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Extract 

The saliva of patients with cystic fibrosis of the pancreas (CFP) contains higher concentrations of 
sodium than the saliva of normal subjects. The hypothesis that the salivary electrolyte abnormality 
in CFP may be due to a sodium transport inhibitory factor (or factors) present in the saliva 
of these· patients was investigated. Such a factor would decrease sodium reabsorption in the salivary 
glands ;nd cause increased sodium concentrations in the final saliva. Retrograde perfusion of the 
rat parotid gland was used to determine this factor. Retrograde perfusion with normal saline or saliva 
from normal children did not affect the rate of sodium reabsorption in the rat parotid gland. Retro
grade perfusion with ouabain containing saline or saliva from patients with CFP resulted in a marked 
decrease of the rate of sodium reabsorption. It was concluded that saliva from patients with CFP 
contains a factor that causes inhibition of sodium transport in the rat parotid gland. The similarity 
of the effects ofouabain and saliva from patients with CFP led us to the investigation of the possibility 
of a common mode of action. It was demonstrated that the saliva of patients had no effect on the in 
vitro activity of membrane ATPase preparations obtained from beef parotid, human erythrocytes 
and rat kidneys. This indicates that the saliva of patients with CFP causes inhibition of sodium re
absorption in the rat parotid by an action other than inhibition of the activity of ATPase, an enzyme 
known to be involved in sodium transport across biological membranes. 

Speculation 

A factor that inhibits sodium reabsorption in the rat parotid gland has been demonstrated in the 
saliva of patients with CFP. The same factor may be causing the salivary electrolyte abnormality of 
CFP. If this is true, this factor should be present in the sweat of patients with CFP since the elctrolyte 
abnormality is maximally expressed in the sweat glands. It is hoped that study of this factor may lead 
us closer to the nature of the molecular defect of CFP. 

Introduction 

Cystic fibrosis of the pancreas (CFP) is an hereditary 
disorder affecting the exocrine glands of the patients 
[3]. Abnormalities of the physical character of mucus 

and of the composition of glycoproteins have been de
scribed in the products of different exocrine glands. Ab
normalities of the electrolyte composition of sweat, 
mixed mouth saliva and parotid saliva are also con
stant features of the disease. Higher sodium and chlo-
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ride concentrations are found regularly in these ex
cretory products [3]. It is difficult to visualize how these 
abnormalities can be the results of a single defect. It is 
difficult to suggest which of these abnormalities might 
be primary reflections of the underlying genetic defect 
and which are secondary. 

We have approached this problem by studying the 
pathogenesis of the abnormal electrolyte composition 
of the saliva in patients with CFP. In the past, studies 
of this abnormality were limited because little was 
known about the basic mechanism and chemistry of 
salivary gland function. Recently, the introduction of 
micropuncture and microanalytical techniques in the 
studies of salivary gland function has resulted in signifi
cant advancement in the understanding of glandular 
secretion [5, 6, 7, 11]. We have studied the mechanism 
of excretion of total solute, sodium and potassium in 
the saliva of the rat parotid gland [5, 6]. We have de
monstrated directly that the rat parotid secretes a 
plasma-like fluid in the acini-intercalated ducts [6]. 
This fluid then flows along the duct system of the gland 
and is modified by processes of reabsorption and secre
tion of electrolytes. Salivary hypotonicity is produced 
during passage of the fluid through the striated ducts 
where sodium reabsorption in excess of that of water 
takes place. 

During the series of experiments described in this 
paper, we investigated the hypothesis that the salivary 
electrolyte abnormality of patients with CFP may be 
due to the presence of a sodium transport inhibitory 
factor (or factors) in the saliva of these patients. Such 
a factor would decrease sodium reabsorption in the 
duct system of the gland and permit increased sodium 
concentrations in the final saliva. The parotid gland of 
the rat was used as the experimental model for this 
study. Retrograde perfusion of the rat parotid with 
saliva from patients with CFP resulted in a marked 

inhibition of sodium reabsorption. Perfusion with 
saliva from healthy subjects had no effect on the sodium 
re.absorption. It was concluded that a sodium transport 
inhibitory factor is present in the saliva of patients with 
CFP. This factor may be responsible for the increased 
sodium concentrations in the saliva of these patients. 
In addition, we investigated the possibility that this 
effect could be due to an inhibition of the activity of 
the (Na++ K +)-dependent, ouabain-sensitive adeno
sinetriphosphatase (ATPase), an enzyme important in 
sodium transport. By using a preparation of ATPase 
in vitro, we could not demonstrate any effect from the 
saliva of patients with CFP on this enzyme. 

Materials and Methods 

1. Patients and Control Subjects 
The patients with CFP were among those followed 

in the Cystic Fibrosis Clinic of the Medical Center of 
the University of Wisconsin, Madison, Wisconsin. 
They all had the symptoms and signs of the· disease, 
and the diagnosis was confirmed by the increased so
dium and chloride concentrations of the sweat collected 
foJlowing iontophoresis of the skin with pilocarpine. 
The control subjects were healthy children and young 
adults unrelated to those with CFP. The age, sex and 
sodium concentrations in the sweat and saliva of the 
patients and the healthy subjects are shown on table I. 

2. Saliva Collections 
Each subject was given chewing gum and was in

structed to chew it for 3 minutes. At the end of this 
period, the chewing gum was removed and the saliva 
accumulating in the mouth for the following 3 minutes 
was discarded. Finally, saliva was collected for 3-5 
minutes and was centrifuged at 3000 X g for 5 minutes. 

Table I. Age, sex and sodium concentration in the saliva and sweat of the subjects from whom saliva was obtained 

Control subjects Patients with CFP 

Age Sex Saliva [Na] Sweat [Na] Age Sex Saliva [Na] Sweat [Na] 

in years (mEq/1) (mEq/1) in years (mEq/1) (mEq/1) 

1. M.S. 9 m 12.5 21.6 K.H. 9 m 20.5 123.2 

2. G.Z. 14 m 11.6 31.2 w.s. 14 m 20.0 108.1 

3. T.L. 15 m 12.5 27.6 J.V. 16 m 27.6 138.2 

4.D.G. 14 m 15.0 31.6 D.F. 15 m 27.0 116.2 

5.J.S. 9 f 8.5 22.8 M.S. 9 f 30.0 118.5 

6. R.L. 10 f 16.0 24.5 K.T. 10 f 38.5 91.9 

7. P.A. 13 f 9.5 42.0 D.W. 13 f 26.5 128.8 

8. K.D. 20 f 16.8 39.4 D.A. 22 f 32.5 129.6 

9.J.T. 27 f 11.3 41.4 B.Y. 23 f 28.5 132.5 

29 Pediat. Res., Vol. I, No. 6 (1967) 



438 MANGOS, McSHERRY,BENKE 

The clear supernatant was aspirated and used in the 
experiments described below. 

3. Solutions Used for Retrograde Peifusion 
All solutions used for retrograde perfusion were col

ored with a standard amount of the biological dye 
lissamine green(l.0 mg/ml). The various solutions 
were as follows: l. 0.154 M NaCl in water (isotonic 
saline); 2. ouabain 10-3 Min isotonic saline; 3. saliva 
from normal control subjects diluted 1 : 4 in isotonic 
saline; 4. saliva from patients with CFP diluted 1 :4 in 
isotonic saline. The sodium and potassium concentra
tions of the 1 : 4 mixture of saliva and saline were be
tween 118.0-124.0 and 2.5-5.0 mEq/1 respectively. 

4. Rat Parotid Gland Preparation 
Male albino rats of the Sprague-Dawley strain 

weighing 150-200 g were used in these experiments. 
Following anesthesia of the rat with sodium pentobar
bital (sodium 5-ethyl-5-1-methylbutyl barbiturate), 
tracheostomy and cannulation of the left jugular vein 
were performed. The duct of the right parotid was 
dissected through a skin incision 1-2 mm posterior to 
the right corner of the mouth. A part of the parotid 
was exposed through a skin incision below the right 
ear and bathed in mineral oil. The solution used for 
retrograde perfusion was injected into the main duct 
by means of a fine polyethylene tube connected to a 
tuberculin syringe while the surface of the gland was 
observed under a dissecting microscope (magnification 
x 100). The perfusion was stopped when the green 
solution entered the acini-intercalated duct region of 
the gland. By gentle pressure, the solution was kept at 
this level for 90 seconds. The pressure was released by 
cutting the tube at the appropriate length for saliva 
collection. The gland was then stimulated with pilo
carpine (0.1 mg/100 g of body weight) injected intra
venously into the rat. Salivary flow began immediately. 
The saliva collected in the first two minutes was appro
ximately three times the volume of the duct system of 
the gland. This saliva was discarded. Serial collections 
of saliva were made for the following 20-30 minutes. 
The fluid was collected under mineral oil in tared poly
ethylene vessels. Following each experiment the gland 
was dissected and weighed. 

5. Analytical Methods 
The amount of the samples was measured gravi

metrically. The salivary flow rate was expressed as 
µ1/min/g of wet gland tissue by assuming that 1 mg 
saliva equals 1 µI. Salivary sodium and potassium con
centrations were measured by the use of the Instru
mentation Laboratory Flame Photometer (Model 
143). 

6. Method for the study of the effects of saliva from patients 
with CFP on membrane and microsome ATPase activity in 
vitro 

Beefparotid gland was used as a source of membrane 
ATPase. Heavy membrane fractions were prepared as 
described by KINSOLVING [2]. Following separation of 
the heavy membranes, the supernatant was recentri
fuged at 23,000 x g for 10 minutes. The sediment, con
taining mainly mitochondria, was discarded. The su
pernatant, containing the microsome fractions, was 
centrifuged at 97,000 X g for 120 minutes. The micro
somes were collected from the bottom of the tube. 
Heavy membranes and microsomes were treated with 
Na! (2M) for 30 minutes by an adaptation of the 
method of NAKAO [8]. This procedure destroys the 
Mg-dependent ATPase significantly more than the 
(Na++K+)-dependent ATPase of membranes from 
human red cells and kidney. The suspensions contain
ing heavy membrane fractions and microsomes were 
diluted to 0.6 M Nal and centrifuged as above. The 
separated fractions were washed five times with ethy
lene-diamine-tetraacetic acid (EDTA) 5 mmoles/1. 
The enzyme-containing fractions were suspended in 
0.25 M sucrose solution and were stored at -70°. The 
activity was stable for four weeks. 

The reaction mixture for ATPase determination 
contained Imidazole HCl 60 mmoles (pH 7.2), MgC12 

3 mmoles, KCI 20 mmoles and NaCl 100 mmoles/1. 
A 40-80 µg portion of enzyme protein was added per 
ml. The saliva from patients with CFP was diluted 1: 1 
with water. To a 0.6 ml aliquot of the reaction mixture, 
0.3 ml of the diluted saliva was added; these were in
cubated at 37° for 15 minutes. Then, 0.1 ml of a solu
tion containing 20 mmoles of adenosine-triphosphate 
(ATP) was added. After 30 minutes of incubation at 
37°, 0.3 ml ofa 30 % trichloracetic acid (TCA) solution 
was added. Inorganic phosphate was determined by 
the method ofHuRST [I]. Protein was determined by 
the method of LOWRY [ 4]. Ouabain-insensitive ATPase 
was defined as the activity occurring in the presence of 
10-3 M ouabain. The assays were run in duplicate and 
the results agreed within 5 %- TCA-inactivated reac
tion mixtures with and without saliva were used as 
blanks. 

Results 

I. The relation between the flow rate and the sodium 
concentration in the parotid saliva often rats, in which 
no retrograde perfusion was performed, is shown in 
figure 1. At low flow rates, the gland excreted saliva 
with decreased sodium concentrations. At progressively 
higher flow rates, a gradual increase in the sodium con
centration of saliva was observed. Following retrograde 
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Fig.]. The relation between sodium concentration and 
flow rate in the parotid saliva of 10 rats. These animals 
did not undergo retrograde perfusion. 
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Fig. 3. The relation between sodium concentration and 
flow rate in the parotid saliva of6 rats following retro
grade perfusion of the glands with ouabain (10-3 M) 
in isotonic saline. Dark dots and vertical lines as in 
figure 2. 

Fig. 5. The relation between sodium concentration and 
flow rate in the parotid saliva of8 rats following retro
grade perfusion of the glands with saliva from patients 
with CFP (one part) in isotonic saline (four parts). 
Dark dots and vertical lines as in figure 2. 
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Fig. 2. The relation between sodium concentration and 
flow rate in the parotid saliva of6 rats following retro
grade perfusion of the glands with isotonic saline. The 
dark dots represent mean values and the vertical lines 
±2 standard deviations of the data shown in figure I. 
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Fig.4. The relation between sodium concentration and 
flow rate in the parotid saliva of8 rats following retro
grade perfusion of the glands with saliva from normal 
subjects (one part) in isotonic saline (four parts). Dark 
dots and vertical lines as in figure 2. 
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The Parotid Gland of the Rat 
Lobular Lobar 

duct 
Main 
duct 

Composition Osmolarity (mOSM/I): 302.5±11.7 
of [Na] (mEq/I): 141.9±6.7 

duct fluid [K] (mEq/I): 5.2±1.5 

duct 

142.0±27.3 
35.2±16.6 

9.9±4.8 

143.0±31.8 
33 1 ±12.2 
15.4± 3.8 

Flow rate: 19.1 ±1.8µI/min/g wet gland tissue 

Fig. 6_ Diagram showing the structure of the duct system of the rat parotid and the changes in the composition 
of the duct fluid as it flows along the ducts of the pilocarpine-stimulated gland [6]. 

Table II. Effect of saliva from patients with CFP on the ATPase activity of heavy membranes and microsomes 
from beef parotid glands. (ATPase activity expressed as µmoles of inorganic P formed/h/mg protein) 

Patient Reaction mixture Reaction mixture Reaction mixture 
without ouabain with CFP with ouabain 

Heavy membrane 

Microsomes 

K.H. 
R.R. 
c.s. 
K.H. 
R.R. 
c.s. 

10-3 M 

14.0 
12.0 
10.4 
38.7 
34.1 
30.0 

perfusion of the gland with normal saline (fig.2), the 
relation between salivary sodium concentration and 
flow rate did not change significantly. When the duct 
system of the gland was perfused with ouabain contain
ing normal saline (fig. 3), a marked increase in the so
dium concentration of saliva was observed at all flow 
rates. 
2. Retrograde perfusion of the rat parotid with saliva 
from healthy children (fig.4) had no significant effect 
on the relations between sodium concentration of sa
liva and flow rate. When the rat parotid was perfused 
with saliva from patients with CFP (fig.5), a marked 
increase in the sodium concentration of saliva was ob
served at all flow rates. 
3. As shown in table II, the saliva of patients with CFP 
had no effect either on the activity of the Na+K acti
vated, ouabain-sensitive ATPase of membrane, or on 
the microsomal fractions from beef parotid glands. 

saliva 10-sM 

15.6 5.5 
11.9 5.1 
12.0 4.9 
43.1 23.1 
35.3 24.1 
33.7 23.1 

Discussion and Additional Results 

This study demonstrates that saliva of patients with 
CFPcontains afactor(s) that produces an abnormality 
of sodium excretion in the rat parotid when the saliva 
comes in contact with the wall of the duct system of the 
gland. This contact was accomplished by using a tech
nique for retrograde perfusion of the rat parotid recent
ly developed in our laboratory [5]. Following retro
grade perfusion with saliva from patients, the rat pa
rotid excreted saliva with increased sodium concentra
tions at all rates of salivary flow. This abnormality is 
similar to the well-known abnormality of sodium ex
cretion in the mixed mouth saliva [9], parotid saliva 
[10], and sweat [3] of patients with CFP. The exact 
nature of this effect is not clear. However, if the present 
results are related to our recent micropuncture studies, 
a working hypothesis explaining the nature of the 
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electrolyte abnormality of CFP may be formulated. 
The duct system of the rat parotid is composed of 

three functionally different segments, acini-intercalat
ed ducts, striated ducts, and excretory ducts (fig. 6). 
By puncturing the duct system at different levels and 
analyzing the fluid samples thus obtained, we have 
been able to define the function of each duct segment 
[6] : a) the acini-intercalated ducts secrete a primary fluid 
with concentrations of sodium and potassium similar 
to that of plasma and osmolarity; b) the striated ducts 
produce salivary hypotonicity by active reabsorption 
of sodium in excess of water; c) the excretory ducts (lobu
lar, lobar and main) convey the saliva to the mouth 
and secrete small quantities of potassium into the duct 
fluid. In addition, we have shown that the retrograde 
perfusion of the duct system of the gland with 0.154 
M NaCl solution does not affect the mechanism of 
production of salivary hypotonicity by sodium reab
sorption [5]. Thus, it became feasible to introduce 
different transport inhibitors into the duct system of 
the gland and apply them on the luminal side of the 
wall. From the above studies, it is apparent that in 
order to inhibit sodium reabsorption, the inhibitor 
must reach the striated ducts. 

In these experiments, the effects of retrograde per
fusion of the rat parotid with different solutions were 
expressed as changes in the sodium concentration of 
the final saliva following stimulation of the gland with 
pilocarpine. Since in the duct system of the rat parotid 
only the striated ducts reabsorb sodium from the duct 
fluid, we have accepted the changes in the concentra
tion of sodium in the final saliva as representative of 
changes in the sodium reabsorption in the striated 
ducts. An alternative explanation is possible. Following 
retrograde perfusion of the gland with a transport in
hibitor, the composition of the primary fluid produced 
in the acini-intercalated ducts is altered. We have ex
cluded this possibility by puncturing intercalated ducts 
following retrograde perfusion of the rat parotid with 
ouabain and sodium cyanide and demonstrated that 
the primary fluid had osmolarity and concentrations of 
sodium and potassium similar to that of plasma. There
fore, we feel that the changes in the sodium concentra
tion of the final saliva observed in these experiments 
represent changes in the reabsorptive capacity of the 
striated ducts of the rat parotid. 

Neither isotonic saline nor a mixture of saline and 
saliva from normal children had any effect on sodium 
reabsorption. In contrast, saline containing ouabain 
and saliva from patients with CFP had a profound in
hibitory effect on sodium reabsorption in the striated 
ducts as indicated by the marked increase in concentra
tions of sodium in saliva at all flow rates. That the 
striated ducts are the site of this effect was also demon
strated as follows: in three experiments, the level of 

retrograde perfusion with ouabain containing saline 
or the mixture of saline and saliva from patients with 
CFP was limited from the main duct to the lobular 
ducts; there was no inhibition of sodium reabsorption 
and the sodium concentrations of the final saliva were 
identical with that obtained from control rats. Thus, 
we concluded that the saliva of patients with CFP 
contains a factor that causes partial inhibition of so
dium reabsorption when applied on the luminal side 
of the striated ducts of the rat parotid gland. The mag
nitude of this effect is similar to that produced by oua
bain. 

The similarity of the effects of ouabain and saliva 
from patients on the sodium reabsorption led us to 
consider the possibility of a common mode of action. 
Ouabain inhibits the activity of the (Na++K+)
dependent ATPase of transporting biological mem
branes. In our in vitro experiments, we could not de
monstrate an effect of saliva from patients on the ATP
ase activity of membrane and microsomal fractions 
from beefparotid glands. In addition, saliva from pa
tients had no effect on the ATPase activity of mem
branes from human erythrocytes and rat kidney [12]. 
We feel that these results may be considered an indica
tion that the factor in the saliva of patients causes in
hibition of sodium reabsorption by an action other than 
inhibition of ATPase activity. Additional studies de
monstrated that this factor was destroyed by heating 
saliva to 100° or freezing-thawing of the saliva. Storage 
of the saliva at 4° for 24 hours caused a decrease in the 
activity by 20-40 %- The possibility that this activity 
in the saliva of patients is related to an increased cal
cium concentration was also investigated. In three 
experiments, calcium was added to saliva from a nor
mal child at concentrations of 2, 6 and 12 mEq/1. Re
trograde perfusion of the rat parotid with this saliva 
had no effect on sodium reabsorption. 

Differences in sodium concentration between the 
saliva of patients and that of control subjects may also 
be excluded as a cause of this effect since the differ
ences were eliminated by the dilution of saliva with 
isotonic saline. 

Our system permits quantitative measurements of 
the activity of the sodium transport inhibitory factor 
present in the saliva of patients with CFP. In previous 
studies, we demonstrated that practically no water 
reabsorption takes place in the rat parotid gland at 
salivary flow rates higher than 30 µ1/min/g of wet gland 
tissue and that the sodium concentration of the primary 
fluid secreted by the acini-intercalated ducts is 141.9± 
6.7 mEq/1 [5,6]. Therateofsodiumreabsorption (RNa) 
by the gland can be calculated by subtracting the rate 
of sodium excretion in the final saliva (FEN a) from the 
rate of sodium secretion in the primary fluid (PSNa): 
RN a = (PSNa) - (FEN a) (I) 
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The rate of sodium excretion in the final saliva (FENa) 
can be calculated as follows: 

(FENa) = [Na]Fs X FR (2) 

where [Na ]Fs is the sodium concentration in the final 
saliva and FR the salivary flow rate. 

The rate of sodium secretion in the primary fluid 
(PSNa) can be calculated as follows: 

(PSNa) = [Na]pp X FR (3) 

where [Na]PF is the sodium concentration of the pri
mary fluid secreted by the acini-intercalated ducts of 
the gland. By applying these equations to the indivual 
measurements obtained during this study, the rate of 
sodium reabsorption in the rat parotid during the 
different phases of the present experiments was calcu
lated. As shown on table III, retrograde perfusion of 
the gland with isotonic saline or saliva from normal 
subjects had no effect on the rate of sodium reabsorp
tion. Retrograde perfusion with ouabain or saliva from 
patients with CFP caused a marked decrease in the 
rate of sodium reabsorption. 

Table III. Rate of sodium reabsorption by the rat par
otid gland (µEq/min/g wet gland tissue) 

I. No retrograde perfusion 
2. Retrograde perfusion with 

isotonic saline 
3. Retrograde perfusion with 

ouabain ( 10-3 M) in isotonic 
saline 

4. Retrograde perfusion with 
saliva from normal subjects 
in isotonic saline 

5. Retrograde perfusion with 
saliva from patients with 
CFP in isotonic saline 

Conclusion 

6.01 

5.84 

2.44 (p <0.001) 

5.97 

1.84 (p <0.001) 

It has been demonstrated that saliva from patients 
with CFP contains a factor that inhibits sodium reab
sorption in the rat parotid gland. This factor may be 
the one that causes the increased salinity of the saliva 
of patients with CFP by an analogous inhibition of 
sodium reabsorption in their salivary glands. We hope 
that further study of this factor may lead us closer to 
the nature of the molecular defect in CFP. 
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