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ABSTRACT 

Nerium oleander (Apocynaceae) Is toxic and inges

tion of this plant has given rise to severe and fatal 

poisonings. The. chief toxic constituent of oleander is 

oleandrln, a cardioactive glycoside that is chemically and 

pharmacologically related to the digitalis glycosides. The 

widespread cultivation of Nerium oleander in the southern 

United States as well as in the tropical and sub-tropical 

regions of the world represents a potential hazard; indeed, 

the Arizona Poisoning Control Information Center, University 

of Arizona, has received a'number.of reports relating to the 

accidental ingestion of oleander leaves, particularly among 

children. A project was instituted to investigate the pos

sibilities of using dipotassium edetate to antagonize the 

toxic effects of oleandrln and to develop a method of ad

ministration that would produce sustained protection during 

the acute phase of poisoning. 

Laboratory investigations revealed that when di

potassium edetate was administered to oleandrin-poisoned 

cats by separate single intravenous injections the test 

animals survived 1 to 6 hours longer than control cats. In 

contrast, the administration of dipotassium edetate by 

ix 



Intermittent infusion for approximately hours success

fully antagonized the lethal effect of oleandrln. Although 

oleandrin is the chief active constituent in Nerlum oleander 

there may be other cardioactive glycosides in this plant. 

Consequently, similar studies were conducted in which di-

potassium edetate was used to treat lethal doses of oleander 

leaves given to cats by gavage; it was shown that when the 

edetate solution was administered by intermittent infusion 

it also antagonized the lethal effects of oleander leaves. 

Therefore, the mode of administration exerts a prominent 

influence on the antidotal efficacy of dipotassium edetate. 

Experiments conducted in this laboratory suggest 

that the effectiveness of dipotassium edetate in oleandrin 

toxicity is primarily due to the ability of this antidote 

to chelate calcium. This was demonstrated by comparing the 

antidotal effects of dipotassium edetate with those of 

calcium disodium edetate solution (which is devoid of 

calcium-chelating ability); the dipotassium edetate vsas 

effective in protecting the lives of the cats poisoned with 

lethal doses of oleandrin, whereas calcium disodium edetate 

was ineffective. Also, isolated heart studies showed that 

a hypocalcemia perfusion fluid was effective as an antago

nist to the cardiotoxiclty of oleandrin and that these re

sults were comparable to the antidotal effects of both the 

x 



disodium and dipotasslum salts of edetate. 

In addition, a study was made of the distribution of 

calcium and potassium in cats that were given lethal doses 

of oleandrln and in oleandrin-poisoned cats that were in

fused with dipotassium edetate until signs of cardiac 

toxicity were markedly improved. The results showed that 

during oleandrln toxicity there was a significant decrease 

in intracellular calcium (11 per cent, p< .05) and a ten

dency toward reduction of intracellular potassium (6 per 

cent, p >.05). The infusion of dipotassium edetate has no 

effect on intracellular calcium, but caused a significant 

reduction in plasma and extracellular calcium levels (20 

per cent, p< .05 and 19 per cent, p< ,05, respectively) as 

well as a tendency toward an increase in Intracellular 

potassium (9 per cent, p>.05)» The changes in electrolyte 

distribution suggest that oleandrln causes cardlotoxicity by 

"a mechanism which is independent of changes in Intracellular 

calcium levels. The possibility exists that lethal doses of 

oleandrln exert an effect on cellular membranes to inhibit 

the Influx of potassium without affecting its efflux. With 

regard to the antidotal activity of dipotassium edetate, 

since oalclum apparently affects potassium influx.in a . 

manner similar to cardiac glycosides, it is postulated that 

dipotassium edetate produces its salutary effects by 

xi 



chelating extracellular calcium and removing this ion from 

cellular membrane; this action in turn enhances the influx 

of potassium, which is ultimately responsible for counter

acting, .the cardiotoxic effect of oleandrin. 

xil 



I. GENERAL INTRODUCTION 

One of the most common flowering shrubs in the 

southern United States is Nerlum oleander, L. (Apocynaceae). 

This pre-biblical native of the Mediterranean area is cul

tivated as a plant of adornment in the sub-tropical climates 

of the world where it is variously known as rose laurel, 

adelfa, rosenlorbeer, laurier rose, and rose-bay. The shrub 

crows to heights of 20 feet or more and has dark green, 

leathery leaves, k to 12 inches long (Bailey, 19^9). 

Because this evergreen plant is easily propagated, thrives 

on a minimum of care and produces clusters of beautiful 

blossoms it is frequently planted in gardens and patios and, 

not uncommonly, used to form hedges and wind breaks. 

It has been known since ancient times, as shown in 

the writings of Hippocrates (Wolfred, 19^9) and Dioscorldes 

(U.S. Homeopathic Pharmacopoeia, 19^1), that the leaves, 

flowers, bark and wood of Nerlum oleander are toxic; in

gestion has given rise to severe and fatal'poisonings. . 

Symptoms of poisoning, after a latent period of several 

hours, include severe abdominal pain, violent vomiting, 

cyanosis., .tachycardia, hypotension and hypothermia (von 

Oettingen, 1958). In severe poisoning the patient may 

exhibit drowsiness,-mydriasis, vertigo, bloody diarrhea, 
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convulsions, coma, respiratory paralysis, cardiac irregu

larity, and death (Muenscher, 1939). . 

Poisoning and death as a result of eating oleander 

leaves have been reported by Marcelet (19^-5), Chin and Wei-

Lang (1957), and Mahaptra (1959). Oleander also represents 

a threat to household pets and farm animals; cattle, horses, 

goats, sheep, and chickens haVe been poisoned by consuming - • 

its leaves (Wilson, 1909). Poisoning of cattle by oleander 

leaves has been reported in Israel*(Krumholz, 1951)» Taiwan 

(Liu, 1957), and Italy (Morettini and Mllioni, 1958). 

The potential hazard represented by the widespread 

distribution of this plant, has long been a matter of concern 

to the Arizona Poisoning Control Information Center, 

University of Arizona. Indeed, the Information Center has 

received a number of reports relating to the accidental in

gestion of oleander leaves, particularly among children. 

A. Oleandrin and Related Glycosides of Nerium Oleander 

Although' Nerium oleander was first introduced into 

homeopathic practice in 1829 (U.S. Homeopathic Pharmacopoeia, 

19^1). the chemical and pharmacological Investigations of the 

plant extracts were not. insti-tuted until the latter half of 

the 19th century. One of the earliest studies concerning 

the isolation of oleandrin was reported by Luckonski (1861) 

who precipitated the glycoside as a tannate and extracted it 
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with ether. Schmiedeberg (1883) extended and enlarged upon 

the work of Luckonski, and Straub (1918) crystallized 

oleandrin and reported on the solubility of this glycoside 

in various solvents. Windaus and Westphal (1925) estab

lished the formula for oleandrin, determined its melting 

point and reported its molecular weight. These investiga

tors found that treating the glycoside with a dilute acid 

yielded a lactone genin that is chemically related to 

digitaligenin, and a sugar molecule that is similar to 

digitalose. This sugar was later named oleandrose by 

Neumann (1937). Tauber and Zellner (1926) described a 

different method of extraction and these workers, as well 

as Tanret (1932), reported on refinements in laboratory 

testing. In 1935» Flury and Neumann obtained a pure, 

crystalline glycoside to which they gave the.name, follnerin. 

Tschesche (1937) demonstrated that the folinerin of Flury 

and Neumann is identical with oleandrin. 

There is considerable difference of opinions among 

various authors regarding the occurrence and myocardial 

activity of other glycosides in Nerlum oleander. Schmiede

berg (1883) isolated two glycosides which he called neriin 

and neriantrin. Straub. (1918), working with water-soluble 

and alcohol-soluble fractions, described eight additional 

cardioactive glycosides but none of these was introduced for 

therapeutic use. Tauber and Zellner (1926) declared that 
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oleandrln Is the only glycoside that possesses cardiotonic 

activity but that the oleander leaves yielded two inactive 

glycosides, adynerine and nerlantine. The inactivity of 

adynerine was later emphasized by Tschesche, Bohle and 

Neumann (1938). Tschesche and Bohle (1938) reasoned that 

the lack of cardiotonic activity of the two glycosides is 

due to the slight modification of chemical structure as 

compared to oleandrln; adynerine possesses an extra double 

bond and neriantine lacks an -OH group. In 1932, Tanret 

reported the isolation of neriine, a glycoside which is 

soluble in water, insoluble in chloroform and possesses 

slight cardiotonic activity. There seems to be a close 

relationship between neriine and desacetyl-oleandrin. This 

latter naturally occurring glycoside was tested by Chen, 

Anderson, and Robbins (1938) and the chemical and physical 

properties were reported in detail by Heusser -(1950). 

Desacetyl-oleandrin is water-soluble, has less cardio-

activity than oleandrln, and readily causes vomiting in 

experimental animals. 

Varlakov (19^1) found another glycoside in the bark 

of Nerlum oleander to which he gave the name cortlnerin. 

This glycoside is optically inactive and possesses approxi

mately one-third the cardloactlvity of oleandrln. Marcos 

and Monsalve (1953) indicate that oleandrln is the only 

cardioactive compound in Nerlum oleander, whereas Marl 



(1958) reports the isolation of two active compounds, 

oleandrin and neriin, and two inactive compounds, adynerine 

and neriantine. 

It is possible that oleander plants' of certain 

countries vary in composition and proportion of glycosides. 

Schindel and Braun (19*44) isolated follandrin from the 

Nerlum oleander of Palestine and reported that it is quite 

different from glycosides obtained from plants of other 

countries. Rossi and Izquierdo (19^7) indicated that the 

glycosidal mixture obtained from Argentine oleander consisted 

of 45 per cent oleandrin and 55 per cent neriin, whereas 

Redonnet (195*0 reported that oleander in the Mediterranean 

zone contains only small quantities of neriin. According 

to Mesnard and Deveze (1951j, French oleander contains 

gluco-oleandrin In addition to oleandrin and neriin. The 

oleander of India, Nerlum odorum Sol, contains 7 crystal-

lizable glycosides which Rangswami and Reichsteln (19^9) 

called odorosides; but Ishidate and Tamura (1950)» working 

with the same plant in Japan, found that oleandrin was the 

only active glycoside that could be isolated. To the 

writer1s knowledge there have been no reports on the com-

position of Nerlum oleander grown in Arizona or other parts 

of the United States. It is generally agreed, however, re

gardless of the other constituents found in Nerlum oleander, 

that oleandrin is the chief glycoside which possesses 



cardloactivity and is primarily responsible for the toxic 

effects associated with this plant. 

1. Chemical and Physical Properties of Oleandrin 

Oleandrin is a crystalline compound with an 

OH OH 

Oleandrin Oigitoxin 

Figure 1. 

Structural formulas of digitoxln and oleandrin 

elemental formula of C H, 0 and a molecular weight of 
32 >8 9 

576.7 (Merck Index, i960). This glycoside consists of a 
w 

union of oleandrigenin and oleandrose. It has a cyclo-

pentanoperhydrophenanthrene nucleus with an acetate radical 

at the C-l6 position and has been shown to- be a 3-glyoosido 

l6-acetyl derivative of.gitoxigenln. As indicated in figure 

1, the structural formula of this compound is similar to 

those df the digitalis series. Oleandrin crystallizes in 

dilute alcohol Into white prismatic needles that have a 

melting point of 2^9° C. and, contrary to the digitalis 

glycosides, Is levorotary. It is Insoluble in water but 

soluble in chloroform and is a stable compound that resists 



the action of dilute acids (Tschesche, 1937); however, 

tinctures of oleandrln decompose rapidly (Boriani, 19^8). 

A detailed discussion of the chemistry of oleandrln can be 

found in the report of Cortesi (19^1). 

2. Pharmacodynamic Properties of Oleandrln 

The close pharmacological relationship which exists 

between oleandrln and the digitalis glycosides was first re

ported by Schmledeberg in I883. This disclosure stimulated 

additional laboratory investigation by other workers who 

used various species of animals. In testing the effects of 

oleandrln such workers as Hartwlg (1931)» Chen, Anderson and 

Robbins (1937), Baldassarre (19^0), Schindel and Braun (19^*0, 

Murlykin (19^6), Maresh and Farah (19^7), Gold and co-workers 

(19^7), and Redonnet (195*0 selected the cat as the preferred 

animal in testing cardiac glycosides because of its pre

dictable and uniform pharmacodynamic reactions to these 

compounds. Other species of animals used in the study of 

oleandrln included frogs, used by Straub (1918), Flury and 

Neumann (1935), Becker-Freyseng (1938), Simon (19^1), and 

Marl (1958); as well as mice and rats, used by Neumann 

(1937) and Likhachov and Plachevskaya (1939). Guinea pigs 

were tested by Pearson (19^8) and Cortesi (1951), whereas 

dogs were used by Baldasarre (19^-1), Astruc and colleagues 

(19^3)» Giroux and co-workers (19^5), Marcas and Monsalve 
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(1953)» and Redonnet (195*0 • 
i 
Results of these investigations indicate the fol

lowing properties of oleandrin: 

a. Oleandrin is absorbed by most routes of administra

tion. Its rapidity of action occupies an intermediate 

position between that of ouabain and dlgitoxin 

(Baldassarre, 19^1). 

b. Because of its relative stability in dilute acids, 

oleandrin can be administered by the oral route without 

appreciable loss of potency. It has greater resistance 

to the hydrochloric acid of the stomach than do the 

digitalis glycosides (Neumann, 1937)• 

c. Electrocardiograms have shorn that oleandrin pro

duces the same fundamental modifications characteristic

ally Induced by digitalis and ouabain, such as depression 

of the T wave, descension and deformation of the S-T 

segment, increase in the P-Q interval, shortening of 

. the QRS-T complex, and eventual irregularity (Lauer, 

19^0; Schlndel and Braun, 19*<4). 

d. Small doses of oleandrin increase minute volume in 

cats and cause vasodilation. Greater doses cause 

vasoconstriction, decrease in minute volume, and cardiac 

irregularity (Marcas and Monsalve, 1953)• 

e. Tests performed on the hypodynamic myocardium of 

the cat show that the inotropic effect of oleandrin is 



comparable to that of ouabain and considerably more 

pronounced than that of dlgoxin and digitoxin (White 

and co-workers, 19^8). 

f. Oleandrin has a more pronounced cumulative action 

than ouabain but is considerably less cumulative than 

digitoxin (Hartwig, 1931; Neumann and Lindner, 1937)• 

Baldassarre (19^1) found that 92 per cent of a single 

injected dose of oleandrin remained after one day, 83 

per cent after 3 days, and 52 per cent after 5 days. 

Murlykin (19^6) reports that.daily injections of more 

than 5 per cent of the minimal lethal dose in cats re

sults in cumulation. 

g. Lethal doses of oleandrin in experimental animals 

are similar whether the glycoside is given intra

venously, orally, subcutaneously, rectally, or intra-

peritoneally (Flury and Neumann, 1935)• 

3« Clinical Use of Oleandrin 

Although oleandrin has been of academic lntere 

and has been the subject of laboratory experimentation in 

the United States (Dewey, 1931; Chen and colleagues, 1937; 

Pearson, 19^8), there is apparently no published report of 

its use in clinical trials in this country. However, this 

cardiac glycoside has been subjected to clinical trials in 

Great Britain (Schindel and Braun, 19^), Russia 



(Zaboloshnaia, 1952), Germany (Schwab, 1935; Ott, 1936; von 

Hoesslin, 1936; Kleibel, 1958; Mann, i960), Spain (Hartleb, 

1939; Queralto, 19^0; Redonnet, 1953)» Italy (Cortesl, 

19^3; Castellanl and Consollnl, 1957) and South America 

(Chiaverini, 1939; Baldassarre, 19^1; Queralto, 19^2; 

Valenzuela, 19^+3). When used for the treatment of cardiac 

insufficiency oleandrin is reported to possess the favorable 

properties of other cardiotonic glycosides, particularly 

digitoxin and ouabain (Baldassarre, 19^1). Schindel and 

Braun (19^) state that oleandrin "has ouabain activity 

given by mouth," while Cortesi (19^3) has reported that 

preparations of oleandrin, given orally, can substitute 

"perfectly" for ouabain Injections. Von Hoesslin (1936) 

indicates that clinically, oleandrin is used like digitalis 

and has produced better therapeutic results. When given 

in therapeutic doses of 0.6 to 0.8 mg per day oleandrin is 

reported to strengthen the heart beat and slow the pulse, 

increase diuresis and relieve congestion, control atrial 

fibrillation and tachycardia without the aid of qulnidine, 

and return other cardiac arrhythmias to normal sinus 

rhythm (Valenzuela, 19^-3) • The effects on the electro

cardiogram are the same as those produced by digitalis but 

the signs of intoxication occur with less frequency as 

compared with digitalis therapy (Hartleb, 1939)• Chiaverini 

(1939) reports that oleandrin is well tolerated with no 
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signs of nausea or vomiting, although higher doses can re

sult in diarrhea; in contrast to dig!toxin, the cumulative 

action of oleandrin is markedly less. 

Clinically, oleandrin has been suggested for con

gestive cardiovascular insufficiency, cardiac insufficiency 

accompanied by disturbance of rhythm, and hypertension with 

left ventricular insufficiency; beneficial results are 

usually observed in 2k to 36 hours. The contra-indications 

are identical to those of digitalis and include recent myo

cardial infarct, angina pectoris, recent Infectious myo

carditis, and degeneration of the myocardium (Baldassarre, 

19^1). 

B. Clinical Toxicity of the Cardiac Glycosides 

1. Symptoms 

There is a paucity of clinical information on oleandrin 

toxicity, but numerous investigators (Flury and Neumann, 1935; 

Hartleb, 1939; Redonnet, 195*0 have indicated that large 

doses of oleandrin administered to experimental animals 

elicit the same type of toxic response as that induced by 

overdosage of digitalis glycosides. Therefore, It is reason

able to assume that, the clinical signs of oleandrin toxicity 

would closely parallel those exhibited by toixlc doses of 

the digitalis-type glycosides, particularly digitoxln and 

ouabain. 
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Review articles on cardiac glycoside toxicity have 

been written by Segall and Y/olff (19^9)» Enselberg and co

authors (1951)» Lown and Levine (195*0» Bergy and asso

ciates (1957)9 Shrager (1957)» Von Capellar and 

collaborators (1959)» Semylo (i960), and Rodensky and 

Wasserman (1961). The first recognized symptoms of acute 

toxicity of these glycosides are usually those involving the 

gastrointestinal tract such as anorexia, nausea and vomit

ing. There is some drowsiness but this is not an index of 

the degree of toxicity. The pulse irregularities range 

from extrasystole to pulsus bigeminus and sinus arrhythmia. 

Usually, these symptoms do not appear for several hours 

after the glycoside has been taken or administered (Freeman 

and colleagues, 1961). This delay in onset is often mis

leading and may lead to complacency and lack of prompt 

treatment. Following excess doses of digltalls-type com-
0 

pounds, evidence of Increasing toxicity develops progres

sively as follows: partial A-V dissociation, paroxysmal 

atrial tachycardia with block, and frequent ventricular 

premature systoles resulting in trigeminal and bigeminal 

rhythms (Shrager, 1957). Other less common arrhythmias 

associated with intoxication Include premature atrial con

tractions, premature nodal contact, complete A-V dissocia

tion, Wenckebach blook, nodal tachycardia, nodal rhythm, 

sinus pauses, sinus bradycardia, wandering pacemaker, sinus 



tachycardia, atrial flutter, atrial fibrillation, atrial 

fibrillation with bradycardia, ventricular tachycardia, and 

ventricular fibrillation (Rodensky and Wasserman, i960). 

Similar progressive symptoms of toxicity in cats and dogs 

have been reported by Baldassarre (19^1) following the 

administration of toxic and lethal doses of oleandrin.' 

2. Suggested Treatments 

The suggested treatment for cardiotoxicity of the 

digitalis group of compounds depends, to a large degree, 

upon the current thinking of the various authors concerning 

the factors involved in the toxicity. Thus, some investiga

tors such as Saunders and Sanyal (1958) and Briggs and 

Holland (1962-b) report that temperature plays an important 

part in promoting toxicity and infer that reducing the tem

perature would be of material aid in reducing the toxic 

effects. DiPalna (1958) indicates that reserpine is an 

effective antagonist to digitalis toxicity since he used 

the former compound to reverse digitalis-induced heart 

block; Szeleely and Wynne (1951) found that the intravenous 

administration of magnesium sulfate was effective in 

abolishing arrhythmias Induced by digitalis-type compounds. 

There is recent evidence that dichloroisoproterenol, a beta 

adrenergic blocking agent, is an effective antagonist to 

toxicity induced by cardiac glycosides (Tanz, i960; Lucchesi 



and Hardmanj 19-61; Becker and Nonkin, 1962; Dick and co

workers, 1962). 

a. Potassium 

The generally accepted clinical recommendation 

for treatment of intoxication by digitalis-type 

compounds is the oral or parenteral administration 

of potassium chloride (Sampson and associates, 19^3 

Zimdahl, 195^; Bircher, 1957; Keyl, 1958). This 

treatment is based on the knowledge that potassium 

has an intrinsic depressant effect on myocardial 

tissue (Martin, 190^; De Graff, 195*M Holland and 

Klein, i960), whereas reduced potassium increases 

the sensitivity of the heart and enhances the actlv 

lty of cardiac glycosides (Lown and Weller, 1952; 

Lown and Levine, 1958; Lee and co-workers, 1961). 

It has also been found that toxic doses of digital! 

glycosides promote loss of potassium from heart tis 

sue (Boyer and Poindexter, 19^0; Wood and Moe, 19^2 

Regan and associates, 1956; Tuttle and co-workers, 

1962) and that elevation of the serum potassium 

concentration protects against digitalis-induced 

ventricular arrhythmias.(Lown and colleagues, 1951) 

However, the indiscriminate use of potassium 

therapy for toxicity of digitalis compounds is not 

without hazard (Blackman and co-workers, 1956). 



The administration of large quantities of potassium 

can result in ventricular arrhythmias (Soffer, 1963)* 

reverse Wenckebach block and complete A-V dissocia

tion (Fisch, 1958), as well- as intraventricular 

block and eventual cardiac arrest (Enselberg and 

colleagues, 1950). It is well to bear In mind that 

potassium and digitalis are not completely antagon

istic and that potassium, as well as the digitalis 

compounds, may cause depression of the A-V'node 

(Rodensky and Wasserman, 1961). 

Edetate (ethylenedlamine tetraacetic acid) 

A newer method for the treatment of toxicity of 

the cardioactive glycosides is the parenteral ad

ministration of the sodium or potassium salts of 

edetate (Gubner and Kallman, 1957). The rationale 

behind this type of therapy can best be understood 

by considering the Importance of calcium, both in 

relation to its myocardial activity and its ability 

to enhance the action of cardiac glycosides. 

The Interrelation between digitalis compounds 

and calcium has long been recognized.. 

Blumenfield and Loewi (19^5) demonstrated that 

digitalis compounds change the state of the heart 

in such a manner that this organ becomes hyper

sensitive to calcium. Other workers have reported 
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that digitalis glycosides behave as if they were 

substituted for a certain amount of calcium (Salter 

and Runels, 1951) and that the magnitude of the 

maximal heart contraction is determined by the 

concentrations of both calcium ions and cardiac 

glycosides (Yu and co-workers, 1961; Forster and 

Lindenau, 1963). This similarity in action can be 

seen in electrocardiograms since elevated serum 

calcium levels may produce a shortening of the 

QRS-T complex which is similar to the effect of 

digitalis glycosides (Yu, 1952). In addition, 

Karki (1958) and Lewis (i960) demonstrated that 

Increased calcium concentrations increase both the 

therapeutic and toxic effects of cardiac glycosides, 

whereas reduction of calcium reduces the glycosidal 

activity. 

Bechtel and co-workers (1956) exhibited the 

effect of edetate on cardiac activity. To one group 

of subjects they administered calcium d.isodium 

edetate and observed no changes in the electrocardio

graph pattern or reduction In serum calcium levels. 

The other group, administered dlsodlum edetate, 

displayed electrocardiographic changes consistent 

with hypocalcemia. These changes Included reduction 

in amplitude of the complexes and prolonged QRS-T 
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tracings. The serum calcium determinations con

ducted on the latter subjects showed a reduction 

of 1.0 to 1.7 mEq per liter below their control 

values. Edetate has been used with varying degrees 

of success to reduce serum calcium and thus correct 

cardiac arrhythmias of various etiologies (Grumbach 

and do-workers, 195^; Corday and associates, 1962). 

However, since tests on experimental animals have 

shown edetate to be effective in reversing 

arrhythmias induced with digitalis compounds (Page 

and Real, 1955; Smith and Grinnell, 1955)» the most 

frequent use of this chelating agent in cardiology 

has been associated with treatment of cardiac 

glycoside toxicity. 

The clinical uses of edetate in treating digi

talis intoxication have been reported by Gubner and 

Kallman (1957)> Kabakow and Brothers (1958), 

Bernstein and co-workers (1959)» Cohen and asso

ciates (1959), Surawicz and collaborators (1959)» 

Rosenbaum, Mason and Seven (I96Q), and Eliot and 

Blount (1961). These workers affirm that edetate 

is effective in abolishing or suppressing digitalis-

Induced. ectopic atrial beats, ventricular and supra

ventricular arrhythmias, and intraventricular con

duction defects such as right and left bundle branch 
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blocks. All of the reports attribute the success 

of this treatment to the chelating effect of 

edetate that binds the calcium ion and thus reduces 

cardiac toxicity of the glycoside. This postulation 

is supported by the findings that there is a uniform 

lowering of serum calcium in the edetate-treated 

patients. 

Both the sodium and potassium salts of edetate 

have been successfully used in the treatment of 

cardiac glycoside toxicity. The sodium salts' have 

been referred to with greater frequency in the 

literature, possibly because of their better supply-

and ready availability; but there have been both 

laboratory and clinical reports that the dipotas-

sium salt is the more effective antidote. (Grumbach 

and associates, 195^; Smith and Grinnell, 1955; 

Surawicz and co-workers, 1959). 

Some clinicians suggest that a greater degree 

of success in reversing toxic arrhythmias is achieved 

by the administration of large doses of edetate with

in a short period of time; intravenous doses ranging 

from 2.8 to ^.0 gm have been recommended to be given 

by infusion within 10 to 15 minutes (Kabakow and 

Brothers, 1958; Surawicz and co-workers, 1959; Eliot 

and Blount, 1961). It is interesting to note that 
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single injections of edetate afford only temporary 

relief from digitalis-Induced cardiac arrhythmias. 

The heart rhythm returns to its toxic pattern with

in 20 minutes and it is then necessary to readminis-

ter edetate (Page and Real, 1955* Corday and 

associates, 1962) „ An explanation for this can be 

found in electrolyte studies on patients and 

laboratory animals. Following an injection of 

edetate there is a reduction in serum calcium but 

this effect is transient and the calcium level 

returns to normal within 15 minutes (Holland and 

colleagues, 1953; Bechtel and co-workers, 1956). 

As calcium is chelated in the serum, available 

calcium stores in the body are mobilized to re

plenish the serum and establish a new equilibrium 

(Spencer and associates, 1956; Kabakow and Brothers, 

1958; Cantarow and Trumper, 1962). 

In summary, It has been demonstrated and generally 

accepted that digitalis glycosides and calcium have a syner

gistic action. Conversely, when the calcium level is re

duced the activity of the glycoside, particularly at toxic 

dose levels, is also reduced. It has a,lso been shown that 

potassium and sodium salts of edetate are effective in 

chelating calcium and are also successful antagonists to the 

toxic effects of large doses of digitalis compounds. 
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Since oleandrin is related to the digitalis glyco

sides in respect to structure and activity, it is logical 

to assume that drugs which antagonize the toxic effects of 

digitalis compounds could also "be successfully used to 

antagonize the toxic effects of oleandrin. Therefore, a 

project was instituted to investigate the possibilities of 

using the salts of edetate for this purpose and to develop 

a method that would produce a sustained reduction of serum 

calcium during the acute phase of poisoning. 



II. THE EFFECTS OF DIPOTASSIUM EDETATE INFUSION 

ON UNIFORMLY LETHAL DOSES OF' OLEANDRIN 

AND OLEANDER LEAF.IN THE CAT 

A. Oleandrin 

1* Introduction 

Among the various Investigators who used edetate to 

antagonize the toxicity of clinically employed cardiac 

glycosides, Smith and Grlnnell (1955) and Bernstein and 

colleagues (1959) reported that single injections of the 

chelating agent are only temporarily beneficial. Following 

injections of edetate, the improved cardiac rhythm reverted 

to toxic patterns after intervals of 15 to 20 minutes. In 

an attempt to overcome this difficulty, Eliot and Blount 

(1961) and Corday and associates (1962) administered the 

chelating solution by intravenous drip. They reported that 

this method of administration was more effective than 

single injections and significantly prolonged the period of 

Improved cardiac rhythm. 

No reports could be found in the literature to In

dicate that edetate has been used to antagonize the cardio-

toxicity of oleandrin. Consequently, attempts were made in 

21 
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this laboratory to evaluate the possible usefulness of the 

chelating agent in the treatment of oleandrin poisoning. 

Preliminary tests in this laboratory show that single in

jections of dipotassium edetate, in the treatment of 

oleandrin intoxication, elicited only temporary relief of 

cardiac arrhythmias. These observations are similar to 

those reported.by other investigators who employed more 

conventional cardiac glycosides in their studies. 

In view of the fact that single injections of ede

tate are not completely effective as an antidote to the 

lethal effects of oleandrin and in view of the reported 

superiority of intravenous drip for treating toxicity of 

other cardiac glycosides, a procedure was designed to 

antagonize oleandrin poisoning by means of constant infusion 

of edetate. 

2. Methods 

In this, as well as subsequent studies, mature cats 

of both sexes were used as experimental animals. They were 

maintained in suitable quarters and observed for periods of 

3 to 7 days before use. Animals which showed signs of gross 

pathology during the observation period were rejected. 

Twelve cats, paired control and test animals, weigh

ing 1.6 to 4.0 kg were used in this study. They were anes

thetized intraperitoneally with sodium pentobarbital, 32.5 tag 



per kg body weight (0.5 ml per kg of the anesthetic solu

tion, see appendix, page 76). The saphenous vein was can

nulated for administration of drugs during the experiment; 

in most of the animals the trachea was cannulated to insure 

a patent airway. 

An electrocardiogram of each animal was recorded 

intermittently throughout the experimental period by means 

of a Physiograph-Six (E & M Instrument Co., Houston, Texas) 

and continuously monitored by means of a dual-beam oscil

loscope (type 502, Tetronix, Inc., Portland, Oregon). The 

use of the oscilloscope was desirable because it is more 

sensitive than the pen recorder and alerted the observer to 

cardiac changes even before these changes were detectable 

on the tracing paper. Also, the continuous use of the 

oscilloscope permitted the saving of quantities of tracing 

paper. On the other hand, the electrocardiograph was de

sirable because it provided a permanent record of changes 

in cardiac activity. 

According to Wolff (1962), the electrocardiograms 

of the precordial leads have the closest resemblance to the 

epicardial leads. It was observed in this laboratory that 

the transitional position, V^, is the most sensitive area 

for recording changes elicited by the drugs tested. There

fore, the exploring electrode was placed in this position 

and the three indifferent electrodes were placed on each of 
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the front legs and left hind leg by means of needles oir-

alligator clips. The ground wire was attached to the right 

hind leg. 

Test and control animals were given a uniformly 

lethal dose of oleandrin, 0.17 mg/kg, by intravenous in

jection at a rate of 1 ml of the glycoside solution per 

minute (see appendix, page 75). When signs of frank 

cardiotoxicity developed, as indicated by frequent pre

mature ventricular beats and/or bigeminal rhythm, the test 

animal was infused with a 1.0 per cent dipotassium edetate 

solution at a rate of 0.3 ml per minute by means of the 

constant infusion pump designed by Gabardi and Esplin 

(1957)• In cases of grave cardiotoxicity, as indicated by 

polymorphous and biphasic extrasystoles and ventricular 

tachycardia, the infusion was supplemented by additional 

injections of 1 or 2 ml of dipotassium edetate solution. 

The infusion was continued until sign3 of cardio

toxicity were markedly diminished and the heart rhythm re

verted to a more nearly normal pattern. The time required 

to elicit this change varied with each animal and ranged 

from 20 minutes to 2 hours. The infusion was then stopped 

until signs of cardiotoxicity reappeared, at which time 

the dipotassium edetate was again administered until these 

toxic signs abated. This procedure of intermittent infusion 

was repeated as often as required until the cat was considered 



out of danger. As the test progressed and the signs of 

cardiac toxicity became less severe, the concentration of 

the dipotassium edetate solution was reduced from 1.0 per 

cent to 0.5 per cent. 

3. Results 

The progressive effects of a uniformly lethal dose 

of oleandrln, as registered by the electrocardiograph, are 

presented in figures 2, 3» The first changes on the 

electrocardiogram (Fig. 2-B) usually occurred within 30 to 

^5 minutes following oleandrln injection and consisted of a 

slight bradycardia and an increase in the P-R Interval, 

which is suggestive of a first-degree block. The brady

cardia produced by oleandrln was not as pronounced as that 

induced by the administration of the digitalis glycosides 

which was observed in the preliminary studies. The next 

change (Fig. 2-C) was a shortening of the QRS-T segment 

which was similar to the pattern elicited by hypercalcemia 

as reported by Bernreiter (1958). As the cardiac effects of 

oleandrln progressed there was a gradual diminution in the 

height of the P waves, accompanied by a flattening of the T 

waves until these waves became isoelectric; these changes 

were followed by depression of the S-T segments and then 

inversion of the T waves (Fig. 2-D). Premature ventricular 

contractions (Fig. 2-E) occurred with Increasing frequency 
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A. Normal heart tracing - Lead 

B. Increase in the P-R interval 

-jp—^—|p—|p—^^—jp——|p—^—(p—|p—ip— 

C. Shortened QRS-T segment 

^ is/ ^S/ 

D. S-T segment depression and T wave inversion 

j~"~~ —̂•——1|— -—|f- - —— 1 • l 
E. Premature ventricular signals 

Fig. 2. I-Jarly, progressive heart changes of cats administered 
uniformly lethal doses of oleandrin. 



as the toxicity progressed and, eventually, bigeminal 

rhythms developed (Fig. 3-A). Continuing toxicity resulted 

in second degree blocks and progressed to complete A-V dis

sociation with the establishment of independent rhythms in 

the atria and ventricles (Pig. 3-B and C). Other toxic 

effects included ventricular tachycardia (Fig. 3-D) and 

disturbed intraventricular conduction which resulted in 

right and left bundle branch blocks (Fig. 3-E and *J~A, 

respectively). The prefibrillatory stage of toxicity was 

represented"by broad, biphasic polymorphic ventricular 

extrasystoles (Fig. 4—B); these bizarre arrhythmias were 

usually followed by ventricular flutter, fibrillation, and 

ventricular arrest (Fig. ̂ -C, D, E, respectively). 

When oleandrin-intoxicated cats were infused with 

dipotassium edetate for periods ranging from 10 to 25 min

utes the cardiotoxicity tf&s reversed and the heart tracings 

indicated a return to sinus rhythm, although prolonged P-R 

intervals and shortened QRS-T intervals usually persisted. 

Figure 5 shows the serial electrocardiograms of a cat in the 

following stages: (A) before oleandrin intoxication, (B) 

during oleandrin intoxication, and (C) during reversal of 

oleandrin-induced cardiotoxicity following infusion of di

potassium edetate. As previously mentioned, reversal of 

cardiotoxicity was transitory and required repeated in

fusions of dipotassium edetate. Typically, as the experiment 
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A. Bigeminal rhythm 

— (-"v . ĵ y,„, j 

B. Second degree block (partial) 

C. Third degree block - independent rhythms 

I). Ventricular tachycardia 

B. Right bundle branch block 

Fig. 3. Cardiac arrhythmias associated with oleandrin toxicity in cats. 
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A. Left bundle branch block 

V * 
A 

i I , 
B. Biphagic, polymorphic ventricular extrasystoles 

C. Ventricular flutter 

Yvyv-wviA^nw 
D. Ventricular fibrillation 

E. Atrial signals with absence of ventricular activity 

Terminal stages of cardiac toxicity following lethal doses 
of oleandrin in cats. 
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A. Prior to oleandrin administration 

B. During oleandrin toxicity 

C. Following infusions of dipotassium edetate 

Fig. 5* Serial electrocardiograms of a cat administered a 
uniformly lethal dose of oleandrin and treated with 
dipotassium edetate infusion* 

-̂ A. I., . fyA . fyA 1 

Fig. 6. Prominent, peaked T waves - electrocardiographic 
evidence suggestive of hyperkalemia. 
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progressed and the animal gradually improved, the intervals 

between infusions became increasingly longer and the dura

tion of each infusion shorter. At least 2k hours of ob

servation and treatment were required to counteract the 

lethal cardiac effects of oleandrin poisoning. Toward the 

end of the test period, after the animals have been given 

a total of 250 to 300 mg per kg of dipotassium edetate, the 

pattern of the electrocardiogram was suggestive of hyper

kalemia, as Indicated by peaked T waves (see Fig. 6). How

ever, this pattern was reversible and no other untoward 

effects were observed as the result of the chelating agent. 

Of the 6 .control animals, k died within 2 hours of 

oleandrin administration, 1 died within k hours and 1 died 

within 6 hours. In contrast, the 6 test animals survived 

well beyond 2k hours. The first test cat was Intentionally 

killed with an overdose of anesthetic approximately k hours 

following termination of the experiment. In the 5 surviving 

cats, electrocardiographic recordings made at the end of the 

experimental period and approximately 2k hours later revealed 

gradual Improvement in cardiac function, although some aber

rations were observed (see Pig. ?)• Several days after the 

experiment 2 of the cats died as the result.of post

operative complications. The remaining 3 test animals, 

given antibiotics and a modicum of nursing care, recovered 

completely. 
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A. At the beginning of the experiment 

r -L— j, 

B. During oleandrin toxicity 

C. At the end of the experimental period 

— • •  -  I , - * — — — ' ^ • w —*"" \z*+ - ~*** \̂s~~~• " — '^* 

D. Thirty hours after termination of experiment 

Fig. 1* Electrocardiograms of a cat administered a uniformly 
lethal dose of oleandrin and successfully treated with 
dipotassium edetate. 
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k. Discussion 

The progressive heart changes elicited by toxic 

doses of oleandrin bear a striking resemblance to the toxic 

symptoms of the cardioactive compounds that are widely used 

in experimental and clinical medicine. The increase in the 

P-R interval, shortening of the QRS-T segment, T wave in

version, bigeminal and trigeminal rhythms, evidence of 

second and third degree heart blocks, and the biphasic, 

polymorphic ventricular extrasystoles of oleandrin toxicity 

are the same electrocardiographic observations listed for 

digitalis toxicity by Goldman (1958). 

The need for continuous monitoring of the electrical 

activity of the heart throughout the test period was em

phasized in this study. The tracing of the heart patterns, 

either on the electrocardiogram or on the oscilloscope, was 

the primary index upon which the antidotal procedure was 

based. If the tracing indicated toxic heart patterns, the 

chelating agent was infused; if the tracing gave evidence 

that the heart approximated a normal sinus rhythm, the in

fusion was withheld. These changes in cardiac activity 

occurred at varying times and at irregular intervals through

out the 2^-hour period and necessitated a continuous monitor 

so that the changes could be readily detected. 

The advantage of -prolonged infusion of the chelating 

agent as compared to single injections was made apparent 
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through preliminary laboratory investigations in which a 

total of 10 dogs and 51 cats were given lethal doses of 

cardioactive drugs, including digitalis tincture, digl-

toxin, dlgoxin, ouabain, and oleandrin. Test animals, 

treated with a series of single injections of either 

tetrasodium or dipotassium edetate, invariably, died,, al

though they survived for periods up to 6 hours longer than 

the control animals that were not given the antidote. 

Pilot studies also indicated that the earlier the 

administration of dipotassium edetate during the development 

of cardiotoxicity the easier it was to save the animal. In 

the present study, although Infusion of the antidote was 

purposely delayed, It would be advisable in clinical 

application to start Infusion at an earlier period, before 

the extrasystoles and other arrhythmias have become estab

lished. 

The injection of a lethal dose of oleandrin in the 

cat elicits prominent responses from the gastrointestinal 

system as well as the heart. Retching and vomiting were 

the first effects usually exhibited and these symptoms were 

more severe and occurred with greater frequency than those 

seen after the administration of comparable lethal doses of 

digitoxln, dlgoxin or ouabain. It was also apparent in some 

initial observations that the sooner vomiting occurred after 

the injection of oleandrin, the more grave the prognosis; 



if the cat vomited vrithin the first 10 to 15 minutes the 

chances of saving the life of the animal were markedly re

duced, but if vomiting were delayed minutes to 1 hour, 

the life-saving probabilities were greatly improved. Thus, 

the time required for onset of vomiting appears to provide 

an indication of the rate of absorption or susceptibility 

of the animal to the cardiac glycoside. Other extracardiac 

responses that were observed throughout the test period in

cluded frequent defecation and urination. 

The electrocardiographic evidence of hyperkalemia 

usually occurred after approximately 1^ to 16 hours of anti

dotal treatment. Because the chelating agent is a potassium 

salt it could be suggested- that prolonged infusion of the 

antidote may be directly responsible for the hyperkalemia. 

On the basis that an animal has received from 250 to 300 mg 

per kg of dipotassium edetate it could be calculated that 

the animal has received ^8 to 57 per kg of potassium 

(1.23 "to 1.^6 mEq per kg). However, considering the pro

longed test period and the excretion rate for potassium It 

appears unlikely that hyperkalemia can be attributed to the 

potassium moiety of the edetate salt. A more plausible ex

planation for this condition is suggested by Page and Real 

(1955) who used an infusion of dlsodlum edetate solution 

and also observed evidence of hyperkalemia. These inves

tigators postulate that the hyperkalemia is secondary to 



hypocalcemia- in that a decrease of calcium in the cellular 

membrane increases the cellular permeability to potassium 

and, thus, allows a prominent influx of this ion into the 

cell. 

The results of this study provide evidence that dl-

potasslum edetate, repeatedly administered by infusion, is 

an effective antagonist to the cardlotoxlclty of oleandrin. 

These findings compare favorably with reports of the anti

dotal action of sodium and/or potassium salts of edetate 

against the cardlotoxlclty of various commonly used cardiac 

glycosides (Rosenbaum, Mason and Seven, i960; Bernstein and 

colleagues, 1959.; Page and Real, 1955; Eliot and Blount, 

1961; and Surawics and co-workers, 1959). 
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B. Oleander Leaf 

1. Introduction 

Although oleandrln is the chief glycoside In Nerlum 

oleander it is not the only glycoside found in this plant 

(Tanret, 1932; Varlokov, 19^1; Heusser, 1950). Since the 

tests described in the previous section demonstrated that 

dipotassium edetate Is an effective antidote against the 

cardiotoxiclty of oleandrln it was considered of interest 

to determine the effectiveness of this chelating agent in 

the treatment of oleander intoxication. A survey of the 

literature revealed that an attempt has been made to an

tagonize the cardiotoxiclty of oleander leaf with potassium 

(Mahaptra, 1959); however, there is no report to indicate 

that edetate has been used for this purpose. Therefore, 

the following study is included as an Important supplement 

to the oleandrln study. 

2. Methods 

Twenty-five leaves were collected at random from 

Nerlum oleander for each test. The leaves were weighed and 

placed In a Waring Blendor, water was added and the mixture 

homogenized, 

• Pour cats of both sexes, paired control and test 



animals, 2.0 to kg, were used in this study. They were 

anesthetized, cannulated and prepared for electrocardio

graphic tracings as described in the. previous experiment. 

All of the cats were given a uniformly lethal dase of 

oleander leaf, 125 Per body weight, by gavage. The 

requisite amount of homogenate was diluted with distilled 

'water-so that each dosage was administered in a 10 ml vol

ume. An additional 5 ml of water was instilled into each 

animal to wash down the homogenate that remained in the 

gavage tube. 

As the early signs of cardiotoxicity appeared, in

fusion of dipotassium edetate was initiated. The antidotal 

procedure, which involves Intermittent infusion of edetate, 

was identical to that previously described. 

3. Results 

The responses elicited by lethal doses of oleander 

leaves, although differing in a few minor respects, were 

generally similar to the reactions following lethal doses 

of oleandrin. For example, electrocardiographic tracings 

during oleander poisoning displayed S-T segment depressions 

and shortening of the QRS-T intervals as observed during 

oleandrin toxicity. However, in contrast to oleandrin 

toxicity, these electrocardiographic evidences of early 

oleandrin intoxication were present for longer periods of 
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time and were then supplanted by pronounced cardiotoxic 

patterns. This change was abrupt; the electrocardiograms 

did not exhibit the premature beats or temporary periods 

of arrhythmia which heralded serious stages of poisoning 

in oleandrln-treated animals. 

The control cats, not given infusions of dlpotas-

slum edetate, died approximately 105 minutes after adminis

tration of the oleander-leaf suspension The test animals, 

on the other hand, were successfully antidoted by inter

mittent infusions of the chelating agent. Figure 8 shows 
* 

serial electrocardiograms taken prior to administration of 

oleander leaf (8-A), during the period of toxicity (8-B,C), 

at the cessation of antidotal treatment, 25 hours after 

oleander administration (8-D), and ̂ 8 hours after termina

tion of dipotassium edetate treatment (8-E), 

The most prominent extracardiac effects of oleander-

leaf administration, vomiting and respiratory depression, 

were also similar to those observed during oleandrln in

toxication. However, vomiting appeared earlier, was more 

frequent and more intense, and the respiratory depression 

was more pronounced. 

Discussion 

A comparison of the reactions following oleander-leaf 

poisoning and oleandrln toxicity showed many similarities but 
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A* Prior to oleander administration 

B. Bigeminal rhythm 

f — — ' p — — l ^ - v w ^ n  

C. Cardiac arrhythmias - oleander intoxication 

D. 25 hours after oleander administration, at the 
end of antidotal therapy 

E. 48 hours after cessation of edetate treatment 

Fig. 8. Serial electrocardiograms of a cat given a uniformly 
lethal dose of oleander leaf and successfully treated 
with dipotassium edetate infusion. 
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also displayed differences, which appeared to be primarily 

quantitative in nature; in oleander-leaf poisoning the 

electrocardiograms degenerated abruptly into bizarre 

tracings, the vomiting was more frequent and intense and 

the respiration was more depressed. In addition, prelimi

nary investigations Involving the use of 19 cats disclosed 

that cats given lethal doses of oleander-leaf suspension 

could be successfully protected if the dipotasslum edetate 

infusions were started at early signs of toxicity; it was 

also found that if these early warnings were ignored and 

treatment delayed until frankly toxic signs such as gross 

arrhythmias and ventricular tachycardia were present, the 

lives of the cats could only be prolonged for 10 to 12 hours 

but could not be saved. In contrast, the previous study in

volving oleandrln toxicity demonstrated that the antidote 

could be withheld until signs of frank toxicity were ob

served and the animal still could be saved. The probable 

reason for these differences in reactions may be related to 

the difference in dosage of the cardioactive materials that 

were used in the two studies. 

On the basis of the report by Marl (1958) that 

oleander yields 0.28 per cent oleandrln, it is calculated 

that a dose of 125 rag per. kg of oleander leaf would provide 

0.35 me per kg body weight of oleandrin. Since it has been 

reported that following oral or intravenous administration 
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the lethal doses of oleandrin are similar (Baldassarre, 

19^1), it is possible that the animals in this study may 

have absorbed as much as two times the amount of oleandrin 

given by vein in the previous, study. Absorption of the 

cardioactive principle from the gastrointestinal tract took 

place over a period of time, as indicated by the prolonged 

period of first degree block, shortened QRS-T complexes and 

depressed S-T segments. Because of the apparently large 

amount of cardioactive material present in the digestive 

tract, absorption probably continued even after fatal 

tissue levels had been reached, to the extent that the heart 

was subjected to the effects of overwhelmingly lethal con

centrations of the drug. Thus, by starting the infusion 

process at a time when the electrocardiogram showed early 

signs of toxicity, such as shortened QRS-T interval, in

creased P-R interval and S-T segment depression, the chelate 

probably exerted a protective effect on the myocardium which 

prevented the development of irreversible cardiotoxicity. 

The increased incidence and severity of vomiting in 

this study could be attributed not only to the dosage of 

oleander employed but also to the irritant properties of 

the oleander leaf in the gastrointestinal tract. The 

violent retching resulted In aberrant heart beats that were 

difficult to assess. In addition, some cats frequently 

vomited an undetermined quantity of the oleander suspension 
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which reduced the total dosage available for absorption; 

thus, It was deemed necessary to discard the results ob

tained with these animals. The difficulty created by the 

emetic action of oleander and oleandrln was also experienced 

by Redonnet (1953) who found that the subcutaneous injection 

of phenobarbital (50 mg per kg body weight) and atropine 

sulfate (5 mg per kg body weight) 3 hours prior to testing, 

markedly depressed or eliminated the retching and vomiting. 

However, the antiemetic procedures of Redonnet were not em

ployed in this laboratory because they would have Introduced 

additional extraneous factors. 

The respiratory depression which followed administra

tion of this dose of oleander leaf was much more pronounced 

than that found in poisoning from the pure glycoside. This 

effect could be attributed to a larger dose of Ingested 

oleandrin from the leaves, to leaf constituents other than 

the glycoside, or to both. It is interesting to note that 

Mahaptra (1959) reported that two patients died of respira

tory paralysis as a result of eating oleander leaves. 



III. STUDIES OF THE POSSIBLE MODE OF ANTIDOTAL 

ACTION OF DIPOTASSIUM EDETATE 

A." The Effect of Calcium Disodium Edetate Infusion 

on a Uniformly Lethal Dose of Oleandrin in the Cat 

1. Introduction 

There is general agreement that the effectiveness of 

edetate in treating cardiac glycoside toxicity is due to the 

chelation of calcium (Bernstein and co-workers, 1959; Cohen 

and associates, 1959; Rosenbaum, Mason and Seven, I960). 

However, Leitch and Haley (1953) suggest that edetate 

antagonizes glycoside-Induced cardiotoxicity by a direct 

action rather than by chelation of calcium ions. In order 

to evaluate these hypotheses a study was undertaken to com

pare the antidotal effect of dipotassium edetate with that 

of calcium disodium edetate. It is well known that the 

latter salt of edetate, because it is a calciUm complex, is 

devoid of calclum-chelating activity. If calcium disodium 

edetate antagonizes the toxicity of oleandrin, the results 

would support the contention that edetate exerts its anti

dotal effect by virtue of a direct action on heart tissue. 

However, if calcium disodium fails to antagonize the toxicity 

lj4 
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of oleandrin, the results would support the contention that 

edetate exerts its antidotal effect by virtue of its ability 

to chelate calcium. 

2. Methods. 

The calcium disodium edetate- employed in this study 

was supplied as a 20 per cent solution in 5 ml ampuls 

(Calcium Disodium Versenate, Riker Laboratories, Northridge, 

California). The content of each ampul was diluted to 100 

ml with distilled water, to yield a 1 per cent solution, and 

the pH was adjusted to 7.^ with 0.1 N sodium hydroxide. 

The techniques and procedures of this study were 

similar to those Involving the use of dipotassium edetate 

in the treatment of oleandrin poisoning. Twelve cats, 

paired control and test animals of both sexes, weighing 1.^-

to ^.4- kg, were used. The control oats were given only the 

uniformly lethal dose of oleandrin (0.17 nig per kg body 

weight); the test animals were given oleandrin and were 

subsequently administered an infusion of 1 per cent calcium 

disodium edetate when the cardiotoxlc effects of the glyco

side were observed on the oscilloscope. 

3. Results 

The results of the six tests conducted in this study 

were uniformly negative. The toxic arrhythmias were observed 

in the test and control oats approximately one hour after the 
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Injection of oleandrln; administration of calcium disodium 

edetate infusions failed to correct these toxic symptoms, 

exert quiescent effects on the heart or appreciably prolong 

the lives of the animals. On an average, the control cats 

survived 83 minutes after oleandrln administration, whereas 

the cats treated with calcium disodium edetate lived 87 

minutes following the administration of oleandrln; this 

represents an average difference lh survival time of only 

4 minutes between the two groups. The electrocardiograms 

of the cats treated with calcium disodium edetate were 

similar to the tracings of the control animals in this study 

and of the control animals in the previously described 

studies in which dipotassium edetate was employed as the 

antidote. Minor differences observed In calcium disodium 

edfetate-treated cats Included an increase in the amplitude 

of the tracings, and somewhat more bizarre arrhythmias. 

4. Discussion 

The results of this study indicate that edetate, ad

ministered as the calcium complex, does not exert an anti

dotal effect against the cardiotoxicity induced by lethal 

doses of oleandrln. The infusions of calcium disodium 

edetate were given on a continuous basis. Although some of 

these infusions lasted approximately two hours, it was ob

served that even prolonged administration was not effective 



in antagonizing the cardiotoxicity of oleandrin. By com

parison, dipotassium edetate infusions reversed toxic heart 

patterns within 20 minutes. (See Chapter II, page 27). 

Monovalent salts of edetate, particularly sodium 

and potassium, chelate calcium at the pH of body fluids 

(Mellar and Maley, 19^8; Bozler, 1955) whereas calcium di-

isodlum edetate, already in the form of the calcium complex, 

lacks the ability to chelate body calcium (Popovici and co

workers, 1950). Therefore, the basic pharmacological dif

ference between sodium or potassium edetate and calcium 

disodium edetate is related to the ability to chelate calcium. 

Since dipotassium edetate was effective in antagonizing the 

toxic effects of oleandrin whereas calcium disodium edetate 

was ineffective, it can be concluded that the antidotal 

properties of dipotassium edetate involve the chelation of 

calcium. 
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B. The Effects of Dipotassium Edetate, Calcium 

Disodium Edetate and Hypocalcemia on 

the Oleandrin-Treated Isolated Heart 

1. Introduction 

Results of the previous study suggest that the 

effectiveness of dipotassium edetate as an antidote to 

oleandrin toxicity is related to its ability to chelate 

calcium. It was reasoned that if a reduction of available 

calcium were responsible for the modified heart action, 

other methods of reducing available calcium would also be 

effective in antagonizing oleandrin toxicity. Thus, the 

following study was conducted to compare the antagonistic 

properties of a calcium-deficient perfusion fluid and of 

monovalent edetate salts in oleandrin-intoxicated isolated 

hearts. If use of the hypocalcemic perfusion fluid also 

antagonizes cardiotoxicity, the result would lend support 

to the contention that edetate is effective against oleandrin 

poisoning primarily through chelation of calcium. 

2. Methods 

A total of fourteen hearts were employed in this 

study and each heart was used in more than one test. Each 

isolated heart specimen was prepared by opening the thorax 

of the cat, exposing the heart and inserting a short, glass 

cannula into the aorta; the heart and adhering tissue were 
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removed from the animal and the cannula was connected to the 

flow tube of a Metrogram Anderson Coronary Perfusion Appara

tus (Anderson and Craver, 19^8; manufactured by Metro Indus

tries, Long Island, New York). The heart was then perfused 

with oxygenated Locke-Ringer's solution (U.S.P. XV), main

tained at 38 degrees C., under a pressure of 50 mm mercury. 

The cardiac potentials were recorded with the Physiograph by 

means of 2 needle electrodes, 1 implanted in the muscle wall 

of each ventricle. The drugs were Introduced into the heart 

through the auxiliary channel of the coronary perfusion 

apparatus by means of the infusion pump at a rate of 0.3 ml 

per minute; administered in this manner, the drug solutions 

were mixed with the perfusion fluid immediately' prior to 

entering the coronary circulation of the heart. The general 

procedure related to preparation and infusion of the isolated 

hearts is a modification of the Langendorff method as de

scribed by Jackson (1939). 

In one series of tests the heart was perfused with 

Locke-Ringer' s solution and control electrocardiograms were 

obtained. Toxicity was then induced by infusion with 0.0025 

per cent oleandrin in Locke-Ringer's solution. After cardio-

toxicity was well developed the infusion of oleandrin was 

terminated and various antidotal solutions were administered 

in an attempt to antagonize the toxicity. One of the solu

tions employed was a Locke-Ringer's solution in which the 
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calcium content had been reduced by 25 per cent; this fluid 

was administered by perfusion in place of the normal Locke-

Ringer's solution. Other solutions include dipotassium 

edetate, disodium edetate, and calcium disodium edetate, 

0.05 per cent each, prepared with calcium-free Locke-Ringer's 

solution and adjusted to a pH of 7.^ with 0.1 N sodium 

hydroxide. The edetate solutions were administered by in

fusion through the sidearm of the coronary perfusion appara

tus. Since normal Locke-Ringer's solution is perfused 

through the heart at a rate of approximately 18 ml per 

minute whereas the calcium-free edetate solutions are in

fused at a rate of 0.3 ml per minute, the dilution of cstlcium 

in the perfusate is negligible and the pharmacodynamic re

sponse obtained would have to be attributed to the chelating 

action of edetate. 

In another series of tests the effects of the anti

dotal solutions on non-poisoned isolated hearts were com

pared. Furthermore, the infusion time required for oleandrin 

to produce toxicity was determined in untreated isolated 

hearts and in hearts immediately pre-treated with dipotas

sium edetate. 

3. Results 

The electrical tracing of the Isolated heart dis

played a prominent excitation wave that is suggestive of the 
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R-S pattern of a normal electrocardiogram. In addition, a 

repolarization current was,recorded that was similar to the 

T wave; these patterns are shown in figures 9 and 10. 

The infusion of oleandrin for 1 minute resulted in 

marked reduction in the height of the repolarization current 

and material decrease in the period between excitation and 

repolarization of the ventricles; the signal increased in 

amplitude at this time but no marked change in heart rate 

was observed. Continuous infusion for approximately *4-

minutes produced frequent premature beats, bigeminal rhythm, 

disturbed conduction in the wave of excitation, and then 

gross arrhythmia. This oleandrin-induced cardioto'xlcity, 

once established, persisted even after termination of 

oleandrin Infusion. 

The signs of toxicity were effectively antagonized 

by infusions of dipotassium edetate and disodium edetate, as 

well as by perfusion with hypocalcemic Locke-Ringer*s solu

tion, but when the antidotal solutions were withheld the 

hearts reverted to their previous signs of toxicity.. The 

changes in heart patterns which followed, administration of 

the monovalent edetate solutions were similar to those 

elicited by the hypocalcemic perfusion fluid (Fig. 9). The 

disodium edetate infusion appeared to be as effective as 

dipotassium edetate in antagonizing the toxicity of oleandrin 

both of these salts of edetate exerted a quiescent effect on 
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A. Prior to oleandrin administration 

13. During oleandrin administration 

0. Oleandrin toxicity 

!j. Following perfusion with hypocalcemic Locke-Ringer's 
solution 

E. After dipotassium edetate administration (the heart 
had previously reverted to toxic arrhythmias after 
the improvement in D., above). 

Fie. 9. Serial tr^ings of an isolated heart administered oleandrin 
and treated with hypocalcemic perfusion fluid and dipotassium 
edetate infusion. 



the Irritated heart, returned the repolarization wave to an 

upright position, caused a more complete and coordinated 

beat, and produced an overall beneficial effect. In con

trast, the infusion of calcium disodium edetate did not 

exert an antidotal effect on the oleandrin-poisoned heart. 

A summary of the results of these heart studies is listed 

in Table 1. 

The administration of dipotassium edetate, disodium 

edetate, and hypocalcemia Locke-Ringer's solutions to non-

poisoned, isolated hearts, produced similar effects. These 

responses consist of weaker heart beats and a reduction in 

the amplitude of the R-S segment of the heart tracing (see 

Fig. 10). In addition, the rate of coronary perfusion was 

reduced approximately 30 per cent. The Infusion of calcium 

disodium edetate to non-poisoned hearts produced no changes, 

A comparison of the oleandrin infusion times required 

to produce toxicity in untreated hearts and in hearts pre-

treated with dipotassium edetate showed that toxic reactions 

were observed in the untreated hearts after an average time 

of ^.75 minutes, whereas the average time required to pro

duce toxic reactions in the dipotassium edetate-treated 

hearts was 13.7 minutes. 

Discussion 

The results of this study give added, support to the 

suggestion that dipotassium edetate is effective as an 



A. Prior to treatment 
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B. Following infusion of calcium disodium edetate 

C. Following infusion of dipotassium edetate 

D. Following infusion of disodium edetate 

E. Following perfusion of hypocalcemia Locke-Ringer's 
solution 

10. Serial tracings of an isolated heart treated by infusions of 
calcium disodium edetate, dipotassium edetate and disodium 

edetate, plus a hypocalcemic perfusion fluid. 



TABLE 1 

A SUMMARY OF TEST RESULTS INVOLVING ISOLATED HEART PREPARATIONS 

Treatment 
No. 
of 
Tests 

Results 

Calcium dlsodium 
edetate infusion 2 No antidotal effect 

Dlpotasslum edetate 
Infusion 10 Antidotal effect -

reversed toxic 
arrhythmias 

Disodium edetate 
infusion 2 Antidotal effect -

Comparable to dipotassium 
edetate infusion 

Hypocalcemic 
Perfusion' fluid 7. Antidotal effect -

reversed toxic 
arrhythmias 

Vj\ 
Ux 
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antagonist to oleandrin toxicity by virtue of its ability 

to chelate calcium. This was indicated by the observation 

that hypocalcemia Locke-Ringer's solution produced basically 

the same antidotal effect as dipotassium edetate on the 

isolated heart. In addition, these two solutions elicited 

hypodynamic responses in hearts that had not been given 

oleandrin. On the other hand, calcium dlsodium edetate, 

which is devoid of calcium chelating ability, was ineffect

ive as an antidote and did not cause a hypodynamic heart 

reaction when given to hearts that had not received olean

drin. 

Preliminary tests, which involved the use of 15 

isolated cat hearts, established the techniques and proce

dures previously described in Section 2» From these pre

liminary observations it was determined that .very large 

doses of oleandrin poisoned the hearts to such an extent 

that cardlotoxiclty is irreversible regardless of subsequent 

treatment. It was also observed that the infusion of con

centrated solutions of dipotassium edetate and the perfusion 

of calcium-free Locke Ringer's solution resulted in such 

hypodynamic responses that the hearts did not beat effi

ciently; indeed, the prolonged perfusion of calcium-free 

Locke-Ringer's solution caused a complete cessation of heart 

activity. 
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C. The Effects of Oleandrin and Dipotassium 

Edetate on Electrolyte Distribution In 

Cats 

1. Introduction 

There have been numerous reports concerning electro

lyte distribution In animals following administration of 

digitalis and related glycosides. The two ions most fre

quently studied are calcium and potassium. However, the 

effect of cardiac glycosides on the distribution of these 

ions is controversial. For example, Holland and Sekul 

(1959) and Briggs and Holland (1962) indicate that the in

creased force of contraction produced by digitalis compounds 

is the result of an Increased calcium uptake, whereas Lee 

and co-workers (1961) report that there is no net increase 

of intracellular calcium at the therapeutic level but that 

there is an increase at the toxic stage* With respect to 

potassium, Boyer and Poindexter (19^0) and Brown and col

leagues (1962) found an increase of this ion in heart tissue 

upon administration of small doses of digitalis compounds, 

whereas other investigators, including Wedd (1938), Vick 

and Kahn (1957)» and Kahn and co-workers (1962), reported 

that the administration of digitalis compounds at thera

peutic levels had little or no effect on potassium con

centration In the heart. At toxic doses, however, there is 
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reported to be a reduction of potassium in heart tissue 

(Hagen, 1939; Hajdu and Szent-Gyorgl, 1952; Hellems and 

associates, 1953; Loewi, 1955; Regan and co-workers* 1956; 

Tuttle and colleagues, 1962). One of the purposes of the 

present study was to determine the distribution of calcium 

and potassium following the administration of lethal doses 

of oleandrln. These findings could then be compared with 

the results obtained by other workers who have studied 

electrolyte distributions following the administration of 

digitalis and related compounds. 

Investigators who have used edetate to antagonize 

toxic doses of digitalis compounds report that this che

lating agent Influences the concentration of calcium and 

potassium In plasma and heart tissue (Surawicz and asso

ciates, 1959; Eliot and Blount, 1961). Since dipotassiurn 

edetate effectively antagonizes oleandrln-induced cardio-

toxicity, it is important to investigate the effects of 

this chelating agent on calcium and potassium concentra

tions in plasma and heart tissue of oleandrin-poisoned 

cats. Observations of changes in the distribution of 

these ions could suggest a possible mode of antidotal action 

of dipotassiurn edetate in oleandrln poisoning. 

2. Methods 

Eighteen cats, 3 groups of 6 cats each with the 

sexes equally divided, were used in this study. The 
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animals were anesthetized by intraperitoneal injections of 

sodium pentobarbital and the carotid artery was canriulated 

to facilitate the withdrawal of blood. 

The cats in the first group served as controls; 

blood samples were taken and the hearts removed approxi

mately H-5 minutes after administration of the barbiturate. 

The cats in the second group were prepared for electro

cardiograph monitoring and were given uniformly lethal 

doses of oleandrln, 0.17 mg per kg by intravenous injection. 

The blood samples and hearts were removed from these animals 

approximately 25 minutes after the onset of toxic symptoms. 

The cats in the third group were also prepared for electro

cardiograph monitoring and were administered uniformly lethal 

doses of oleandrin. When toxic symptoms were observed, the 

sanimals were given an infusion of 1 per cent dipotassium 

edetate until electrocardiographic evidence of toxicity 

abated; at this time the blood samples and hearts were re

moved. The experiment was conducted in such a way that one 

animal from each of the above 3 groups was used during the 

same test period. 

The blood samples, collected in test tubes (pre

viously moistened with 2 drops of heparin solution and then 

dried), were centrlfuged and the plasma separated; allauots 

of this plasma were used to determine water content and 

chloride, calcium and potassium concentrations. Water content 



was determined by differences between the wet weight and 

dry weight of the aliquot, and the plasma was analyzed for 

chlorides according to the method of Franco and Klein 

(1951). An additional aliquot was dried, ashed, solu-

bilized and analyzed for calcium and potassium concentra

tion as described in the Appendix (page 81). 

The cat hearts were also analyzed for water content, 

chloride, calcium, and potassium. The water content was 

determined by the difference between the wet weight and 

the dry weight of the tissue; chloride was determined by 

the method of Van Slyke and Sendroy (1923). Other allquots 

of dried tissue were ashed, solubilized, and analyzed for 

calcium and potassium concentrations. The method described 

by Hastings and Elchelberger (1937) and Manery and Hastings 

(1939) was employed to calculate intracellular and extra

cellular concentrations. The results of these determina

tions were subjected to statistical analysis as described 

in the Appendix (page 87 ) and the level of significance 

was calculated at 0,05 probability. 

3. Results 

The effects of oleandrin and dipotassium edetate on 

the concentration of electrolytes and .water in plasma and 

heart tissue are summarized in Table 2. The administration 

of lethal doses of oleandrin had no significant effect on" 
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plasma electrolytes or water (Table 2, B). However, in the 

case of heart tissue, there was a modest (11 per cent) but 

significant decrease in calcium concentration. 

In the antidoted animals (Table 2, C) the plasma 

calcium was significantly lower (20 per cent) than that of 

the oleandrinrpoisoned animals, whereas plasma potassium was 

significantly higher (30 per cent). : Edetate produced no 

significant change in tissue electrolyte concentration, 

although there was a tendency for potassium to be decreased 

(9 per cent). 

The distribution of electrolytes and water in the 

intracellular and extracellular space was calculated from 

the data presented in Table 2 by the method described by 

Hastings and co-workers (Hastings and Eichelberger, 1937; 

Manery and Hastings, 1939)• Chloride space, which is as

sumed to be a measure of the extracellular fluid volume, 

was determined from the concentration of chloride in plasma 

and heart tissue. Although chloride space is not Identical 

with the extracellular space, numerous Investigators (Manery 

and Hastings, 1939; Winkler and associates, 19^; Swlnyard, 

19^9; Nichols and co-workers, 1953; Cotlove, 195*0 have con

cluded that changes in the 2 spaces are parallel. Therefore, 

chloride space offers an index for estimating directional 

changes in the volume of extracellular fluid. 

The effects of oleandrin poisoning and dipotasslum 
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edetate antagonism on intracellular and extracellular dis

tribution of calcium and potassium in heart tissue are 

summarized in Table 3. Except for a significant decrease 

(15 per cent) in the concentration of intracellular calcium 

in moist heart tissue (Table 3> B), the administration of 

lethal doses of oleandrin had no significant effect on any 

of the calculated values for the distribution of electro

lytes in this tissue. However, there was a tendency for 

the concentration of intracellular potassium to be decreased 

by oleandrin. A comparison of the heart tissue of the anti-

doted cats (Table 3» C) with those of the oleandrin-poisoned 

cats (Table 3» B) shows a significant reduction (19 per cent) 

in extracellular calcium, a tendency to increase intracellular 

potassium, and a significant increase (30 per cent) in extra

cellular potassium following infusion of dipotassium edetate. 

k-. Discussion 

The opposite effects of ouabain and oleandrin on 

tissue calcium suggest that changes in intracellular calcium 

in the heart during cardiac glycoside-Induced toxicity may 

be coincidental to rather than causative of the cardlo-

toxicity. The tendency toward reduction of potassium in 

heart tissue is,similar to the effects of digitalis toxicity 

as reported by investigators previously cited. The effects 

on the calculated distribution of electrolytes consist of a 



TABLE 2 

EFFECTS OF OLEANDRIN AND DIPOTASSIUM EDETATE ON WATER AND 
ELECTROLYTE CONCENTRATIONS OF PLASMA AND HEART TISSUE OF 'CATS 

Group 

and 

Concentration per kg 
plasma 

(± S.D. of the mean) 

Concentration per kg 
moist heart 

(± S.D. of the mean) 

Procedure mEa Ca mEq K mEa CI gm H 0" mEq Ca mEq K mEq CI -gm H20 

A. 
Control 4.79 

(±0.15) 
3-93 

(±0.20) 
•11*0.21 
(±0.5*0 

943.5 
(±3.20) 

3.17 
(±0.10) 

83.8 
(±2.45) 

25.5 
(±0.24) 

825.2 
(±8.36) 

B. 
Dleandrin 
Toxicity 4.68 

(±0.15) 
3.85 

(±0.20) 
139.18 
(±0.54) 

935.1 
(±3.20) 

2.81* 
(±0.10) 

79.2 
(±2.45) 

25.4 
(±0.24) 

834.2 
(±8.36) 

C. 
Dleandrin 

plus . 
Dipotassium . 
edetate 

3.78** 
(±0.15) 

5.oo** 
(±0.20) 

135.05 
(±0.54) 

936.5 
(±3.20) 

2.67 
(±0.10) 

86.3 
(±2.45) 

24.5 
(±0.24) 

831.7 
(±8.36) 

•Significant difference (P< »05) between A and B 
••Significant difference (P<.05) between B and C 

C3\ 
VoJ 



TABLE 3 

EFFECTS OF OLEANDRIN AND DIPOTASSIUM• EDETATE ON EXTRACELLULAR AND 
INTRACELLULAR DISTRIBUTION OF CALCIUM AND POTASSIUM IN HEART TISSUE OF CATS 

Group 

Calcium 
( + S.D. of 

- mEq/kg : 
the mean) 

Potassium- - mEq/kg 
(+ S.D. of the mean) 

and Intracellular Extracellular Intracellular Extracellular 

Procedure moist 
heart 

cellu
lar 
vrater 

moist 
heart 

extra
cellu
lar 
water 

moist 
heart 

cellu
lar 
water 

moist 
heart 

extra-
cellu-

• lar 
water 

A. 
Control 2.39 

(+0.09) 
3.62 

(+0.18) 
.790 
(+0.03) 

4.82 
(+0.18) 

83.19 
(+2.41) 

126.1 
(+5.91) 

.647 
(+0.04) 

3.95 
(+0.21) 

B. 
Oleandrin 
Toxicity 

2.04* 
(+0.09) 

3.05 
(+0.18) 

.765 
(+0.03) 

4.76 
(+0.18) 

78.61 
(+2.41) 

117.4 
(+5.91) 

.627 
(+0.04) 

3.91 
(+0.21) 

C. 
Oleandrin 

plus 
K2EDTA 2.05 

(+0.09) 
3.07 

(+0.18) 
.621** 
(+0.03) 

3.84** 
(+0.18) 

85.43 
(+2.41) 

127.9 
(+5.91) 

.828** 
(+0.04) 

5.07** 
(+0.21) 

•Significant difference (P <.05) between A and B 
**Significant difference (P< .05) "between B and C 



decrease In extracellular calcium, a tendency to Increase 

intracellular potassium, and an increase in extracellular 

potassium. Since edetate chelates and hastens the renal 

exct6tion of calcium (Foreman and co-workers, 1953)» the 

results presented strongly suggest that the antidotal.ef

fect of dipotassium edetate is due mainly to its ability to 

chelate and reduce the extracellular concentration of cal

cium. The changes in potassium levels m$y also contribute 

to an antidotal effect. Lown and colleagues (1952) and Lee 

and associates (1961) reported that excess potassium di

minishes the action of digitalis compounds, whereas re

duction in the concentration of the ion enhances glycoside 

activity. Furthermore, Thomas (i960) and Nayler (1962) 

postulated that edetate chelates a portion of the calcium 

ions in cell membrane which, in turn, alters the permeabi

lity of the membrane and increases the influx of potassium 

ions. If it is to be hypothesized that the effect of di

potassium edetate on potassium distribution may contribute 

to the antidotal action of the. chelating agent, it is 

necessary to account for the apparent increase in body 

potassium. The significant increase in plasma potassium 

(30 per cent, p< .05) and the slight increase in tissue 

potassium (9 per cent, p> .05) could be supplied by the 

potassium moiety of the chelating agent. Infusion with a 

1 per cent dipotassium edetate solution for half an hour at 
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the rate of 0.3 ml per minute could result in the adminis

tration of approximately 0.5 mEq of potassium, as part of 

the edetate salt. On the average, this amount of potassium, 

assuming that no significant renal excretion of the ion has 

taken place by the end of the Infusion period, could be 

calculated to increase plasma potassium level by approxi

mately 1 mEq per kg of plasma. 



IV. GENERAL DISCUSSION 

Lethal doses of oleandrln or oleander leaf in cats 

produce -cardiotoxic effects which resemble those induced by-

digitalis and other more conventional cardiac glycosides. 

Test animals which were subsequently treated with inter

mittent infusion of dipotassium edetate over a period- of 

approximately 2k hours survived the toxic effects of 

oleandrin and oleander lfeaf. In contrast, control cats 

which were given only the cardiac glycoside or oleander leaf, 

died 2 to '6 hours following poisoning. Thus, the studies 

reported herein indicate that dipotassium edetate affords 

protection against the lethal cardiac effects of oleandrin 

and oleander leaf when the antidote is administered in the 

described manner. 

That dipotassium edetate exerts its antidotal effect 

through its ability to chelate calcium is substantiated by 

3 observations made in this laboratory: (1) Dipotassium 

edetate effectively counteracts the cardiotoxicity of 

oleandrin, whereas calcium disodium edetate, which is de

void of calcium-chelating activity, is Ineffective; (2) in 

the isolated cat heart, a calcium-deficient perfusion fluid 

reverses oleandrin-induced toxicity as does dipotassium 

edetate; (3) at the time that electrocardiograms of poisoned 

67 
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animals returned to normal patterns, after infusion with di-

potassium edetate, the calcium concentration in plasma is 

reduced. 

Electrolyte studies, following the administration 

of oleandrln and following subsequent administration of di-

potasslum edetate, were made in an effort to reveal changes 

in electrolyte distribution which might provide a more finite 

explanation of the possible mechanism of oleandrin toxicity 

and edetate antagonism. It is calculated that oleandrin 

causes a 15 per .cent decrease in intracellular calcium con

centration in the heart, an effect which is opposite to that 

caused by toxic doses of ouabain (Lee and co-workers, 1961). 

The administration of dipotassium edetate to oleandrin-

poisoned cats caused a significant increase in extracellular , 

potassium concentration (30 per cent, p<.05). 
» 

In view of the fact that toxic doses of ouabain in

crease intracellular calcium (Lee and co-workers, 1961), 

whereas lethal doses of oleandrin decrease it, and in view 

of the observation that dipotassium edetate antagonizes the 

cardlotoxlcity of oleandrin without modifying intracellular 

calcium concentration, it is suggested that variation in 

Intracellular calcium levels is not an important factor in 

the- production of cardiac toxicity. Thus, It is postulated • 

that oleandrin and other cardiac glycosides exert their 

cardiotoxic effects by means of a mechanism Independent of 
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intracellular calcium changes. For example, Conn (1956), 

Hajdu C1953* 1957), and Kahn and associates (1962) indicate 

that cardioactive principles exert their effects on the 

heart by retarding the re-entry of potassium previously 

lost by myocardial fibers during contraction; and Tuttle, 

Witt, and Farah (1962) report that high concentrations of 

ouabain decrease intracellular potassium. Since it was ob

served in this laboratory that there is a tendency for toxic 

doses of oleandrin to lower intracellular potassium (7 per 

cent reduction in intracellular water, p>.05), one could 

speculate that oleandrin causes cardiotoxicity, at least in 

part, by lowering the concentration of intracellular potas

sium. 

In the antagonism of oleandrin toxicity, the reduc

tion of extracellular calcium by dipotassium edetate may 

well constitute the primary mechanism responsible for 

counteracting oleandrin-induced cardiotoxicity. For 

example, Heilbrunn (1952) suggests that if a portion of 

calcium is removed from the outer layer of the cell, the 

permeability of the cell membrane increases. Thomas (i960) 

found that the administration of edetate in experimental 

ouabain poisoning rendered myocardial fibers more permeable. 

Eliot and Blount (1961), who used trisodium edetate in the 

treatment of 66 cases of cardiac glycoside intoxication, 

postulate that the mechanism of antagonism involves the 
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binding of calcium ion by the chelating drug which conse

quently enhances the return of potassium ions into potas-

sium-deflcient myocardial cells. Nayler (1962), working 

with isolated hearts, reports that dlsodium edetate in the 

perfusion fluid chelates calcium from the cell membrane and 

ultimately causes a change in membrane permeabillt-y, Since 

the present electrolyte studies indicate that dipotassium 

edetate in oleandrin intoxication produces a significant 

decrease in extracellular calcium (19 per cent, p<.05), 

it appears that this effect would reduce the amount of 

calcium in the cellular membrane and increase membrane per

meability. Indeed, the electrolyte studies show that di

potassium edetate tends to inorease intracellular potassium 

concentration (9 per cent, p>.05). Although this altera

tion in intracellular potassium level is slight and not 

statistically signlfleant, one should bear in mind the re

port of Hajdu (1953) that the contractile element of the 

heart is very sensitive to changes in the total concentra

tion of intracellular sodium and potassium ions. Thus, it 

is tempting to postulate that dipotassium edetate antago

nizes the cardlotoxlc effects of oleandrin by increasing 

membrane permeability through reduction of extracellular 

calcium ion concentration and, consequently, enhances the 

re-entry or influx of potassium ions. 

It is worthy of note that following administration 



71 

of dipotassium edetate there is also an increase in extra

cellular potassium (30 per cent, p< .05). Calculations 

presented in Section III, page 66, show that the amount of 

potassium administered as part of the edetate salt may 

account for the elevated extracellular potassium level. 

This observation is particularly important in light of the 

clinical investigation which indicates that the Intravenous 

infusion of 3 grams of dlsodlum edetate resulted in a-2- to 

6-fold Increase in urinary potassium during a 5-hour period 

(Batchelor and co-workers, 1964). Thus, it appears that the 

use of dipotassium edetate in the treatment of cardiac glyco 

side poisoning would provide a dual effect—,the chelation 

of calcium and the replacement of serum potassium. On these 

premises one could rationalize that dipotassium edetate 

should be superior to the sodium salts of edetate in the 

treatment of cardiac glycoside poisoning. Indeed, di

potassium edetate is reported to be the more effective 

antidote (Grumbach and associates, 195^; Smith and Grinnell, 

1955; Surawicz and co-workers, 1959). 

The experimental studies reported herewith yielded 

a few suggestions which may be worthy of consideration in 

the clinical treatment of oleander or cardiac glycoside 

poisoning. The use of an electrocardiographic monitor is 

indispensable for following the course of cardiotoxicity. 

Early initiation of chelation therapy would seem to be 
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highly desirable, in view of the observation that early 

treatment tends to prevent serious cardiac arrhythmia and 

death, whereas delayed treatment is not always effective. 

Intermittent infusion of the edetate solution provides a 

better means for controlling the signs of cardiotoxicity 

than single intravenous injections. It would seem that if 

an infusion machine were not available, intravenous drip 

should serve adequately. When the electrocardiogram shows 

definite Improvement, "following a period of Intravenous In

fusion, the antidote should be withheld. When signs of 

cardiotoxlcity are again observed, infusion of the edetate 

solution should again be given. This stop-and-go procedure 

would allow a moment-to-moment control over the cardio

toxlcity by not allowing the electrocardiographic pattern 

to deteriorate to an appreciable or dangerous extent. It 

should be emphasized that single Intravenous injections of 

the antidote may occasionally need to be given to supplement 

Intravenous Infusion if there is continuing deterioration of 

the electrocardiogram during infusion. Since edetate exerts 

Its antidotal effect through the chelation of calcium, it is' 

Important to avoid an excessive rate of infusion in order to 

prevent hypocalcemic tetany. Threatened hypocalcemic tetany 

may be recognized by Chvostele's sign, which Eliot and Blount 

(1961) consider to be more convenient than serum calcium de

terminations. Finally, in view of the recent report 
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(Batchelor and co-workers, 196*0 that disodium edetate tends 

to Increase the renal elimination of potassium, it is 

recommended that serum potassium determinations be made and 

replacement therapy instituted as required. 



V. CONCLUSIONS 

The following conclusions were drawn from the re

sults of this investigation: 

1. Lethal doses of oleandrln or oleander leaf in cats 

produce cardiotoxic effects which resemble those 

reported for digitalis and other more conventional 

glycosides. 

2. Dipotasslum edetate, when administered by inter

mittent infusion over a period of approximately 2k 

hours, protects against the lethal cardiac effects 

of oleandrln and oleander leaf; when administered 

by single injection, the antidote is not as effec

tive. 

3. Laboratory experiments substantiate the conclusion 

that dipotasslum edetate exerts Its antidotal effect 

primarily through its ability to chelate plasma 

calcium and reduce extracellular calcium. 

4. It is postulated that the reduction of extracellular 

calcium by dipotasslum edetate also results in a re

duction in cellular membrane calcium and, consequent

ly, enhances the re-entry or influx of potassium 

ions. 

7* 



VI. APPENDICES 

A. Solutions 

1. Oleandrln 

Four mg of oleandrln (Aldrlch Chemical Company, 

Milwaukee) are weighed In a tared beaker; b ml of hot 

alcohol are added with stirring, followed by the addition 

of k ml of' hot polyethylene glycol-200 with continued stir

ring until the oleandrln IS dissolved. Eight ml of hot, 

distilled water are added to the mixture which is then 

placed in a graduate and brought to a volume of 16 ml by 

the addition of dilute alcohol. The mixing and stirring 

are performed on a steam bath to facilitate the dissolution 

of oleandrln. This stable oleandrln solution, 0.25 mg per 

ml, was prepared weekly. 

2. Edetate 

The dlpotasslum, calcium disodium, and disodlum 

salts of edetate, In 0.5 and 1.0 per cent solutions, were 

used in this Investigation. The dilutions were usually made 

with physiological saline solutions but in the isolated heart 

studies calcium-free Locke-Ringer's solution was used as the 

diluent. These edetate solutions were freshly prepared 

prior to use and the pH was adjusted to 7.^ by the addition 

75 



of 1 N sodium hydroxide. 
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3. Sodium pentobarbital 

Stock solutions of sodium pentobarbital (Abbott) 

are prepared by dissolving 3*25 g of the powder in 10 per 

cent ethyl alcohol to make 50 ml of solution (6.5 per cent). 

This solution was prepared weekly. 
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B. Technical Procedures 

Determination of plasma chloride (Franco and Klein. 1951) 

a. Procedure 

For the unknown, 5 of barium hydroxide solution 

are measured into a 50 ml Erlenmeyer flask; 1 ml of 

plasma and 5 ml of zinc sulfate are then added with 

mixing. This mixture is allowed to stand for 5 minutes, 

then filtered. Three ml of the clear filtrate are 

transferred into a clean 50 ml flask, 1 drop of di-

chlorofluorescein indicator added, and the mixture is 

titrated to the first pink with 0.02 N silver nitrate. 

For the standard, 1 ml of 100 mEq per liter sodium 

chloride solution is.added to 10 ml of water. Three ml 

of this solution are transferred to a 50 ml flask, the 

indicator is added, and the solution is titrated. 

b. Calculation 

(1) Titre of standard = 1.6l ml 

(2) Titre of unknown = 2.20 ml 

(3) F = }00 mEq/1 = 100 mEq/1 = 62tl 
titre of standard 1.61 

(*0 Concentration of chloride, mEq/1 plasma = titre 

of unknown x F =2.20 x 62.1 = 136.62 

c. Reagents 

(1) Barium hydroxide solution Eighteen grams of 



barium hydroxide are mixed with sufficient 

COg-free water to make 1 liter. 

(2) Zinc Sulfate solution Twenty grams of zinc 

sulfate are dissolved in sufficient water to 

make 1 liter. 

(3 )  Silver nitrate, 0.2 N Reagent quality silver 

nitrate, 3*398 g, is dissolved in sufficient 

water to make 100 ml. 

(*»•) Sodium chloride. 0.1 N Dried, reagent grade 

sodium chloride, 5*8^6 g, is dissolved in suf

ficient water to make 1 liter of solution. 

This solution contains 100 mEq/1 of chloride. 

(5 )  Dlchlorofluorescein Five mg are dissolved in 

sufficient 70 per cent ethanol to make 10 ml. 

Determination of plasma concentration of water, calcium, 

and potassium 

a. Procedure for determination of plasma water 

A 1 ml aliquot of plasma is weighed in a tar«d 
o 

platinum crucible and dried in an oven at 110 C.. for 

2b hours. After cooling, the crucible Is again weighed. 

The difference in weight represents mg of water per ml 

of plasma. This value, multiplied by J-000 represents g 
1000 

of water per 1 of plasma. 
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b. Procedure for determination of plasma calcium and 

potassium 

The plasma, dried as described above, is moistened 

with ^ drops of concentrated sulfuric acid; the crucible 

is placed in a muffle furnace and the plasma is heated 

at 650° C. for 90 minutes. After cooling, 1 ml of con

centrated hydrochloric acid is added to each crucible 

and slowly evaporated on a hot plate. The residue is 

then dissolved by the addition of 10 ml of deionized 

water. A sample of this dilution is then tested in the 

flame photometer. In addition, 5 standard solutions are 

tested periodically throughout the series of determina

tions to serve as indexes.-

c. Calculations 

(1) Per cent transmission of sample = 6? 

(2) Per cent transmission of high standard (0.6 

mEq/1) = 7^ 

(3) Per cent transmission of low standard (0.^ 

mEq/1) = 66 

(^) Difference between concentrations of high and 

low standards = 0.6 - O.ij- = 0.2 

<- (5) Dilution factor = 10 

(6) Specific gravity of plasma = 1.0236 

(?) mEq/1 of cation in diluted sample = 

E(l) ~ (3)3 x (*Q + concentration of low 
( 2 )  -  ( 3 )  
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standard = ^.250 

(8) Concentration of cation, mEq/kg plasma = 

(7) x (5) = **.250 x 10 = 

(6) 1.0236 

The same calculation procedures were followed for 

calcium and potassium determinations. 

d. Plasma calcium and potassium standards 

Electrolyte Concentration of cation in mEq/1 

KC1 1.0 0.8 0.6 0.^ 0.2 

NaCl 28.0 22.^ 16.8 11.2 5.6 

CaCO^ 1.0 0.8 ' 0.6 o.J* 0.2 

MgCl 0.5 0.8 0.6 0.2 0.2 

Determination of heart tissue water, calcium and 

potassium 

a. Procedure for determination £>.f heart tissue water 

After removal, the heart is placed In a beaker of 

delonlzed water for 1 minute and 5 ml of delonlzed water 

are flushed through the aorta by means of a syringe. The 

heart chambers are then opened with a scalpel and the 

heart is blotted with filter paper. It is then placed 

in a tared ointment Jar, cut into small pieces to faci

litate drying, weighed, and dried at 110° C. for at least 

^ days until it arrives at constant weight. The con

centration of water in heart tissue is calculated as 

follows: 
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g H O/kg wet heart tissue = (wet weight— dry)x 1000 
' 2 wet weight 

b. Procedure for determination of heart calcium and 

potassium 

Approximately 200 mg of the dried heart tissue are 

placed in a platinum crucible, moistened with 10 drops 

of concentrated sulfuric acid, and the crucible placed 

in a muffle furnace. The tissue is heated to 650° C. 

for 2k hours and allowed to cool. Three ml of concen

trated HCl are added to the crucible and slowly evapor

ated on a .hot plate; the residue is dissolved in 10 ml 

of delonized water. Two mi of this solution are further 

diluted to 20 ml with delonized water and tested on the 

flame photometer. The readings are compared with those 

of 5 standard solutions which are tested periodically 

throughout the series of determinations. 

c. Calculation of heart tissue potassium concentration 

(1) Per cent transmission of sample = 55*2 

(2) Per cent transmission of high standard = 5 6 .0 

(3) Per cent transmission of low standard = 50.2 

(4) Difference between concentrations of high and 

low standards =1.0-0.8=0.2 

(5) Dilution factor = 100 

(6) Weight of heart sample = 0.1998 g 



(7) Per cent dry weight of tissue = 100 -

fwet weight - dry-weight x ioqj = 17.10 
wet weight • 

(8) Concentration of potassium, mEq/kg = C(D-( 3))x(4) 
(2)-(3) 

+ concentration of low standard = 

(55*2 - 50.2) x 0.2 + 0.8 = 0.9724 
56 .0  -  50 .2  

(9) Concentration of potassium, mEq/kg wet heart 

tissue = (8) x (5) x (7). = 0.9724 x 100 x 
(6) 0.1998 

17.10 = 83 .22  

d. Calculation of heart tissue calcium concentration 

Heart tissue calcium concentration is calculated by 

the same procedure described for heart potassium except 

that less concentrated standards are employed, as de

scribed in the following section. 

e. Heart calcium and potassium standards 

Electrolyte Concentration of cation in mEq/1 

KC1 1.2 1.0 0.8 0.6 0.4 

NaCl 0.6 0.5 0.4 0.3- 0.2 

CaCO^ 0.10 0.08 0.06 0.04 0.02 

' MgCl 
2 

0.12 0.10 0.08 0.06 0.04 

Determination of heart tissue chloride (Van Slyk e and 

Sendroy. 1923) 

a. Procedure 
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(1) Alkali digestion of tissue Approximately 200 

mg of dried heart tissue are introduced into a 
t 

50 ml Erlenmeyer flask and moistened with 3  nil 

of IN KOH solution. The mixture is heated in 

a water bath for b hours (small amount of ion-

free water is added after approximately 1 hour 

of heating). Two blanks, each consisting of k 

ml of IN KOH and 2 ml of a standard NaCl solu

tion (approximately 10 mEq/1). are also heated. 

After removal from the water bath, the solutions 

are cooled and neutralized with equivalent 

volumes of IN nitric acid. All 3 solutions 

(blanks, standards, and unknowns) are then 

assayed for chloride. 

(2) Assay for Chloride Three ml of 0.025N silver 

nitrate solution in concentrated nitric acid 

are added to each Erlenmeyer flask. The solu

tions are then heated an additional 3 hours on 

a water bath, allowed to cool, and 6 ml of 5 

per cent ferric alum added. Finally, each 

solution is titrated with 0.02N NH.SCN until a 

pink color persists for 15 seconds. 

Calculation of heart chloride concentration (mEq/kg 

wet tissue) 
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Values for calculation of heart chloride concentration 

sample ml 0.02N ml NH,SCN 
weight (g) NH SCN blank^-

4 ml NH SCN 
4 

per cent 
dry 
weight 

Unknown 0.2627 1.95 

2.76 

1.81 18.42 

Chloride 
Std. (Avg.) 

1.00 

Blank 
(Average) 

3.76 

(1) The concentration of the standard chloride so- • 

lution is multiplied by 0.002 and the product 

obtained is divided by the difference between 

ml NH^SCN solution used for the blank (3.76) 

and ml NH SCN solution used for the standard 

(2.76): • 

10.005 x 0.002 = 0.02001 = P 
1.0 

(2) The difference in ml NH.SCN solution used to 
H* 

titrate the blank (3.76) and the sample (1.95) 

is then multiplied by F: 1.81 x 0.02001 = 

0.0362 

(3) Concentration of chloride, mEq/kg wet-heart 

tissue: 

0*0362 x (0.1842 x 1000) = 25.38 
0.2627 

LiD x per cent dry weight x 1000 = 
sample weight 



5  • Method for calculation of Intracellular and extra

cellular space 

Symbol 

(Ca) 

Definltion 

P 
(K) 

P 
(CI) 

P 
(H 0) 
2 P 

(Ca) 
e 

(K )  

(CI) 

(Ca) 
1 

(K) 
h 

(CI) 

(H 0) 
2 h 

mEq Ca per kg plasma 

mEq K per kg plasma 

mEq CI per kg plasma 

gm H 0 per kg plasma 
2 

mEq Ca per kg 
extracellular H 0 

2 

mEq K per kg 
extracellular H 0 

2 

mEq CI per kg H 0 
In plasma . 2 

raEq Ca per kg moist 
heart tissue 

mEq K per kg moist 
heart tissue 

MEq CI per kg moist 
heart tissue 

gm H 0 per kg moist 
2 

heart tissue 

Method for 
Calculation 

as measured 

as measured 

as measured 

as measured 

(Ca) x (0.95) x 1000 
(H-0j • 
2 P 

(K)p x (0.95) x 1000 

2 P 

(CI) x (1000) 
P 

( H
2 0)p  x  ( .95 )  

as measured 

as measured 

as measured 

as measured 

a 
The subscript p refers to plasma, h to moist heart 

tissuej, e to extracellular, i to Intracellular, and c to 
intracellular water. 



(HO) CI space 
2 e (extracellular space) 

<CDh x (1000) 

(CI) 

(H 0) Cl-free space 
2 c (Intracellular space) (H 0) - (H 0) 

2 h 2 . e 

(Ca) mEq Ca per kg moist, 
eh heart, extracellular 

(Ca)e (Hz0)e 

1000 

(Ca) mEq Ca per kg moist 
ih heart, intracellular <Ca)h " <0a)eh 

(K) mEq K per kg moist 
eh heart, extracellular 

(K)e * <H2°>e 

1000 

(K) mEq K per kg moist 
ih heart, intracellular 

(Ca) mEq Ca per kg intra-
c cellular H 0 

2 

(K) - (K) 
h eh 

(Ca) x 1000 
lh 

<H2°>e 

(K)  mEq K per kg intra
cellular H 0 

2 

(K)lh x 1000 

(H 0) 
2 c 



C. Statistical Procedures 
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!• Analysis of variance and multiple range test for 

evaluating electrolyte distribution In the cat . 

a. Analysis of variance. 

The following is an example of the method employed 

for the calculation of electrolyte concentrations in 

heart tissue and plasma of the cat. The data for this 

example are taken from a typical determination of plasma 

potassium as described under Methods in Section III-C, 

This procedure is the short-cut method of Li (1957), 

pp. 160-163, devised mainly to suit a desk calculator. 

(1) Definition of terms 

k = number of samples 

n = number of observations of each sample 

y = an observation 

T = sample total 

y = sample mean 

G = grand total, sum of sample totals 

y = general mean 

SS = sum of squares 

(2) Preliminary calculations 

Observations - plasma potassium, mEq/1 



TABLE 4-a 

ANALYSIS OF VARIANCE CALCULATIONS 

Preliminary Calculations 

(1) (2) (3) (4) (5) 

Type of 
Total 

Total of 
Squares 

Number of 
items 
Squared 

Observation 
per 

Squared 
Item , 

Total of 
Squares per 
Observation 
(2) + (4) 

Grand G2 = 5,881.36 1 kn = 18 326.74 

Sample £T2 = 1,990.36 

0
 

11 J* n = 6 - 331.73 

Observation iy2 = 335.39 
ff 

11 H
 

CO
 

1 335.39 



TABLE ^-"b 

ANALYSIS OF VARIANCE 

Source of 
Variation 

Sum of Squares Degrees of 
Freedom 

Mean 
Square 

F P 

Among Sample £T2 - G2 = k.99 k - 1 = 2 -ns2- = 
y 

2.^95 

10.22 .05 

Within Sample ^y2 - kT2 = 3.66 kn - k = 15 
2 s = 
P 
2.44 

Total 2py2 = &L ~ 3.65 
kn 

kn-1 = 1? 

00 vo 
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Group A Group B Group C 

3.73 3.30 5.58 

4.43 4.19 4.75 

3.92 3.6/+ 5.84 

3.90 >.15 4.12 

4.17 4.17 4.39 

3.43 3.64 5.34 

23.58 23.09 30.02 

G = 23.58 + 23.09 + 30.02 = 76.69 

b. Multiple range test 

This test was developed by Duncan in 1955* and. is 

explained in detail by Li (1957-a). In this method, the 

multiplier of the estimated standard error is called the 

slgnlfleant studentized range and is derived from the 

Student's t- distribution. The significant studentized 

ranges for 5 per cent and 1 per cent significance levels 

are given in the cited text. 

Significant . 
Standard studentized Difference Conclu-
error of range between slan 

Group Means means (Tab. values group Sig.(+) 
S_ = S2/n x std. means not sig. 
y error) (-) 

A 3.93 0.2015 0.606 

B 3.85 0.2015 O.637 A-B = 0.08 (-) 

C 5.00 0.2015 0.606 C-B = 1.15 (+) 
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c. Calculation of standard deviation of the mean 

To obtain the standard deviation of the mean the 

pooled varianoe (S p̂) is divided by the number of ob

servations (n) and the square root of the quotient is 

extracted. 

S.D. = JS2p/n = foM = Jo. 0^1 = 0.202 
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