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I t·ITRODUCT I 01~ 



Reports have indicated that clinical sympto~s of digitalis toxicity 

1-4 
are associated with an alteration in salivary electrolyte content. 

+ + 3 5,6 
Because salivary glands contain a highly active ila, K -ATPase' and 

this enzyme is a probable pharmacologic receptor for cardiac glycosides 

(such as digitalis) in the ~yocardium,7-9 it seems logical that salivary 

electrolytes might be predictably affected by the circulating levels of 

digital is. Unfortunately, rather wide ranges of values have been en-

d . I 1-4 d I 1 0- 11 d. 1 . 1 t 1 t countere tn t1ese an ot~er stu 1es on sa 1vary e ec roy es, 

thus limiting the clinical significance of the data. One ~ourcc of 

this variability may have been the rather poorly controlled methods of 

sal iva collection. In some patients sal iva v1as obtained after some 

form of exogenous salivary stimulcJtion, 't~hereas in others it 1r1as collected 

v;ithout prior salivary stimulation. t·\arked differences have previously 

been noted in the electrolyte concentration of stimulated and unstimulated 

12-13 
sa 1 iva. 

In addition, serum digitalis concentrations were not routinely 
1- L• 

measured in these studies, and it v1as therefore impossible to determine 

from the data \'Jhether a correlation exists betv.Jeen serum digitalis levels 

and salivary electrolyte concentrations. In the present study variables 

in patient population as 1.vell as methods of collecting saliva vJere elirni-

natcd to determine 1.·1hether a correlation could be found bet\·Jecn salivary 

electrolyte concentrations and serum digitalis concentrations. It \•Jas 

thought that such a correlation should prove valuable clinically since 



it might ~ake it possible to identify digitalis intoxication on the 

basis of salivary electrolyte concentrations, wl1ich could be measured 

by simple and widely available clinical laboratory techniques. 



REVIEW OF THE LITERATURE 
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Cardiac Glycosides 

The cardiac glycosides are a group of closely allied drugs which 

have a unique and characteristic action on the myocardium in the treat-

ment of congestive heart failure. By increasing the force and efficiency 

of contraction of heart muscle, these drugs may, in a few days time, 

bring about a transition from a precarious state of circulatory incompe-

tence, with edemat cardiac enlargement, dyspnea and cyanosis, to a 
14-15 

relatively normal level of competence. \/jth the use of properly 

adjusted maintenance doses of the glycoside digitalis, the ratient can 

14 then be maintained in a reasonable state of health for many years. 

Cardiac Glycosides and Their Sources 

As a group the cardiac glycosides are derived from both plant and 

animal sources. The leaves of the purple and v1hite foxglove (Digitalis 

purpurea and D. lanata) are the source of digitalis leaf, digitoxin and 

di9oxin. The botanical source of ouabain and strophanthin are the seeds 
15-16 

from various species of Strophanthus (S. gratus and S. kombe). 

'Squi 11 (Urginea maritima or indica), the dried fleshy bulb of the 11 Sea 

onion," is the source of proscillaridin /\. Even the secretions of the 

skin of some toads contain cardiac g 1 ycos ides. The best kn 0\·'111 members 

of this grour of drugs are derived from plants of the genus Digitalis 

and the term digitalis is used frequently to designate the entire group 

of cardiac glycosides. 15 



4 

History 

Historically, the digitalis-like cardiac glycosides have served a 

number of purposes in various parts of the \·Jorld for over 3000 years 

and v1ere mentioned by the ancient Egyptians in the [bers Papyrus (ca. 

1500 B.C.). Their uses have ranged from arrm·1 and ordeal poisons to 

diuretics, heart tonics, emetics and rat poison. The Chinese dried the 

skin of the common toad and, . calling it Ch'an Su, used it especially as 

a cure for toothache and bleeding of the gums. The ~/estern countries 

used these pO\vdered toad skins for dropsy unti 1 they vtere replaced by 
1 r 

digitalis. :> Digital is is said to be mentioned in the treatise of the 

Welsh physicians of 1250 A.D., and it was described botanically by 

F h . . . 1 C:42 15' 1 7- 18 
UC S I US In :> • 

In 1776 Uilliam Hithering, a physician from Shropshire, England, 

learned from an old grand dame that foxglove \•Jas good for dropsy. He 

ir.mediately set about trying it in heart diseases and by 1733 digitalis 

v1as introduced into the Edinburgh Pharmacopoeia. Then in 1735 he 

pub 1 is hed a boo!~, An /\ccoun t of the Fox9l ovc, and Some of its i'led i ca 1 

Uses: With Practical Remarks on Dropsy and Other Diseases. This rharma

cologic classic was actually a protest against the abuses of digitalis 

\·Jhich \··Jere already "creeping in."l9 Although ·~nthering recognized that 

digitalis "had a pov;~er over the motion of the heart" and that it v1as 

effective in only certain forms of dropsy, it \-Jas John Ferriar in 1799 

who attributed the primary action of this drug to its effects on the 

I I • d • • • 15 1eart ana not to 1ts 1uret1c actions. 
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Therapeutic Effects 

Digital is is used primarily in the treutment of congestive heart 

failure (CHF). As defined by Braull\vald et al., CHF is 11 the pathologic 

state in which an abnormality of myocardial function is responsible for 

the fail urc of the heart to pump blood at a rate corrmensurate vii th the 

. t f h b 1 . . . 1120 requtrcmen so t e meta o 121ng t1ssues. This abnormality of 

myocardial function may be the result of diminished contractility from 

primary damage to heart muscle or secondary to chronic excessive ~·Jork 

load. The effects of cardiac glycosides are manifested mainly upon the 

cardiovascular system and in congestive heart failure they may bring 

about an increased cardiac output, decreased heart size, decreased venous 

pressure and venous blood volume, increased diuresis and relief of edema. 

At therapeutic levels, digital is acts primarily to increase the force 

of myocardial contraction, and al 1 of the salutory effects of this drug 

in CHF can be explained on the basis of this increased contractile force, 

21 
a positive inotropic action. 

Mechanism of Action 

Over the years many attempts have been made to explain the subcellular 

and pharmacophysiologic basis for the positive inotropic action of cardiac 

glycosides on the myocardium. In 1953 Schatzman shoHe d that cardiac 

glycosides as well as their aglycones are able to inhibit the active 
22 

transport of the cations sodium and potassium across the eel 1 membrane. 

In 1957 Skou studied a magnesium plus sodium activated adenosine 

triphosphatase (Na+, K+-ATPase) from the leg nerve of the shore crab 

(Carinus maenus) and suggested that "the adenosine triphosphatase studied 

here may be involved in the active extrusion of sodium front the nerve 
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f .b ,,23 I 24 
1 er. Furt1e r investigations by Skou demonstrated support for 

this concept and he stated that 11Ha+, K+-ATPase24 has accordingly such 

affinities for Na+ and 1<.+ as v10uld be appropriate if the function of 

the enzyme \..,tere to control the magnitude of, and ratio bet\.Jeen, the 

intracellular Na+ and 1<.+ concentrations. 11 He also pointed out that i'Ja+, 

+ 
tla+ and r~a+ + I~+ K -ATPase activity due to activation is inhibited by 

g-strophanthin (a cardiac glycoside). 
21• 

In revi m·J of this subject in a 

1965, Skou concluded that Na+ , K+-ATPase is i nvo 1 ved in the active 

+ , .. + 25 transport of Na and~ across the cell membrane. It was subsequently 

demonstrate d that the glycoside ouabain is a specific inhibitor of 

+ 26 ..., 

K -ATPas e , and that tritiated H.J-digoxin spcci fically binds to a 

cardiac ila + + 27 Harigaya 7 concluded 
' 

K -ATPase. Sch\,Ja r tz, Allen and 

., + 
~i a , K+-ATPase may be involved in the action of cardiac glycosides. 

'I+ ·. a ' 

that 

In a revie\·1 paper in \·Jhich he discussed the cardiotonic action of 

23 
cardi a c glycosides and ion movements, Glynn stated that 11 the cardioton.ic 

effect is not primarily on the action potential mechanism or on the 

contractile me chanism b ut is on the 'excitation-contraction cou,Jling 111 

(the process by t·Jhich depolarization of the muscle fi~er initiates 

contraction). He added t hat 11 a positive inotropic action is probably 

associated v.r ith incre ased U?take of calcium'' and propos e d the possi b ility 

that 11 the cardiotonic action of the cardiac glycosides is caused by 

interference \vith the removal or inactivation of the calcium that enters 

the muscle at each contraction." Glynn
23 

de scribed such interference 

as being either a pri mary effe ct of the cardiac glycoside, or secondary 

to a rise in the intracellular sodium. Graum'J ald and Poo1
29 

concluded 

tha_t, 
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The body of experimental evidence favors an action at the 
level of the process of excitation contraction coupling. 
It is likely that digitalis acts by increasing the intra
cytoplasmic calcium concentration during activation. 

As reported and reviewed by Besch et al , 8 there is general agree-

ment that alterations in contractility arc brought about by phasic changes 

in the l eve 1 of free calc i urn \.,Ji thin the myocardia 1 ce 11. In the i r paper, 

3 + + 
Besch et al investigated tla , I< -ATPase from the cell membrane, the 

calcium sequestering syste~ of the sarcoplasmic reticulum, and the 

calcium uptake and oxidative phosphorylation systems of mitochondria, 

three major membrane bound enzyme systems that may have roles in ionic 

regulation in the heart. Their results demonstrated that 11 the Na+, 

+ K -ATPase i so 1 a ted from dog hearts perfused vii th ouabain in situ is 

inhibited and that this effect occurs concomitant ·,·.lith the positive 

inotropic effect. 11 They also found that 11 no other biochemical function 

of the subcellular systems investigated Has affected in a rlleasurab1e way 

by the glycoside, \·Jhether the drug was measured in vivo or in vitro.'' 

The preceding investigations have shovm that 'Ja+, K+-ATPase is a 

major pharmacologic receptor for, and is inhibited by, cardiac glycosides. 

It has also been pointed out that the cardiotonic effect of the cardiac 

glycosides is primarily on excitation-contraction coupling and is brought 

about by increased levels of free calcium within the myocardial cell 
8-9,30-36 

during contraction. Although a number of theories have been proposed 

and review papers written 9'ZB,Jl about the mechanism of positive inotropic 

action of the cardiac glycosides, the means by '-'lhich these drugs may 

exert their biochemical effects on both Na+, K+-ATPase and intracellular 

calcium is unclear. 



Toxicity 

\/hile digitalis is estimated to be the fourth most frequently pre-

scribed drug in the United States, it also has one of the lo,·.fest margins 

21 
of safety~ Although not precisely established, the lethal dose in ~1an 

is probably five to ten times the minimdlly effective dose. More im-

portant is the fact that for maximal therapeutic effects some patients 

require 50 percent of the lethal dose, leaving a very narro\·/ margin of 

38 safety. In a study of 931 consecutive admissions to a single medical 

service at the Boston City Hospital, 15 percent \"Jere ascertained to have 

been taking either digoxin, digitoxin or digitalis leaf up to at least 

48 hours prior to admission~ 39 Of these patients taking a digitalis 

preparation, 23 percent fulfi 1 led criteria for definite digitalis toxicity 

and an additional 6 percent were judged possibly toxic.
39 

Of the patients 

with definite digital is toxicity, 4G percent died during this hospitalization 

as compared to a mortality rate of 17 percent among nontoxic digitalized 

• .I 1 8 1 • d • 39 
patients anQ on y percent for nondigita 1ze patients. 

In 1967 Ogilvie and Ruedy reported a study of adverse drug reactions 
40 

encountered on a public medical vJard of the Hontreal General Hospital. 

They found that 22 percent of all adverse drug reactions \~ere digoxin 

induced, and of those patients in \-Jhom the drug reaction vJas lethal or 

contributed to death, 71 percent had suffered previous adverse reactions 

to digit a 1 is. 

Clinical manifestations of digitalis toxicity fall into three main 
41 

classes -- gastrointestinal, neurologic and cardiac. Gastrointestinal 

symptoms include anorexia, nausea and vomiting, ~ith anorexia usually 

d 1 
2 1 '38- 39' 41 

occurring a day or two before the nausea and vomiting eve op$ 
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21 
Salivation may accompany the nausea and at times is copious. As 

pointed out by Moe and Alfred, the same symptoms are noted in patients 

21 
with acute heart failure. Diarrhea and abdominal discomfort or pain 

may also be variably present in digitalis toxicity.
21 , 38- 39 ,

41 
The 

neurologic effects of digital is toxicity may be manifested as headache, 

fatigue" drm·Jsiness, dizziness, visual disturbances (characterized by 

blurring, flickering dots, color aberrations and diplopia), neuralgia . 

of the face and extremities, disorientation, hallucinations and convulsions.
38 

Of the various toxic effects of digital is the most imrortant are 

those on the heart. The toxic effects of digitalis on the heart are 
41 

in general very pronounced v1ith some resembling heart disease itself. 

These cardiac disturbances range from ventricular extrasystole to complete 

heart block, include ventricular tachycardia and fibrillation, and are 

of serious import since they are frequently accompanied by pathologic 

41 
changes in the heart muscle. /l.long \lith the onset of the positive 

inotropic action of digitalis, there is a concurrent inhibition of the 

activity of ila+, 1<+-ATPase leading to a small accumulation of cellular 

sodium and a small loss of eel lular potassium. Potassium continues to 

f d .. 1. . d d 32 
be lost from the cell if the therapeutic dose o 1g1tu IS IS excee e . 

Hith the progression of this loss in cellular potassium 11 the cells pass 

through a period of irritability and/or increased automaticity into a 

period of inexcitabi lity or from a period of ectopic arrhythmia to the 

appearance of block. 1132 
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Relationship of Cardiac Glycosides to 
the Concentration of Potassium and 
Ca 1 c i Ufil in Hho 1 e-t·1i xed li wman Sa 1 i vu 

Effect of Cardiac Glycosides on Salivary Potassium 
and Calcium Concentrations 

1 
In 1371 Hetman et al published a paper entitled, "Salivary Electrolytes 

in the Detection of Digitalis Toxicity." In this paper ~vhich had been 

reported in part at the 41st Scientific Sessions, American HeCJrt Association, 

42 
At 1 antic City, fle\··J Jersey, l·~ovembe r 14, 19 70 data v1e re presented v11l i ch 

had been co 11 ected from 73 patients. These patients v.Je re assigned to one 

of four groups: Group !\, 16 normal subjects v1i thout kno\·m heart disease 

and not receiving digitalis; Grou~ B, 17 nontoxic patients receiving 

diaitalis; Group Cs 22 nontoxic patients receiving digitalis and a 

diuretic; and Group Dt 18 patients with a diagnosis of digitalis toxicity. 

This study v1as an attempt to determine if alterations in the concentrations 

of salivary potassium and calcium could be used as a simple and rapid 

indication of digitalis toxicity. \>/otman stated: "Since both potassium 

and calcium concentration in stimulated hur.1an saliva are virtually 

independent of rate of flow, changes in these salivary constituents are 

easily observed indicators of systemic change." 

Saliva was collected by two methods. In some patients a piece of 

dry filter paper that had previously been saturated \vith citric acid 

v1as placed on the patient's tongue. As saliva pooled behind the lov.Jer 

incisor teeth, it was aspirated .... ,Jith a Luer syringe. !\minimum of 0.2 

to 0.5 ml of saliva v.Jas collected from each patient in this manner. In 

other patients the flm·J of saliva was stimulated by having the patient 

che\.J a rubber band and then expectorate into a collecting tube. The 

saliva samples collected \Jere analyzed for potassium and calcium with 
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the use of a Perkin Elmer 290 Atomic Absorption Spectrophotometer. The 

serum levels of digoxin v1ere determined by means of radioimmunoassay. 

The whole-saliva potassium concentration for Group B (digital is 

alone) was significantly higher (p< 0.01) than that obtained from the 

subjects without known heart disease (Group A). The concentration of 

salivary potassium was likewise significantly higher for the patients 

in Group C (digitalis and a diuretic) and Group D (with digitalis toxicity) 

than for those in Group A. The whole saliva calcium concentration for 

Group B patients \•Jas not significantly elevated from that of the saliva 

from the normal subjects (Group A). The patients in Group C and D, 

hO\·Jevers did have a significantly higher salivary calcium concentration 

than those in Group A (p-<0.01). In his conclusions ~/otman stated: 

Whole-sal iva potassium concentrations alone identified most 
patients v.Ji th dig i ta 1 is taxi city studied. In mast of the 
cases in which the salivary ootassium concentrations alone 
failed to identify digital is toxicity, the product of 
potassium and calcium did~ 

He a l so p o i n ted o u t t h a t t h i s tech n i CJ u e a p p e Drs to cor re 1 ate vii t h the 

electrical affect of the glycoside on the myocardium. 

Gould et al 
10 

disputed the reliability of potassium and calcium 

concentrations in identifying the individual patient ,,Jith a toxic 

reaction to digitalis. They compared the ~"'hole-saliva COflCentrations 

of potassium and calcium as well as the potassium and calcium product 

in digitalized patients with those in patients with serum levels of 

digoxin v.rhich v1ere determined to be within normal limits by radioillliTiunoassay 

and with those in patients who showed toxic levels of digoxin in their 

blood. ~o nondigitalized control patients were used and the method of 

collecting the saliva v.1 as not mentioned. The saliva v,Jas analyzed VJith 
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a Perkin Elmer 303 Atomic Absorption Spectrophotometer. The results 

revealed a large spread of the salivary electrolyte values, with many 

of the elevated salivary potassium and calcium concentrations occurring 

in patients with normal digoxin blood levels. 

In a more extensive study Gould et a1
11 

repeated their previous 

v1orl~; hm·1ever, serum levels of digoxin v1ere obtained in all the subjects 

v1hich permitted 11 an objective measurement of the level of digitalization. 11 

They found an increase in the salivary potassium and calcium product with 

increasing levels of serum digoxin; hml/ever, in their toxic group a 

decrease in the salivary potassium and calcium product was observed. 

Similar findings were noted for salivary calcium concentrations. The 

salivary potassiur.1 concentration vJas also significantly lov1er in the 

toxic group than the nontoxic groups. !-\gain the authors found 11 an 

extensive overlap of the potassiur.1 and calcium values as well as their 

calculated product" in the various groups. In both studies they concluded 

that the 11 determination of the salivary potassium and calcium concentrations 

may be of interest in po~ulation studies but appears to be of little 

benefit in identifying the individual patient with digitalis toxicity.'' 

Lanl:isch et a1 43 found no statistically significant difference 

between the concentrations of salivary electrolytes in patients receiving 

no digitalis and those taking nontoxic digitalis doses. They did, hmvever, 

find significantly increased salivary potassium and calcium concentrations 

as v1ell as an increased potassium and calciur.1 product in patients vJith 

high digoxin concentrations above the therapeutic rangee 

S~t.~anson et al 2 have also investigated the role of calcium and potassium 

concentrations in the detection of digitalis toxicity. Salivary secretion 
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\·las stimuluted by having thci r subjects chev-1 on a rubber band or a piece 

of dry filter paper which had been soaked in a saturated solution of 

citric acid. Saliva was either expectorated into a convenient container 

or asrirated Hith a syring if exrectoration v.Jas impractical. A minimum 

of 0.5 ml of saliva was required. Again as in previous studics
1

'
43 

salivary flov1 rates vJere apparently not considered. The salivary calcium 

concentration was analyzed using the Perkin Elmer 303 Atomic Absorption 

Spectrophotometer and the salivary potassium levels vJcre determined \.vith 

the I el. 113 flamephotometer. Thci r 36 Group A control patients (not 

taking cardiac glycosides) consisted of medical and hospital staff members 

and a random selection of hospitalized patients. Patients taking cardiac 

glycosides (Group B) had significantly higher salivary potassium and 

calcium concentrations as well as a significantly higher potassium and 

calcium product than the control patients 1 and patients ,,Jith ''definit e'' 

digitalis toxicity had significantly higher salivary potassium and 

calcium concentrations and calcium and potassium products than tf1ose in 

either Groups A or B. Furthermore, the studies on Sv.Janson's patients 

indicated, as Wotman had pointed out, that there is an apparent cor-

relation between electrocardiographic changes and an elevated salivary 

calcium and potassium product. Both Hotrnan 1 and Sv1anson
2 

have shovm a 
44 

lack of correlation betv1een serum digoxin levels and salivary electrolytes. 

D'Alonzo et a1 3 reported an increase in the concentration of salivary 

potassium and calcium as well as the potassium and culcium product between 

"normal" subjects and ''cardiopathies'' under digitalis therapy. Their most 

statistically significant differences \t.fere found in "the cariopathic 

patients affected by digitalis intoxication." The method of collecting 

sal iva or the salivary flm·1 rate v.;as not mentioned. 
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4 
Avissar et al collected sal iva according to one of the follm·ling 

methods: 

(1) directly into a test tube; (2) into a plastic syringe; 
(3) into a plastic syringe, after stimulation of the salivary 
glands by placing filter paper that had been immersed in 
citric acid onto the tongue; or after chev.Jing gum. 

The patients \~>Jith digitalis intoxication shatJed potassium cpncentrations 

within the normal range; only the salivary calcium levels were elevated. 

From these observations Avissar et al suggested that "detection of a high 

salivary calcium level is sufficient to serve as an indicator for the 

diagnosis of digoxin intoxication." 

To better understand the effect of cardiac glycosides on salivary 

electrolyte secretion, Vie\•Jig et a1 45 studied four healthy men on three 

separate occasions by giving each an oral loading dose of 0.5 mg digoxin 

and measuring salivary electrolytes over a five-hour test periode These 

healthy patients shO\·Jed a progressive rise in salivary potassium, 111ith 

the mean concentration at the end of five hours significantly higher 

(p<.OS) than the mean fasting valu8. A progressive increase in the 

salivary calcium concentration over the five-hours testing period was 

also noted. tlondel and· \.Jotman,59 :10\•Jever, cited an apparently unpublished 

report in which Hamner et al found no salivary changes even when plasma 

drug 1 eve 1 s of 1. 5 n g/m 1 were approached. 

In none of these experiments was the method of salivary gland 

stimulation (if any) standardized and the mean rate of salivary flo\'1 1:/as 

apparently disregarded; at least no mention v1as made of either the mode 

of stimulation or the flov1 rate. 
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II + + ... a , K -ATPase and Salivary Glands 

. + + 5-G Salivary glands contain a highly act1ve Na, I< -ATPase. 
6 

Presumably, as pointed out by Hallet al the function of this enzyme in 

salivary glands is "related to the regulation of the sodium and potassium 

concentrations in the gland cells and their secretions. 11 23 Skou 

+ + 
der.~onstrated that .·Ia , I< -ATPase activity is specifically inhibited by 

ouabain. This fact is significant beciuse active cation transport is 

also specifically inhibited by ouabain and other cardiac glycosides (such 

. . • lt6 as d1g1tal1s). 

Potassium Concentration in Normal Human Saliva 
1-f:J 

Thaysen et al deter~ined the concentration of potassium in 47 

samples of parotid sal iva collected in four experiments on three subjects. 

The salivary fJovJ rate ranged from 0.20 to 4.26 ml/min. The concentration 

of potassium in saliva was independent of the rate of flmJ at secretory 

rates above 0.50 ml/min. The mean concentration of salivary potassium 

in nine samples belm·1 0.50 ml/min. was significantly higher (p .c::O.Ol) 

than in the remaining samples, in which a secretory rate of greater than 

0.50 ml/min. was obtained. Also, the first samples obtained after 

stimulation of the secretion had higher than average concentrations of 

potassium in three out of four experiments. This would indicate that 

an initial high potassium transient had occurred in the secretion samples 
48 

obtained immediately after the start of stimulation. Hi ldes and Ferguson 

reported that for parotid saliva 11 the potassium concentration fell as 

secretory rates of 0.5 ml/min. \Jere approached but thereafter remained 

constant.'' They further showed that the potassium concentration of mixed 

submaxillary and sublingual saliva seemed to shov-1 no dependence of 
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potassium concentration on the rate of flow at secretory rates higher 

than 0.5 ml/min. 

Calcium Concentrutions in l!ormal !Iuman Saliva 

Windeler and Shannon
49 

studied parotid saliva collected from 23 

healthy young males under conditions of minimal exogenous stimulation 

as well as under varying, purposely controlled conditions of stimulation 

in an ascending-descending pattern to study the effect of different rates 

of gland function. The results shov.ted a positive correlation \·.tith the 

rate of salivary flo\•/ in the stimulated samples. Subjects also had a 

much higher salivary calcium concentration at the unstimulated flov.t rate 

than at any stimulated rate of flmv. 

Dav·les
50 

essentially corroborated the findings of 1;/indeler and 

Shannon 49 with the additional finding that after three minutes of stimu-

lation the concentration of calcium reached relatively stable values at 

a given f 1 0\'>1 rate. 

t·\cDonald and Besch (unpublished datu) examined the relationship 

bet~r-1ecn salivary calcium concentration and salivary floh1 rate in 33 

subjects after t\·.to minutes of stimulation by che\'Jing on paraffin sticks. 

\!hole-mixed sal iva v1as then collected over a three minute period \·vhi le 

stimulation v1as maintained and the mean rate of flow during this period 

v.;as measured. These single sample collections varied in flovJ rate from 

0.45 to 4.19 ml of sal iva/minute. There v.tas no correlation bet\'Jeen the 

flo\v rate and salivary calcium concentration (r=-0.17, p~0.3) • 



t1ETHODS AND t~ATERIALS 
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To determine whether salivary composition is predictably altered 

by cardiac glycosides, whole-mixed human saliva was collected and blood 

was drawn from 91 patients, most of whom were receiving various therapeutic 

regimens of cardiovascular drugs. ·Eighty-five patients were seen in the 

Cardiology Out-Patient Clinic at Robert Long Hospital, two \IIJere patients 

in the Coronary Care Unit at University Hospital, and four \IIJere patients 

in the Coronary Care Unit at Marion County General ( /ishard) Hospital. 

P()tient Groups 

The patients \'Jere divided into three groups according to the type 

of digit~lis therapeutic regimen. Group I, the control group, was made 

up of patients not receiving any form of digital is preparation; Group I I 

patients received digitoxin; and Group I I I patients received digoxin. 

It is important to note that all but t\~Jo of the patients in this study 

t·Jere being treated or follo'v·Jed for various forms of cardiovascular 

disease, and that most of these individuals, including those in Group I, 

were taking some form of medication other than digitalis. These medications 

included antiarrythmic agents, diuretics, antihypertensives, potassium 

supplements, antianginals, CJnticoagulants, sedatives, hypnotics, tranqui 1-

izers, muscle relaxants, antidepressants, antianxiett agents, anticonvulsants, 

sympathomimetics, antichol inergics, anti:·dstaminics, analgesics, anti

pyretics, antibiotics, expectorants, antacids, laxatives, and stool-

softening agents. The res u 1 ts from each of the groups \·Jere a 1 so s ubd i vi cled 

and analyzed accordi119 to the sex of th~ patients. 
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Sample Collection 

Attempts \vere made to standardize the method of collecting saliva 

as much as possible. Each patient was asked to chew on a standard 

size paraffin stick for five minutes. During the first two minutes 

the patient vJas to svJallo"'' normally and after this time, to expectorate 

into the pre-v-!eighed vial. The vial v.;as again \veighed follov.Jing sample 

collection to determine the total salivary volume for the three-minute 

collection period. An attending nurse timed the patients during the 

collection and also drew a sample of blood from each patient. Each 

sample of saliva from each patient was analyzed for sodium, calcium, 

potassfum, inorganic phosphate and total proteine The blood drawn from 

each patient was analyzed for serum levels of digitoxin or digoxin. 

Sample Analysis 

Salivary Sodium and PotassiuM 

The salivary concentrations of sodium and potassium were determined 

on a Perkin Elmer 305 Atomic Absorption Spectrophotometer (AAS) using 

a one-thousand fold dilutione Sodium and potQssium controls were prepared 

from standard solutions containing knO\vn amounts of each ion. Triple 

dis t i 11 ed ( 30) I....Jate r \·!as used as the d i 1 uen t in both cases. 

(A) Preparation of Standard Solutions: 

(1) Potassiurtl Standard: Lov·l, medium, and high standard 

solutions for potassium analysis containing 0.0125, 

0.025, and 0.050 meq/1 of KCl, respectively, \.Jere pre

pared by adding 50, 100, or 200 pl of 5 mM KCl to 20 

ml of diluent. 
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(2) Sodium Standard: LO\v, medium, and high standard 

solutions for sodium analysis were also prepared 

v1h i ch contained 0. 0025, 0. OOS, and 0. 025 meq/ 1 of 

NaCl, respectively. The 10\v sodium standard v·Jas 

prepared by adding 25 ul of 1.5 m~· i NaCl to 15 r11l 

of diluent and the medium standard was prepared by 

adding 50 ,ul of 1.5 mH i ~aCl to 15 ml of di 1 uent. 

The high sodium standard vias made by adding 2.5 )Jl 

of 15 mM NaCl to 15 ml of diluent. 

(B) Preparation and Use of a Blank: 

Triple distilled water was used as a blank to detect trace 

amounts of either sodium or potassium vJhich might have been 

introduced to the sample or the control solutions during 

d i 1 uti on. 

(C) Preparation of a Standard Curve: 

A standard curve for each ion was made by plotting the percent 

transmission (after subtacting the blank value) against the 

kno'dn amounts of either potassium or sodiur.1 in the correspond

i n g 1 ov1 , me d i u m an d h i 9 h s tan dar d so 1 u t i on s • 

(0) Sample Preparation and Calculutions: 

The experimental samples were prepared by adding 5 pl of saliva 

to 5 ml of triple distilled ~vater giving one-thousand-fold 

dilution~ The experimental percent transmission values obtained 

on the AAS were then located on the standard curve to determine 

the amount of potas~>ium or sodium in each sample. 



20 

Sa 1 iva ry Ca 1 c i um 

The Perkin Elmer 305 Atomic Spectrophotometer was also used for 

sal~vary calcium determinations using a 10-fold-di lution with a lanthanum 

d• 1 51 
1 uen t. AAS, in general, is remarkably free from interelement interference. 

This observation also holds true for calcium; hovJever, in regard to chemical 

influences, calcium is subject to more serious interferences than other 

elements in AAs. 52 
To obviate the effects of these abso~ption depressors, 

a special diluent is necessary. A lanthanum diluent, as described by 

Zettner and Seligson,5l makes possible the measurement of calcium in 

directly diluted serum and saliva samples \·•Jithout prior removal of any 

of the serum or salivary constituents. 

(A) Preparation of Lanthanum Diluent: 

The lanthanum diluent \•Jas made using 0.5 percent Lac1
3 

(w/v), 

6 percent butanol (v/v) and 0.02 percent octanol (v/v) in 0.1 

n H Cl. 

(B) Standard Solutions: 

Standard solutions v1erc prepared by adding 0, !.), 10, 20, 40, 

or 80 pl of 1 mg/ml calciurrl stock solution to 20 ml of lcmthanum 

diluent giving standard concentrations of 0.1, 0.25, 0 • .)0, 1.0, 

++ 
2.0, and 4.n ug Ca /ml, respectively. 

(C) Sample Preparation and Calculations: 

The experimental samples Pere diluted 10-fold by adding 500 pl 

of saliva to 5 ml of lanthanum diluent. A standard curve was 

prepared by plotting the percent transmission for each control 

sample .against the knmvn amount of calcium in that sample and 

the unknm,m elements of calcium in each sar.1ple \·Jere then 

determined from this standard curve. 
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Salivary Inorganic Phosphate and Total Protein 

The concentrations of both inorganic phosphate and total protein 

in sal iva v/ere determined by standard coloimetric assays using a Beckman 

DU Spectrophotometer. The test for inorganic phosphate was a modification 

of the method by i1artin and Doty. 53 Total salivary protein concentrations 

d . d b f I b. . 54 were eterm1ne y means o t1e · 1uret react1on. 

(A) Salivary Inorganic Phosphate Assay: 

To perform the assay for salivary inorganic phosphate (Pi), it 

was necessary to prepare a blank sample and four standard 

solutions as vJell as the saliva samples containing unknm,m 

amounts of inorganic phosphate. 

(1) Preparation of Blank and Standard Solutions: 

The blank tube was filled with 1.0 ml triple distilled 

(3D) water. To make the standard solutions 0.0, 0. l, 0.2, 

and Ocl~ ml of inorganic phosphate, (Pi) standard t"<.'as added 

to l . 0, 0. 9, 0. 3, and 0. 6 m l of 3D v.Ja te r. 

(2) Sample Dilution: 

The first step in preparing the unknown sample was to add 

0.1 ml of saliva to 0.3 ml of 3D water. 

(3) Preparation of Standard Solutions and Exoerimental Samples 

for Analyses: 

(a) Add 1.0 ml of 10 percent trichloroacetic acid (TCA) 

to each of the tubes containing unknmm amounts of 

Pi as \.Jell as the standard solutions and c~ntrifuge 

for one minute. 
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(b) Transfer 1.0 ml of the supernatant from each tube and 

add to test tubes already containing 2.5 ml of a mixture 

of isobutanol plus benzene and 1.0 ml of ammonium 

molybdate. Mix these tubes on a vortex and centrifuge 

for 30 seconds. 

(c) Transfer 1.0 fill of the supernatant from each of the 

tubes mentioned in step b to an appropriately numbered 

tube, containing 2.0 ml of acid alcohol, add a solution 

of 0.1 ml stannous chloride (9.0 ml 3D H
2
o+ 1.0 ml 

lOti H
2

so4 + 0.1 ml SnC1 2), and mix on a vortex. 

(4) Results: The results v1ere read vJith the spectrophotometer 

transmitting at 750 m~ and adjusted at 100 percent trans-

mission for the blank. The values obtained were expressed 

as milliequivalents/liter. 

(B) Salivary Total Protein Assay: 

As previous 1 y mentioned, the tot a 1 sa 1 iva ry protein con cent rations 

d . d ' I • . 54-SS I . I . 1 were etermtne by t~e oturet react1on WltCl ts most wide y 

used for determining serum protein. The biuret reaction is said 

to take p 1 ace \,/hen an a 1 ka 1 i ne copper rcagen t reacts \'lith sub-

stances containing two or more peptida bonds to produce a blue-

55 
violet color. 

(1) Preparation of the Biuret Reagent: 

(a) Add 1. 5 gm of cupric sulfate (CuS01f • 5H 2o), 6. 0 gm of 

sodium-potassium tartrate (n.J:\ c1/1 4o
6 

.. LlH 20) and 1.0 em 

of potassium iodide (KI) to a flask containing 500 ml of 

3D via te r. 
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(b) '.Jith constant stirring, add 300 ml of 10 percent IJaOH 

and then add water to a final volume of one liter. 

(2) Procedure: 

(a) Pipet 1.5 ml of biuret reagent and 0.2 ml of 5 percent 

sodium deoxycholate (t·laDOC) into a blank tube, a standard 

tube and the tubes which will contain the saliva samples. 

(b) Pipet 0.1 ml of saliva from each patient into the 

designated tubes and add 0.1 mg of bovine serum albumen 

(BSA) standard (lOmg/ml stored frozen in 1.0 ml aliquots) 

to the standard tube. 

(c) Add v1ater to make the volume in all tubes 3.0 ml. 

( 3) Res u 1 t s : 

The results were read as percent transmission (transmitting 

maximally at 540 mp) adjusted to 100 percent transmission 

\·Jith the blank and 1:1ere expressed as milliorar.~s percent. 

Serum Digitoxin and Digoxin 

Serur.1 digitoxin and digoxin concentrations 'Jere determined by radio-

56 immunoassay according to the methods described by Besch and \/atanabe. 

In general, the methods used in radioimmunoassay for either digitoxin or 
r~' 

digoxin were based on the principle of saturation analysis.~0 In the 

assays used, a constant amount of digitoxin and digoxin binding protein 

(antibody to digitoxin or digoxin-albumin conjugate) is allo\·.ted to 

equi 1 i bra te in a buffered physiologic sa 1 i ne so 1 uti on \ ·~i th a kno\·Jn excess 

of tritiated glycoside (3H-digitoxin or 3H-digoxin) and, separately, in 

the presence of kno1.,·m amounts of unlabeled glycoside. The unbound drug is 

then absorbed onto charco~l and, by means of centrifugation, is separated 

from the antibody-bound (soluble) drug. 
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Liquid scintillation spectrometry is used to quantitate the radio-

activity of the antibody-bound drug in the supernatant solution. These 

results are then used to construct a standard curve relating the residual 

antibody-bound drug to the mass of unlabeled glycoside w!1ich was added. 

During the assay, the unlabeled digitoxin (or digoxin) from the plasma 

displaces an inversely pro1)ortional amount of 
3
H-digitoxin (or 3H-digoxin). 

Therefore, by comparing the radioactivity remaining bound to the digitoxin 

(or digoxin) antibody in the presence of a given amount of plasma after 

known amounts of the drug have been added, unknm~n levels of either 

glycoside in the blood can be determined. The methods described were 

developed by Besch and \Jatanabe as an adaptation of those of Smi th
57 

and 

58 
Smith, Butler and Haber, and are reproduced here in toto through the 

kind permission of the authors. 

Sources of Reagents 

Sources of supply are listed here as a service, and no endorsement 

of part i cu 1 a r s upp 1 i e rs is intended. 

A. Common ~eagen ts: 

Dibasic potassium rhosphate, monobasic sodium phosphote, sodiur;1 

chloride, phosphoric acid, and potassium hydroxide \Jere all 

obtained as analytical reagent-grade chemicals from various 

s upp 1 i e rs. 

B. Charcoal : 

Charcoal (dorit !\,carbon decolorizing, alkaline) \Jas from Fisher 

Scientific Company, Fair Lawn, New Jersey 07410. 
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C. Serum Albumin: 

Serum albumin (albumin, bovine, fraction V, pmvder) and dextran 

(clinical grade, GO 000-90 000 M) were from Sigma Chemical 
-r 

Company, Ste Louis, t1i ssour i 63173). 

D. Digoxin: 

Digoxin (Lanoxin), pure, VJas from Burroughs Hellcome Company, 

DurhamJ North Carol ina 27834. 

E. Digitoxin: 

Digitoxin (digitoxin, crystalline) was from Sigma Chemical 

Company, St. Louis, Missouri 63178. 

F. Antibodies to the cardiac glycosides (digoxin antibody, rabbit 

plasma, 200-test vial and digitoxin antibody, rabbit plasma, 

100-test vial) \·Jere obtained as lyophilized po\·Jders from \.Jien 

Laboratories, Incorporated} Succasumma, New Jersey 07876. 

G • T r i t i ~ted c a r d i a c g 1 y cos i des ( [ G- 3 ~0 d i g ox i n , 2 3 e G k C I I mo l and 

[G- 3~ digitoxin, 20 kCi/mol) were obtained from New England 

!·Juclear, Boston, t~assachus8tts 02118. 

H. Liquid-scintillation fluids: Unogel (Schuarz/n-3nn, Orangeburg, 

t-Ie\'' York 10962), PCS (1\mershan-Searle, Arlington !!eights, Illinois 

60005), lnsta-gel (Packard Instrument Company, Dovmers Grove, 

Illinois 60515), and 1\quasol (He\J England t·Juclear, Boston, 

t1assachusctts 02118) have all been used v-:ith equal success. 

Preparation and Standardization of r.eaqents 

A. Digoxin Assay: 

l. Phosphate-buffered saline, PBS (phosophate, 10 mmol/1 i tcr, 

pH 7.L•, in i·laCl, 150 mrnol/liter). Dissolve 1.3~2 g of 
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dibasic potassium phosphate (K2HPo 4, ~r 174.2), 0.276 g of 

monobasic sodium phosphate (HaH ro 4 • H 0, ti 138.0) and 
2 2 - r 

fL77 g of sodium chloride (11 58.5) in about 900 ml of 
-r 

distilled or de-ionized H2o. Adjust pH to 7.4 v.Jith potassium 

hydroxide (0. 1 mol/liter). 

Prepare 1 mol/liter KOH 0y dissolving 5.6 g of KOH 

(H 56) in 80 ml of v.rater and adding \vater to 100 ml; dilute -r 

10-fold for use. After adjusting pH of the PBS to 7.4, add 

water to a final volume of 1000 ml. Store refrigerated. 

1. Digoxin Antibody Solution: 

To prepare digoxin antibody reagent from material 

supplied by \lien, add 10 mg of bovine serum albumin, fraction 

V, to the contents of one vial of digoxin antibody (200-test 

vial) and reconstitute with PBS to 25 ml. Store in 

rc f r i ge r a tor. 

note: The reconstituted antibody solution as prepared 

above contains a digoxin-binding capacity of about 5 )Jg/liter; 

the antibody in 30 }Jl of this should bind about 0.15 mg of 

digoxin at saturation. Thus, the binding capacity will be 

exceeded about threefold by the amount of tritiated digoxin 

added to the tube (0.4 ng), allrn~ing about 33 percent of the 

added ( 3H] digoxin to be bound ~·Jhen no additional unL3beled 

digoxin has been added. The mass of l~beled digoxin added 

to the tube theoretically arproximates the mid;Joint of the 

standard curve; i.e., a centration of digoxin of 0.4 ng that 

corresponds to digoxin concentration of 2.0 ~g/liter of plasma. 
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flote: These directions for reconstitution of the anti-

body are not the same as supplied by Wien. From the information 

supplied with the Wien antibody, the relative binding capacity 

of the antibody can be roughly approximated. A relatively 

more accurate evaluation of the binding capacity of the anti-

body can be achieved by Scatchard analysis of binding kinetics, 

if desired. 

Note: If the antibody solution wi 11 not be completely 

used in tv-10 or th rce v-Jeeks, ;Ja azide (ila!~ 3 , r1 65. 0) , 5 mmo 1 I 
-r 

liter (325 mg/liter) should be added to prevent growth of 

mi c roo rgan isms. 

3. Dextran-Coated Charcoal Stock Solution: 

Dissolve 0.25 g of dextran T-70 in 100 ml PSS. After 

solution is complete, add 10 g of !~orit A Charcoal \·lith 

continuous stirring on a magnetic stirrer. Mix well. 

Refrigerated, this stock is stable for one month. 

4 • De x t ran -Co a ted C h a r c oa 1 \-1 or I~ i 11 g S us pens i on : 

Thoroughly remix dextran-coated charcoal stock solution 

and then dilute it 10-fold by adding 3 ml of it to 27 ml of 

PBS. Provide for continuous mixing, vlith the container in 

ice, during use (magnetic stirrer). 

5. 8 1 ood P 1 as ma : 

Outdated plasma may be used in preparing the digoxin 

standard curve. Alternatively, 8asis Reference Serum 

(Environmental Services, Incorporated, Dublin, Ohio 43017) 

may be used, especially for preparing gravimetric standards. 
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6. Digoxin Standards: 

a. Digoxin stock (1 g/liter). Dissolve 25.0 mg of digoxin 

in a volumetric flask in a final volume of 25.0 ml of 

ethanolc Store in the freezer at -20° C. 

b. Digoxin v1orking soluti-on (1 mg/liter). Dilure 100 )Jl 

of digoxin stock in a volumetric flask to a final volume 

of 100 ml of PBS. Store in freezer in aliquots of 5 ml 

each at -20° C. 

c. Digoxin plasma standard (5 Mg/liter). Dilute 50 ~1 

digoxin working solution with 9. 95 ml plasma. Store in 

ref r i ge r a tor. 

7. [ 3H1 Digoxin Standard: 

a. [3H] Digoxin stock (200 j.Jg/ 1 iter). Evaporate the solvent 

from 50 )Jl of [3H) digoxin (33.2 mg/liter; 1 Ci/liter; 

23.6 kC i /mo 1) and reconstitute to a final volume of 

EL3 ml v:ith PBS. Store in th e refrigerator, but do not 

freeze. 

b. [
3

H] Digoxin \rJorking solution (20 }Jg/1 iter). Dilute 

0.1 ml of [311] digoxin stock vJith 9.0 ml of P3S. Store 

in the r~frigerator. 

note: As of October 15, 1974, 20 ~Jl of this 

solution had a radioactivity of about 27,000 disintegrations/ 

minute (dpm). 

Hote: The amount of label ed digoxin in 20 j.Jl of 

this solution (0.4 ng) sets the theoretical midpoint 

of the digoxin standard curve at 2.0 ~g of digoxin per 

1 i t e r of p 1 as rna . 
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B. Digitoxin P•.ssay: 

1. PBS: As for digoxin assay. 

2. Digitoxin Antibody Solution: 

To prepare the digitoxin antibody reagent from material 

supplied by Wien, add 10 mg of bovine serum·~lbu~i~, fraction 

V, to the contents of one vial of digitoxin antibody (100-

test vial) and reconstitute with PBS to 10 ml. Store 

refri gcratcd. 

Hate: The reconstituted antibody solution, pr8pared as 

above, contains a digitoxin-binding capacity of about 20 pg/ 

liter; 30 ~1 of this should bind about o.r ng of digitoxin 

at saturation$ Thus the binding capacity will be exceeded 

about three-fold by the amount of tritiated digitoxin added 

to the tube ( 2 n g) , a 11 0'.'.' i n g about 3 3 p e rc en t of the ad de d 

[ 3H] digitoxin to be bound vJh en no additional unlabeled 

digitoxin has been added. The mass of labeled digitoxin 

added to the tube approximates the theoretical midpoint of 

the standard curve; i.e., a 2.0 ~g/1 iter concentration of 

digitoxin in the tube, wl1ich corresponds to a plasma digitoxin 

concentration of 20 ~g/litere 

3. Charcoal Solutions: As for digoxin assay. 

4. Blood Plasma: As for digoxin assay. 

5. Digitoxin Standards: 

a. Digitoxin stock (1 g/liter). Dissolve 25.0 mg of digi

toxin in 25.0 ml of ethanol. Store at -20° C. 
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b. Digitoxin \vorking solution (1 mg/liter). Dilute 25 )Jl 

of digitoxin stock to 25 ml with PBS. Store at -20° C. 

c. Digitoxin plasma standard (50 )Jg/1 iter). Dilute 500 ,.ul 

of digitoxin dilute stock to a final volume of 10.0 ml 

with plasma. Store refrigerated. 

6. I3H1 Digitoxin Standards: 

a. [ 3H] digitoxin stock (5 mg/1iter). Dilute the digitoxin 

stock 1 0- fo 1 d and add 40 )Jl of this to 1 00 J.J l of [3H] 

digitoxin (38 mg/liter; 20 kCi/mol). Dilute to a final 

volume of 1.56 ml by adding 1.42 ml of PBS. Store in 

the refrigerators but do not freeze. 

b. [ 3H] digitoxin v1o rk in g so 1 uti on ( 100 }.lg/ 1 iter) • D i lute 

the [ 3H1 digitoxin stock solution 50-fold by adding 

0.2 ml of it to 9.3 ml of PBS. Store in the refrigerator. 

~lote: As of October 15 1 197L}, 20 JJl of this solution 

had a radioactivity of about 40 000 dpm. 

Hate: The amount of labeled digitoxin in 20 jJl of 

this solution (2 ng) sets the theoretical midpoint of 

the digitoxin standard curve at 20 pg of digitoxin per 

liter of plasma. 

necommended Apparatus: 

1. Polystyrene culture tubes (12 x 75 mm), disposable (Falcon 

Plostics, Oxnard, Californi~ 33030). 

2. Biopette, l ml (Sch\·\Jarz/i~ann, Orangeberg, i'lev.J York 10962). 

3 • ~1 i c ro p i p e t t e s , C a r 1 s be r g t y p8 ( B o 1 3 b , I n corp o rat c d , De r r y , ll ev..r 

Hampshire 03031). 
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4. Centrifuge, t1odel CS (International Equipment Company, Needham, 

t1assachusetts 02192). 

5. Liquid scintillation counter with external quench correction 

feature. \-Je used a Tri-Carb, /·1odel 2:)l•O (Packard Instrument 

Company, Dovme rs Grove, I 11 i no is 60515) • 

G. Liquid scintillation counting vials may be obtained from Packard 

Instrument Company. 

Procedure for Digoxin Assay: 

Note: For clarity of presentation, instructions for the standard 

curve and for the unknovm(s) . are presented separately. An assay obviously 

should include standards, samples for quality control, and unknovms. 

Abbreviated instructions for emergency digoxin and digitoxin assays are 

provided at the end of this section. 

Preparation of Complete Digoxin Standard Curve: 

1. Harking at room temperature, pipet 0.8 ml of PBS into each of 

ll~ tubes labeled Sl-Sll~. (The Pf3S is added first, to obviate 

formation of fibrin clots). 

2. A.dd plasma in the quantiti e s listed in Table l. 

3. Add digoxin plasma standard (5 )Jg/liter) in the quantities 

listed in Table 1. 

4. Add 20 ~1 (0.4 ng) of [
3HJ digoxin working solution (20 pg/liter) 

to tubes ~-514, and mix the contents vJell. 

5. Add 30 )Jl of digoxin antibody solution to tubes S3-Sl4. Vortex-

mix the contents of each tube imnediately after adding the anti-

body. 
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6. Incubate the tubes at room temperature for at least 30 minutes 

from the time of the last addition of step 5. 

rlote: · lncub~tion beyond 15 minutes does not significantly 

affect the results when standards are run within each assay 

(Figure 1). Indeed, longer incubation may increase assay 

s pee i f i c i ty (_!2.) • 

]. Add 0.5 ml of dextran-coated charcoal working suspension to tubes 

s 1-s 11~. The suspensions must be kept in an ice-bath and continu-

ously stirred to prevent settling. Squirt the dextran-coated 

charcoal \'/Orking suspension into each tube to obtain a uniform 

suspension of charcoal in the reaction mixture. 

~4ote: The addition of charcoal is a critical ste~1 in the 

assay. In contrast to the antibody-digoxin binding step, equilibrium 

is not achieved during this absorption step. The time lapse 

between the addition of charcoal to the first and last tubes 

should not exceed three minutes (Figure 2). If additions are 

made sequentially at 15-second intervals, no more than 13 tubes 

can be run at once. Hmrever, ~vith practice, the additions may 

be made at 3- to Li-second intervals, thus increasing the number 

of tubes that can be accommodated to 45-60. We used either a 

Biopette or ·a Carls!Jerg type micropipette v:ith a broken tip. 

Hith the latter, the same one must be used for each tube. 

8. Keep all tubes at room temperature for 10 minutes, timing from 

the last charcoal addition, then centrifuge at 3000 rpm (2000 X 

~) in the cold for 20 minutes. 
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9. Immediately decant the clear supernate into 10 ml of 1 iquid

scintillation fluid in a numbered sequence of counting vials. 

Cap each vial and shake \'/ell. Discard the charcoal residues. 

ilote: Considerable error may be introduced at this stage 

because an absolutely quantitative transfer is not achieved by 

decantation. To minimize variation in transfer 1 touch the lip 

of the culture tube to that of the counting vial to remove the 

last adherent drop from the tube. 

10~ Count the antibody-bound tritiated digoxin for 1-10 minutes, 

accumulating a minimum of 2000 counts, to assure a probable 

counting error of less than 3 percent. 

ilote: Because most modern laboratories are equipped \lith 

fluorescent lighting, photoluminescence is a potential problem, 

obviated by routinely refrigerating th~ counting vials for 30 

minutes before starting the counting sequence. 

11. Construct a standard curve on linear graph paper by plotting the 

reci proca 1 (X 1 o5) of the dpm (see Ca 1 cu 1 at ions section) of the 

antibody-bound tritiated digoxin vs. the concentration of 

digoxin added, using the units ~g/liter of plasma from Table 1. 

(Calculations are described in a subsequent section). 

Complete Assay of Unknm·ms: 

1. To each of six assay tubes, labeled ~-U6, add 0.8 ml of PBS. 

2. To tubes ~and~, add 200 ~1 of gravimetric digoxin plasma 

standard (2 pg/liter). 

3~ To tubes U3 and~' add 200 pl of the patient's plasma contain

ing the unknown amount of digoxin. 
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4. To tubes IJ5 and U6, add 200 pl of knO\'m calibration standard. 

5. 1-\dd 20 ,ul of[3H] digoxin '>~orl~ing solution to each tube, mix, 

add 30 pl of digoxin antibody solution, remix, and then incubate 

for at least 30 minutes. (/\s noted above, this incubation period 

may be extended within an assay.) 

6. .l\dd 0.5 r.1l of dextran-coated charcoal v·!Orking susr-ension to each 

tube. Squirt the reagent into each tube to obtain a uniform 

suspension of charcoal in the reaction mixture. (See note under 

7 above). 

7. Incubate at room temperature for 10 minutes from the time of the 

last addition (step 6), then centrifuge at 3000 rpm in the 

cold for 20 minutes. 

8. Decant the clear supernate into 10 ml of liquid scintillation 

fluid in a counting vial, touching the lip of the culture tube 

to the 1 i!) of the vi a 1. Cap each vi a 1 and shake \··Je 11. D i sea rd 

the ella rcoa 1 residues. 

9. Refrigerate the vials for 30 minutes, then count the readio-

activity, collecting sufficient counts (2000) to assure a 

probable error of counting of less than 3 percent. 

Preparation of Quench Correction Curve 

1. Into each of 10 counting vials, labeled Ql-QlO, place 10 ml of 

liquid scintill3tion fluid, 100 J-ll of [ 3H] digoxin working 

solution, and 1.3 ml of PBS. 

2. Into the first t\Vo vials, add 0.2 ml of blank plasma; into the 

second two, add 50 ~1 of plasma from hemolyzed blood and 150 pl 

of blank plasma; into the third t~vJO, add 100 ,ul of plasma from 
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hemolyzed blood ~md 100 ..ul of blank plasma; into the fourth 

t\•!O, C'ldd 200 pl of p lasma from hemolyzed blood. Put nothing 

additional in the fifth tvJO vials. 

3. Count the vials as usual. 

; ~ote: Q.uench correction is necessary because the degree of color 

and chemical quench produced by patients' serum varies considerably. 

Errors of 250 percent or greater may be introduced by differences in 

quench (Figure 3, insat). 

Note: It is not necessary to correct for background counts because 

they are insignificantly lmt. 

Calculations 

1. Determine Quench Curve: 

a. Divide the cpm of each of the qu~nched vials, Ql-QlO, by 

the d;:nil of lO ·J Jll [.3H] digoxin V·Iorking solution to get the 

counting efficiency for each of these vials. 

'~ote: T:1e spGcific activity of the purchC3scd PHl di goxin 

may be used to find the dpm if it has been standardized asainst 

a source of radioactivity such as 3H
2
o calibrated (in dpm) by 

routine counting techniques. The supplied specific activity of 

the [ 311] digoxin must be converted from kCi/rnol to dpm/J.Jg, and 

corrected for the number of micrograms in a 100 pl aliquot and 

for radioactive decay. For example, the lot of [3H] digoxin 

used i n o u r as s a y \ ·J as p u r ch a sed a t 2 3 . G k C i I mo 1 as of 0 c t ob e r 1 5 , 

1974. The dpm expected in 100 JJ1 of the [3H] digoxin VJorking 

solution at that time \·tas 134,000, calculated as fo1lo\'>lS: 



dpm/100 ~1 = (23.6 kCi/mol)/780.9 po/mo1 X 100 pl (20 ~g/liter) 

(10-G g/)Jg) (2.22 X 10 15 dpm/kCi). This simplifies to 5685 

times the stated specific activity in kCi/mol. This value is 

then corrected for radioactive decay for use in subsequent 

calculations. For example, after three months of radioactive 

decay, this value ~~Jould be (5GS5 ); 0.986) = 5606. 

b. Plot the calculated counting efficiency for each vial vs. 

the automatic external standardization value for that vial 

on linear graph paper (Figure 3). \nth our instrument, a 

linear approximation to the quench curve may be used for 

tritium efficiencies of 5 to 35 percent in PCS scintillation 

fluid .. 

i~ote: The quench curve need not be rerun \.1/i th each assay, 

as it should remain stable for mony months. fm unquenched 

standardization vial should be counted with eacl1 batch of 

samples as a routine check on the stabi 1 ity of t l1e counting 

equipment. 

2. Conve rt all cpm to dpm: 

a. Determine the efficiency of counting of each of the vials 

of the standard curve and the unkno~vn (s) from the correspond-

ing automatic external standardization values, using the 

quench curve described above. 

b. Divide the corresponding cpm of each vial by the efficiency 

to get the dpm for each vi a 1. 

c. Subtract the average dprn of the antibody blanks, tubes Sl 

and g, from the dpm of each of the other vials. 
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d. After subtracting the dpm of the antibody blank, find the 

corrected reciprocal of the dpm by dividing 105 by the 

corrected dpm for each vial. 

3. Prepare the digoxin standard curve: 

Plot the corrected reciprocal dpm of each of the standards 

vs. the known concentration of digoxin, expressed in micrograms 

per 1 iter of plasma (Figure 4). 

L~. Determine micrograms per liter of plasma for the unkno\'ms, using 

the corrected reciprocal of the dpm for each unknown. 

Procedure for Digitoxin Assay 

This is similar in principle to the detailed procedure given for 

digoxin. The concentrations and volumes of reagents used are different 

and can be found in t:1e abbreviated procedure for digitoxin at the end 

of this section. The full standard curve for digitoxin includes points 

at 0, 5, 10, 25, 35, and 50 micrograms of digitoxin per liter of plasma. 

Abbreviated Digoxin Padioimmuno2ssay 

Hote: This procedure is used for emergency ueterr.1inations. For 

routine use, it should be enlarged to conform to the narrative portion 

of this paper. 

1. Put 800 pl of PBS into polystyrene culture tubes. 

2e Add 200 )Jl of plasma, 20 pl of [ 3H) digoxin and 30 J.Jl of digoxin-

antibody solution. 
_o 

Incubate for 30 minutes 2t 2) C. 

3. Add 0.5 ml of dextran-coated charcoal working suspension. Let 

stand 10 minutes at 25° C. 

4. Centrifuge in the cold for 20 minutes. 



5. Decant the supernate into a counting vial, add 10 ml of liquid-

sci n t i 11 at ion f 1 u i d, and count. 

Protocol for Digoxin Assay* 

Blank 
Condition Tube PBS Plasma Standard e ~ il D ~':;·: D Ab ~·,;~.; DCC;b1; 

1\nt i body blank 

Standards 
(JJg/1 iter) 

0 

1..25 

2.50 

3.75 

Samples 

2 

3 

4 

5 

Unknovm 6, 7 

G ra v. ~·;;-~ 
(2e0 }.Jg/1 iter) 8,9 

0 () .u 

0.3 

0.8 

0.8 

o.B 

0.3 

0.8 

~·All volumes in mi 11 i 1 iters. 

0.2 0 

0.2 0 

0. 15 0.05 

8. 10 0. 18 

0.05 0. 15 

0.2 0 

O.l 0 

0.02 0 
\.v- 0.5 O:::l 

n 
3 c 
-· cr 
:::l ru 
c r. 
rt{l) 
(1) 
VI 0> 

0.02 0.03 
rt 

0.5 
I 
0 

0.03 0.02 
0 

0.5 3 

rt 

0.02 0.03 
(:) 

0.5 3 
-o 
(D 

0.03 0.02 
I 0.5 CJ 
r-t 
c 
I 
0 

-h 

0.03 ~.02 
0 0.5 I 

0.02 0.03 0.5 

~·:;'•Previously undefined abbreviations are: [3 :-11 D, tritiated digoxin; 

Nn 
Ot'D 

:::l 
3 rt 
-·~ 
:::l -· c -t'l 
rtC 
\Ute 
(..') (:) 

0> 
rt 

\.A) 

0 
0 
0 

I 
v 
3 

-· :J 

n 
0 

0.. 

-h 
0 
I 

DAb, digoxin antiboc.Jy; Dec, dextran-coated charcoal; Grav., gravimetric 
standard 

Abbreviated Digitoxin nadioim~unoassay 

note: This procedure is for emergency determinations. For routine 

use, it should be enlarged to conforfil to the n<Jrrative rortion of this 

paper. 

1. Put 900 ~1 of PBS into polystyrene culture tube. 

2. Add 100 ,ul of plasr11a, 20 )Jl of eHJ digitoxin and 30 JJl of 

digitoxin-antibody solution. Incubate JO minutes at 25° C. 
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Protocol for Digitoxin Assay~~: 

Blood 
Standard PH] D~h'• Condition Tube PBS Plasma D P.b*•k DCC':'d• 

Antibody b 1 ank 0.9 0. 10 Q 0.02 0.03 w- 0.5 Nn 
O::J oro 

(1 ::J 

Standards 
3 c 3 rt 
-· o- -·· 

(~g/1 iter) 
::J Q.l ::J -· 
c rt c -h 
rtC1> rtC 
(1) (l)lQ 
(Jl Q.l (Jl (1) 

2 0.9 0. 10 Q 0.02 0.03 rt 0.5 Q.l 

"'i rt 
0 

5 3 0.9 0.09 0.01 0.02 0.03 0 0.5 w 
3 0 

0 
rt 0 

25 4 0.9 · 0.05 0.05 0.02 0.03 (!) 0.5 3 "'i 
"":) \J 
(1) 3 

50 ,- 0.9 0 o. 10 0.02 0.03 "'i 0 ,-;; !ll . ;) -· 
rt ::J 
c 

Samples "'i (1 
(i) 0 

6,7 
.,., Q.. 

Un!~nm·m 0.9 0. 10 0 0.02 0.03 0 0.5 
"'i .,., 

0 

G rav. •'d• 
-, 

( 15 pg/1 i tcr) 8,9 0.9 0. 10 0 0.02 0.03 0 ,-.;) 

~··A 11 vo 1 WileS in mi1li1eters 

~·:,':previously undefined abbreviations are: [3~~ D' tritiated digitoxin; 
D 1-\b, digitoxin anti body; DCC, dextran-coated charcoa 1; G rav. , 
g ra vi metric standard. 
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Table I shotJs the concentration of salivary potassium, calcium, the 

potassium and calcium product and the total volume of \Vhole-mixed human 

saliva obtained over the three-minute collection period for each of the 

33 non-digitalized patients in this study (Group 1). Also shown in 

Table I are the mean concentrations of salivary potassium, calcium, the 

potassium and calcium product and the mean volume of saliva which was 

collected _from the patients in Group I. 

The concentration of salivary potassium, calcium, the potassium 

and calcium product, the total volume of saliva collected and the serum 

levels of cardiac glycoside for each patient, as vJell as the correspond

ing mean values, are shovm in Table II for the 22 patients taking 

digitoxin (Group I I), and in Table I I I for the lG patients taking 

digoxin (Group Ill). 

Table IV compares the mean concentrations of salivary ?Otassium, 

calcium, the potassiu~ and calcium product, the mean volume of saliva 

collected and the mean serum cardiac glycoside levels of the patients 

in each of the three patient groups. As sho\·m in Table IV and Figure l, 

patients taking digitoxin (Group II) had significantly higher salivary 

potassium and calcium concentrations (potassium, p ~.0125; calcium, 

p <.025) than the control patients (Group I) not taking any form of 

digital is preparation. \/hen the mean potassium anq calcium product 

was calculated for the control patients (Group I) and for those taking 
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digitoxin (Group II), an even more significant change was found bet\:Jeen 

the two groups of patients (p <.0025). Also, as shown in Table IV and 

Figure 2, the mean volume of saliva collected per patient was not 

significantly different bet\·Jeen the tv1o groups (p > .05). 

Patients taking digoxin (Group I I I) did not shm1 a significant 

elevation of salivary potassium and calcium (Table IV, Figure 3; 

potassiumt p < .45; calcium, p < .20) or a higher potassium and calcium 

product (p<.25) compared vlith controls. Although the Group Ill patients 

sho':Ied a somev.Jitat 10\·Jer mean volume of saliva per patient (T()ble IV) 

than did Group I (Group Ill, 3.2 "!: 0.4 ml; Group I, 3.9 "t O.l~), this 

volume \vas not significantly lovJer (p >8.05) than that seen in Group I. 

The data for each group \'Jere subdivided and evaluoted occording to 

the sex of the patients. The results arc shm·m in Table V-1\ (male 

patients) and Table V-u (female j)atients). In comparing Groups I and II 

according to the sex of the patient, the same level of significance 

cou 1 d not a luays be noted as vJhen patients of both sexes had been 

evaluated together. \·lhen the GrouiJ I males \·Jere compared ~·.Jith the 

Group I I malesi the mean salivary potassium concentration, as well as 

the potassium and calcium product$ was significantly elevated in the 

digitoxin subgroup (potassiu~, p 0.05; potassium and calciu~ product, 

p <.01). The mean salivary calcium concentration in the Group I males 

also tended to be higher than that seen in Group I I males, but the 

i ncre.ase did not achieve significance (p < 0. 75). 

Group I I females (taking digitoxin) were compared to the females 

in Group I. The Grou? II females had a significantly higher salivary 

calcium concentration (p<0.05) as \-Jell as a significantly higher 
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potassium and calciur.1 product (p"'.025)o Although the salivary potassium 

was higher in fer.1ales of Group I I than in Group I, a level of only near 

significance \•/as noted (p <. 10). 

It \·Jas stated earlier that Gr.oup Ill (patients taking digoxin) 

did not shov1 .higher levels of salivary potassium or calciur.J, nor did 

they shov1 an elevated potassium and calcium product. \/hen the Groui) Ill 

r.Jales vJere compared vlith the control make subgroup, this Has again 

found to be true for the salivary concentration of potassium (p>.OS) 

and for the potassium and calcium product (p>.OS). The level of calcium 

found in the sal iva of Group Ill males, ho\,'ever, '-'!as significantly lo\·Jer 

than that vJhich vms determined for the Group I males (p ~ .05). 

Group I I I females (taking digoxin) shmred a mean salivary potassium 

concentration no higher than that seen in Group I (control) females. 

This is consistent v1ith the results shovm in Table IV '.-Jhen the males 

an d f e ma 1 c s v:e r e eva 1 u 3 ted tog e the r i n e a c 11 g roup , i . e • , G roup I I I 

patients did not shrn1 higher salivary potassium or calcium or a higher 

potassium and calcium t->roduct than those seen in Group I. In contrast, 

the femal~ subgroup of patients taking digoxin had a significantly 

higher salivary calcium concentration (p< .01) as v1ell as a significantly 

higher potassium and calcium product (p <.05) than their control sub-

group. 

Figure 4 shows the results when the patients were divided according 

to sex, expressed as percent change from the con t ro 1 va 1 ues. Increases 

above controls are sho~·-m to the right of the vertical bar, decreases to 

the 'left. tiales on digoxin showed a decrease in salivary calcium 

concentration to such a Magnitude that even the potassium and calcium 
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product was some 12 percent less than the control value. When this 

effect is removed from the results by looking exclusively at the female 

subgroup, it becomes clear that digoxin did significantly elevate both 

the salivary calcium concentration and the potassium and calcium product. 

The results for digitoxin are also shovm in Figure 1~. Separation 

of the patient population by sex did not change the results with digitoxin. 

liov;ever, a trend similar to that for digoxin v!as also seen, although at 

<1 reduced magnitude; that is, the glycoside-induced change from control 

tended to be greater for fern.Jles than for males. 

Figures 5 and G shovJ the re 1 at i onsh i p betv1cen the potassium -and 

calcium product and concentration of digitalis in the blood of these 

p a t i en t s • For d i g i to x i n , s h ovm i n F i g u re 5 , t h c expected ten den c y v1 as 

noted; that is, higher potassium and calciu111 products vJere associated 

with hi gher serum levels of the glycoside. Because of the scatter, 

hov1cver, a high degree of corre lation v1as not found (r= .3011, r<.lo). 

The results of digoxin (Figure 6) shu,.Jed the same trend; i.e., 

higher serum levels of digoxin v1ere generally correlated \··Jith higher 

concentrations of potassium and calcium. Again, houever, a high 

degree of correlation ~vas not found (r = • lL•, p <. 10). 
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TABLE I 

SALIVARY POTASSIUH AND CALCIUH COI·l CE!JTRJ\T Ions, POT ASS I Ut1 AND 
CALCIUM PRODUCT AND TOTAL VOLUt1E OF S?.L I VA COLLECTED FOR GROUP I 

(non-Digitalized) Patients 

Patient 
Number K+ CA++ K X Ca Vo 1 ume 

1 2 7. 75 2.95 6 7. 11 1. 34 
3 24.9 l. 35 46.06 1. 62 

14 1G.U7 1. 75 29.52 4.36 
17 28.71 3.05 87.56 6.27 
18 22.3!.) 2.32 51. 85 12.57 
19 16.G7 2.67 l•JL 50 2.59 
26 1 J. 1 Q 0. 35 16.23 4.25 
23 20.30 l. 35 2 7. 40 3.00 
29 18.75 l. 70 31. B7 4. If] 
33 19.77 2.4 47 .L•L• 2.56 
38 15. 71•. 2.9 lr5. 64 2. 11 
39 13.09 2. 35 112. 51 1. 98 
l1G l G. 1•1 1 • G 26.25 4.60 
47 13. 81 1. 95 26.92 2.87 
49 13.56 0.98 13.23 4. 18 
54 16.33 1 ') i.. 

•"-:J 20.41 6. 2Ll 
55 3 7. 14 2.55 94.70 3.62 
59 15.32 1 . 13 17.31 4. 12 
61 17.03 1. 92 32. 79 4.37 
63 16. 12 3. 13 50. 1}5 1 •• 3 7 
69 17.3 1.95 34.71 Ll. 23 
70 1 6. 1-t 1.55 2 5. Lr2 2. Do 
71 1}6 -.2 L37 91.01 4. 31 
75 31.5 2.8 88.20 3.G3 
76 17.5 2. 17 37.97 1. 87 
77 16.3 Lb9 28.56 2. 30 
78 11.3 1. 93 2 7. 59 4.77 
79 14.3 3. 85 55.08 l. 29 
81 1 6. 1 1 • l}Q 22. 5 L1 3.GG 
34 7.7 1.5 11.55 4. Gl• 

86 1 7. 7 3. 1 Slf.37 1. 56 
87 19.6 1. 35 26.46 4.70 
88 3G.2 l. 13 40.JO 4.40 
X 20. 120 2.032 41. 353 3.962 
SD 8.005 0. 730 22.676 2.219 
SE~·i 1. 393 0. 12 7 3.947 0.38G 



TABLE II 

SALIVARY POTASSIUM, CALC IIJ~1 CONCENTRATIONS, POT ASS I Ut1 AND 
CALC I Ut·l PRODUCT, TOTAL VOLUf•iE OF SALIVA COLLECTED N~D SERUM 

D I G I T 0 X I ! ·~ VALUES FOR PATIENTS IN GROUP II 

Plasma 
Patient Digitoxin 
Number Values I<+ Ca++ K x Ca Volume 

9 14.7 31.1 2. 32 72. 15 11 • 12 
10 29. 1 25.9 2.32 60.08 3.50 
1 1 2 3. 1 40. 1 2.50 100.25 3.41 
12 17.8 3lf. 7 2. 15 74.60 2. 78 
21 3. 13 16.69 1. 85 30.87 4.38 
23 23.0 38. 14 2.38 1 03. 8lt 1. 77 
27 1 L~. 6 26.56 0.95 25.23 5.49 
30 26.7 18. 15 2. 15 39.02 2. 11 
31-+ 26.3 35. Ql} 4.0 140. ·1 G 2.95 
36 G.8 19.45 2.30 44.73 6.05 
1~5 2J.9 19.85 3.3 65.56 2. 15 
4U () () 

..~.o 15.65 1 . 55 24.25 3.75 
51 11 • 52 25.22 3.8 95.83 2.07 
53 37.2 2 7. 91 2.77 77.31 6.65 
56 12.0 13.56 2.48 33.62 6. 70 
83 26.35 15.4 1. 93 29.72 2.)5 
89 17.31 33.3 2.87 97.00 3. 10 
Q') 
_.IL. 30. L~s 19.4 2. 15 Jt 1 . 71 4. 2 7 
93 22. 18 lf8. 6 1. 68 31.64 1. 56 
94 19.04 G.~~ 3.25 20.80 1. 30 
35 15.65 25.9 1.9D 51.28 2. 19 
96 29.45 29.9 2. 't5 73.25 1. 83 
x 20.03G 25.7CJ2 2.433 63.132 3.715 
59 3.7463 10.121 J. 720 32.2 72 2.317 
SE t-i 1. 3647 2. 15 8 0. 153 6.830 0. 1~9 33 



Patient 
Number 

5 
6 

15 
35 
41 
42 
43 
44 
50 
60 
Gl+ 
66 
67 
74 
82 
:n 
v 
" 
SD 
SE!\ 

46 

TABLE Ill 

SALIVARY POTASSIU11, CALCIUF\ CotJCENTRATIONS, POT/\SSIUi1 Al~D 

CALCIUM PRODUCT, TOTAL VOLUME OF SALIVA COLLECTED ~JD SERUM 
Dl GOXIf·l VALUES FOR PATI EiJTS I tJ GROUP Ill 

Plasma 
Digoxin 
Values 

2 0 71 
1 • g 1 
2.80 
1.53 
1 • 63 
1. 02 
0.35 
1. 78 
0.20 
0.73 
0.82 
0. 10 
1. 18 
0.22 
3. 10 
2.31 
1 • 1~28 
0.952 
0.238 

K+ 

lf2. 0 
25.0 
19.53 
19.GO 
19.77 
12. 13 
19.93 
18. 311 

20.52 
13.68 
26.06 
20.63 
19.48 
16.3 
11 • 7 
22. 1 
20.802 

G.760 
1. 690 

Ca++ 

1.87 
2. 32 
2.52 
2 .1•5 
1.9 
2.3 
2.78 
1 • 71+ 
1.3 
2 c 85 
L~ • 2 
J.1l 
1 • 1}4 

1.8 
2.2 
2.53 
2.223 
0. 712 
o. 178 

I( x Ca 

78.54 
53.0 
1+9. 2 1 
43.02 
37.5G 
27.89 
55.40 
32.73 
26.67 
53.23 

109.45 
28.J6 
28.00 
30.24 
25. ]lf 
55.91 
46.Goo 
22.653 
5.663 

Vo 1 umc 

1. 74 
1. 13 
2.81 
3.88 
6.50 
1.60 
4.55 
l. 33 
4. 68 
2. 14 
1. 87 
4.43 
3.50 
3.55 
2.50 
5.01 
3. 236 
1. 529 
0.381 
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TAGLE IV 

t~\EAN OF SAL! VARY COt-\POS ITI Or! AND SERUt~ Dl GITALI S 
CONCEtiTRATIO:~s FOR HAJOR GROUPS 

Sa 1 iva ry Composition Group 
(X ± SEN) II 

+ 
25.8 ~ 2.2+ K (meq/ 1) 20. 1 + 1 • L~ 

++ 2.4 0.2+ Ca (meq/1) 2.0 + 0. 1 + - -
K X Ca 41.4 -t 3.9 64. 1 + t' + 

- o.9 

Volume (m 1) 3.9 + - Oc4 3.7 ":t t). 5 

Se ru1.1 g 1 yeas ide-:': 
1 eve 1 s (ng/ml) J 20.3 "± 1.9 

{\ge (years) 3'-t. 1 + 2.5 53.0 "± L~ • 3 

~u~ber of patients 33 22 

~·::Jorma1 val:..~es: Digitoxin 17-30 ng/rnl; Digoxin 0.8-l. 7 ng/ml. 

Ill 

20.8 + 1.7 -
2.2 + 0.2 

46.4 + 5.7 -
3.2 + 0.4 

1.4 + 0.2 -
50.3 ":t 5. 1 

16 

+ 
Indicates significant differ8nces from controls, Group I (p< 0.05). 
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Tfl.BLE V-l\ 

t1EAi-l SALIVARY COIAPOSITIOll AtJD SERU:-1 DIGITALIS 
COIJCENTRATIOtJ IN t·iALE SUBGROUPS 

Salivary Electrolyte 
Composition 

(X ± SEi·l) 

K+ (meq/1) 

Ca ++ (meq/ l) 

:\ x Ca 

Se rur.1 g l yeas ide~" 
level (ng/ml) 

Age (years) 

:·lumber of patients 

1/\ 

20.7± 1.8 

2.2 ± o. 1 

3G.2 ± 3.G 

19 

Subgroup 

II A. 

2 7. 5 ± 2. 7+ 

+ 
2.7 ± 0.2+ 

72.9 ± 3.2 

20.0 ± ., I' 
.).0 

L~ 1 • l ± 5.3 

7 

;':~!annal values: Digitoxin 17-30 ng/r.1l; Digoxin 0.8-1.7 ng/ml. 

IliA 

25.0 ± 5.7 

1.6 + 0. 1 

41.1 ± 12.5 

0.31 ± 0. 1 

50.3 ± 13.5 

1-t 

+Indicates significant difference from controls, subgrou p 1.~. ( ~ <( . 05) • 

..1.. 

~Indicates nearly significant differe nce from controls, subgroup lA 
(p~.075). 



TABLE V-B 

~1EAN SAL I VARY COHPOS ITI ON NlD SERU~\ Dl GITALI S 
C01~CEt~TRATI OilS IN FEtiALE SUBGROUPS 

Sa 1 iva ry Electrolyte Subgroup 
Compos i t.i on 
~X ± SEHl I!J I IB 

,,.+ (meq/1) 19.3 t 2.2 25.0 + 2 q:j: 1'\ - . .,.., 
++ + 

II I B 

19.4 -t 1.2 

+ 
Ca (meq/1) 1.7~ 0.2 2.3 + 0.2 2. 1~ + 0.2+ 

I/ 
X Ca 33.3 + 1.7 58.6 + 9.3 118. 4 + 6. s+ I\ -

Serur.1 g 1 ycos ide;: 
levc 1 (ng/ml) 0 20. :) + 2.0 1.6 + 0.2 -
Age (years J 1 • 1 + 3.4 53.4 + 4.6 50.9 + 5.5 - -
!lumber of patients llr 15 12 

~·-tlorr.1al values: Digitoxin 17-30 ng/ml; Digoxin 0.8-1.7 ng/ml. 

+Indicates significant difference from controls, subgroup 18 (p ~.05). 

tlndicates nearly significant difference from controls, subgroup IB 
(p<.lO). 
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Figure 1. Comparison of the salivary potassium and calcium 
concentration as \!Je 11 as potassium and ca 1 c i um 
product bet\·Jeen control patients and patients on 
therapeutic levels of digitoxin. Patients taking 
digitoxin had significantly higher salivary 
potassium and calcium conccntrotions as \'Jell as 
a significantly higher potassium and calcium 
product. 
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Figure 2. Comparison of the mean volume of saliva collected 
from each of the three patient groups. :·lo signifi
cant difference in mean salivary volume was noted 
between the individual patient groups. 
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Figure 3. Comparison of the potassium and calcium concentrations 
as 'dell as potassium and calcium products betv1een 
control patients and patients on therapeutic levels of 
digoxin. When compared ~ith controls, the mean values 
for patients receiving digoxin \.Jere nbt different from 
those of controls. 
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Figure 4. Comparison of salivary calcium concentrations and 
potassium-calcium products in male and female 
patients expressed as percent change from control 
va 1 ues. Inc rcases above con t ro 1 s are shmvn to 
the right of the vertical bar; decreases, to the 
left. 
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Figure 5. The apparent lack of relationship in individual 
patients bet ~een the salivary potassium and 
calciu~ product and the concentration of digitoxin 
i_n the blood of patients taking this drug. The 
1 i ne sho\,/S the 1 i near regression de term i ned by 
least squares fit to the data, the equation of 
v1hich is given. ~ lo statistical correlation \•Jas 
found between the variables. 
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Figure 6. The apparent lack of relationship in individual 
patients between the salivary potassium and calcium 
product and the concentration of digoxin in the 
blood of pati~nts taking this drug. The line shm·Js 
the linear regression determined by least squares 
fit to the data, the equation of which is given. 
f.!o statistical correlation v1as found bet';'een the 
va r i ab 1 es. 
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Figure 7. The relationshi~ ~et\rJeen the salivary flovJ rate and 
the concentration of potassium in sal iva. At flo'·" 
rates of 0.5 ml/min. and above the concentration of 
potassium in saliva was independent of the rate of 
flow. 
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Figure [L Comparison of the sa 1 iva ry vo 1 um~, the salivary 
concentration of inorganic phosphate, and total 
protein in the three grou;JS of patients studied. 
Differences in the salivary concentration of 
potassium and calcium in patients on digitalis 
preparations are not secondary to gross alterations 
in salivary gland function. 
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Figure 9. The rel~tionship between the salivary calcium 
concentration and flow rate. A significant 
correlation betv1een the flo\·/ rate and salivary 
calcium concentration \•Ias not found. 
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Figure 10. A diagrammatic representation of a secretory 
element in a human salivary gland. 
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Figure 11. A proposed model for the mechanism by \vhich cardiac 
glycosides might effect an increase in the concentration 
of rotassium and calcium in the saliva. 
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Although digitalis is estimated to be the fourth most frequently 

prescribed drug in the United States, it also has one of the lov.Jest 

. f ,. 21 
~argtns o sarety. This is demonstrated by the fact that patients 

suffering from digitalis toxicity have nearly a 50 percent mortality 

39 · l • • • -o f h 1 1 1 rate, "''' tn sorile patients requ1 rtng up to )~ percent o t e et1a 

3') 
dose for r.1aximal therapeutic effects. u In the past the diagnosis of 

digitalis toxicity has been based on clinical signs and symptoms, as 

'.-Jell as characteristic electrocardiographic abnormalities. t1ore recently, 

determination of the serum levels of the various digitalis preparations 

by radioimmunoassay has a 1 so shm·m potentia 1 usc fu 1 ness as a diagnostic 

aid. Unfortunately, nOI;.Jever, the clinical signs and electrocardiographic 

abnormalities v1h i ch characterize dig ita 1 is to>d city are common to other 

conditions 1 and in a significant number of cases serur1 drug levels do 

39,60 
not correlate ~lith the toxic state. These facts demonstrate the 

need for a simple, rapid, reliable test for digitalis toxicity. 

+ + 3 )-6 
Decause salivary glands contain a highly active ~ Ia , K , 1\TPase ' 

and this enzyr.1e is a possible pharmacologic receptor for cardiac glycosides 

. . 7-9 . . 1n the myocardium, tt seems logtcal that salivnry electrolyte concen-

trations might be affected by circulating levels of digitalis. Indeed 

it has been reported that t rea tmen t of patients \·J i th cardiac g l yeas ides 

may alter saliva electrolyte concentrations, v!ith salivary potassium 

and calcium concentrntions as v.Jell as their 1)roduct being srccifically 

1-3, lr) 
implicated in this regard. A number of other studies have either 
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10-11 lt 43 
refuted or only ?artially confirmed these results. ' To date, 

all of the experiments performed to study the possible effect of cardiac 

glycosides on salivary electrolyte secretions have one thing in common; 

i.e., the method of salivary gland stimulation (if any) has not been 

standardized, with the mean rate of salivary flow either being disregarded 

or with no mention being made of either the mode of stimulation or the 

flO\/ rate. 

48 
In citing a study by Hildes and Ferguson, Wotman et al stated 

that 11 since both the rotassium and calcium concentration in stimulated 

hunan sal iva are virtually independent of the rate of flov1, d1Lmges in 

these salivary constitutes are easily observed indicators of systemic 

1 'lf 3 
chan9e. 11 The initial studies by Hetman as \'Jell as all subsequent 

reports have been based on this premise. As it turns out, this is at 

best a conditional statement. lt3 
Hi l des and Ferguson · did shm·J that the 

salivary potassium concentration is independent of the secretory rate 

but only at flo\v rates exceeding 0.5 ml/min (Figure 7). Their results 

for parotid saliva shov:ed that the concentration of ?Otassiur.l in the 

resting secretion \·J<.lS greatly in excess of serum levels and that the 

salivary rotassium concentration fell as secretory rates of 0.5 1nl/min 

were approached but thereafter remained constant at a level four to six 

tir.1es that of the serum. 
47 

Indeed, in an earlier paper, Thaysen et al 

had reported that the concentration of potassium in the saliva \,las 

independent of salivary flov.J, ,_,Iith t\·fo exceptions: (1) the salivary 

potassium concentration was significantly elevated in samples secreted 

at flov1 rates belm·J 0.5 ml/rnin and (2) initial samples of pe1roticl saliva 

11 d . d h. h · f · Gl co ecte conta1ne a rg. er than average concentration o potass1um. 
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43 
Contrary to Hetman's claim, Hildcs and Ferguson did not report on 

the concentration of calcium in either resting or stimulated saliva. 

Da~1es5° shm,/ed that ':J!li 1c different five-minute collections of parotid 

sal iva \-.Jere not significantly different from each other 'dith respect to 

salivary calcium concentrations, upon stir:1ulation of salivary flm·J the 

concentration of calcium in the saliva decreased immediately and reached 

a minimum value ~ithin three to four minutes. He further demonstrated 

that while the concentration of calcium in saliva reached a relatively 

stable value at any given rate of flm·J \'Jithin about t~1ree minutes, there 

~ ·Ias a highly significant (p< 0.001) direct relation bet\veen flov1 rate 

and calcium concentrr3tions. In contrast to this, lkDonald and Besch 

(unpublished data) studi e d stimulate d 1..-Jhole-mixed saliva obtained in 

single sam;Jle collect ions varyino in flm·1 rate from 0.1~5 to h. 19 ml of 

saliva/r:linute and found no correlation betvJeen the flm" rate and the 

salivary calcium concentration (p<:J.J) (Figure 9). 

The present investigation \•:as designed to determine '/thether chun0cs 

ir1 the con~osition of ~hole-mixad human sal iva could be found in patients 

receiving a di g italis pre;Jaration as part of their therapeutic regimen 

and further to determine \·Jhcther any such changes could be sho"m to 

co rr8spond direct 1 '/ to the serum 1 eve 1 of the drug. Care 1 . .-!as token to 

avoid bias in such variables as raticnt populotio:~ and the methods of 

collecting saliva. 

The 71 patients in this study represented a random sampling and 

vJere grouped only according to the type or absence of digitalis preparation 

being taken. The patients in each of the three groups were being 

medicated by a uide variety of drugs includin0 antihypertensives and 
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antiarrhythmics. There \Jere 33 patients in Grour I (controls); 22 in 

Group II (patients taking digitoxin); and 16 in Group Ill (patients 

taking digoxin). 

Patients on digitoxin (Figure 1) had significantly higher salivary 

potassiu~ and calcium concentrations than the control patients not taking 

any form of digitalis preraration (potassium, p<- .0125; calcium, p..-:: . • 025). 

\</hen the !'lean potassium and calcium product \·tas calculated for the 

patients taking digitoxin and for the controls, an even more significant 

change \·ias found (p<.0025). These results extend those previously 

1-3 
reported by several groups of investigators, namely, that cardiac 

glycosides induce an increase in the salivary potassiun and calcium 

product. 

In contrast, the results for digoxin uere less predictive. The 

patients taking digoxin (Figure 3) did not shO' ·f a significailt elevation 

of salivary potassium or calcium concentrations (rotassium, p <.45; 

calcium, p < .20) compared to controls, nor did the changes in the 

potassium and c~lcium product achieve significance (p <.25). A possible 

exnlanation for this is provided by dividing the patients according to 

sex. As sho\'m in Figure IV, males on digoxin shm·Jcd a decrease in the 

salivary calcium to such a magnitude that even the potassium and calcium 

product was some 12 percent less than the control value. This finding 

may be part i a 11 y accounted for, ho~;-1eve r, on the basis of t:1e sma 11 

nur.1ber of patients tal~ing digoxin (n=4). Hhen this effect is removed 

from the results b'/ looking exclusive ly at the fer.1ale subgroup, digoxin 

did significantly elevtJtc both the salivary calcium concentrations and 

the potassium and calcium product. 
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~/hen the patients tal:ing digoxin \tere subgrouped according to sex, 

the results did not change appreciaGly. A trend similar to that noted 

for digoxin was scent but at a reduced magnitude (Figure 4, Table V-B). 

The potassium and calcium product was compared v.Jith the serum level 

of digitalis in all patients to determine if a correlation existed. For 

digitoxin (Figure 5) it 'ttas sho\·m that higher potCJssium and calcium 

products were associated \·tith higher serum levels of the glycoside, but 

because of the scatter a high degree of correlation could not be found 

(p<-.10). 

The results for digoxin (Figure 6) showed the same trend; i.e., 

although :1ighcr serum levels of digoxin \Here generally correlated \·tith 

higher concentrations of potassium and calcium, a high degree of correlation 

\t.Jas not noted (p<.lO). These findings are consistent \Ji th those of 

1 2 
\Jot man and S\·Jansr:m, \-Jho also shoued a lack of cor re 1 at ion bet1.·:een 

sa 1 iva ry electrolytes and serum digoxin lcve 1 s. 

The differences in the salivary concentration of potassium and 

calcium in patients on digitalis :)reparations do not appear to be 

secondary to gross alterations in salivary gland function. Since as 

can be seen from Figures 2 and 8 and Table I'J, there \vere essentially no 

differe nces in salivary volume among the three groups of patients, the 

chang~s in the composition of saliva cannot be accounted for on the 

basis of fluid content. Additional evidence that overall salivary 

g 1 and fun c t i on \· 1 as un a 1 t e re cl i n the d i g i t a 1 i s- t rca t e d g roup s i s p r o v i de d 

by lac!~ of a difference betvJcen the three putient groups in the salivary 

concentration of phosphate or tot a 1 p rotc in ( r i gu re 3) . 
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Despite numerous research endeavors in this direction, the specific 

~echanism by which digitalis drugs p roduce their positive inotropic effect 

on the myocardium remains unclear. To date, the only enzyme system in 

the he<Jrt VJhich is knm,m to be consistently and reproducibly affected by 

cardiac glycosides is iJa+, K+-ATPace. Coincident with the onset of action 

+ 
of digital is is an inhibition of the activity of Na+, I( -ATPase, the enzyme 

system v-1hich is generally thought to be the chemical basis for active 

25 32 G2 cation transport across eel 1 membranes. ' ' As digitalis is released, 
62 

there is an accompanying loss of this positive inotropic effect. 
r G 

Sc!'l\·'!artz and !-1oore:> and Hallet al have shovm that salivary glands 

+ + 
contain a highly active Na , K -ATPase, with the function of this enzyme 

presumably related to the regulation of sodium and potassium concentrations 

. t' 1 d 11 d ' . . Tl . f I . . .. + I/+ ATP 1n !leg an ce san tne1r secretions. 1e act1on o t111s j·Ja, 1'- ase 

5-~ 
is inhibited by the cardiac glycosides. ~ 

32 
Langer proposed that digitalis exerts its primary effect by inhi biting 

~ ~ + + , a , K - f' TPase, thus halil;>ering sodium-potassium exchange . This re sults 

i n t he a c c u mu 1 a t i on of a s ma 1 1 i n c r erne n t of sod i urn a t t h c i n s i de of t he 

cell membrane \·.Jh ic!l supposedly sti nulate a carrier syst em for sodium-

l • · I • t • t.... 1 1 • 32 ca c1ur,1 exc,lan ge \'Jitnln t ;,e ce memorane. Augmentation of sodium . efflux 

and calcium in f lux via the sodium-calcium coupled route would result in an 

increase in the quantity of calcium delivered to the myofi laments and in 

?2 63 
an enhancement of contracti lity.J Therefore, as Ake rs pointe d out, it 

appears that it is the alteration in transr.1embrane sodium movement \'Jhic h 

causes the inotrop ic action of digital is, eithe r by enhancing sodium 

influx or by inhi b iting sodium efflux. 
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The secretory elements in the salivary glands of man are character-

istically racemose in conformation, with the most proximal unit being 

the acinus (Figure 10). Each acinus, ':Jhicil is usually composed of 

relatively large pyramidal cells grouped around a small lumen, is connected 

by short tubules (intercalated ducts) to a larger, more complex but less 

numerous system of tubules, the striated ducts. As the duct system 

converges distally, the striated ducts lead into a lesser number of small 

excretory ducts. These smal 1 excretory ducts converge as one main 

excretory duct that leads from the main glandular mass to the oral 

cavity. 

The acinar-intercalated duct region is considered to be the site 

responsible for virtually all fluid and electrolyte secretion into the 
lf6 

lumens of activP-ly secreting glands. l'iicropuncture and microcannulation 

techniqu(~s :1ave sil0\•!11 that this region secretes a prir.1ary fluid isosmotic 

,,Jith p lasma: \·lith stead plasma-like sodium, potassium and calcium con

JI G 
centratrons at varying rates of fl0\•1. 

5 A study of isoproterenol-treated rat submaxillary glands suggests 

that ••t:le najor el ectrolyte transport proc~ss occurs in the ductal 

s y s t e r,, , r a the r than i n the a c i n us ; 1 con c l IJ d i n 9 t h a t a l thou gil t h c a c i n us 

is an important secretory element it may not involve ~uch active cation 

transport. 

The major osmotically active cations in saliva 3re sodium, potassium 

and perhaps calcium. The major osmotically active anions are chloride 

and bicarbonate. As the primary fluid passes along the more distal 

duct . segments (striated ducts and excretory ducts) sodium is reabsorbed, 

· · d4G d · 1· d d potasstum ts secrete an a hypotontc sa 1va is pro uce , with the 
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concentrution of sodium and chlorid0 ions being less than those of serum 

while concentrations of potassium and bicarbonate are higher than serum 

levels of these ions. 65 

The question vJh i ch must be answered nov1 regards the mechanism by 

\·•lhich the cardiac glycosides might effect an alteration in salivary 

potassium and calcium concentrutions. Active cation transport occurs 

mainly ·Ii thin the duct system (striated and excretory ducts), \:Ji th the 

contraluminal (vascular) surface of these ductal epithelial cells being 

h . l • . h. . 66 t e stte at ~~1cn t 1s act1ve transport process occurs. It is proposed 

that in salivary glands (as in heart and other tissues 32 , 63 ) an intra-

eel lular sodium transient occurs during each cycle of sodium pump action 

and that the net effect of a moderate inhibition of this pump (Figure lla) 

is to enhance such a transient. This net increase of sodium concentration 

within the cell leads to carriGr-mcdiated sodium-calcium exchange 

(Figure llb), r0sulting in an increasG in the concentration of calcium 

, .. fithin the cell. This incr!;ase in intracellular calcium concentration 

is proposed to have tuo effects. First, increasing the intracellular 

calcium leads to an increase in the amount of calciuf11 efflux across the 

luminal mcf11brane, causing an increased salivary calciu~ concentration 

(r:igure llc). The second effect of the increase in intracellular calcium 

concentration would result in a 11 [ca++J.-sensitive potassium 
I 

. . . 67-G8 · ~;r: 
permeaiJtltty. 11 /\s proposed by Isen berg, · .I the calcium concentration 

inside the cell controls calcium-~inding near the inner mouth of a 

potassium channel (Figure lld) and this binding is followed by a change 

in the channels configuration fro:n a closed to an open state. This 

being tile case, an increase in intracellular calcium concentration would 

lead to a conformational change, altering the configuration of the 



f)Otassium channel to an open state, increasing the potassium flux across 

the lur1inal memb rane and thus leading to an increase in the potassium 

concentration of the sal iva. i\1 thoug:1 speculative, this model provides 

a mechanism by which cardiac gl;cosides might effect an increase in the 

concentration of potassium and calciur.1 in the saliva. 
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Although rerorts have indicated that treatment of patients with 

cardiac glycosides may alter salivary electrolyte concentrations, with 

salivary i)otassiur1 and calcium concentrations as v1ell as their product 

1-3,45 
being specifically implicated in this regard, other studles have 

• 1 0 - 1 1 • I L} ' 1+ 3 
erther refuted or only partially confrrmed tnese results. 

Tl1is investigation was designed to determine if indeed alterations 

in the concentration of these electrolytes and their product could be 

found in the saliva of patients receiving a digitalis preparation as 

part of their therapeutic regimen. Care 1:1as tul~en to control such 

inportant and heretofore poorly ~onitored variables as the patient 

populution and methods of collecting saliva. Serum was also collected 

from each ;1atient to deter~inc if any changes pres ent could be shm·m to 

correspond to the serum level of the drug. 

T ~1e patients ta!dnn digito)dn \'ierc shovm to have higher concentrations 

of whole-mixed salivary potassium and calcium as ~ell ho I us a z• 1 gner 

t>Otassium and calcium ;Jroduct than the control group of patients. \lhere 

these sane patients ·Jere subgrouped according to sex, the same results 

were noted, although with a lesser degree of significance. 

Hhen patients taking digoxin \:.Jere compared \·Jith those in the control 

group there ':tas no elevation of either the salivary potassium, calcium or 

of the salivary potassium and calcium product. Only after subgrou p ing 

thes'e patients according to sex \·Jas a variation noted, and then only in 

the salivary calcium concentration of the fe male patients. The salivary 
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calcium concentration VJas elevated to such a degree that even ':·lith no 

change in salivary potassium concentration there ~.vas still a sif)nificantly 

higher potassium and calciur.1 product in the female patients taking 

digoxin than in their control grour. It is interesting that the male 

patients takina digoxin shovJed a sionificantly lo·:'ler salivary calcium 

concentration than the control group males, still vlithout a significant 

increase in salivary potassium concentration. 

It \rJas not possible in this study to correlate thG therapeutic 

serum level of the drug \·lith a given level of change in salivary electrolyte 

comrosition in individual patients. 

A model by tlhich cardiac glycosides effect <:Jn alteration in salivary 

potassium and calcium levels is advanced. It is proposed that cardiac 

glycosides produce a sodium transient on the inside of the contralumina·l 

cell r.1embrane secondary to sodium-pump inhibition. This accur.wl~tion of 

sodium v.Jould lead to carrier-r.~cdiatcd sodium-calcium exchange resultino 

in an increase in intracellular calcium. The increased intracellular 

calcium concentration would not only result in an increase in calcium 

\', ++ 
efflux acr~ss the luminal membrane but uould also activate a ~a J.-

1 

sensitive potassium perr.1eabi lity leading to an increase in the potassium 

flux across the luoinal membrane. The end point of all this is an 

increase in the concentration of salivary pot.Jssium, calciur.J and the 

potassium-calcium product. 

The initial premise that therapeutic doses of cardiac glycosides 

r11ay alter salivary potassiur.1 and calcium concentrations as Hell as their 

product \·Jould appear to be substantiated. J\lthouoh this contrasts \'lith 

previous studies in wl1ich grossly toxic levels of cardiac glycosides 
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were required to significantly elevate s~livary potassium and calcium 

concentrations, these results become apparent only v1hcn looking at an 

entire patient population. Even \'/hen such variables as patient population 

and metl1od of collection of salivCJ \Jere carefully controlled there v1as 

too much "scatter" in the data to ;->reditably ascertain \•Jhether or not 

an individual patient \Jas taking digitalis. 
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EFFECTS OF CARDIAC GLYCOSIDES ON THE COI1POSITION 
OF \·/HOLE-HI XED HU~iAt'·l SAL I VA 

by 

John S. t~cDona 1 d 

Indiana University School of Dentistry 
I n d i an a po 1 i s , I n d i an a 

Electrolyte levels I.Jere measure d in vJhole-mixed human sal iva collected 

from cardiology out-patients, to investigate any salivary electrolyte 

changes occurring in such patients after digitalization. Several recent 

reports have indicated that clinical symptoms of digitalis = intoxication 

\'Jere associated \·!ith increased saliva concentrations of K+ and/or ca++. 

3ecause salivary glands contain a highly active ! ~ a+, K+-A.TPase it seemed 

logical that these and other salivary electrolytes might be predictably 

affected by the circulating levels of digital is. 

Patients receiving digitoxin (Dtxn) had a higher concentration of 

salivary r~+ and ca++ (25J3 ± 2.2 and 2.2 ± 0.2 meq/1, respectively), than 

the controls not receivino cardiac glycosides (20. 1 ± 1.4 and 2.0 ± 0.1 

meq/1, respectively). A similar pattern \1/as not found for patients 

receiving digoxin (Dxn), although the mean Ca++ concentration for 

females in this group was significantly elevated (control: 1.7 + 0.2; Dxn: 

2.4 ± 0.2 meq/1). The mean serum concentration (ng/ml) of Utxn v/as 

20.3 ± 1. 9 ; of Dxn, 1.4 ± 0.2. :Jo change \·Jas found in P04, and protein 

concentrations, or in s.Jlivary flow rntes bet~,;.1een control and experimental 

grou!Js. The results suggest that salivary electrolyte changes occur after 



digitalization, but that these changes do not adequately reflect the serum 

level of digital is in individual patients. This study was supported in 

rart by PHS 80l-RR5312. 
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