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Recent studies (1, 2) of salivary gland
function have demonstrated that the rat
parotid gland, like the parotids of man and
dog (3, 4), produces saliva hypotonic to plas-
ma. Micropuncture and microanalytical tech-
niques have been used to demonstrate that
salivary hypotonicity is produced in the stri-
ated ducts of the gland by reabsorption of
sodium in excess of water from a plasma-like
primary secretion (2). The cellular structure
of the striated ducts is similar to the struc-
ture of the distal tubules of the kidney (5).
Since previous studies have indicated that the
major action of aldosterone is on the distal
tubules of the mammalian nephron (6), we
undertook the present study of the role of
aldosterone on the function of the rat parotid
gland. The effects of this hormone on the
handling of sodium and potassium by the
parotid in general and the striated ducts in
particular were investigated before and after
adrenalectomy. The ability of exogenous aldo-
sterone to reestablish normal handling of sodi-
um and potassium by the rat parotid in the
adrenalectomized state was investigated.

Methods and Materials. Male, albino rats
of the F.W. 49 and Sprague-Dawley strains,
weighing 150-200 g, were used in these ex-
periments. The animals were fasted for 24 hr
prior to the experiments but were allowed
free access to water. They were anesthetized
with either Imactin (sodium S5-ethyl-
5-methyl-propyl-2-thiobarbiturate) or sodium
pentobarbital in doses of approximately 8.0
mg/100 g of body weight. The methods of
surgical preparation of the animals, cannula-
tion of the main ducts, and micropuncture of
the intercalated and lobular ducts have been
described in previous publications (1, 2).

The adrenals were removed 7-14 days

prior to the experiments through bilateral
flank incisions under light ether anesthesia.
Postoperatively, the drinking water was re-
placed with 0.9% NaCl solution, but the ani-
mals remained on standard rat pellet diet.
The effectiveness of adrenalectomy was deter-
mined by the following criteria: (a) eleva-
tion of the serum potassium concentration
above 5.0 meq/liter (mean: 6.35 =+ 0.34
SD); (b) decrease in the ability of the rat to
excrete a standard water load given by a
nasogastric tube (7); (c) decrease in serum
sodium concentration (mean: 132.5 =+ 3.52
meq/liter). Aldosterone (d-isomer) was ob-
tained from Sigma Chemical Company. The
hormone was dissolved in a small volume of
95% ethanol and then in a larger volume of
5% glucose in water before injection into the
animal. The effects of d-aldosterone were
studied in 7 adrenalectomized rats. A solution
containing 25 ug of d-aldosterone in 1.0 ml of
isotonic dextrose in water was prepared. The
left jugular vein of the rat was cannulated
and 2.5 pg of aldosterone was injected in-
travenously 60 min prior to stimulation of
the parotid with pilocarpine. By using a Har-
vard constant infusion pump, an intra-
venous infusion of 0.4 ug of d-aldosterone/
min was maintained throughout the experi-
ment. Salivation was induced by the in-
travenous injection of pilocarpine (0.1
mg/100 g of body weight). Collections of
saliva were made at progressively lower flow
rates in preweighed polyethylene vessels un-
der mineral oil. The methods of ultrami-
croanalysis of the samples for sodium and
potassium have been described in previous
reports (1, 2).

Results. 1. Sodium and potassium concen-
trations in the parotid saliva of comtrol and
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F1c. 1. Relationship of flow rate to sodium concen-
tration in rat parotid saliva (15 rats) following stimu-
lation with pilocarpine.
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adrenalectomized rats and effects of d-
aldosterone. Asshown in Figs. 14, the concen-
trations of sodium and potassium in the paro-
tid saliva of control and adrenalectomized
animals were related to the salivary flow rate.
The correlation between salivary sodium
concentration and flow rate is shown in Fig.
1. At flow rates less than 10 pl/min/g of wet
gland tissue, minimal sodium concentrations
(1-6 meq/liter) were observed. At progres-
sively higher flow rates the salivary sodium
concentration gradually increased. The same
correlation between salivary sodium concen-
tration and flow rate was observed in the
parotid saliva of the adrenalectomized rats
(Fig. 2) but the sodium concentrations were
higher than those of the saliva of control rats
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F1c. 2. Relationship of flow rate to sodium concen-
tration in rat parotid saliva following stimulation
with pilocarpine. (shaded area), range of control val-
ues taken from Fig. 1; (O), values from 10 rats 2
weeks after bilateral adrenalectomy; (@), values
from 6 adrenalectomized rats following administra-
tion of d-aldosterrme (see text).
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at any given flow rate. There was little over-
lap between these two groups of measure-
ments. Following administration of d-aldos-
terone to the adrenalectomized rats, the ex-
cretion of sodium in the parotid saliva as
indicated by the relation of sodium concen-
tration to flow rate shown in Fig. 2, became
identical to that of the control rats.

The salivary potassium concentration was
also related to the flow rate. This relation-
ship, however, was the inverse of that for
sodium as shown in Fig. 3. The potassium
concentrations in the control rats were high
at low flow rates and gradually decreased as
the flow rates increased. In the adrenalecto-
mized rats, as shown in Fig. 4, the salivary
potassium concentrations were lower than
those of the control animals at any observed
flow rate. There was, however, significant
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Fic. 3. Relationship of flow rate to sodium concen-
tration in rat parotid saliva (15 rats) following stimu-
lation with pilocarpine; (---), mean serum potas-
sium concentration in these rats.

overlap between the two groups of measure-
ments, especially at high flow rates. Follow-
ing administration of d-aldosterone to the
adrenalectomized rats, the excretion of potas-
sium in the parotid saliva returned to control
levels as indicated by the relationship of
potassium concentration to flow rate shown in
Fig. 4.

2. Sodium and potassium concentrations in
the fluid from different segments of the duct
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F1c. 4. Relationship of flow rate to potassium con-
centration in rat parotid saliva following stimulation
with pilocarpine; (shaded area, range of control val-
ues taken from Fig. 3. (A), values from 10 rats 2
weeks after bilateral adrenalectomy; (A), values
from 6 adrenalectomized rats following administra-
tion of d-aldosterone (see text); (---), mean serum
potassium concentration in these rats.

system of the rat parotid before and afer
adrenalectomy. A diagram of the different
segments of the duct system of the rat parotid
is shown in Fig. 5. The gland is composed of
clusters of acini which drain into the inter-
calated ducts and then into the striated ducts
which are located within the lobules of the
gland and connect with the lobular ducts.
These structures form the lobar ducts which
in turn lead into the main duct of the gland.
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The main duct conveys the saliva to the
mouth. Since the striated ducts were not ac-
cessible to micropuncture, the intercalated
and lobular ducts were punctured and duct
fluid samples were collected. Final saliva was
obtained from the end of the main duct fol-
lowing cannulation with a fine polyethylene
tube. The sites of collection of fluid samples
are indicated in Fig. 5. The sodium and po-
tassium concentration of fluid from different
segments of the pilocarpine-stimulated rat
parotid, before and after adrenalectomy, are
shown in Fig. 6. In the nonadrenalectomized
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Fic. 6. Mean concentrations of sodium and potas-
sium =+ SD (1 standard deviation) in the fluid ob-
tained from the different parts of the duct system of
the parotid glands of 10 control and 9 adrenalecto-
mized rats (for flow rates: see text).

rats, during salivary flow rates of 29.1 £ 4.8
ul/min/g of wet gland tissue, the fluid from
the acini-intercalated ducts had sodium and
potassium concentrations of 141.4 = 8.5 and
4.8 = 0.9 meq/liter, respectively. The fluid
from the lobular and main ducts had low

F1c. 5. Diagram showing the different parts of the duct system of the rat parotid gland and the

sites of fluid collections.
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sodium concentrations (35.2 == 6.6 and 33.1
== 12.1 meq/liter respectively). The potassi-
um concentrations were 9.9 == 4.8 in the
fluid from the lobular ducts and 15.4 =+ 3.8
meq/liter in the fluid from the main duct. In
the adrenalectomized rats, during salivary
flow rates of 31.1 =+ 7.2 pl/min/g of wet
gland tissue, the sodium and potassium con-
centrations of the fluid from the intercalated
ducts were 131.31 == 5.72 and 6.86 =% 0.82
meq/liter, respectively. These values are not
significantly different from the concentrations
of these ions in the plasma of the adrenalec-
tomized rats which were 132.51 =+ 3.52 and
6.35 == 0.34 meq/liter for sodium and potas-
sium, respectively. In the fluid from the lobu-
lar ducts of the adrenalectomized rats, the
sodium concentration was 66.46 =+ 12.72
meq/liter which is higher than the sodium
concentration of the fluid from the lobular
ducts of the control rats (p >0.001). The
fluid from the main ducts of the adrenalecto-
mized rats had sodium concentration of 65.25
=+ 13.48 meq/liter, not different from that
of the lobular duct fluid. The potassium con-
centration of the duct fluid of the adrenalec-
tomized rats was 7.74 == 1.19 in the lobular
ducts and 10.91 == 0.87 meq/liter in the
main duct, significantly lower than the potas-
sium concentrations of the duct fluid from
the corresponding ducts of the control rats.
Discussion. The present study demon-
strates that aldosterone is actively involved
in the regulation of the ionic composition of
the rat parotid saliva. In the past, studies of
the effects of adrenal steroids on salivary
gland function were limited to measure-
ments of the Na and K concentrations
and Na/K ratios in final saliva. The use of
micropuncture and microanalytical tech-
niques has made possible the investigation of
the effects of aldosterone on the different
parts of the duct system of the rat parotid
gland. The process of production of the pri-
mary secretory fluid in the acini-intercalated
ducts of the gland was not significantly
affected by adrenalectomy. The salivary flow
rates per gram of gland tissue were identical
to those of the control animals. On the other
hand, the compostion of the primary fluid
obtained from the intercalated ducts was al-
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tered. Sodium concentrations were lower and
the potassium concentrations were higher
than in the control rats. This change could
have resulted from an effect of adrenalectomy
on the secretory process but more probably
it was associated with the altered sodium and
potassium concentrations in the plasma of
the adrenalectomized animals. Comparison of
the sodium and potassium concentrations in
the primary fluid of control and adrenalecto-
mized rats to those of the plasma of the
corresponding animals demonstrated that the
primary fluid appears to be equillibrated to
plasma as far as sodium and potassium con-
centrations are concerned. It was also demon-
strated (unpublished experiments) that ele-
vation of the plasma sodium concentrations
in rats by infusion of hypertonic saline re-
sults in increased sodium concentrations in
the primary fluid of the parotid gland. Thus,
it was concluded that the changes in the
composition of the primary fluid in the paro-
tid of adrenalectomized animals were associ-
ated with similar changes in plasma, to which
the primary fluid appears to be in equilibri-
um for sodium and potassium concentrations.

In a previous study, it was demonstrated
that the major site of sodium reabsorption in
the rat parotid is the stiated duct of the
gland (2). Since the striated ducts can not be
reached by present micropuncture techniques,
the next order of ducts (lobular ducts)
were micropunctured and the changes in the
sodium and potassium concentrations of the
duct fluid were interpreted as the results of
the transport activity of the striated ducts.
Comparison between control and adrenalecto-
mized rats reveals that in the latter there was
a significant increase in the sodium concen-
tration and a decrease in the potassium con-
centration of the fluid obtained from the lob-
ular ducts at comparable flow rates. The
change in the sodium concentration could
have resulted from either a decrease in the
reabsorption of sodium or an increase in the
permeability of the striated ducts to water
resulting in increased water reabsorption. The
observation, however, of identical flow rates
in the control and adrenalectomized rats and
the decreased potassium concentrations in the
lIobular duct fluid of the adrenalectomized
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rats are against the possibility of increased
permeability to water. Thus, it appears that a
marked decrease in the reabsorption of sodi-
um occurs in the striated ducts of the rat
parotid following adrenalectomy. Since the
remaining excretory ducts (lobular, lobar,
and main) of the rat parotid seem to have a
minimal effect on the handling of sodium and
potassium, adrenalectomy had little effect on
their function. Some decrease in the potassi-
um secretion was observed leading to a de-
crease in the potassium concentration of the
final saliva.

Administration of aldosterone to the adre-
nalectomized rats resulted in complete resto-
ration of the handling of sodium and potas-
sium. Since the major changes in the handling
of these ions after adrenalectomy were ob-
served in the striated cuts, it is concluded
that these ducts are the site of action aldos-
terone in the parotid gland. It appears that
aldosterone affects both the reabsorption of
sodium and the secretion of potassium.
Whether the effect on the secretion of potas-
sium is primary or secondary to that on the
reabsorption of sodium is not clear. The lo-
calization of the site of action of aldosterone
in the striated ducts is also in agreement with
the previously described morphological simi-
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larity of the striated duct cells to the cells of
the distal tubule, the major site of action of
aldosterone in the kidney

Part of this work was carried out during a Research
Fellowship of J.AAM. at the Institute of Physiolo-
gy, Free University of Berlin (supported by the
National Cystic Fibrosis Research Foundation). The
expert assistance of Mrs. Gisela Braun-Schubert and
Mr. Karl-Friedrich Hamann is acknowledged. This
investigation was supported by Grants AM-06365-07
from the NIH and the National Cystic Fibrosis Re-
search Foundation. J. A. Mangos is a recipient of
Research Career Development Award 1-K4-AM-39,
665-01 from the NIH.

1. Mangos, J. A. and Braun, G., Arch. Ges. Physiol.
290, 184 (1966).

2. Mangos, J. A., Braun, G., and Hammann, K. F.,
Arch. Ges. Physiol. 291, 99 (1966).

3. Thaysen, J. H,, Thorn, N. A, and Schwartz, L.
L., Am. J. Physiol. 178, 155 (1954).

4. Brusilow, S. W. and Cooke, R. W.,, Am. ]J.
Physiol. 196, 831 (1959).

5. Rutberg, U., Acta Odontol. Scand., Suppl. 19, 30
(1961).

6. Hierholzer, R. K., Wiederholt, M., Holzgreve, H.,
Giebisch, G., Close, R. M., and Windhager, E. E,,
Arch. Ges. Physiol. 285, 193 (1965).

7. Gaunt, R. and Chart, J. J., i» Handb. Exp.
Pharmakol. 14 (1), 514 (1962).

Received June 5, 1969. P.S.EBM., 1969, Vol. 132.





