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Extract obtained by asking each child to rinse his mouth with water, and 

A study has been made of the effect of saliva from children with 
cystic fibrosis of the pancreas (CFPI on various components of the 
ATP hydrolyzing enzyme system. The ouabain-sensitive ATPase 
activity of erythrocyte membranes prepared from intact erythro- 
cytes preincubated with CFP saliva was 35 4 nmol P,/mg dry wt 
membrane suspension/hr, compared with 48 i 7 nmol P,/mg dry wt 
membrane suspension/hr when the erythrocytes were preincubated 
with control saliva. A calcium-activated component of ATPase was 
decreased from 202 30 nmol P, /mg dry wt membrane suspen- 
sion/hr in erythrocytes preincubated with control saliva, to 151 
17 nmol P,/mg dry wt membrane suspension/hr when the incuba- 
tion was carried out with CFP saliva. 

In a second series of experiments, ultrafiltered saliva was added 
directly to an ATPase assay. The saliva from children with CFP 
brought about a mean decrease in ouabain-sensitive ATPase of 16% 
compared with control saliva. 

Speculation 

Inhibition of active cation transport at various sites in the body is 
one of the hallmarks of CFP. Electrolyte abnormalities in the salita 
of patients with CFP may result from the action of an ATPase 
inhibitory factor in the saliva which inhibits various components of 
ATPase in the ducts of the salivary glands. Such a factor could be 
similar or identical with the ciliotoxic factor identified by other 
investigators in the serum and saliva of patients with CFP. 

Children with C F P  have been demonstrated to have a higher 
than normal concentration of sodium in mixed saliva (19). The 
reasons for this elevation of salivary sodium have not been defined. 
Mangos et a[. (14) have shown that retrograde perfusion of the rat 
parotid duct with C F P  saliva resulted in a decrease in the rate of 
sodium reabsorption in the parotid duct, but were unable to 
demonstrate an effect of C F P  saliva on (Na, K)-ATPase fro'm 
various tissues. 

The presumed decrease in the rate of sodium reabsorption in the 
salivary ducts of children with C F P  represents only one aspect of a 
widespread disturbance in active membrane cation transport in 
children with this disease (9, 10, 17). We have reported a factor in 
the plasma of children with C F P  which inhibits a ouabain-sensi- 
tive, sodium-potassium-activated component of ATPase from 
normal erythrocyte membranes (4). The action of a similar factor 
in the saliva of children with C F P  could have been obscured in 
previous studies by the relatively high concentration of phosphor- 
ous normally present in the saliva. In  this paper, we report the 
results of two series of experiments designed to study the effect of 
C F P  saliva on an ATPase assay system. 

METHODS 

The patients with C F P  used in this study were attending the 
outpatient clinic of the Montreal Children's Hospital. They ranged 
in age from 5 to 15 years, were about equally divided as to sex, and 
had Shwachman scores ranging from 33 91. Mixed saliva was 

then giving him a biece of laboratory parafilm to chew. N o  effort 
was made to record or control the salivary flow rate, or  the time 
since the last meal. Fifteen milliliters of saliva were collected in a 
glass vial, centrifuged momentarily at  7,500 x g t o  remove 
particulate matter, and then treated as outlined below. A similarly 
~ rea ted  control saliva sample, collected from laboratory personnel, 
was included in each experiment. 

PREINCUBATION EXPERIMENTS 

The osmolarity of the saliva was measured with an  Advanced 
Digimatic osmometer. Sufficient 1 M NaCl  was added to the 
saliva to make it iso-osmotic. and the effect of this saliva on the 
ATPase activity of intact erythrocytes was determined by incubat- 
ing 5 ml saline-washed erythrocytes from normal control subjects 
with 7.5 ml saliva. The incubating solution contained, in addition 
to the saliva, 100 mg glucose, 0.5 ml I M sodium phosphate buffer 
(pH 7.45). 250,000 units penicillin G,  and 50 mg streptomycin 
sulfate. The final hematocrit of the erythrocyte suspension was 
54%. After an arbitrarily chosen incubation petiod of 18 hr a t  37O 
in a shaking water bath, the erythrocytes were washed free of 
saliva, and fragmented erythrocyte "ghosts" were prepared by an 
osmotic hemolysis technique (4). 

ATPase activity of the ghosts was assayed in a basic medium 
that contained 75 m M  Na. 25mM K, 25 m M  Tris (pH 7.45). 1 m M  
Mg. and 1 m M  ATP.  ATPase activity, determined by the amount 
of P, released, was related to the dry weight of the membrane 
suspension, measured on an electrobalance after 24 hr of drying in 
a vacuum oven. Phosphorus was determined by an autoanalyzer 
modification of the Lowry-Lopez technique (13). 

The Na-K-activated, ouabain-sensitive component of ATPase 
was determined by subtracting the activity in the presence of 1 m M  
ouabain from the full activity measured in the above medium. A 
calciunl-activated component of ATPase was determined by 
adding 0.15 m M  calcium and 0. I m M  EGTA to  the basic medium. 
Calcium-activated ATPase was then defined as the difference in 
ATPase activity in the presence and absence of calcium. 

All determinations were done in duplicate, and appropriate 
boiled membrane blanks were included with each experiment. 

FILTRATION EXPERIMENTS 

Saliva was obtained as outlined above. Saliva ( I 0  ml) was added 
to  a Millipore ultrafiltration cell containing a Pellicon ultrafiltra- 
tion membrane (type PSAC) with a nominal molecular weight 
cutoff of 1,000. Ultrafiltration with a gas pressure of I0 p.s.i. was 
carried out until the volume of saliva had been reduced to 
approximately I ml. Water (9 ml) was added, and the procedure 
repeated. After the third wash, the phosphorus concentration of 
the saliva. reconstituted to its original volume, was measured. If 
this was greater than 0.2 m M ,  an additional wash was performed. 
At this point,the sodium and potassium concentration was less 
than 1 m M .  and the calcium less than 0.05 m M .  One  milliliter of 
this saliva was then added directly to an  ATPase assay medium. 
Erythrocyte membranes from normal controls, prepared by our 
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usual osmotic hemolysis technique. were used as a source of with control saliva in 14 of the 15 saliva samples tested, as shown 
ATPase. Each tube in the assay contained, in addition to 1 ml in Table I .  
saliva, 0.5 ml erythrocyte membrane suspension and 1.0 ml of the The mean activity of the erythrocytes incubated in control saliva 
basic incubation medium described above. The assay was per- was 81 * 15 nmol P,/mg dry wt membrane suspension/hr. The 
formed in the presence and absence of 1 mM ouabain, and mean activity of the same erythrocytes incubated in C F P  saliva 
ouabain-sensitive ATPase activity was defined as outlined above. was 55 * 8 nmol P,/mg dry wt membrane suspension/hr. 

The component of ATPase which has been most closely 
implicated in active N a  transport is activated by sodium and 

RESULTS potassium and inhibited by the cardiac glycoside ouabain. The 
The concentration of phosphorus in mixed saliva of children 

with C F P  was found to range from 3 to 8 mM.  In initial 
experiments, it was found that this concentration of phosphorus, 
when added directly to an ATPase assay, made it difficult to detect 
the relatively small amount of phosphorus released from the 
substrate during the course of the assay. 

In order to circumvent this problem, two series of experiments 
were designed. In the first series of experiments, intact erythro- 
cytes were preincubated for 18 hr in C F P  saliva. They were then 
washed free of saliva, hemolyzed, and the broken membranes were 
assayed for ATPase. In the second series of experiments, saliva 
was washed with an ultrafiltration membrane to reduce the 
phosphorus content, and the saliva was then added directly to an 
ATPase assay system. 

effect of preincubation of erythrocytes with C F P  saliva on this 
component of ATPase is also shown in Table 1. The mean 
ouabain-sensitive ATPase activity of the erythrocytes preincu- 
bated with C F P  saliva was 35 4 nmol P , /mg dry wt membrane 
suspension/hr, compared with 48 i 7 nmol P,/mg dry wt 
membrane suspension/hr after preincubation with control saliva. 
The mean ratio of ouabain-sensitive ATPase after preincubation 
with C F P  saliva to ouabain-sensitive ATPase after preincubation 
with control saliva was 0.74 & 0.08, indicating a mean decrease of 
ouabain sensitive ATPase of 26%. 

Schatzman and Vincenzi (15) have described a calcium- 
activated component of ATPase which may be involved in active 
calcium transport. The effect of C F P  saliva on this component of 
ATPase was also assessed. Preincubation of erythrocytes with 
C F P  saliva also resulted in a decrease in the activity of this 

PREINCUBATION EXPERIMENTS component of ATPsse.  The m y n  Ca-activated ATPase activity in 
the presence of C F P  saliva was 151 & 17 nmol P,/mg/dry wt 

Mixed saliva was obtained from children with C F P  and from 
normal healthy controls subjects. Intact erythrocytes were incu- 
bated in this saliva for 18 hr and then assayed for ATPase activity. 
a s  outlined under Methods. Concomitantly, the ATPase activity of 
the same erythrocytes incubated in the saliva of a normal control 
was tested. Two patients were paired with one control in seven of 
the eight experiments. The ATPase activity in the presence of 
maximally activating concentrations of Na. K,  and Mg was less 
after preincubation with C F P  saliva than it was after preincubation 

membrane suspension/hr, as compared with 202 * 30 nmi l  ~ ; / m g  
dry wt membrane suspension/hr in the presence of control saliva. 

Marked variability was noted in all components of ATPase from 
experiment to experiment. Similar variability has been noted in 
previous series of experiments (5). Other investigators have drawn 
attention to differences in membrane preparation as a source of 
variability in ATPase activity (8), and the assay itself has a certain 
degree of inherent variability. In order to control these problems, 
the principle of strict pairing of patient and control samples was 

Table I. ATPase activirv of'ervthroc~tes preincubated with corrrrol and cvstic fibrosis o f t h e  pancreas saliva 

Preincubation with patient saliva, nmol P, releasedlmg 
dry wt membrane suspension/hr 

Preincubation with control saliva, nmol 
P, released/mg dry wt membrane suspension/hr 

Ouabain Calcium 
Na+. K+, Mg++ sensitive activated activated 

13 1 57 218 

Patient Ouabain Calcium 
identification Na+, K+, Mg++ sensitive activated 

T K  
S J E  

C M  
S L O  

DEL 
D A L  

LB 
S J A  

S L  
S Y L  

- 
X 
i SEM 
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adhered to. Two aliquots of a single sample of erythrocytes were 
incubated with patient and control saliva, and all subsequent steps 
of membrane preparation and assay were carried out in a tightly 
couplcd fashion. Statistical analysis of the data was carried out 
with a two tailed paired value Student's t test. In cases where two 
C F P  saliva samples were compared with one control sample, the 
ATPase activity in the presence of the two C F P  saliva samples was 
averaged. When analyzed in this fashion, the effect of C F P  saliva 
on all three components of ATPase studied was statistically 
significant with a P value less than 0.05. 

Shwachman scores (15) of the patients used in this series of 
experiments ranged from 33 to 91. There was no overall correla- 
tion between Shwachman scores in these patients and the decrease 
in any component of AT'Pase ( r  < 0.44; P > 0.05). The patients 
were divided into deciles on the basis of Shwachman score, and 
again no correlation could be demonstrated between clinical 
severity of the disease and decrease in ATPase. However, as shown 
in Table 2, in the seven experiments in which two patients were 
paired with one control, the patient with the lowest Shwachman 
score tended to have saliva which produced the most marked 
decrease in ATPase. 

Table 3. Er l~ throc~~re  tllenzbrane A TPase acrivity as.sa\,ed in 
presence o f  cl~stic fibrosis of 'rhe patzcreas and control saliva 

Activity i n  presence of Activity in presence of 
patient saliva, nmol P, control saliva, nmol P, 

releasedlmg dry wt releasedlmg dry wt 
membrane suspension/hr membrane suspension/hr 

Expt. Ouabain Ouabain Ouabain Ouabain 
no. Total sensitive insensitive Total sensitive insensitive 

1 314 43 27 1 344 49 295 
2 94 59 3 5 172 80 9 2 
3 191 5 3 138 162 59 103 
4 75 26 49 78 38 40 
5 112 I5 98 I20 24 96 
6 35 9 26 56 10 46 
7 108 44 64 117 58 59 
8 160 65 94 149 46 104 
9 66 20 46 63 29 34 

10 70 I I 59 18 13 5 

FILTRATION EXPERIMENTS 

In a second series of experiments, CFP s a l i v a  was filtered 16% as a result of the action of C F P  saliva. This ratio was 

through a pellicon ultrafiltration membrane, as outlined under significantly different from 1 .OO with a P value < 0.05 (Wilcoxon 
Methods. Each assay was performed with a salnple o f ~ ~ p  s a l i v a ,  signed-rank test). In 9 out of  the 10 experiments performed, the 

and with a s a m p l e  of s i m i l a r l y  treated control  s a l i v a .  ~h~ r e s u l t s  ouabain-sensitive component of ATPase activity was less in the 

are shown i n  ~ ~ b l ~  3, ~h~~~ was no s i g n i f i c a n t  effect o f ~ ~ p  s a l i v a  presence of C F P  saliva than it was in the presence of control saliva. 
treated in this manner on total ATPase activity. The mean activity 
in the presence of C F P  saliva was 122 26 nmol P . /me  drv wt DISCUSSION ., L 2 

membrane suspension/hr, compared with 132 * 27 nmol 
P , /mg dry wt membrane suspension/hr in the presence of control 
saliva. However. when the ATPase activity was partitioned into 
ouabain-sensitive and ouabain-insensitive components. a signifi- 
cant effect of C F P  saliva on the ouabain-sensitive component of 
ATPase was observed. The mean ratio of ouabain-sensitive 
ATPase activity in the presence of C F P  saliva to ouabain-sensitive 
ATPase activity in the presence of control saliva was 0.84, 
indicating a mean decrease in ouabain-sensitive ATPase activity of 

Table 1. Perc.etrtnpe o f  clintrge itr A TPase nctil,ir~. ofier 
preitrr.uhnriotr wirh c~..stic fihro.ci.s o f  rhe pntrcrm.c n l i v o  t~elnti1,r to 

ncriilir I .  o f '  sntnc. er1.111roc1.tr.s preitrclrhrrted itr cotrtrol .xnli~,cr 

Patient 
identi- Schwachman Ouabain Calcium 

fication score Na+. K + .  Mg++ sensitive activated 

LS 45 -27 - I2 -42 
PB 52 -8 - 4 - 7 

TK 8 1 -46 -58 -24 
SJE 8 6 -86 - 82 -84 

CM 9 1 
SLO 40 

DEL 80 -45 -45 - 27 
DA L 73 -66 -58 -69 

L B  80 -41 -21 + 9 
SJA 47 + 33 +21 +21 

A factor in the saliva of children with C F P  which inhibits Na 
transport in the rat parotid duct was first demonstrated by Mangos 
et a/.  (14). Other investigators have subsequently demonstrated 
this factor in submandibular, sublingual, and submucosal saliva. 
but not in parotid saliva (18). Attempts to establish the molecular 
pathogenesis of this inhibition have proved difficult. Mangos et a / .  
were unable to demonstrate an effect on the in vitro activity of 
membrane ATPase preparations obtained from bovine parotid, 
human ervthrocvtes. and rat kidnev. Such investieations have been 
hampered by the large amount of phosphorus in nornial saliva. 
which is many times the small amount of phosphorus released 
from A T P  in the usual ATPase assay. If saliva from children with 
C F P  is added directly to an ATPase assay system, the high 
concentration of phosphorus present in the saliva makes i t  difficult 
to detect the small additional quantity of phosphorus released as a 
result of ATPase activity, and also may cause product inhibition of 
the ATPase reaction. In order to circumvent these problenis, other 
investigators have diluted the saliva, or changed its composition by 
dialysis. 

We chose a slightly different approach, incubating intact 
erythrocytes with undiluted saliva, and then measuring ATPase 
activity in the erythrocyte membranes after they had been washed 
free of saliva. C F P  saliva caused a 26% decrease in the ouabain 
sensitive component of ATPase, relative to the action of control 
saliva. A second series of experiments. in which the phosphorus 
content of saliva was reduced by ultrafiltration. lent confirmation 
to these findings. In these experiments a reduction in ouabain-sen- 
sitive ATPase of 16% was effected. 

From these latter experiments. it can be concluded that the 
ATPase inhibitory factor in C F P  saliva has a molecular weight 
greater than 1,000, since this was the cutoff point of the 
ultrafiltration membrane which we employed. The observation of 
other inves t i~ators  that such a factor is absent in dialyzed saliva (3)  
suggests that the substance is not bound to protein. and that the 
molecular weight is less than 10.000. This corresponds to the 
niolecular weight of n ciliotoxic factor isolated from the media of 
cultured fibroblasts of children with C F P .  However. to date we 
have no further information on the molecular nature of the 
ATPase inhibitory factor. 
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In a previous series of experiments. it was shown that the plasma 
of children with C F P  also caused inhibition of erythrocyte 
membrane ouabain-sensitive ATPase. Kaiser er a/.  (10) have 
demonstrated a factor in the sweat of children with C F P  which 
causes inhibition of net sodium transport in the sweat gland. It 
thus seems probable that there is a factor present in several body 
fluids of children with C F P  which inhibits active Na transport. 
probably as a result of inhibition of a ouabain-sensitive compo- 
nent of ATPase. 

The role of a calcium-activated component of ATPase in active 
calcium transport is less well established than the role of the 
ouabain-sensitive, sodium-potassium-activated ATPase in active 
sodium transport. Horton et al. (9) have demonstrated a decreased 
activity of this component of  ATPase in the erythrocyte membrane 
of  children with CFP ,  although other investigators have been 
unable to confirm this observation (6, 7). 

Calcium is known to be elevated in the saliva of children with 
CFP .  Active calcium reabsorption is believed to occur in the 
parotid duct (12). a process which may well be mediated by a 
calcium-activated component of ATPase. In the current study. 
saliva from children with C F P  caused a 24% decrease in this 
component of ATPase. We were unable to check this finding in our 
second series of experiments, since there was sufficient calcium left 
after our wash procedure to activate this component of ATPase, 
and make the experiments invalid. 

S U M M A R Y  A N D  C O N C L U S I O N S  

Two separate series of experiments were carried out to deter- 
mine the effect of saliva from children with C F P  on an ATP 
hydrolyzing enzyme system. In both series of experiments the C F P  
saliva brought about a significant decrease in the activity of the 
sodium-potassium-activated, ouabain-sensitive component of 
ATPase. In addition, in one series of experiments, C F P  saliva 
resulted in a significant decrease in a calcium-activated component 
of ATPase. 

We conclude from these experiments that there is a factor in the 
saliva of children with C F P  which interferes with active cation 
transport as a result of inhibition of one or more components of the 
ATP hydrolyzing enzyme system. 
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