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Studies were performed to examine the relationship between osmolality 
and aldosterone production using primary cultures of bovine adrenal glomeru- 
losa cells. Cell monolayers were incubated under hypo- (234 mOsm), iso- 
(274 mOsm), or hyperosmotic (318 mOsm) conditions in the absence or presence 
of angiotensin II (10 -12 M to 10 -9 M). Although basal steroidogenesis was 
unaffected, angiotensin ll-stimulated aldosterone production was inversely 
related to osmolality. Mannitol and NaCI were equally effective as osmotic 
particles. Thus, modulation of angiotensin ll-stimulated aldosterone secre- 
tion produced in vivo by changes in plasma osmolality result, in part, from 
a direct effect on the glomerulosa cells. © 1986 Academic Press, Inc. 

In a variety of situations in which plasma osmolality and sodium con- 

centration are altered, there is a marked disparity between plasma renin ac- 

tivity and aldosterone concentration (1-4). Such observations strongly sug- 

gest that these parameters modulate the renin-angiotensin-aldosterone sys- 

tem, but the means by which osmolality and sodium might exert their effects 

have not been well defined. Recent studies by Schneider et al° (4-6) demon- 

strated that the effect of osmolality was exerted, at least in part, direct- 

ly at the level of the adrenal gland. Changes in osmolality, independent of 

changes in sodium and/or chloride concentration, markedly altered the aldo- 

sterone secretory response of the isolated canine adrenal gland to angioten- 

sin II in an inverse manner. Results of studies using acutely dispersed, 

isolated glomerulosa cells, on the other hand, have failed to support a di- 

rect effect of osmolality and have also suggested that extracellular sodium 

and/or chloride concentration has little, if any, effect on aldosterone pro- 

duction (7-9). Thus, either the intra-adrenal action of osmolality is medi- 
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ated indirectly via an effect on a non-glomerulosa component of the gland or 

the ability of dispersed glomerulosa cells to respond to osmolality is at- 

tenuated. To address these issues, we examined the effects of osmolality on 

glomerulosa cells that were allowed to recover from isolation procedures by 

maintenance in primary culture. The results obtained clearly demonstrate 

that changes in extracellular osmolality can affect aldosterone secretion by 

modifying the steroidogenic response of the glomerulosa cell to angiotensin 

II. 

MATERIALS AND METHODS 

Glomerulosa cells were isolated from bovine adrenal capsules by collag- 
enase digestion and mechanical dispersion using methods previously described 
(i0). Cells were plated in 12-well cluster dishes (Costar; Cambridge, MA) 
and grown to confluence in air at 37°C in Ham's F-12 medium containing HEPES 
(25 raM; pH 7.4), NaHCO 3 (4 mM), ascorbate (I00 ~M), ~-toc0Pherol (1.2 ~M), 
N 2SCO3 (0.05 ~M), butylated hydroxyanisole (50 ~M), metyrapone (5 ~M), pen- 
icillin (I00 U/ml), streptomycin (i00 ~g/ml), amphotericin B (i ~g/ml) and 
horse serum (10%; v/v). Media were changed at 48-hour intervals. Conflu- 
ence was generally achieved within five days. At confluence, the medium was 
replaced with a serum-free medium containing BSA (i00 ~g/ml), and the cells 
were maintained for an additional 20-24 h before being used in an experi- 
ment. 

Cells were then preincubated for two l-h periods in 2 ml of Krebs-Ring- 
er/HEPES buffer (25 mM, pH 7.4) containing NaCI (116 mM), NaHCO 3 (4 mM), KCI 
(4 mM), CaC12 (1.25 mM), MgCI 2 (0.83 mM), Na2HPO 4 (1.87 mM), glucose (5.6 
mM), and BSA (i00 ~g/ml). Finally, cells were incubated in a Krebs Ringer/ 
HEPES buffer under one of the following conditions: i) low osmolality (233 
± 2 mOsm), 2) normal osmolality/NaCl (274 ± 2 mOsm), 3) normal osmolality/ 
mannitol (275 ± I mOsm), 4) high osmolality/NaCl (318 ± 2 mOsm), or 5) high 
osmolality/mannitol (316 ± 2 mOsm). All experimental media were prepared 
from a low Na (120 mM), low osmolality (233 mOsm) buffer by the appropriate 
addition of NaCI and/or mannitol. Angiotensin II (SVal-Angiotensin II; BA- 
CHEM) was added (1012 M - 10 -9 M) to the media as indicated. Incubations 
were allowed to proceed for 2 h. The media were then collected and the al- 
dosterone contents measured by direct radioimmunoassay (Diagnostic Products; 
Los Angeles, CA). Cell monolayers were rinsed twice with protein-free phos- 
phate-buffered saline and dissolved in 0.5 N NaOH. Cell protein was mea- 
sured by the method of Bradford (Ii). 

RESULTS 

When glomerulosa cells were incubated in an iso-osmotic (274 ± 2 mOsm) 

medium, aldosterone output increased from a basal rate of 0.7 ± 0.3 to 27.6 

± 4.5 ng/h/mg protein (a 40-fold increase) as the concentration of angioten- 

sin II increased from 1012 M to 10 -9 M (Figure I). 
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Figure I. Effect of angiotensin II on aldosterone production by primary 
cultures of bovine glomerulosa cells. Cell monolayers were incubated in an 
iso-osmotic medium (274 mOsm) for 2 h in the presence of increasing concen- 
trations of angiotensin II. Each point represents the mean and I SE of 4-6 
determinations. 

The interaction between osmolality and angiotensin II concentration is 

presented in Figure 2. Aldosterone production in response to maximal con- 

centration (10 -9 M) of angiotensin II was not affected by changes in osmo- 

lality. In contrast, the aldosterone secretory response to a submaximal 

concentration (i0 -II M) of angiotensin II was potentiated when the osmolali- 

ty of the medium was reduced (233 + 2 mOsm) and was attenuated when osmolal- 

ity was increased (318 + 2 mOsm). Similarly, a reduction in osmolality 

markedly increased the amount of aldosterone produced in response to 10 -12 M 

angiotensin II, a concentration that had no apparent steroidogenic effect 
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Figure 2. Effect of osmolality on angiotensin ll-stimulated aldosterone 
production. Cells were incubated in the presence of 10 -12 M ([]), I0 -II M 
(•), I0 -I0 M ([-]), and 10 -9 M (~) angiotensin II under hypo- (233 mOsm), 
iso- (274 mOsm), or hyperosmotic (318 mOsm) conditions. Each point repre- 
sents the mean and i SEM of 4-6 determinations. 
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Figure 3. Effects of increasing osmolality on angiotensin-stimulated aldo- 
sterone production. Glomerulosa cells were incubated in the presence of 
i0 -ll M angiotensin II in a hypo-osmotic median and in media made iso-osmot- 
ic or hyperosmotic by the addition of either mannitol (solid bars) or NaCI 
(open bars). Each bar represents the mean and 1 SEM of 6 determinations. 

when cells were incubated in an iso-osmotic medium. Changes in the osmolal- 

ity of the incubation medium had no independent effect on aldosterone secre- 

tion (data not shown). 

A comparison of the effects of increasing osmolality and/or sodium con- 

centration on aldosterone production in response to sub-maxiumal concentra- 

tion (10 -ll M) of angiotensin II is presented in Figure 3. The enhanced 

rate of aldosterone production observed when cells were incubated in a hypo- 

osmotic medium was progressively decreased when the osmolality of the medium 

was increased by the addition of either mannitol or NaC1. 

DISCUSSION 

The present results provide the first demonstration that extracellular 

osmolality can directly modify the steroidogenie response of the glomerulosa 

cell to angiotensin II. In general, aldosterone production in response to 

the peptide was inversely related to the osmolality of the incubation medi- 

um. Likewise, the magnitude of the effect produced by a given change in os- 

mola!ity was inversely related to the concentration of angiotensin II em- 

ployed. For example, the ability of a reduction in extraeellular osmolality 

to potentiate the steroidogenic response to angiotensin II was most dramatic 
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when the peptide was used at a concentration (10 -12 M) that had no apparent 

effect on aldosterone production under iso-osmotic conditions. A similar 

reduction in osmolality, in contrast, did not enhance the production of al- 

dosterone invoked by maximal concentrations of angiotensin II. An increase 

in osmolality from 274 mOsm to 318 mOsm did not significantly alter aldoste- 

rone production in response to a maximal concentration of angiotensin II, 

but it markedly attenuated the response to a submaximal concentration of the 

peptide. Thus, changes in osmolality, while having no apparent effect on 

basal aldosterone production or maximal steroidogenic capacity, markedly al- 

tered the sensitivity of the glomerulosa cell to angiotensin II. 

These results are in contrast to those previously reported using acute- 

ly dispersed, isolated glomerulosa cells (7, 8). These investigators failed 

to observe an effect of osmolality on aldosterone output. The reason for 

this discrepancy is not readily apparent but may be related to differences 

in isolation/maintenance procedures and, consequently, to the responsiveness 

of the glomerulosa cell preparations or perhaps to the concentration of an- 

giotensin II employed. The effects of osmolality on angiotensin-stimulated 

aldosterone production in cultured bovine glomerulosa cells noted here, how- 

ever, are remarkably similar to those observed previously using the isolat- 

ed, perfused canine adrenal gland (4-6). This similarity strongly suggests 

that the effects of osmolality observed using the perfused gland resulted 

from a direct effect on the zona glomerulosa. The possibility, however, 

that some other componenet of the adrenal gland (i.e., vascular or medulla- 

ry) might also contribute to the effect of osmolality in vivo cannot be com- 

pletely excluded. In any case, these results clearly demonstrate that the 

glomerulosa cell is remarkably sensitive to changes in extracellular osmo- 

lality, and they support the contention that plasma osmolality is an impor- 

tant modulator of angiotensin ll-stimulated aldosterone production in vivo. 

ACKNOWLEDGMENT 

Supported in part by a Grant-in-Aid from the American Heart Association, 
Tennessee Affiliate, by USPHS Grant AM 33562, and by Biomedical Research 
Support Grant, IF - Memphis. 

50 



Vol. 139, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

REFERENCES 

i. Childers, J. W., and Schneider, E. G. (1981) Clin. Sci. 61, 191-199. 
2. Balla, T., Nagy, K., Tarjan, E., Renczes, G., and Sp~t, A. (1981) J. 

Endoerinol. 89, 411-416. 
3. Cohen, J. J., Hulter, H. N., Smlthline, N., Melby, J. C., and Schwartz, 

W. B. (1976) J. Clln. Invest. 58, 1201-1208. 
4. Schneider, E. G., Taylor, R. E. Jr., Radke, K. J., and Davis, P. G. 

(1984) Endocrinology 115, 2195-2204. 
5. Schneider, E. G., Radke, K. J., Ulderich, D. A., and Taylor, R. E. Jr. 

(1985) Endocrinology 116, 1621-1626. 
6. Schneider, E. G., Taylor, R. E. Jr., and Radke, K. J. (1985) In: 

Transport Processes, lono- and Osmoregulation, R. Giles and M. Giles- 
Baillien, eds., pp. 66-80, Springer-Verlag, New York. (FO~M???) 

7. Lobo, M. V., Marusic, E. T., and Aguilera, G. (1978) Endocrinology 102, 
1061-1068. 

8. Saruta, T. R., Cook, R., and Kaplan, N. M. (1972) J. Clin. Invest. 51, 
2239-2245. 

9. Blair-West, J. R., Coghlan, J. P., Denton, D. A., Goding, J. R., Win- 
tour, M., and Wright, R. D. (1966) Aust. J. Exp. Biol. Med. Sci. 44, 
455-474. 

IO. Coviello, J. F., Hornsby, P. J., and Gill, G. N. (1982) Endocrinology 
iii, 469-479. 

ii. Bradford, M. M. (1976) Analyt. Biochem. 72, 248-254. 

51 


