
PHYSIOLOGICALANDPHARMACOLOGICALREGULATIONOF
HUMANSALIVARY ELECTROLYTECONCENTRATIONS;

WITH A DISCUSSION OF ELECTROLYTECONCEN-
TRATIONS OF SOMEOTHEREXOCRINE
- SECRETIONS'1

By ABRAHAMG. WHITE,2 PAUL S. ENTMACHER,GEORGERUBIN, AND
LOUIS LEITER

(From the Medical Division, Montefiore Hospital, New York City and the Department of
Medicine, The Mount Sinai Hospital, New York City, N. Y.)

(Submitted for publication May 18, 1954; accepted October 20, 1954)

The electrolyte content of paraffin-stimulated,
whole, mixed saliva obtained from patients with
congestive heart failure is characterized by lower
sodium, lower chloride, and higher potassium con-
centrations than saliva of normal subjects (1).
Since these data suggested possible increased
adrenal cortical activity in patients with heart
failure, desoxycorticosterone acetate (DCA)
was administered to nineteen normal subjects.
It also seemed of interest to study additional phar-
macological and physiological mechanisms that
may play a role in the regulation of salivary elec-
trolyte concentrations. Thus, the aims of this
communication are to present: 1) Data on normal
salivary concentrations of sodium, chloride, and
potassium; 2) data relating to physiological mecha-
nisms regulating the concentrations of salivary
electrolytes; and 3) the effects on salivary elec-
trolytes of three pharmacologic agents: desoxy-
corticosterone acetate (DCA), pilocarpine, and
Mercuhydrin@.

METHODS

Approximately 30 ml. of saliva were collected in the
morning from fasting subjects who chewed paraffin for
15 to 20 minutes following a preliminary mouth wash
with water. Where indicated, normal subjects chewed
paraffin for two consecutive ten-minute periods. Whole,
mixed saliva was analyzed. Sodium and potassium con-
centrations were measured with an internal standard
Perkin 52A flame photometer; chloride concentrations,
by the Van Slyke-Hiller iodometric method (2). Stand-

1 Aided by a grant from the American Heart Associa-
tion and by a United States Public Health Service grant
(H-1245).

2 This work was begun during the tenure of a Research
Fellowship of the American Heart Association in 1950.
Present address: The Mount Sinai Hospital, New York
City.

ard methods of statistical analysis were employed (3);
the "t" test was used to determine the statistical signifi-
cance of mean differences between groups, and the
method of "paired differences" was employed in evalu-
ating the effects of pharmacologic agents on the electro-
lyte concentrations of saliva.

Ten mgm. DCA in oil were injected intramuscularly,
daily, for 5 to 15 days into normal subjects who received
a regular diet and 10 gm. supplemental salt by mouth
per day. Duplicate collections of saliva were collected
on consecutive days both before and during the adminis-
tration of DCA in order to test the reproducibility of
the values for salivary electrolyte concentrations. The
concentration of potassium was not measured in one of
these subjects.

Twenty-nine pairs of observations were made on the
effect of 6 mgm. of subcutaneously-administered pilo-
carpine on the salivary electrolyte concentrations in sub-
jects without cardiac disease. Thirty minutes after the
injection of pilocarpine the subject began to chew paraf-
fin again, and 30 ml. of saliva were collected (usually in
about 10 minutes).

Two ml. of Mercuhydrin® were injected intramus-
cularly into 10 patients with congestive heart failure and
on a low salt diet. Collections of saliva were made at
the time of administration, and at 1Ih, 3, and 24 hours,
respectively, after the injection of the mercurial diuretic.

Fifteen experiments on nine normal subjects on a regu-
lar salt diet were performed in which saliva was collected
in two successive 10-minute periods in order to compare
the salivary electrolyte concentrations during varying
rates of flow.

RESULTS

Normal concentrations of salivary electrolytes

For the 73 control subjects on a regular salt
diet, including the 16 values obtained from our
earlier studies (1), the normal salivary concen-
trations of sodium, chloride, and potassium are
26.4 + 11.8, 29.0 + 8.8, and 19.7 ± 3.9 mEq. per
L., respectively.
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Effect of rate of flow on the concentrations of
salivary electrolytes

There does not appear to be any highly signifi-
cant effect of the rate of flow on these values (Fig-
ures 1, 2, 3). For the first 10-minute specimens,
the regression lines, together with the correspond-
ing correlation coefficients (r) are:

Na: Y, = 14.83 + 5.98 x (r = .433)
Cl: Yc = 27.1 + 1.22 x (r = .283)
K: Yc =21.2-0.8 x (r= .283)

The regression lines for the second 10-minute
specimens are:

Na: Y, = 9.3 + 6.15 x (r = .5)
Cl: Y, = 22.7-0.45 X (r = .265)
K: YC = 24.5-2.68 x (r = .51)

Combined values for control subjects and for pa-
tients with congestive heart failure

The salivary concentrations of sodium, chlo-
ride, and potassium in the present series of pa-
tients with congestive heart failure are essentially
the same as those for our earlier cardiac series.
There is a statistically significant difference in the
salivary electrolyte concentrations between the
combined control group and the combined series
of patients with congestive heart failure; for the
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latter, the salivary concentrations of sodium, chlo-
ride, and potassium are 17.8 + 8.9 (P = < .0001),
22.2 8.4 (P = .0001), and 24.7 4.8 mEq. per

L. (P = < .0001), respectively, where the re-

spective. "P" values refer to the differences be-
tween the controls and the cardiacs. Putting the

TABLE I

The effect of desoxycorticosterone acetate on the concentrations of salivary dectrolytes

Sodium Chloride Potasium
mEq./L. mEq./L. mEg./L,

Subjects

n d S.D. S.E. n d S.D. S.E. n d S.D. S.E.

Pre-DCA minus DCA*
19 +3.79 10.8 2.47 19 +5.94 5.63 1.29 18 -1.81 1.93 .46

Av. initial values
(mEq./L.)

Na, 21.3 i 15.0 t 1.53 4.6 3.97
Cl, 30.2 4 9.0
K, 19.1 4: 2.4 P .14 .00018 .0008

Na/K ratio, Na/K

Pre-DCA minus DCA* 18 +.245 .585 .138

t 1.77
P .09

n x S.D. S.E. n x S.D. S.E. n x S.D. S.E.

DCA 19 17.5 10.9 2.5 19 24.3 6.8 1.56 18 20.9 2.54 .6
Combined CHFt 39 17.8 8.9 1.43 39 22.2 8.4 1.33 39 24.7 4.8 .76
(Salt-poor diet) - -_ _ _ _ _ __ _ _ _._ _ _-___ - -_ _ _

t .104 1.03 3.91
.92 .32 .0003

DCA 19 17.5 10.9 2.5 19 24.3 6.8 1.56 18 20.9 2.54 .6
Controls 12 17.6 10.2 3.0 12 21.6 6.3 1.8 12 22.0 5.8 1.7

Sudies II)M _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

Salt-poor diet) 1.31 .61
t .03 13 6

P 1.0 .20 .55

* Paired differences.
t All values obtained while patients were on salt-poor diet.

TABLE II

The effect of subcutaneously-administered pilocarpine on the concentrations of salivary electrolytes (paired differences)

Sodium Chloride Potassium
mEq./L. mEq./L. mEq./L.

n d S.D. S.E. n d S.D. S.E. n d S.D. S.E.

Pilocarpine l 1 1 - l l l 1 l
Av. initial values 29 -4.11 11.7 2.17 29 +2.42 6.75 1.25 27 +3.97 3.06 .588

(mEq./L.)
Na, 27.4 - 16.3 t 1.89 1.93 6.85
Cl, 26.7 t: 7.7 P 0.069 .065 .0001
K, 20.5 - 2.8
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cardiac patients on a regular diet containing up
to 10 grams of salt per day does not increase their
salivary sodium and chloride concentrations (1).

Effect of desoxycorticosterone acetate on the con-
centrations of salivary electrolytes

As a result of the daily intramuscular injection
of 10 mgm. DCAin oil for periods ranging from
5 to 15 days, the mean salivary electrolyte con-
centrations changed as follows: sodium decreased
3.8 mEq. per L., chloride decreased 5.9 mEq. per
L. while potassium increased 1.8 mEq. per L.
(Table I, Figure 4). With the use of paired dif-
ferences, statistical analysis showed that the
changes in the concentrations of chloride and po-
tassium were significant (P = .0002 and .0008,
respectively), while that of sodium was not (P -
.14).

Statistical analysis (employing paired differ-
ences) yielded a "P" value of 0.09 for the decrease
of 0.25 observed in the Na/K ratio in eighteen
subjects following the intramuscular administra-
tion of desoxycorticosterone acetate. No meas-
urements were made of the effects of DCAon the
rates of flow, but no gross changes were evident.

20

15

go

5

PRE-DCA DCA CONGESTIVE
HEART

FAILURE

FIG. 4. EFFECT OF INTRAMUSCULARLY-ADMINISTERED
DESOXYCORTICOSTERONEACETATE (DCA) ON SALIVARY
CONCENTRATIONSOF SODIUM, CHLORIDE, AND PaTASSIUM
(MEQ. PER L.)

The corresponding concentrations in patients with
congestive heart failure are shown for comparison.

TABLE III

The effect of intramuscularly administered Mercuhydring (2 ml.) on the concentratson of
salivary electrolytes (paired differences)

* Av. initial values (mEq./L.):
Na, 15.4 i 8.2
Cl, 22.5 i: 7.7
K, 23.8 - 5.2
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FIG. 5. THE EFFECT OF SUBCUTANEOUSLY-ADMINIS-
TERED PILOCARPINE ON THE SALIVARY CONCENTRATIONS
OF SODIUM, CHLORIDE, AND POTASSIUM

Effect of pilocarpine on concentrations of salivary
electrolytes

Pilocarpine (6 mgm. administered subcutane-
ously) lowered the salivary concentration of po-

tassium 3.97 mEq. per L. (P = 0.0001), lowered
the chloride 2.42 mEq. per L. (P = .065), and
increased the sodium 4.11 mEq. per L. (P = .069)
(Table II, Figure 5). No measurements were

SALIVARY ELECTROLYTES
30oN
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FF IIa.0D

PRE-MERC. 12 HR. 3 HR. 24 HR.
2

POST MERC. POST MERC. POST MERC.

FIG. 6. THE EFFECT OF INTRAMUSCULARLY-ADMINIS-
TERED MERCUHYDRIN®ON THE SALIVARY CONCENTRA-
TIONS OF SODIUM, CHLORIDE, AND POTASSIUM

made of the rates of flow in this group of ex-
periments.

Effect of Mercuhydrin®D on concentrations of sali-
vary electrolytes

Mercuhydrin®9 (2 ml. injected intramuscularly)
had no statistically significant effect on the sali-
vary concentrations of sodium, chloride, or potas-
sium, 1%, 3, and 24 hours following the injection
of the diuretic (Table III, Figure 6). No meas-
urements were made of the rates of flow.

DISCUSSION

Normal concentrations of salivary electrolytes

A. Methods of collecting saliva. Babkin (4)
has summarized the basic physiological mecha-
nisms underlying salivary secretion. Several im-
portant facts emerge regarding variations in the
concentrations of electrolytes in human, mixed
saliva. The nature of salivary secretion depends
upon the type and duration of stimulus, and there
also may be differences in the composition of
saliva obtained from the parotid gland, on the one
hand, and the mixed glands, on the other. Fur-
thermore, it seems probable that there is no such
thing as un-stimulated saliva in the human, be-
cause as soon as the subject opens his mouth, the
oral cavity (and salivary glands) may receive
secretory stimuli such as air currents. There-
fore, the flow and composition of whole, mixed,
human saliva represent a net result of multiple
factors. It follows that almost any method of
collecting human saliva must be somewhat ar-
bitrary, but may suffice if: a) It yields a repro-
ducible salivary composition; and b) variations in
composition following an experimental stimulus or
pharmacologic agent are not inhibited by the na-
ture of the collecting method. The methods pre-
sented appear to satisfy these two requirements.

B. Effect of rate of salivary flow on the con-
centrations of electrolytes. Although the data
presented are somewhat limited, they appear to
indicate that under these experimental conditions,
variations in the rate of human, mixed, salivary
flow do not have any statistically, highly signifi-
cant effects on the concentrations of sodium, chlo-
ride, or potassium (highest "r" value calculated
equals 0.51). Obviously, if the concentrations do
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not vary significantly with the rate of flow, there
will tend to be a linear relationship between the
rate of excretion of an electrolyte (mEq. per min.)
and the rate of flow (ml. per min.).

In contrast to these results, Brown and Klotz
(5) found that following the chewing of paraffin
for one hour by eighteen subjects, the salivary
concentrations of chloride and sodium varied di-
rectly with the rate of flow, while that of potas-
sium tended to decrease slightly with increase in
the rate of secretion. The much longer duration
of stimulus to salivary secretion and the higher
rates of salivary flow in their experiments may ac-
count for the discrepancy in the findings.

Studying the secretion of saliva by the dog's
submaxillary gland following stimulation of the
chorda tympani or the administration of pilo-
carpine, Gregersen and Ingalls (6) found that
the concentration of sodium varied between 10
and 90 mEq. per L., depending closely on the rate
of secretion. The concentration of potassium, on
the other hand, remained approximately constant
at 10 to 20 mEq. per L., depending on the type of
stimulus (compare with the average of 19.7 +
3.9 mEq. per L. for 73 human subjects in the
present series). Not only must the species dif-
ference be considered in comparing our findings
with those of Gregersen and Iigalls, but their
collection of saliva from one gland, the submaxil-
lary, while in the present studies mixed saliva was
collected (at a slower rate of flow) from all of the
salivary glands. Furthermore, the stimulus was
different, and Baxter (7) has reported that the
concentrations of chloride, calcium, and potassium
were much lower in the parotid saliva of dogs fol-
lowing the administration of pilocarpine than in
the parotid saliva secreted at the same rate follow-
ing the feeding of meat extract or bread and meat
powder. It is apparent that the effect of the rate
of salivary secretion on the concentrations of
electrolytes is determined in part by the duration
and type of stimulus.

Effect of desoxycorticosterone acetate (DCA) on
the salivary concentrations of electrolytes

Since these studies had their origin in earlier
observations (1) suggesting adrenocortical con-
trol of salivary electrolyte concentrations, it is of

interest that treatment with DCAresulted in sta-
tistically significant changes in the concentrations
of chloride and potassium but not in that of so-
dium. Dissociation between changes in salivary
sodium and chloride has been reported previously
by McCance (8) who observed that acute salt
deficiency in five normal subjects produced a con-
sistent fall in the concentrations of salivary so-
dium while the corresponding changes in chloride
were inconsistent.

The mean decrease of 0.25 in the Na/K ratio
following DCAis similar to the decrease observed
by Frawley and Thorn (9) 24 hours after ad-
ministering 15 mgm. DCAto each of two normal
subjects, but appears to be of limited statistical
significance.

While the salivary concentrations of sodium,
chloride, and potassium following the administra-
tion of DCA approached those reported previ-
ously for normal subjects on a low-salt diet (1),
the post-DCA values for salivary potassium did
not rise to the relatively high levels observed in
our patients with congestive heart failure. A pos-
sible explanation is that the imposition of a low-
salt regimen does not stimulate the elaboration of
endogenous adrenocortical hormones in entirely
the same way as the onset of congestive heart fail-
ure, so that a low-salt diet may stimulate the
elaboration and secretion of greater amounts of a
desoxycorticosterone-like fraction than does con-
gestive heart failure.

Other work suggesting the adrenocortical regu-
lation of salivary electrolytes includes the observa-
tions of Frawley and Thorn (9) on the increased
salivary Na/K ratio in patients with Addison's
disease, with a decrease observed in Cushing's
syndrome. These investigators also reported a
fall of 18 to 68 per cent in the salivary Na/K
ratio following a standard 48-hour ACTHtest ad-
ministered to eight normal subjects, while under
the same circumstances, four patients with Ad-
dison's disease showed no fall. Grad (10) has
also reported a fall in the salivary Na/K ratio
following the administration of ACTH to four
subjects, while Dreizen, Niedermeier, Reed, and
Spies (11) reported decreases in salivary sodium
following intramuscularly-administered ACTHor
cortisone but no change in potassium.
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Effect of pilocarpine on the concentrations of sali-
vary electrolytes

Previous studies on animals have demonstrated
both increases and decreases in the salivary con-
centrations of sodium and chloride following the
administration of pilocarpine, but all have been in
agreement on the resulting decrease in the con-
centration of potassium. Evidence that this de-
crease in potassium cannot be ascribed solely to
changes in the rate of salivary flow is provided
by the work of Gregersen and Ingalls (6). Em-
ploying either electrical stimulation of the chorda
tympani or the administration of pilocarpine, they
demonstrated that for comparable rates of sub-
maxillary salivary flow the concentrations of po-
tassium (following pilocarpine) is approximately
one-half that observed after stimulation of the
chorda tympani. Following the administration of
pilocarpine the potassium content of the submaxil-
lary gland is decreased, while it remains essentially
unchanged after electrical stimulation of the
chorda tympani (12-14); these observations
strengthen the probability that pilocarpine has a
specific metabolic effect upon the salivary glands.

Effect of Mercuhydring on the salivary concen-
trations of electrolytes

The absence of any significant effect of Mercu-
hydrin®m on the salivary concentrations of sodium,
chloride, and potassium tends to emphasize the
localized renal action of mercurial diuretics with
respect to effects on the excretion of sodium, chlo-
ride, and potassium. In the dog, the intravenous
administration of biochloride of mercury had no
effect on the concentrations of electrolytes in
saliva flowing in response to electrical stimulation
of the chorda tympani (15).

Relation of concentrations of electrolytes in saliva
and blood, with discussion of possible regulating
physiological mechanisms

The salivary concentrations of sodium and chlo-
ride are much lower than their corresponding
concentrations in serum, while that of potassium is
approximately four times the serum concentration
of this ion. In support of this lack of correlation
between serum and salivary concentrations of so-
dium chloride, Doneddu (16) observed that the

intravenous injection of 20 ml. of 30 per cent so-
dium chloride into human subjects did not sig-
nificantly affect the salivary concentration of this
salt in any case. De Beer and Wilson (17) stud-
ied the concentrations of sodium, chloride and
potassium in parotid saliva after pilocarpine in
dogs under Amytalg anesthesia. While the con-
centrations of chloride (87 to 104 mEq. per L.)
and sodium (123 to 130 mEq. per L.) tended to
approach those in the serum at high rates of flow,
the concentration of potassium (10.3 to 12.3 mEq.
per L.) was higher than that in serum.

The classic explanation for the lower concen-
trations of sodium and chloride in saliva than in
plasma has postulated an impaired permeability of
the salivary glandular cell membrane to these
ions (4). Presumably, with increased secretory
activity the permeability to movement of sodium
and chloride from the cell into the lumen increases,
resulting in higher salivary sodium and chloride
concentrations.

Possible reabsorptive function of rodded epi-
thelium in excretory ducts. Another possibility,
which seems more likely to us, is that sodium and
chloride are secreted into the salivary duct lumen
in isotonic concentrations and then undergo par-
tial reabsorption in the duct cells. A possible
basis for the reabsorption of chloride and/or so-
dium is provided by a study of the lining cells of
the excretory ducts of five exocrine glands (the
three salivary glands, the lacrimal gland, and the
pancreas) Table IV. In 1883, Merkel (18) de-
scribed the distribution of the rodded epithelial
cells (Streifenzellen) in the excretory-duct sys-
tems of the salivary glands, pointing out that
while the sublingual salivary gland has no such
cells, the submaxillary has the longest tract of
these cells and the parotid, a fairly well-developed
duct system lined by rodded epithelium. In addi-
tion, the lacrimal glands and the pancreas, like the
sublingual salivary gland, have no rodded epi-
thelium in their excretory ducts. He postulated
that the function of these cells is one of secretion
of water and salts, especially calcium. However,
the observed ash content of the secretions of the
three glands does not agree with the amounts to
be expected on the basis of Merkel's hypothesis;
for example, the sublingual saliva has the highest
ash content instead of the lowest, as would be
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TABLE IV

The relation between the presence of "rodded epithelium" in the ducts of exocrine glands and electrolyte
concentrations of their corresponding secretions

Secretion
"Rodded

Gland epithelium" Relative Absolutein ductReaie Aslt
(4)* ash ash Cl Na

content content mEq./L. mEq./L.
(19) (20)

Salivary
Sublingual Practically 2.0 121-185 (19)

absent 143 (20)

Parotid Well developed 1.0 0.77% 13.3-40.9 (19)

Submaxillary Longest 0.7 0.53% 25.6-57.3 (19)
51.3 (20)

Lacrimal Absent 154 (21) 154 (21)

Pancreas Absent 150 (22)
Mammary Not known 9-34 (25) 5-26 (25)

Sweat Not known 15-60 (26) 15-60 (26)

* Reference numbers within parentheses.

in keeping with the absence of secretory, rodded
epithelium.

Further evidence against the secretory nature
(with respect to electrolytes) of the rodded epi-
thelial cells was provided in 1886 by Werther
(19) who employed pilocarpine stimulation, and
confirmed much later by Baxter (20), who used
stimulation of the chorda tympani. Both of these
authors measured the chloride concentrations of
saliva obtained separately from each of the three
salivary glands. The sublingual saliva has the
highest concentration of chloride -ven higher
than that of plasma-while the parotid and sub-
maxillary glands yielded saliva with chlorides
ranging from 13.3 to 57.3 mEq. per L. (Table
IV).

The sodium and chloride content of tears is 154
mEq. per L. (21); while the sodium content of
the pancreatic secretion is 150 mEq. per L. (22);
and as mentioned previously, since no rodded epi-
thelial cells occur in these glands, the concentra-
tions of these ions should be low or nil if these
cells indeed secreted electrolytes.

With iron hematoxylin stain rodded epithelial
cells can be demonstrated in both the proximal
and distal convoluted tubules (23, 24) of the kid-
ney-acknowledged sites of sodium and chloride
reabsorption. The concentrations of sodium and
chloride in both milk (25), and sweat (26) are

hypotonic, and we should expect, therefore, to
find cells similar to the rodded epithelial cells in
the excretory ducts of these glands. Unfortu-
nately, a review of the available literature has not
revealed any detailed histological investigations
with the fixing and stains necessary to demonstrate
the rodded epithelial cells.

In summary, it is apparent that the concentra-
tions of chloride and/or sodium are isotonic with
the plasma or even somewhat hypertonic in the
secretions of those exocrine glands having no
rodded epithelial cells in their excretory ducts. On
the other hand, the chloride and/or sodium con-
centrations are hypotonic to plasma in the secre-
tions of those glands having rodded epithelial cells
in their excretory duct systems. This suggests, to
us, a reabsorptive function of these cells.

Secretion of potassium. The high salivary con-
centration of potassium probably signifies a process
of active secretion of this ion by the gland. A
process of concentration through duct cell reab-
sorption of water seems to be excluded by the fact,
for example, that the salivary non-protein nitrogen
is approximately the same as that of serum.

SUMMARYANDCONCLUSIONS

1. Under standardized conditions of collection,
the mean salivary concentration of sodium, potas-
sium, and chloride in 73 normal subjects in the
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fasting state after chewing paraffin for 15 to 20
minutes was found to be: Na, 26.4 + 11.8; Cl,
29.0 ± 8.8; K, 19.7 + 3.9 mEq. per L.

2. After daily injections of desoxycorticosterone
acetate (DCA) in oil for 5 to 15 days into 19 sub-
jects there was a decrease of 3.8 mEq. per L. in
sodium (P = .14), a decrease of 5.9 mEq. per L.
in chloride (P = .0002), and an increase in po-
tassium of 1.81 mEq. per L. (P = .0008). DCA
resulted in a mean decrease of 0.25 in the salivary
Na/K ratios (P = .09).

3. Following treatment with DCA, the salivary
sodium and chloride approached the concentrations
of those ions in the saliva of patients with con-
gestive heart failure (Na, 17.8 ± 8.9; Cl, 22.2 +

8.4 mEq. per L.), but the potassium did not reach
the relatively high concentration observed in the
cardiac patients (K, 24.7 + 4.8 mEq. per L.).

4. The salivary concentrations of sodium, chlo-
ride, and potassium following DCA treatment
were essentially the same as those reported previ-
ously by us for normal subjects on a salt-free diet
(Na, 17.6 ± 10.2; Cl, 21.6 ± 6.3; K, 22.0 5.8
mEq. per L.).

5. Pilocarpine, 6 mgm. administered subcutane-
ously to 29 subjects, increased the salivary con-
centration of sodium by 4.11 mEq. per L. (P =
.065), and lowered the potassium by 3.97 mEq.
per L. (P = .0001). Possible mechanisms of ac-
tion of pilocarpine on the salivary glands are
discussed.

6. Two ml. of Mercuhydrin@, administered in-
tramuscularly to 10 patients with congestive heart
failure, had no statistically significant effect on the
salivary concentrations of sodium, chloride, or
potassium, 1'/2, 3, and 24 hours following the in-
jection of the diuretic.

7. Limited studies, employing the chewing of
paraffin as a stimulus, on the effect of the rate of
salivary flow on the concentrations of sodium,
chloride, and potassium showed some apparent in-
crease in sodium and decrease in potassium as the
rate of flow increased. However, these relation-
ships were not as marked as in previous animal
experiments reported in which relatively high
rates of salivary flow were obtained and other
types of stimulation employed.

8. It is suggested that salivary sodium and/or
chloride concentrations are hypotonic to their re-
spective serum concentrations as a result of reab-

sorption of these ions by rodded epithelium in the
excretory ducts. A concentration of potassium
in saliva higher than that in serum is believed to
represent active secretion of this ion by the gland.
The concentrations of salivary electrolytes are
compared with those in other exocrine secretions
in respect to possible regulating mechanisms.
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