin (6, 23). We were unable to use
ACTH because it does not increase steroid production in

H295R cells’ (23) as a result of the absence or very low

abundance of its receptor (23).
In regard to the comparison of ANP effects between both

aldosteronogenic stimuli (Fig. 4 and Table 1), one possible

explanation is that the activation of NPR-A differentially
modulates the signaling pathways of angiotensin II (i.e.,

mobilization of intracellular calcium and opening of T-type
calcium channels) compared with forskolin (i.e., cAMP pro-
duction) in zona gbomerulosa cells (6). Future studies with
sANP in H295R cells may allow the relationship of NPR-A

and effects on calcium-associated pathways (i.e., phospho-
lipase C and voltage-sensitive calcium channels) to be de-

fined in modulation of the enzymatic steps of abdosteronogen-
esis.
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The observation that the NPR-A-selective peptide sANP
attenuates the activity ofboth CYP11A1 and CYP11B2 corn-

plexes is a significant, novel observation (6) because the
inability of ANP to inhibit angiotensin II- and forskolin-

induced steroidogenesis to the same extent has been sug-
gested to be due to differing natriuretic peptide receptors (2,
6). Our data define a central role for NPR-A in modulating

the effects of both agonists on aldosterone synthesis.

This study shows that ANP and a newly identified NPR-
A-selective agonist, sANP, reduce abdosterone generation. It
is important to note that NPR-A, like the other membrane-

associated guanylyl cyclase-linked receptors, contains an ex-

tracellular ligand (ANP)-binding domain and two intracellu-
bar domains: a KHD and a cyclase catalytic region (2). Our
data pharmacologically demonstrate that the NPR-A medi-
ates an inhibitory effect on steroidogenesis. This result is

consistent with the proposed involvement of the guanylyl

cyclase/cGMP system in this effect (1 1). However, the cyto-

plasmic KHD may transduce ANP-mediated cellular effects

independent of the catalytic region. We cannot differentiate

between these two possibilities because sANP binds selec-
tively to the extracellular region of NPR-A to potentially

activate both the KHD and catalytic domains, resulting in
the signaling ofdownstream cellular events. The discovery or
development of a membrane-permeable catalytic inhibitor of
NPR-A is essential before this dichotomy can be clarified for

adrenocortical steroidogenesis or any other effect of ANP.
The results reported here show that the H295R cell line

represents an in vitro model for screening novel natriuretic

peptide agonists and antagonists for their effects on hNPR-A
and steroid biosynthesis. The ability of A.NP to reduce aldo-

sterone production in the human adrenal cortex is likely a
significant contributor to its natriuretic and diuretic effects
and associated hypotensive activity (1, 2, 6, 34). The ability to
selectively target NPR-A with the novel agonist sANP will
likely be of significant therapeutic relevance in that clear-

ance by NPR-C can be avoided, maximizing desirable phar-

macological effects. NPR-A-selective agonists such as sANP
may be important in treating conditions associated with vol-
ume overload, including renal failure, congestive heart fail-
ure, hyperadrenalism, and primary hyperaldosteronism.
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