


DEPOSITED BY THE FACULTY OF 

GRADUATE STUDIES AND RESEARCH 

MSG1LL 
UNIVERSITY 

LIBRARY 







E L E C T R O L Y T E S 

I N 

H E A R T D I S E A S E 

oy 

Char les G. Campbell, M.D. 

T h e s i s 

submitted to the Faculty of Graduate 
Studies and Research in partial 
fulfilment of the requirements for 
the degree of Master of Science. 

McGill University, 
Montreal, Canada April 25, 1949. 



Acknowledgement• 

I am indebted to Dr. S.M. Friedman for h i s advice and encouragement 

in th is work. Dr. C, L. Friedmanfs ass is tance was invaluable in es tab l i sh ing 

the chemical methods. These workers allowed me to par t i c ipa te in cer ta in of 

t he i r experiments, often at inconvenience to themselves, in addi t ion to providing 

generously for me from t h e i r research funds. Dr. J .S .L . Browne was consulted 

at in te rva l s and was most helpful and encouraging. 

Mr. John Isaac i s responsible for the d i f f i cu l t photographic repro­

ductions in t h i s t h e s i s and, to him, I also wish to express my thanks. 

F ina l ly , i t must be s ta ted tha t the v/hole was made possible by a 

Research Fellowship in Medicine granted to me by the American College of 

Physicians for which I am most deeply g ra te fu l . 



TABLE OF CONTENTS. 

Ac know le dgeme n t 

I n t r o d u c t o r y S e c t i o n . 

D e f i n i t i o n of problem 1 

D i e t a r y sodium and potass ium 2 

Absorpt ion n n n ** 

Exc re t i on " n w • • • • 3 

Role of ad rena l c o r t e x .4 

D i s t r i b u t i o n of sodium & potass ium 6 

Fate of i n j e c t e d sodium • 9 

Fate of i n j e c t e d potass ium , »10 

Carbohydrate metabol ism 8c po tass ium. 10 

Role of potass ium i n muscle physio logy 11 

E f f e c t s of v a r i a t i o n i n c o n c e n t r a t i o n on h e a r t e x p e r i m e n t a l l y . . 1 2 

Condi t ions i n man in which potass ium c o n c e n t r a t i o n a l t e r ed -ECG- . .16 

Changes in potass ium con ten t of d i seased h e a r t 21 

R e l a t i o n between potass ium 8c d i g i t a l i s . . . 24 

General a d a p t a t i o n syndrome and acu t e coronary o c c l u s i o n . . . . 2 5 

Administered potass ium i n h e a r t d i s ea se 27 

The problem i n chronic h e a r t d i sease 29 

The problem in. acu te myocard ia l damage . . . . . . 2 9 

Exper imenta l S e c t i o n . 

A. Choice of An ima l s . . »32 

B. E l e c t r o c a r d i o g r a p h y • .32. 

^ Apparatus & techn ique 32 

2 . Anes thes ia . . . . . . . . . . 3 5 

E t h e r 35 



Nembuttal 36 

Evipal 36 

3. "Posture.. .38 

4. Normal Range .....39 

5. Influence of Sex. 8c Weight .40 

6. Influence of Animal Strain 41 

7. Subsequent Variations. ....41 

8. Chest leads .43 

C, Chemical Methods. 44 

Blood Sample 44 

Sodium 44 

Potassium 45 

Part I. - To establish means of elevating sodium & potassium ion 

concentration.......46 

Experiment 1. - Acute administration • .46 

Route , 46 

: Sa l t s administered 47 

Experimental set up. 48 

R e s u l t s . . . 49 

Chemical Analyses ..49 

Effect on ECG 50 

Discussion & Summary. • .51 

Experiment 2 . - Prolonged Administrat ion. . . . . . . 5 2 

Sa l t s admin is te red , . . , . . . . . . . 5 3 

Period of Administration .. 53 

Experimental set up ....54 

Result s , 54 

Weight gain ..54 



Experiment 2. (cont'd) 

Fluid Intake 54 

Chemical analyses , ,.55 

Effect on ECG 55 

Summary,..,....,.,,.,,.. .,,.,, ....,55 

Part I I - The effect of var ia t ions in e lec t ro ly tes on myocardium of 

adrenalectomized animal, ,55 

Experiment 3 . E lec t ro ly te & ECG pat te rn following adrenalectomy.56 

Experimental set up 55 
Abandoned 56 

Part I I I - The effect of varying the potassium concentration on^ an 
enlarged heart 57 

Experiment 4 . DCA-saline # # 5 7 

Experimental set up # 57 

Results , . „ . . . . . . . . . . 5 8 

Blood pressures , . . . . . 5 8 

Heart weights . . 58 

Potassium analysis , .58 

The ECG 5 8 

Summary 59 

Experiment 5 . Prolonged a d m i n i s t r a t i o n of DCA and e f f e c t of 1$ 
ECJ1 . . . . 5 9 

Exper imenta l s e t up 50 

Resu l t s 8c Discuss ion ,6X 

Weight ga in 51 

Blood p r e s s u r e , . . . 6 1 

Heart we ight g^ 

Potassium a n a l y s i s ' . . . , g^ 

The ECG c c 

Summary. # fi. 



Part IV - The effect of varying electrolyte concentration on 
acutely damaged heart............. 54 

Method of Injury and technique ..65 

Experiment 6, preliminary, to establish ECG pattern 
of injury, influence of injury on 
potassium concentration & adrenal 
weight and appearance, and influence 
of thoracotomy ....,.........,,, .68 

Experimental set up 68 

Results. .,69 

ECG p a t t e r n graded 69 

Degree of in ju ry graded . . . . 7 0 

Degree of p e r i c a r d i t i s graded .70 

Microscopic appearance . .71 

P a t h . & ECG f i n d i n g s i n thoracotomy g r o u p . . . . 7 1 

P a t h . & ECG f ind ings i n myocardia l i n j u r y . . . . 7 2 

Adrenal weights . . 7 2 

Adrenal microscopic 75 

Potass ium de t e rmina t i ons 73 

Discuss ion 73 

Summary 74 

Experiment 7. - Effect of raising and lowering potassium con­
centration the ECG pattern of acute 

injury 74 

Experimental set up. 75 

Results .76 

Deaths .....76 

ECG p a t t e r n s 8c p a t h , f i nd ings in u n t r e a t e d -
Jfijured. group. 7 7 

ECG p a t t e r n s 8c p a t h , f i n d i n g s in potass ium 
t r e a t e d in ju red g r o u p . . . 7 8 

ECG p a t t e r n s & path f i n d i n g s in DCA t r e a t e d 
in ju red g r o u p . . . . . . . . . . 7 8 



Experiment 7 (cont'd) 

Potassium determinations 79 

Discussion & Summary 79 

Experiment 8 - Further investigation on DCA in acute heart 

injury 81 

Experimental set up 81 

Results 83 

Deaths 83 

Weight gain 83 

Groups comparable pathologically 84 

ECG findings 84 

Progress as measured by ECG .85 

Summary and conclusions .87 

Part IV - Conclus ions 88 

Summary of experimental section. 
Bibliography. 



INTRODUCTORY SECTION 

The title of this thesis is a broad one and purposely so, for the 

problem was first conceived in such general terms. But it soon became obvious, 

that the role of many electrolytes in many different types of heart disease 

could not possibly be investigated by one person in a short time. Therefore, 

in approaching such a study, the problem had immediately to be limited. Because 

potassium is such an important electrolyte in cellular metabolism and because 

variations in potassium concentrations have such a marked effect upon the func­

tions of the heart, it was decided that this ion should be the principal elec­

trolyte involved in the investigation. Because changes in the potassium con­

centration frequently involve reciprocal changes in sodium concentration, 

sodiunijto an extent, also enters this study. 

The term heart disease also needed closer definition. It was planned 

to include two general types of heart disease in the investigation, acute and 

chronic heart disease. This acute and chronic myocardial damage would also have 

to be of a type easily induced by experimental procedures* 

Such a problem as the roles of these electrolytes in experimentally 

induced acute and chronic heart disease could be approached in different ways. 

For instance, the heart disease could be induced and then the level of serum 

and tissue electrolyte concentrations determined. On the other hand, the effect 

of variations of serum sodium and potassium concentration on the acutely and 

chronically damaged heart could be investigated. Because this last approach 

seemed to offer the greatest therepeutic opportunity, it was the principal 

one adopted. 



2 

As an introduction to th i s problem, several aspects, of sodium and 

potassium physiology must be considered. Pa r t i cu la r a t t en t ion wi l l be given to 

what i s known of the effects of varying the concentration of these ions on the 

hea r t . Then, the relevant work which has been done on the changes in the con­

centrat ion of these ions which occur in heart disease wi l l be summarized. And 

f ina l ly , the effects which have already been noted on administering these s a l t s 

to pa t ien ts with heart disease w i l l be reviewed. At the end of the introductory 

sect ion, ce r ta in p o s s i b i l i t i e s wi l l be suggested, which the experimental work 

wi l l then attempt to e s t ab l i sh . 

Both sodium and potassium are present in l i be r a l arounts , in ingested 

food. The average die tary intake on t h i s continent i s probably about 4 - 6 

grams of sodium and 2 - 4 grams of potassium per person per day. ( i ) . However, 

the amount of sodium and potassium contained in the diet may Vary considerably 

and these var ia t ions are well to le ra ted by the healthy person. (2). On the other 

hand, there seems l i t t l e doubt that in cer ta in disease s t a t e s the intake of these 

ions may become important. For instance, in hypertension, a low intake of sodium 

has become one of the prime considerations in the management of the d isease . (3) 

(4). A high intake of potassium has frequently been used therapeut ica l ly as w i l l 

be seen l a t e r . Diets very deficient in sodium may be very p ros t ra t ing . (3), 

while those deficient in potassium may cause other severe deficiency s t a t e s in 

experimental animals. (5) . 

In the g a s t r o - i n t e s t i n a l , t r a c t the sodium and potassium s a l t s ingested 

in the food and excreted in the i n t e s t i n a l juices are very largely absorbed so 

that very l i t t l e i s found in the faeces. (1)(2) , except in severe diarrhea. (1) 

(6) . In adrenal insufficiency the absorption of e l ec t ro ly tes seem abnormal (7) (8) 
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With absorption into the body complicated mechanisms operate not 

only to keep the serum concentrations (Na = approx' t 140 m e / l ; K =• 4 - 5 m e / l ) 

within physiological l imi t s but also to control d i s t r i bu t ion throughout the body. 

These complex mechanisms can not possibly be discussed in d e t a i l here but ce r ta in 

facts (and opinions) concerning the renal excretion of sodium and potassium, the 

role of the adrenal cortex in the excretion and d i s t r i bu t ion of these ions and 

the dispersement of these ions between the intra-and e x t r a - c e l l u l a r compartments 

must be s t a t ed . 

The chief avenue of excretion of sodium and potassium i s the kidney. 

Both ions pass through the glomerular f i l t e r and both appear to be reabsorbed 

to some extent in the convoluted tubule . Winkler and Smith (9) s t a t e t h a t 

"within the range of potassium concentration which can be to le ra ted physiologi­

ca l ly , the grea te r part of the f i l t e r ed potassium i s s t i l l being reabsorbed". 

They point out tha t potassium excretion i s d i r e c t l y correlated with the serum 

potassium concentration and tha t the clearance of potassium therefore varies 

with the glomerular f i l t r a t i o n r a t e . Lately, Berl iner and Kennedy (10) have 

suggested that there may be a tubular secretory mechanism presumable in the 

d i s t a l tubules , on the bas i s of experiments where hypertonic potassium 

chloride solut ions were injected and yielded ra tes of potassium excretion above 

the ra te of " f i l t ra t ion of potassium at the glomeruli . In regard to sodium, in 

a recent paper, Smith and h is group (11) point out that reabsorption of sodium 

in the proximal tubules i s an active process and t ha t the fract ion of f i l t e r ed 

sodium reabsorbed proximally i s f a i r l y constant so that the load of sodium de­

l ivered to the d i s t a l tubules w i l l increase or decrease with the f i l t r a t i o n r a t e . 

As tho d i s t a l reabsorption of sodium i s probably l imited by the maximal ra te of 

tubular t r anspor t , increasing the f i l t r a t i o n rate wi l l exceed the capacity of 

these c e l l s and sodium wi l l escape while decreasing the f i l t r a t i o n ra te w i l l 
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reduce the d i s t a l load of sodium well below t h i s capacity so that sodium reab­

sorption wi l l be complete. This work i s in agreement with Mer r i l l (11A) who 

found that the re ten t ion of sodium in chronic congestive heart fa i lure was due 

to a decrease in the f i l t r a t i o n r a t e , the resul t of the diminished renal plasma 

flow. 

Though there i s no doubt that the kidney i s the pr inc ipa l avenue of 

excretion of these bases and though the serum concentrat ion, glomerular f i l t r a ­

t ion ra te and tubular reabsorption are the important factors in t h i s renal con­

t r o l , there seems equally no doubt that the adrenal cortex exer ts a tremendous 

influence on the kidney in regard to the quanti ty of sodium and potassium 

excreted. In 1932,Loeb (12) demonstrated,in Addison*s d isease , the s t r ik ing 

decrease in sodium concentration in the serum and pointed out that the potassium 

was a t a high normal level or e l s e elevated* The following year h i s group (13) 

published observations on the e l ec t ro ly t e concentrations in the urine in Addisonfs 

disease which quite conclusively demonstrated the r e l a t i on between the adrenal 

cortex and renal function in that the ur inary sodium was shown to be increased 

and the potassium decreased. However, they a t t r ibu ted the decreased potassium 

to a decreased d ie ta ry in take . Harrop (14) in 1936 withdrew the maintenance 

dosage of cor t ica l hormones from adren ale atomized dogs and demonstrated 

tha t they cons is ten t ly showed, on withdrawal, an increased urinary loss of 

sodium and chloride and r e t en t ion of potassium. In 1939, Harrison and Darrow 

(15) wrote t ha t , the marked disturbance of renal function following adrenalectomy 

was of a specif ic type . The renal tubules fa i led to reabsorb sodium adequately 

from the glomerular f i l t r a t e at a time when the serum concentration was lov/ and 
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did not allow the excretion of potassium when the serum concentration was high. 

Just how the adrenal co r t i ca l hormones cause t h i s change in tubular function i s 

not known. 

The question now a r i s e s as to which compounds of the adrenal cortex 

are responsible for the control of e l ec t ro ly t e excret ion. Engstrom, (16) in a 

recent review, l i s t s some twenty-eight s teroids thus far i sola ted from the adrenal 

cortex, i f we disregard for our purposes, the es t rogenic , androgenic and b i o l ­

ogical ly inact ive compounds we may divide the remaining isola ted substances into 

those having a marked effect on s a l t and water metabolism and those having a marked ij 

effect on carbohydrate metabolism. (7) . In the former group f a l l compounds without j 

an oxygen at Oi l , such as 11 desoxycorti coster one, an extremely act ive compound 

in causing re tent ion of sodium and excret ion of potassium (16). In the l a t t e r 

group, having e i t h e r a hydroxyl or a ketone group at Oi l , i s 17 hydroxy c o r t i -

costerone which is very act ive in carbohydrate metabolism and may besides cause 

a temporary increase in sodium excret ion, (16) and 11 dehydrocosterone and c o r t i -

costerone both of which have a l e s s intense ac t ion on carbohydrate metabolism but 

which wi l l both cause a moderate re tent ion of s a l t and water (16). The acetate of 

11 desoxycorticosterone, ,{DCA), the highly s a l t active compound, was synthesized 

in 1937 by Ste iger and Reichstein (17). 

DCA and adrenal c o r t i c a l extract have both been shown to cause, in 

adrenal insufficiency, a re ten t ion of sodium and water and an excretion of potas­

sium (7)(18)(19). Even with physiological adrenal function, DCA in high doses 

increases the excretion of potassium and decreases that of sodium so t h a t , in the 

serum, the potassium concentration i s lowered and sodium ra i sed . (20) (21). In the 

Addisonian, overdoses of t h i s drug, especial ly if there is^added s a l t , may cause 

edema, congestive heart f a i l u r e , and cardiac d i l a t a t i o n , each of these probably 
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being to a variable extent dependant upon an excessive s a l t and water re tent ion (18) 

In addi t ion, overdosage in the ra t has caused patchy necrot ic les ions in the myo­

cardium (22). Because these lesions are s imilar to those seen following a d ie t low 

in potassiumj\and because they are exaggerated by a low potassium dietjQ they have 

been a t t r ibu ted to the lowered serum and c e l l u l a r potassium (22fl\ The lesions 

were not seen in several species Selya reported (23) but they have been seen in 

an Addisonian dying of DCA overdosage with a low potassium intake (24). Selye 

(23) in the experimental animal, has produced vascular and renal disease (23) and 

hypertension1 (25) employing large doses of DCA and s a l i n e . These effects which he 

describes can be markedly reduced by the use of a low sodium d ie t (26) but with an 

ordinary sodium intake the hypertensive and e l ec t ro ly te changes are s t i l l seen 

though they are l e s s intense (27). The administrat ion of potassium together with 

the DCA and sa l ine wi l l prevent the f a l l in the potassium leve l (21) but does 

not prevent the development of the kidney les ions or of hypertension (26)(28). 

Selye, (29), therefore , bel ieves that the low potassium of DCA overdosage i s not 

responsible for cardio-vascular renal changes which he reported. To him, i t seems 

probable tha t the organ changes with overdosage are due ra ther to the sodium 

reta ining proper t ies and supports t h i s by emphasizing the role of administered 

sodium in t h e i r development. 

Probably because of i t s potassium lowering e f fec t , DCA def in i te ly 

increases the tolerance of experimental animals to large doses of potassium (30) 

(31). There are many other e f fec ts of DCA which wi l l be discussed as we go on to 

describe the r e l a t ion between extra and i n t r a ce l lu l a r e l e c t r o l y t e s . 

The ex t r ace l lu l a r f lu id i s as u l t r a - f i l t r a t e of the plasma and d i f fers 

from i t in containing less protein and l ip id (32). The pr inc ipa l cation of the 

ex t r ace l lu l a r f luid i s sodium as i t i s in the plasma. In cont ras t , in the i n t r a ­

c e l l u l a r f luid about 70$ of which i s in muscle, (33), the pr inc ipa l cation i s 

potassium. The ce l l membrane appears to be freely permeable to the potassium 



7 

ion but allows the sodium ion to pass in small quant i t i es only, except under un­

usual circumstances. (32). Peters (32) and others (34) bel ieve t h i s disparate 

d i s t r ibu t ion of e lec t ro l y t e t - the almost complete exclusion of sodium from c e l l s 

and accumulation of potassium within them - could not be achieved by diffusion 

alone. I t would require a considerable amount of energy to maintain such a 

d i s t r ibu t ion . They bel ieve tha t d i rec t ion of movement of the potassium ion across 

the membrane depends on the nature of the metabolic a c t i v i t y . I t used to be 

thought that the energy for the movement of potassium was gained from the small 

fraction of radio act ive potassium In the ce l l s but. Glasko and Greenberg (35) have 

thrown in doubt the hypothesis that the r ad io -ac t i v i t y of natura l potassium i s 

responsible for i t s "unique physiological p roper t i e s" . In contrast to these 

theor i e s , Conway (36) suggests tha t while the potassium ion is allowed to pass the 

ce l l u l a r ba r r i e r f ree ly , the la rger sodium ion i s to a great extent excluded and, 

while, the chloride and the bicarbonate anions may pass , the large anions such as 

sulphate and phosphate in the c e l l may not . Therefore potassium accumulates in 

the ce l l s to sa t i s fy the surplus negative charges. Thus, t h i s theory of passive 

t ransfer based on d i f f e r en t i a l permeability i s at variance with the energy t ransfer 

theory. 

All the sodium in the ex t r ace l lu l a r f lu id appears to be osmotically 

act ive (32) while about 20 - 25$ of the i n t r a c e l l u l a r potassium i s bound to 

protein and being undissociated i s osmotically inact ive and non-diffusible (37). 

The two compartments are in osmotic equilibrium which i s brought about by sh i f t s 

of water into and out of the c e l l (38). The sodium concentration in the ex t r a ­

ce l l u l a r f lu id appears to be most important in control l ing the d i s t r ibu t ion of 

water between the i n t r a and extra ce l l u l a r compartments (32), Thus, i f there i s 

a decrease in ex t r ace l lu l a r sodium, water enters the ce l l to reduce the osmotic 
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differences. (38). If the extracellular concentration is increased, as in fluid 

loss, there is a movement of water out of the cell giving cellular dehydration. (38) 

The cell gains potassium during anabolism and loses it during cata-

bolism (2), Because cells lose potassium in protein breakdown, studies on the 

excretion of potassium must consider the urinary potassium in relation to the 

nitrogen output (6)(38), 

In certain conditions, vjhere either the intake of potassium is very 

low, as in experimental deprivation (6)(39)(40), or where the excretion is very 

high as in severe diarrhea (38), or as in DCA therapy (22)(21), the potassium 

content of the heart and skeletal muscle cell falls and sodium enters the cell 
« 

(32) (38) (2) (41) to replace it. Where there is a potassium deficit in the cell, 

an abundant intake of sodium chloride tends to aggravate the loss of potassium 

(33). In contrast, this tendancy of the cell to accumulate sodium and lose potas­

sium is prevented by increasing the potassium intake (42). On the other hand, 

in adrenal insufficiency with retention of potassium (43)(34) or in the parenteral 

administration of potassium (38) there is an increase in the amount of potassium 

in the skeletal and cardiac muscle cell and a decrease in the sodium. Thus, 

there is often a reciprocal relationship between the sodium concentration and the 

potassium concentration in the muscle cell but this relationship is not always 

present (44)(45)(33). 

The serum potassium concentration fairly well reflects the level of 

potassium in the muscle cell. Thus high concentrations of serum potassium are 

usually associated with high concentrations in heart and skeletal muscle while low 

concentrations are usually associated with low concentrations in the muscle. But 

again, this relationship does not always hold (38)(34)(44)(45). Large amounts of 
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potassium may enter or leave the c e l l with r e l a t i ve ly small increments or decr­

ements of the ex t r ace l l u l a r f ract ion (45). Although an abnormally low serum 

potassium i s always associated with a c e l l u l a r d e f i c i t , the converse i s net t rue 

for,on occasion, the only way a c e l l u l a r def ic i t can be detected c l i n i c a l l y i s 

by equaling potassium r e t e r t i o n with pre-exis t ing def ic i t since potassium given 

to normal individuals i s not re ta ined (45) and i s excreted as the concentration 

r i ses (46). On the other hand, occasionally there i s a high concentration of 

potassiumjjmuscle with only a s l igh t elevation of the serum level (34). Thus, we 

see that the potassium leve l in the serum does not always represent the depletion 

or replet ion of the c e l l u l a r potassium. 

There are someauthorities (32)(£7) who maintain that cor t i ca l hor­

mones are necessary to maintain the i n t e g r i t y cf the c e l l membrane in addit ion 

to t h e i r effect on renal excret ion. They feel that the sa l t ac t ive cor t icoids 

may shif t the equilibrium between c e l l u l a r and ex t r ace l lu l a r potassium. An over­

dosage of DCA leads to a very low potassium leve l and an absence of the hormone 

resu l t s in high l eve l s . That the effect i s not en t i r e ly renal i s supported by 

those experiments showing a l i f e prolonging action of DCA given to adrenalectonizod 

nephrectomized animals, in comparison to nephrectomized animals with intact 

adrenals (48) • 

A few words must be said about the fate of injected sodium and pota­

ssium s a l t s . I f sodium chloride i s injected intra-venously, i t rapidly diffuses 

into the ex t r ace l lu l a r f l u id . I f the potassium content of the c e l l i s intact the 

sodium ion i s l a rge ly excluded from the i n t r a c e l l u l a r f lu id but i f the potassium 

i s depleted, i t may pass the ce l l u l a r b a r r i e r (32). Ordinari ly, however, as i t s 

concentration r i s e s in the ex t r ace l lu l a r f lu id , water passes from the intra»to the 

ex t ra -ce l lu la r compartment (38) to maintain the osmotic equilibrium and prevent the 

concentration from r i s i n g markedly. I f t h i s process exceeds cer tain variable bounds 
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edema results. The excess sodium is finally excreted by the kidney but not as 

rapidly as injected potassium is (32). 

The fate of injected potassium is different. Winkler, Hoff, and Smith 

(46) found that the increase in serum concentration following the injection of 

potassium, was about 1/3 of the expected level and showed that the rest was 

taken up by all the body water. However, Darrow and his workers (34) showed 

that potassium was not distributed equally throughout the body water. He (49) 

agrees with Fenn (2) that injected potassium rapidly disappears from the blood 

and that liver and muscle absorb relatively more than any other tissue as con­

centration increases, Crismon et al (50) showed that muscle takes up potassium 

quite rapidly and that heart muscle accumulates more than akeletal muscle. In 

addition to this cellular storage, in normal subjects as the serum concentration 

of potassium rises the electrolyte is rapidly excreted by the kidney (46). Sub-̂  

sequentlyjthe excess potassium is released from the cells in which it has ac­

cumulated so that the extra potassium is not retained (32). Low potassium 

concentration in the cell probably increases the extent of the entery into the 

cells and, in contrast, this accumulation is retained by the cells, (45). Thus, 

large movements of potassium into the cell can occur with a large exogenous 

supply whether or not there is a cellular deficit. (45). 

There is another influence upon the potassium level in the serum and 

cells which should be mentioned briefly. There seems to be considerable evidence 

that potassium follows the carbohydrate cycle from muscle to liver and back again 

(2). Glycogen storage particularly in the liver is connected with potassium, 

withdrawing it from the serum (51) (52). Thus, the administration of glucose (2) 

(53) or of insulin (54) (55) will cause a fall in plasma potassium. With the 

administration of adrenalin there is a transient rise in potassium probably co­

incident with deglycogenation in the liver (56) and then a prolonged fall (56) (59] 

coincident with the delayed, prolonged, liver glycogenic reaction which follows 

adrenalin administration. Just in connection with carbohydrate metabolism 
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i t should be pointed out t h a t , because some cor t icoids are concerned with gly­

cogen metabolism, these sugar act ive compounds may exert an indirect influence 

on the potassium leve l (51), 

To date some of the fac tors concerned with the control and d i s t r i b u ­

t ion of sodium and potassium in the body have been reviewed. The importance of 

sodium in the d i s t r i bu t ion of water has already been noted. The importance of 

potassium in muscle physiology and in neuro-muscular and neural mechanisms wi l l 

now receive some a t t en t i on . Then sodium and potassium in r e l a t ion to cardiac 

function w i l l be discussed. 

Concerning neuro-muscular and neural mechanisms the remarks wi l l be 

pa r t i cu la r ly confined. To quote Donnegan .(51^"there seems to be l i t t l e doubt that 

potassium i s important for the neuro-muscular mechanism - not the absolute potas­

sium concentration, evidently, inside or outside the c e l l , but something more 

elusive in the shape of i n t r a c e l l u l a r d i s t r i b u t i o n . There is some evidence that 

small var ia t ions in the potassium concentration produce a marked var ia t ion in the 

parasympathetic response. ThusJ a s l ight increase in concentration wi l l increase 

the sens i t i v i ty of the heart t i s s u e to vagal s t imulat ion. (58). These findings 

by Hoff confirm those of Howel (59).Moore (60) points out that in large concentra­

t ions of potassium such as occur in inflammatory exudates, according to the 

German l i t e r a t u r e , the ion i s capable of penetrat ing nerve s t ruc tures and giving 

r i se to s t imulat ion of pain sens i t ive endings. L i t t l e more wi l l be said about t h i s 

phase of potassium a c t i v i t y . 

In muscular physiology, there i s some question about the role of po­

tassium. Fenn (2) and others (61)(62) s t a t e tha t muscular a c t i v i t y causes a ldss 

of potassium and a gain in sodium and,further (63), that t h i s loss i s proportional 

to the i n t ens i ty of contract ion and i s favoured pa r t i cu l a r l y by rhythmical var ia ­

t ions in length and tens ion . Hoagland (64) has confirmed t h i s loss of muscle 
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potassium following exercise. It might be said here that heart muscle also seems 

to lose potassium during activity (2) and this loss is increased in ventricular 

fibrillation. (65). However, Mitchel, (66) although confirming the potassium loss 

in a muscle stimulated to exhaustion, could not confirm it under more physiological 

circumstances. In addition,Miller & Darrow (67) conclude that within wide limits 

the amount of potassium in the muscle does not limit its performance. But they 

attributed poor performance following DCA with resultant lowering of potassium to 

heart lesions rather than to skeletal muscle debility. Walker (68)(69) on the 

other hand showed a marked decrease in muscle responsiveness with a low potassium 

following DCA but could not rule out changes at the myo-neural junction. This 

worker and others (2) have found also that increasing potassium to a certain 

degree seems to increase muscle performance but too great an increase (62) causes 

inexcitability. In man, extremes of potassium concentration may cause marked 

weakness, this being associated occasionally with marked elevations of potassium 

as in potassium therapy (70) or with marked depressions as in DCA overdosage 120) 

(71) as in familial periodic puralysis (47) and as in diabetic acidosis in the 

recovery phase. (72) It is, however, impossible to state whether this disability 

is due to a purely muscular disability or whether other factors enter into italso. 

Thus, potassium may be important in normal muscular physiology and 

muscular performance may, to a degree, be dependent on the potassium content of 

the cells. Without going further into general muscle physiology, consideration 

will now be given to the effect of varying the potassium and sodium concentration 

on the heart. 

It was James Blake (73), in 1839,who first investigated the effects 

of intravenously injected potassium. He noted, in the dog, that cardiac arrest 

was the cause of death and that the rapidity of death depended upon the strength 



13 

of the injected potassium. He also showed that different kinds of potassium s a l t s 

a l l caused the same type of cardiac death. On the other hand, with "subcarbonate 

of soda" he showed tha t "the heart retained a remarkable degree of i t s i r r i t a b i l i t y 

af ter death" when the lungs were very ecchymotic and heavy. In 1881, Fe l ta & 

Ri t t e r (74) injected intravenously, into a dog, the same doses of potassium as 

Blake had used but showed tha t the s a l t was not toxic i f injected slowly. Shortly 

thereaf ter , Ringer (75) published a paper stowing the effect of various inorganic 

ions on the heart (he did not specify the species used) . He found that perfect 

contractions could be maintained by a perfusing solut ion the basis of which was 

physiological sa l ine with t races of calcium and potassium added. He demonstrated 

the tetany of the heart with excess calcium and the d i a s to l i c a r r e s t of excess 

potassium, besides shewing the necess i ty of a physiological concentration of 

sodium. In JSmerica, in 1899, t h i s work was confirmed by Howel (76)" and Greene (77) 

who emphasized the importance of physiological sa l ine osmotically, in keeping the 

ventr icular muscle of a te r rapin in condition for contraction and the necessi ty 

of adding calcium and potassium in a ce r ta in balance to produce and sus ta in con­

t r a c t i o n s . Howel, (59) as mentioned before, showed that increases in the potassium 

content of the perfusing f luid increased the vagal response of the heart while 

decreases diminished i t . Mathison (78) in 1911 working on the mansnalian heart 

injected various quan t i t i e s of potassium chloride and observed the disturbances 

•in rhythm produced by i t , namely, sinus slowing, hear t block, and vent r icu lar 

f i b r i l l a t i o n . This Oast he found to be a common i r r e g u l a r i t y before death but also 

stated tha t the heart may come to res t in d i a s t o l e . 

I t was in 1930 that the electrocardiograph was used to deironstrate 

some of the ef fec ts of potassium on the hear t . Wiggers (79) applied a * solution 

of potassium chloride to the surface of the dog heart and obtained a deflection in 

which the descending limb of the R wave i s extended by a rounded hump or merges into 
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a declining plateau and pointed out the s imi l a r i t y of t h i s pat tern to tha t seen in 

acute coronary occlusion. In the same year, he showed (80) tha t potassium would 

stop e l e c t r i c a l l y induced vent r icu la r f i b r i l l a t i o n in dogs. In another paper on 

f i b r i l l a t i on ,he (81) noted fur ther tha t potassium adminstration could also produce 

f i b r i l l a t i o n . In addit ion,he (81) showed that t h i s f i b r i l l a t i o n was regular ly pre­

ceded by a diminuition in the R def lec t ion , a deepening of the S def lect ion, a 

prolongation of the en t i r e QR3 complex, depressed ST segment, and a pronounced 

increase in the T wave. In 1933, McLean, Bay4, and Hastings (82) reported on the 

cardiography effects of varying the potassium concentration of the parfusing 

fluid in the rabbi t h e a r t . They showed tha t increasing the potassium concentration 

to 9 m e / l or above was regular ly followed by prolongation of the PR in t e rva l , 

deepening of the S wave, marked broadening of the QRS and a marked increase in the 

height of the T wave. If higher concentrations were used (12 m e / l ) , t h e s e charges 

were accentuated and ven t r icu la r f i b r i l l a t i o n was seen. In higher concentration 

s t i l l (18 m e / l ) , there was cardiac s t a n d s t i l l in d i a s t o l e . All changes were found 

to be reversible when perfused with a physiological so lu t ion . These workers also 

demonstrated, for to f i r s t time, the cardiography changes oaised by e decrease 

in potassium. At a concentration of 5 m e / l > a reduction in the size of the T 

wave was seen, and at lower concentrations s t i l l , an inversion of the T wave some­

times ar^ecTed. These changes were also reve r s ib le . 

A nore comprehensive study of the r e l a t i on between serum potassium 

levels and c h a n t s in the electrocardiogram (ECG) was undertaken in 1938 by 

Winkler, Hoff and Smith, (83). Using the dog, they were able to deronstrate a 

sequence of cardiography changes which occurred coincident with increases in 

serum potassium concentration. They injected intravenously an isotonic solution 

of potassium chloride (1.2*) slowly. At levels of 5 - 7.8 m e / l , t he r e was an 
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increased amplitude of the T wave accompanied by a shortened duration of the T 

wave. This progressed u n t i l the T wave equalled the QRS in amplitude and b rev i ty . 

At concentrations of 7.8 - 9 m e / l the ST segment often 3ank below the i s o e l e c t r i c 

l i n e . The P wave lost amplitude end disappeared at 9.4 - U r n e / l . The Q,RS became 

widened at 10 - 12 m e / l u n t i l the whole QRS and T was a broadened biphasic com­

plex. Final ly the heart stopped in d i a s t o l e . Figure 1 i s a diagramatic r epre ­

sentation of these changes in the dogs taken from these authors(s4These workers 

(83) fe l t that the ra te a t which the serum concentration r i s e s might be an 

important factor in the tox ic i ty of potassium but postulated that there was a 

c r i t i c a l l eve l of potassium concentration a t which the heart stopped. Nahum and 

Hoff (85) confirmed these findings in the rabbit and went on to show that a rapid 

injection of potassium produced f i b r i l l a t i o n while slow inject ion resul ted in 

cardiac s t a n d s t i l l . Chamberlain e t a l (86) working on the cat , agreed with t h i s 

work a l so , but they found less constant changes in the T waves, f l a t t en ing , i n ­

version, or coving, being seen. They fe l t t h a t , while there was a general r e ­

la t ionship between the sequence of ECG changes and the serum potassium leve l , 

there was no way of predict ing the level of serum potassium at which the cardio­

graphy changes would take p lace . In 1943, Crismon, (50) and h i s workers con­

firmed, in the ca t , the r e s u l t s obtained by Winkler, Hoff and Smith, in the 

dog. They examined the e l ec t ro ly t e level in the cardiac t i s sue and serum at a 

time when the toxic ef fec ts of potassium, as measured by the cardiogram, were 

c r i t i c a l . They could find no support for the concept of a c r i t i c a l l eve l of 

potassium concentration in the serum. They emphasized the importance of the rate 

of r i se of potassium in the serum and the rate of penetrat ion into the c e l l . 

However, although the ce l lu l a r potassium was found to be uniformally elevated 

by the in jec t ion , i t was no more so in the group of animals developing block than 

i t was in the group not developing i t , so that there was no necessary r e l a t i o n ­

ship between the absolute ce l l u l a r potassium and the signs of potassium poisoning 
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YJinkler, Hoff and Smith (87) have s tated that potassium has a highly 

specific effect on the heart muscle which i s not shared by ske le ta l muscle 

general ly. Crismon (50) and h i s group go further and suggest in addit ion 

a highly specif ic effect on the purkinge c e l l s . 

Thus fa r , then we have shown that sodium i s very important osmotical­

ly to the heart and that potassium and calcium are antagonist ic in t h e i r ac t ion, 

a correct ra t io , being needed for contract ion, ^ exces s of potassium pro duces a 

functional a l t e r a t i o n in cardiac t i s s u e characterized mainly by a diffuse in ­

terference with conduction which may f ina l ly resul t in f i b r i l l a t i o n or a r res t 

in d i a s to l e . As the serum concentration of potassium r i s e s and these func­

t iona l a l t e r a t ions occur, there i s a typica l sequence of changes seen in the 

ECG, On the other hand, diminishing the serum potassium concentration also 

seems to have an effect on the function of the heart which i s ref lec ted in the . 

ECG in addit ion to the structural' effect of a lowered potassium discussed 

e a r l i e r in th i s paper in connection with low potassium diet and prolonged DCA 

administrat ion. I t has not yet been def in i te ly establ ished whether the effects 

of var ia t ions in potassium concentration on the myocardial f ibre are due en­

t i r e l y to an a l t e r a t i o n in ex t r ace l lu l a r concentration or whether changes in 

the i n t r a c e l l u l a r concentration also play a p a r t . Certainly there i s a rough 

corre la t ion between the ECG changes and serum potassium concentration. But 

changes in the serum potassium often ref lec t corresponding changes in ce l lu la r 

potassium. However, i t i s probably safe to say tha t the gradient between the 

intra-and e x t r a - c e l l u l a r compartment i s disturbed. Possibly, t h i s disturbance 

of gradient in te r fe res with the po ten t ia l difference developed in r e l a t ion to 

the ce l l membrane and in t h i s way in ter feres with cardiac function (88). 

At t h i s point , i t i s appropriate to describe some conditions in man 

in which the potassium level i s a l tered with pa r t i cu la r reference to the effect 

on the heart as gaged by the ECG. In the human, i t i s very d i f f i cu l t to study 
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the effect of one variable such as potassium or sodium because there are often 

so many other variables operative. Certain changes in the ECG, however, which 

are described as occurring shortly after the administration of a potassium salt, 

coincident with a rise in serum potassium concentrations are very probably pure 

potassium effects. Similarily, it would seem, that the cardiography pattern, 

seen in a patient in an attack of periodic paralysis, is probably a pure pattern 

of hypopotassemia for the picture disappears when potassium is administered. 

In other conditions, -There the potassium balance is disturbed, there are so 

many other factors which nay be contributing to the cardiography pattern that 

the ECG nay not be indicative of a potassium excess or lac}- ever if or- or the 

other core! it ion prevailed. 

The incidence of potassium intoxication in man seems to have been 

greatly enhanced by the use of potassium salts therapeutically. These salts 

have long been used extensively as diuretics, as expectorants, and in the 

treatment of cardio-vascular syphilis. Smillie (89) warned against their use 

in nephritis on the basis of experiments where animals with experimental 

nephritis were given potassium salts. On the other hand, In 1925, Rabinovitch 

(90) in a paper on electrolytes in uremia, reported at least three cases with 

very high potassium all of whom had normal cardiograms. In 1935, Keith (91) 

was able to recommend doses of potassium nitrate of 12.5 grams daily as a 

diuretic in renal disease^ cautioning only against its use in anuria. Finch 

and Marchand (70) report that their nephritics received as much as 25 grams 

daily of potassium chloride. 

But what of the changes in the ECG associated with an increased serum 

potassium. In 1937, Harris and Levin (92) injected 5 cc of \% potassium chloride 

into normal subjects and showed that sometimes the T ?/aves were elevated bv the 
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administration; . The year following the publication of Winkler, Hoff, and 

Smith's paper (85)^Thompson (93) reported on the electrocardiographic abnormali­

t i e s resu l t ing from the therapeut ic use of potassium s a l t s in 24 cases of heart 

and kidney disease . In 15/24 cases , there was an increase in the height of the 

T wave and in these patients, , the average increase in potassium concentration 

was 8 mgm$. A few pa t i en t s showed s ino-aur icular slowing, a prolonged PR 

in t e rva l , and heart block. In 1941, Stewart and Smith (94) reported on 5 non­

renal cases who had received potassium therapeu t ica l ly . They did not do 

potassium concentrations but noted cer ta in cardiographic abnormalities that 

appeared with potassium administrat ion and disappeared with potassium withdrawal. 

These changes included prolongation of the PR i n t e r v a l , aur icu lo-vent r icu lar 

block, aur icu lar s t a n d s t i l l , and in t raven t r i cu la r block. There were changes in 

the ST and T waves which resembled changes seen in coronary occlusion. In 1945, 

Finch and Marchant (70) described the ECGs taken during the terminal stages of 

uremia with o l igur ia in two pa t ien t s receiving potassium as a d i u r e t i c , and in 

one of these cases the potassium concentration was determined and found to be 

8.85 m e / l and terminal ly 10.5 m e / l . The ECG changes described were p r a c t i ­

cal ly indis t inguishable from those seen in experimental animals with marked 

potassium in toxica t ion . No P wave was d i sce rn ib le . The ĜRS was very broad 

and rounded^the S wave deep^and the T wave round and high. Both pa t ien t s 

showed such terminal arrhythmias as slow coarse f i b r i l l a t i o n and vent r icular 

asyptole and both died of cardiac a r r e s t . Keith (88) has found 15 uremic 

pa t ien ts with hyperpotassemia in 7 years . Three of these were receiving 

potassium a d iure t i c and,in two o thers ,a t e s t dose was given. The serum 

potassium concentration varied from 7.7 m e / l to 10.5 m e / l . They a l l had 

typ ica l ECG findings such as those discussed above. These findings were 

often terminal . He found a rough corre la t ion between the serum potassium 
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level and the ECG changes but pointed out that a definite picture could not be 

predicted from the cardiography picture. He also correlated the pathological 

findings with the ECG and found that potassium can exert its action on a normal 

or diseased heart supporting the concept of a functional alteration rather than 

structural. Tarail (95) has also noted the peaked T wave, prolongation of the 

qRSJand increased PR interval^ in 4 patients suffering from renal insufficiency 

and oliguria. Stewart et al (96) have demonstrated similar but less extensive 

cardiographic findings in addition to high serum potassium in 2 patients with 

unimpaired renal functions receiving potassium therapeutically. Byswater (97) 

has shown these concommitant ECG and serum potassium changes occurring after 

crush injuries with anuria. Thus, we see that the toxic effects of potassium 

upon the heart are seen not only in severe renal disease spontaneously or 

following the ingestion of potassium therapeutically, but also, in patients 

with unimpaired kidney function receiving potassium salts medicinally. 

So far as Addison1s disease is concerned,Thompson (98) presented a 

case showing high peaked T waves which regressed under treatment as the 

serum potassium fell until they were flat when the serum potassium concentra­

tion was low. However, in 1942, Thorn et al (99) stated that there was no 

pattern of the ECG which was specific for Addisons disease in a large number of 

cases. At this point it is well to emphasize two points. The first is that 

potassium toxicity can not be diagnosed from a single ECG for the pattern is 

not diagnostic (100)(88). Serially however, certain patterns emerge either 

progressing or regressing and it is this sequence of changes following the 

serum potassium levels that may be important. The second point is that a "pure" 

potassium effect should not be expected in a complicated condition like Addisons 

disease. But if, in an Addisonian, following DCA administration serial cardio-

grams are taken the T waves may become flat or even small inverted (101) and the 
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PR and Q,T prolonged (99) as the potassium level falls. Raab (102) has shown 

flattening of the T wave in normal men receiving large doses of DCA but Loeb (105) 

was not able to demonstrate this change after the subjects had received the drug 

for 2 weeks. 

Further to the ECG findings with a low serum potassium, Stewart, Smith 

and Milhorat U35) first correlated the findings of the low serum potassium in 

an attack of periodic paralysis with changes in the ECG. They observed a pro­

longed PR, QRS, and QT, with a flattening of the T wave. Other workers U04) 

have found this lowering of the T wave and prolonged QT interval. Danowski et 

al (105) have presented evidence attempting to show that during an attack of 

paralysis the potassium moves from the extracellular phase to the intracellular 

and that this shift is the cause of the decline in serum potassium. If this is 

so, it means that the changes in the ECG are due to the lowering of the extra­

cellular potassium concentration. Once again, however, it may be the distur­

bance of the normal gradient that is truly important. 

In addition to these situations where the potassium is lowered, it may 

be decreased in chronic nephritis with a lowering of the T wave« (106). Also, 

patients recovering from diabetic acidosis were noted by Billet and Dyer (107) 

to have prolonged Q.T and flattened T. In 1946, Holler (108) associated these 

changes with the fall in potassium coincident with glucose administration, in­

sulin administration,diuresis and dehydration. He showed that the cardiographic 

abnormalities were abolished by the administration of potassium. Danowski and 

his group (3.09) recall that a very low cellular potassium in DCA overdosage or 

in low potassium diet will produee}experimentally,degenerative changes in the 

myocardium and report that a 26 year old boy with the lowest serum potassium 

they have encountered in this condition developed inverted T waves that did 

not return to normal for 2 months. Although this change may easily be due to 
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other factors, it seems possible that here is an example of a structural defect 

resulting from the potassium depletion. These workers U09) and others (110) 

note the rapidity with which administered potassium leaves the serum without 

appearing in the urine or faeces indicating that it is taken up by the depleted 

cells. Thus, it is possible that the increase in intracellular potassium is the 

factor improving the cardiogram following potassium administration in this 

condition. But against this is the fact that at the height of coma, the 

cellular potassium may be severely diminished yet the serum potassium and the 

ECG may be within the range of normal U09). It is only after the serum potas­

sium falls in the recovery phase that this change in the ECG developes. Although 

it seems highly likely that a disturbance of extracellular potassium concentra­

tions is responsible for the electrocardiographic changes, it can not be 

definitely stated that the intracellular changes do not have a role. 

It is time now to consider the changes which occur in the potassium con­

tent of the diseased heart. In view of the possible role of potassium in muscle 

Physiology, Harrison, Picher, and Ewing, (72) in 1930, approached the problem. 

Taking specimens for analysis from recently deceased patients, they found that 

the potassium content of skeletal and cardiac muscle of individuals dying 6t 

congestiveeheart failure was less in dry weight than that of subjects dying from 

other causes. They wondered if this loss of potassium connected with heart 

failure might be an important factor in causing subsequent breaks in compensation. 

They raised the question as to whether functional changes resulting from a loss 

in potassium might not be reversed by administering potassium. This same group 

(111) carried out analysis on skeletal muscle of living patients with congestive 

heart failure in an attempt to rule out post mortem changes as the cause of the 

low potassiums found in their previous report. In the patient with congestive 

heart failure and edema, the potassium content of the wet gastrocnemius 
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was invariably low and the sodium and water content high. The amount of potas­

sium in the dry muscle was usually, but not always, diminshed. As the edema de­

creased, the potassium content of the dry muscle sometimes rose. They demon­

strated that administered potassium increased the potassium content of the muscle, 

More recently Myers, (112) and Decherd and his group, (113) have confirmed the 

loss of potassium and.in addition,indicated a loss of creatine per unit weight 

in chronic hypertrophy of the heart in experimental animals, the loss being 

greatest in the affected ventricular muscle. Thus, in some types of chronic 

heart disease, the myocardium loses potassium. The question is whether this 

further impairs the function of the muscle. 

The problem in acute myocardial infarction is somewhat more difficult. 

Baetzer (114) in 1935, summarized the various conditions under which skeletal 

muscle loses excessive potassium. He listed injury and death; perfusion or 

emersion in solutions low in potassium; severe fatigue; increased acidity. He 

amplified this list by showing that haemorrhage, vasoconstriction or temporary 

block of arterial supply caused a marked and rapid loss of muscle potassium 

as measured by a marked increase in the potassium concentration in the femoral 

venous blood if the venous blood flow was reduced. Now the point is could these ! 

changes in potassium concentration be occurring in the myocardium following 

acute coronary occlusion? Dennis and Moore U15) tried to answer this question 

in 1958. Working on cats and ligating the coronary artery, they showed that 

samples taken from the venous blood in the coronary sinus, which was also ligated 

to fascilitate the procedure, showed a marked increase in potassium in compari­

son to a sample withdrawn simultaneously from the vena cava. They showed that 

neither congestion from the coronary sinus ligation nor the operation itself 

significantly increased the potassium in the sample so that they felt justified 

in attributing the increase in the potassium in the outflow blood to ischaemia. 
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Hermann 8c Erhard (116), considering this indirect evidence, worked on dogs 

ligating a branch of the anterior descending branch of the left coronary artery. 

They took tissue samples 1 to 22 hours after ligation inside and outside the 

infarcted area. They found a loss of creatine but not of inorganic phosphate 

and potassium. It should be noted here that the area infarcted was small and 

it would be inevitable that they would include normal with asphyxiated tissue 

and again the smallness of the branch ligated would make it impossible to be 

sure that the area actually was infarcted and no attempt was made to prove it. 

The creatine (117) which was lost almost certainly came from the damaged muscle 

so that probably potassium and phosphate would be released too but if this were 

the case these electrolytes must have been held in the damaged area. At .any 

rate, Hermann & Erhard could not agree with Dennis & Moore. 

In 1939, Dr. Blumgart and his group (118) approached the problem with a 

view to finding why electrocardiographic evidences of infarction were often 

present before there was any morphological change in the tissue. After occlud­

ing the left circumflex branch in dogs for 45 minutes the animals were sacrificed 

in 24 hours and a tissue sample taken inside and outside the infarcted area. 

They found on tissue analysis a marked increase in extracellular fluid, but no 

increase in intracellular fluid. The potassium showed no change when expressed 

per unit cell water. Once again me do not know for sure whether the area is 

infarcted, though previously this procedure had produced diagnostic ECG findings. 

And most important we do not know the size of the tissue sample. This is very 

important for it is known that in infarction the subepicardial layer is most 

frequently spared (119). How much ischemic tissue was in the sample? 

This work all seems very incomplete and conflicting 4S y e t # It s e e m s 

very probable theoretically, at least, that with the sudden catastrophe of 

occlusion, the degenerating muscle would release considerable quantities of 
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crea t ine , phosphate, and potassiun. If potassium accuralated around the 

ischemic nuscle the present methods of estimation mirrht not show such an 

important charge in d i s t r i bu t i on . The increase in ex t race l lu la r f luid seems 

reasonable in view of the exudation that probably occurs. 

There i s yet another facet of t h i s problem of pota^ium chang- in heart 

dir3ase. Wood and Moe (120) s t a t e that " i t has beer, conclusively demonstrated 

that d -g i t a l i ? has a d i rec t effect on the cont rac t i l e rower of ODrdiac muscula­

tu re" . In view of t h i s fact and in view of t h e i r work on the loss of potassium 

in cardiac f a i l u r e , i t was logica l for Calhoun and Harrison (121) to i n v e s t i ­

gate the re la t ion d i g i t a l i s bore to potassium. They found tha t d i g i t a l i s in 

therapeutic doses e i the r did not change the potassium content of the heart muscle 

of dogs or only s l i g h t l y diminished i t . On the other hand, in toxic doses, 

d i g i t a l i s caused a diminuition of the potassium content. ;7ood and Moe (120) 

showed tha t d i g i t a l i s in both toxic and therapeut ic doses caused a loss of 

potassium from the myocardium and a f t e r reviewing the physiological evidence 

that potassium loss i s proportional to tension developed, postulated that 

potassium loss from cardiac muscle during d i g i t a l i s act ion was the resu l t of 

increased cardiac a c t i v i t y . Wedd, U22) however, could not agree ful ly and 

showed that when potassium loss occurred, i t was a l a t e toxic manifestation. 

Friedman and Bine (123) have recent ly confirmed t h i s . Hazen (124),and Boyer 

and Poindeter (125), agreed that potassium was los t with toxic doses of d i g i t a l i s 

but they,on the other hand,present evidence to show that d i g i t a l i s in the ra ­

peutic doses causes a s l igh t increase in cardiac potassium, 

Zwemar and Lowenstein (126) (127) point out that strophanthin and DCA 

are both protect ive against l e t h a l doses of potassium chloride and that ad-

renalectomized and potassium chloride t rea ted animals are pa r t i cu la r ly res i s tan t 

to strophanthin. Kinsell (128) and h i s workers point out that excessive doses of 
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DCA or of strophanthin produce a loss cf potassium from the cell and replace­

ments by sodium. They believe that both DCA and strophanthin in physiological 

doses tend to maintain the bslance between intracellular and extracellular 

potassium as they both antagonize the action of thyroxin in causing a potassium 

loss from the cells. 

Even though some of this evidence is conflictingjOn the whole, it seems 

to indicate that the functional integrity of the heart muscle cell is partially 

dependant on its potassium content and that digitalis acts at least in part by 

preventing or restoring the loss of potassium from the myocardium with damage. 

Another matter that should be considered is the role of the general 

adaptation syndrome (29) in acute coronary occlusion. This chain of reactions 

must surely be brought into play in some such cases for the stimulus is not only 

severe but may be quite prolonged. The electrolyte changes which occur during 

this syndrome may be important to this problem. Selye (29) states that in the 

shock phase of the alarm reaction, after exposure to many different stimuli, 

there is an increase in serum potassium and an increased urinary potassium 

excretion. He feels this is due to a discharge of potassium from the tissues 

into the blood. In addition, in this phase, there is a diminuition of urinary 

sodium and chloride but these substances are also reduced in the blood which 

Selye (29) suggests is due to leakage into interstitial spaces. These sodium 

and chloride values return to normal in the resistant phase but may fall again 

with stage of exhaustion. The potassium changes past the shock phase have not 

yet been conclusively demonstrated. (56). 

Thus, the general blood picture following stress is a high serum potas­

sium and low sodium. These changes in the blood are similar to those found in 

adrenal insufficiency but the urinary picture is different. At any rate, com­

pounds of the adrenal cortex have been widely used to combat shock. In animals 

with intact adrenals, Selye ,29) found "under certain conditions these hormones 
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can prevent shock and f a s c i l i t a t e the development of counter-shock phenomena. 

I t i s possible tha t some types of damage are b e t t e r combatted with sal t act ive 

and others with sugar act ive c u r t i c o i d s . " However,he found in general that 

cor t i ca l ex t rac t s and carbohydrate ac t ive cor t icoids are more eff ic ient than 

sa l t act ive ones. These l a s t he found of greates t value in dehydration and 

potassium poisoning. I t should be pointed out here that sugar act ive compounds 

have some s a l t ac t ion U6) d i r e c t l y and some act ion on potassium levels ind i r ­

ect ly because of t h e i r carbohydrate e f fec t . The zona fasc icula ta of the cortex 

has been shown to be the zone of production of these sugar ac t ive cor t icoids 

while the glomerulosa produces the s a l t active (129) (130). In s t r e s s , the 

fasciculata appears to be the zone pr inc ipa l ly a f fec ted . , (129)(150) so that 

i t seems possible tha t some of the e lec t ro ly te changes in s t r ess are due to 

over production of sugar act ive compounds. 

Certain workers point out in the shock following severe muscle injury, 

the injured muscle loses potassium and gains sodium ,131)(132 and coincident 

with the a l t e r a t i ons in the serum concentrations, the uninjured muscle gains 

potassium and loses sodium (152). Several authors ,152)(155)(154)(155) have 

suggested that the increased serum potassium in injury and s t r e s s might be 

harmful. However, Winkler, and &off ,156) point out that the increased potas­

sium concentrations encountered in experimental traumatic shock, although they 

may cause an elevation of the T wave, are only rare ly of a suff ic ient degree to 

cause a cardiac death, m addi t ion, i f potassium i s so important in injury and 

s t r e s s , i t i s d i f f i cu l t to see why DCA has not been the most effective counter^ 

shock hormone. On the o ther hand, i f the heart i t s e l f were the acutely injured 

organ and i f the uninjured t i s sue gained potassium and the injured t i ssue lost 

i t , and i f the alarm react ion of the general adaption syndrome i s associated 

with a high serum potassium and a drop of ce l lu la r potassium, i t i s possible 
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that these disturbances of the normal e x t r a c e l l u l a r - i n t r a c e l l u l a r gradient might 

be an addi t ional factor disturbing the functional i n t eg r i t y of some of the 

myocardial t i s s u e . 

The time has now come to consider what work has already been done on 

the effect of varying the potassium concentration on cer ta in cardiac d isorders . 

Thompson (93) had pointed out the elevation of the T wave a f te r administration 

of potassium to cer ta in cardiac and mephritic p a t i e n t s . Keith (157) and Sharpey-

Shafer (158) have shown tha t the inverted T wave which i s often seen in the ECG 

of hypertension in a pat tern commonly referred to as ven t r i cu la r s t r a in became 

upright a f t e r administrat ion of potassium s a l t s and then gradually became 

inverted again as the potassium concentration f e l l , Bryant ,139) from F.N. 

Wilson's laboratory reported in 1948 that potassium besides elevating the T 

waves reduced the voltage and the length of the GjRS. These improvements she 

said were of the same order as those found a f te r sodium r e s t r i c t i o n and a f t e r 

sympathectomy. Sharpey-Shafer (140) has also reported that the f la t T wave of 

the myxedematous heart were elevated by potassium. These resu l t s seem to ind i ­

cate a def in i te act ion of potassium on the T wave of these chronically diseased 

hea r t s . Whether the elevation of the T wave also indicates be t t e r myocardial 

function in these circumstances i s not known - a l l tha t can be said i s that 

such increases in amplitude of the T wave in other conditions often pa r r e l l e l s 

c l i n i c a l improvement. But in t h i s pa r t i cu l a r case, the T wave change may be 

only a toxic one indicat ing further danger to the heart ra ther than a sign of 

improvement. As far as can be found, no one has carr ied out the suggestion 

made by Pi lcher and his worker (111) that potassium be used in the treatment of 

a chronically damage heart by publishing a controlled study having potassium 

as the only variable in the treatment of chronic heart d isease . 
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In acute myocardial in fa rc t ions , Sharpey - Shafer (158) administered 

potassium s a l t s , and in these cases , in contrast to the changes seen in chronic 

heart d i sease , the pa t te rn of infarct ion in the ECG became markedly accentuated 

- that is t o say Tl and T4 became deeply inverted in the case of an ter ior i n ­

farct ion and T2 and T3 more inverted in the case of pos ter ior infarct ion while 

in both types the upright T -.vaves in the other leads became more upr ight . 

Once again i t is impossible to in terpre t t h i s finding except to say that i t 

seems evid-nt tha t in acute infarc t ion potassium administration seem to exagger­

ate those myocardial changes which are responsible for the inverted T wave. 

However,the basic change in the myocardium responsible for T wave changes i s 

s t i l l not known. One c lue , however, to t h i s potassium act ion might be found in 

the work of Linder 8c Katz (141) who showed that in a denervated l iv ing coronary 

vessel increasing the potassium concentration from l j to 2§ times the normal 

concentration produces a severe and long l a s t ing cons t r ic t ion of the vessels 

even to the point of occlusion. The vagal effect of potassium in intact 

animals may even exaggerate t h i s . 

I t has been noted previously tha t toxic doses of d i g i t a l i s cause a loss 

of potassium. Sampon and h i s group (142) have shown that the ectopic beats of 

d i g i t a l i s intoxicat ion can be abolished in every instance by potassium s a l t s . 

Previous to therapy, there was no abnormality in the serum potassium levels and 

with ingestion there was no disturbance of the serum potassium absorption curve. 

Not only were the ectopic beats abolished by potassium administrat ion, but also 

they fa i led to return in many instances a f t e r the potassium concentration has 

fa l len to normal l e v e l s . They fe l t that t h i s indicated t ha t the potassium had 

become fixed t o , or had al tered the s t a t e of, the cardiac muscle. They also 

fe l t tha t d i g i t a l i s t o x i c i t y was def ini te ly due a disturbance in potassium 

balance. Here, then, i s an instance where a disturbance in potassium balance 



has a detrimental cardiac effect which is corrected by potassium administrat ion. 

Here, a lso , i s an instance of a low cardiac potassium which i s not reflected in the 

blood potassium l e v e l . 

Having to date considered many aspects of sodium and potassium physiology, 

and having taken note of some of the cardiac effects of these ions, 1 would l ike now 

to pose the problem as i t suggests i t s e l f to me. 

Because of the loss of potassium which has been shown to occur in some 

types of chronic heart diesase ,72), because the potassium content of the muscle ce l l 

may be important to i t s functional i n t e g r i t y ,68,69), and because some of the bene­

f i c i a l effects of d i g i t a l i s may be due to i t s power to maintain or increase ce l lu la r 

potassium ,124) , i t seemed that there might be some value in the treatment of chronic 

heart disease with potassium. The effect of potassium on the T wave of the ventr icu­

lar s t r a in pa t te rn in the ECG of hypertensive heart disease i s most in te res t ing for 

a similar change in the T wave a f te r sympathectomy and af ter sodium r e s t r i c t i o n has 

been taken as evidence of a pa t ien t s improvement (159). Improvement in myocardial 

function following sodium r e s t r i c t i o n may be due to a number of f ac to r s , among them 

a reduction of ex t race l lu la r f lu id volume, ce l lu l a r hydration, or a reversa l of the 

tendancy of high sodium to increase potassium l o s s . But whatever the role of potas­

sium in some types of chronic heart disease^in view of the low glomerular f i l t r a t i o n 

rate of many pa t ien ts with congestive heart fa i lu re because of the diminished cardiac 

output (11A) and, possible associated kidney disease, and in view of the f ac t tha t 

potassium excretion depends upon glomerular f i l t r a t i o n r a t e . (9), the administration 

of potassium in these conditions seemed to be fraught with danger. At any event, i t 

was not possible to carry t h i s work beyond i t s preliminary s tages . 

The f ie ld wh ich seemed most promising was the f ie ld of acute myocardial 

damage. By varying the e lec t ro ly te concentration in an infarcted area, the blood ahd 

oxygen supply are ce r t a in ly not going to be res to red . But what was j 



3ff 

of pa r t i cu la r concern was the " twi l igh t" zone surrounding the cen t ra l , severely 

damaged area . In t h i s i r r egu la r surrounding zone of r e l a t ive ischaemia and 

disturbed metabolism, there i s an increase in ex t r ace l lu l a r f lu id , an exudate 

which contains many red and white blood corpuscles. Now, could a decrease 

or an increase of the potassium in the myocardial f ibres or ex t race l lu l a r f luid 

in th i s zone fur ther impede the function.of the myocardial f ibres in the 

region? If e i the r of these proposit ions i s t rue , then ra i s ing or lowering the 

potassium concentration therapeu t ica l ly might be exjjected to have an effect on 

the myocardial function. Let us make out a case for the need to increase the 

potassium concentration in that region. I t seems probable tha t the necrot ic 

ce l l s would lose potassium. Now i s i t possible that the myocardial ce l l s in the 

" twi l ight" zoro would also lose potassium? This has not been shown experimentally 

b u t , i f i t wera a fac t , ce r ta in findings should be rosai led . Muscle ce l l s which 

exhibit a potassium deficiency probably have a diminished functional capacity 

(68) (69), Cer ta inly , myocardial function suffers with the loss of potassium 

occurring in d i g i t a l i s in toxica t ion . (121). In chronic hecrt disease with a 

diminished cardiac function a l ess of potassium i s associated (72). Although 

i t i s probably that different factors acting upon the myocardium may cause 

s imilar changes in the ECG, i t i s notable in respect to t h i s problem that an 

inverted T wave i s seen in both coronary insufficiency and potassium deficiency. 

In view of these f ac t s , i f there i s a potassium deficiency in the surrounding 

zone, i t seemed possible that increasing the potassium concentration might 

improve the cardiac function. 

On the other hand, i s i t possible that the potassium diffusing out of 

the necrot ic muscle ce l l and red blood ce l l s ra i ses the ex t race l lu la r concentra­

t ion around the necrot ic zone to high levels? Do the potassium ions accumulate 

in the surrounding zone further impairing the function of the myocardium?. I 
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Dennis & Moore (115) point out the very high potassium concentration in in ­

flammatory f luid recorded in the German l i t e r a t u r e . The possible vaso-const r ic-

t o r act ion of such an accumulation has been mentioned (141), I t has also been 

noted tha t a potassium loss can often not be demonstrated in an infarcted area 

but yet creat ine is l o s t . (116). Does th i s indicate tha t the potassium los t 

from the degenerating ce l l s accumulates in the region a t t r ac t ed by some metabolite 

for potassium might well be released from the ce l l if creat ine were being r e ­

leased? Sharpey-Shafer's (138) work showing that potassium administration ac­

centuated the coronary pa t te rn of the ECG might suggest that there already is 

an accumulation of potassium disturbing myocardial function so that the admin­

i s t r a t i o n of further potassium exaggerates the dis turbance. Although the ECG 

picture in acute infarc t ion is not that of potassium excess, the pic ture of 

escess as we know i t i s one of a generalized excess. The picture of a localized 

potassium excess i s not known except for the pat tern produced by local ized sur­

face applicat ions of potassium which Wiggers (79) demonstrated to yei ld a pat­

t e rn s imilar to a coronary pa t t e rn . In the ear ly stages of the general adapta­

t ion syndrome, there i s frequently an increase in serum potassium. Thus, i s i t 

possible that lowering the serum potassium would have a beneficial effect of the 

acutely injured hear t? 

I t i s real ized that both these proposit ions are extremely hypothet ical . 

However, i t seemed just possible that t h i s type of approach in the treatment of 

acute coronary occlusion might be of some value. Thus, t h i s problem of the 

effect of varying the e lec t ro ly te concentration on an acutely damaged heart i s 

the most important part of the experimental work in t h i s paper. 
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Experimental Section. 

A. Choice of Animals. - Albino rats were chosen for this work for 

several reasons. First, hardy imbred strains of Wistar and Sherman animals 

were available and facilities were at hand to manage these animals in large 

numbers. It was felt that numbers were extremely important in this type of 

study. At McGill, there is often considerable difficulty in obtaining large 

numbers of larger animals, such as cats and dogs which are so frequently 

used in experimental cardiac investigation. Even if they were obtainable, 

there are so many uncontrolled variables present when these animals are used 

experimentally. Just to mention a few of these, there is age, breed and strain 

dietary and environmental background, and the condition of the coronary circu­

lation and myocardium. In fact, there are so many variables that a group to 

be reliable would have to be extrercely large. In the rat used here, breed, 

strain, age, diet, environment, are all known. None of the animals in our 

experiments was more than 4 months of age, and in the rat coronary disease 

is rarely if ever seen at this age ,143) so that this factor is controlled 

also. 

B. Electrocardiography. 1. Apparatus Technique, - The logical way 

to record the effect of varying the electrolyte concentration in these animals 

is by electrocardiography, particularly in view of the effect of potassium on 

electrocardiogram" (ECG), Accoxdingly, a Sanborn Cordiette being available, 

tracings were taken on normal anesthetized animals placed face down on a board 

with the appropriate limbs stretched onto three electrodes fixed unto the 

board. The board and contact plates are shown in figure 2 while the typical 

tracing obtained with this set up are shown in fig. 5. Very quickly certain 



Figure 2. 

The posturing board. Note the 3 electrode p la tes , the small 

manual chest e lectrode, the metal a r c . at head of board, the d r i l l ed t a i l 

hole and the cent ra l ridge pole. 
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Tracings with ordinary commercial electrocardiograph. (a) Low 

amplitude, ST takeoff elevated, no S wave. Note especially lead 1. (b) 

Better tracing but notice ST takeoff elevated lead 2. Note skipped beats. 
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facts became obvious. The complexes in lead 1 were often of a low amplitude. 

The S wave was often absent in a l l l eads . The ST segments were frequently well 

above the i s o e l e c t r i c l i n e . These t rac ings were def in i te ly unsa t i s fac tory . On 

consulting the l i t e r a t u r e , an excellent paper by Rappaport and Rappaport (144) 

on the ECG in small laboratory animals soon showed why t h i s was so l Evidently, 

in ordinary commercial cardiographic apparatus, which i s designed primarily for 

human use, the speed with which the s t r ing responds to e l e c t r i c a l stimulation i s 

usually about 0.01 seconds. This i s per fec t ly sa t i s fac tory for most heart ra tes 

encountered in the human heart but in small laboratory animals the heart i s often 

more rapid and these higher speeds require a higher s t r ing speed for in such 

animals the Q£ in te rva l i s often less than 0.01 seconds. This means that the 

galvometric speed i s slower than the e l e c t r i c a l phenomena being recorded. Thus 

when using a slow s t r ing speed to take a t rac ing on these animals, the cardiac 

action po ten t i a l which st imulates the s t r ing i s terminated before the recording 

beam has traversed the true distance so that there i s an a l t e r a t i on in the amplitude 

of the QJRS. I t means also that the T wave commences to r e g i s t e r before the R 

deflection has had time to return to the i soe lec t r i c l i n e . Thus, the S wave i s 

not shown and the ST segment appears well above the i soe lec t r i c l i n e . The s t r ing 

speed of a machine can be gaged by the standardizat ion t r ac ing . The s t r ing speed 

can be increased to 0.0015 seconds by t ightening the s t r ing to 1/10 normal 

s ens i t i v i t y ,1 mi l l ivo l t gives a deflection of 1mm instead of 1 cm) so that now 

the s t r ing speed i s considerably f a s t e r than the Qfl i n t e rva l in small animals. 

This s t r i ng speed w i l l accurately record e l e c t r i c a l events in animals with heart 

ra tes up to 750 beats per min, With th i s reduction in s t r ing s e n s i t i v i t y , an 

amplifier i s needed, however, so the deflections w i l l be large enough to read. 

With the s t r ing s e n s i t i v i t y set at 1/10 normal, the amplifier is now adjusted so 

the 1 mi l l i vo l t through the amplifier deflects the tense s t r ing 1 cm. A dampen­

ing device i s also inserted into the c i rcu i t to prevent over shooting and 
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distoration from the high string tension. Using this equipment a standardization 

curve need only be done once for each tracing, it not being required for each lead 

because the amplifying device automatically compensates for patient resistance in 

different leads. In consultation with M.B.Rappaport (145), a string galvanometer 

machine (a Sanborn Electric - Porte Electrocardiograph) was obtained along with a 

dampening device and an amplifier of the correct type (Sanborn Amplifier). The 

string tension was set to 1/10 normal sensitivity and the amplifier adjusted so that 

1 mv gave a string deflection of 1 cm. The paper speed was increased to 50 cms. per 

second to spread the complexes out. Thus,the time lines on the abscissa were separated 

by 2 mm instead of 1 mm but the tLme between these lines is still0.O4 seconds. 

Figure 4 shows this equipment, the standardization curves,and a typical tracing. 

The animal was spread-eagled on its back on the board shown in fig. 2 

with the limbs well coated in electrode jelly and held firmly to the electrodes with 

elastic bands. This position was felt to be more standard with respect to the 

electrical axis of the heart than the one previously used. Electrical interference 

at first was easily overcome by simple grounding of the apparatus, but later, changes 

in the electrical set up in the building introduced a tremendous amount of alter­

nating current interference. Rappaport ,144) points out that these little animals 

have a high resistance and that in subjects of high resistance alternating inter­

ference may cause considerable distortion. He advises taking every step to reduce 

the subject resistance. After trying all kinds of grounding combinations to reduce 

the interference, the problem was probably solved by piecing the skin, a maneuver 

which would effectively reduce subject resistance and maintain a constant contact. 

Thus, later in this work,the sharp curved point of a surgical cutting needle was set 

into each electrode plate and the animal's paws were transfixed in the web between 

the digits. 
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Figure 4* 

Above is the cardiographic apparatus, including the s t r ing galvanometer, 
the amplifier and dampening device. Below, note the 1/10 normal standardization on 
main machine as s t r ing i s tightened so that 3 mv. deflects s t r ing 3 mm. Stan­
dardization through amplifier 1 mv. def lects s t r ing 1 cm. Note also rap id i ty 
with which s t r i ng responds to s t imulat ion. A typ ica l t rac ing i s also shown. 
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2. Anesthesia. The question arose as to whether the animals should be 

anesthetized. In this work, the size of the animals would make restraint of the 

unanesthetized animal extremely difficult. It seemed probable that the anger, 

straggling and fighting encountered in pinning down an unanesthetized animal would 

introduce a tremendous variable into the tracings and this might be particularly 

troublesome in the comparison of repeat tracings. A suitable anesthetic would not 

only make the animals much easier to handle but also would impose on them a rela­

tively constant condition under which the tracings would be taken and thus fascilitate 

the comparison of repeat tracings. The problem was to find the suitable anesthetic 

which would be uniform in action and non-toxic to the heart in the doses used. 

Ether was the first anesthetic tried. Cushny (146) states that in the 

concentration used in anesthesia, ether does not damage the heart but Bennet & 

Fisher ,147), on the basis of a review of the literature and some experimental work, 

point out that,at the second plane of anesthesia and at greater concentrations,the 

dynamic changes produced are those of a failing heart. Other workers ,148) had shown 

tr-t inhaled ether caused a transient but precipitant drop in serum potassium. - a 

most undesirable variable in this type of work. Thus, on these bases, ether seeded 

unsatisfactory. In addition, after using ether before its disadvantages were fully 

realized, it ^roved unsatisfactory. The desirable level of anesthesia was very dif­

ficult to maintain because so much attention had to be devoted to the operation of 

3h® apparatus. The respirations often became heaving and troublesome to the 

tracing. In 60 odd tracings taken under ether in this initial stage of the work 

there were five deaths. This mortality of 8.3$ might be very awkward in experi­

mental work on a limited number of animals. As far as the tracings obtained were 

concerned, skipped beats (fig. 3b) were seen occaisionally and in one animal a 

a series of tracings taken on successive days revealed the gradual development of 

an inverted Tl. (fig. 5). Thus after using ether for a brief period it was dis-
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Figure 5» 

Inversion of Tl with repeated ether anes the t i cs , (a) o r ig ina l 

t r ac ing , (b) 3 days l a t e r . ST & T segment s l i gh t ly depressed, (c) Following 

day Tl small inverted (d) Following day. Evipal . Tl s t i l l small inverted. 



36 

carded. 

Nembuttal was given a t r i a l . Waller and Charipper (149) had used t h i s 

anesthetic in the dose of 30 mgm per kilogram given i n t r ape r i t on i a l l y . This bar­

bi turate is almost completely destroyed in the l i ve r so that induced kidney damage 

was not l i k e l y to increase i t s t ox ic i ty . (146). However, in t h i s work, i t was found 

that e i ther the animal was not deeply enough anesthetized or else was too.deeply 

so. At a sa t i s fac tory level of anesthesia the animal was often unconscious for 

four hours or more, i t s resp i ra t ions being very shallow and i t s colour b lu ish . 

On one animal, the t rac ing was repeated a f t e r a four hour period of unconsciousness 

and depressed respi ra t ion (f ig. 6) and t h i s showed a marked increase in the height 

of the T waves which had returned to normal the following day. This increase in 

the height of the T wave a f t e r t h i s prolonged period of depressed resp i ra t ion might 

well have been due to the increase in serum potassium concentration which occurs 

with anoxia, (150), and indeed t h i s increase in the height of T waves has been r e ­

ported following anoxia ,98) . Here again is a var ia t ion in potassium which is un­

desirable in t h i s type of work. In 10 animals receiving a dose of 35 mgm per k i l o ­

gram, which was the dose found to be uniformly ef fec t ive , there were two deaths. 

This drug was r a the r slow in taking effect a lso, but had the advantage that a l l 

animals could be anesthetized at one time and the t rac ings taken in rapid succession. 

By far the most sa t i s fac tory drug was found to be evipal . I n i t i a l l y , 

i t was decided to t ry t h i s drug because i t is very fast in action and the anesthesia 

induced i s very short in duration (146). In addit ion, because i t i s destroyed in the 

l iver ,146) i t s t o x i c i t y would not be influenced by induced kidney disease . I t i s 

not supposed to have any detrimental effect on the hea r t , i t s toxic effects being 

due to respi ra tory depression ,146). The soluble evipal sodium was diluted with 

d i s t i l l e d water so that a concentration of 10 mgm / c c . was obtained. The in t r a -

per i tonia l dosage needed for t h i s electrocardiographic procedure, especially when 

the paws were transfixed on the electrode plate was for the male about 10 mgm/100 
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Figure 6. 

Change in T waves with nembuttal. (a) or ig ina l t racing (b) t racing 

a f t e r 4 hours of resp i ra tory depression. Note increase height of T waves 

(c) Following day. Similar to (a) 
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grams and for the female about 9 mgm/lOO grams. In t h i s d i lu t ion , these dosages were 

very easy to handle. Thus, a 125 gram male received 12.5 mgm of evipal delivered by 

injecting 1.25 cc of the solut ion. These dosages were subject to s l ight var ia t ions 

according to s t r a i n , general physical condition of the animal,and s i z e . In a small 

animal under 100 grams, doses just under those prescribed above seemed effective -

that i s a male of 80 ferams could be managed usual ly on 7 mgm ( ,7cc) . Large animals 

over about 250 grams on the other hand were more uniformly handled with s l i gh t ly 

increased doses - for instance a 300 gram male would be given 31 or 32 mgm ra ther 

than the 30 mgm prescribed above. If one i s careful with t h i s dosage, evipal sodium 

is very safe . In over 600 anes thet ics given, there were only three normal animals 

dying for a percentage of about 0,5$. An addi t ional three animals in very poor condi­

tion following an experimental procedure died following the anesthet ic but i t was 

fel t that t h i s was a very special circumstance. However, even, if these deaths are 

counted,the t o t a l would be 6 deaths in 600 anesthet ics for a mortal i ty of 1^. In 

two other animals, by mistake, dosages well above those prescribed were used. These 

mor ta l i t ies were not counted. 

This anes the t ic , in jec ted in t raper i ton ia l ly j t akes only 5 - 5 minutes to 

be ef fec t ive . If one ra t were injected jus t before another had a t rac ing taken, the 

animal was well anesthetized by the time the t racing was f inished. If the animal 

hangs limply on i t s back in your hand, breathing quiet ly and yet has a s l ight reaction 

to pain when i t is pinned down, the anesthet ic leve l i s just r i gh t . If, as occasion­

al ly happens, because of some var ia t ion in animal suscep t ib i l i t y , the rat does not 

hang back limply, an addit ional dosage can with safety be given. This addi t iona l 

dosage i s in the order of 5 - 6 mgm , . 3 - .6cc) depending on s i ze . During the 

anesthetic the animal breathes quie t ly and regularly and has a good colour. Within 

5 - 1 5 minutes af ter the anes thet ic level has been reached,they are usually becoming 



active again. They may appear dopey and sleepy for half an hour or so but respond 

well to s t imulat ion. As wi l l be seen l a t e r , in the ECGs obtained under t h i s anesthe­

t i c , there were only sl ight var ia t ions seen in repeat t r ac ings . There was nothing 

suggestive of a potassium effect in the t rac ings taken under t h i s anesthetic but 

then hypoxemia was not apparent, I can find no evidence in the l i t e r a t u r e to suggest 

an effect of ba rb i tu ra tes on the potassium l eve l s . Potassium concentrations under 

dial (150) anesthesia are well within a normal range. Under amytal (155)^8 blood 

samples fa i led to reveal any change. In the absence of any indication in the l i t e r ­

ature of an effect of barbi tura te on potassium l e v e l s , in the absence of signs of 

hypoxemia, and in the absence of any suggestive a l t e r a t i on in the t r ac ings , a 

special study on the effect of evipal on the serum potassium concentration was not 

undertaken. 

3 . Posture. - Before going on to the normal ECG findings, i t should be 

pointed out t ha t with the animal anesthetized with evipal and spread-eagled on the 

board and with the use of the cardiographic set up described, lead 1 was sometimes 

of a very low amplitude and unin terpre tab le . Waller and Charipper ,149) also found 

t h i s . Since lead 1 i s so important in detect ing changes on the l a t e r a l wall of the 

heart ,119) and since t h i s lead was expected to be the most valuable in showing the 

cardiac changes produced by hypertension or experimental heart injury, i t was 

par t i cu la r ly important that t h i s lead be improved. Innumerable au thor i t i es have 

pointed out the effect of the posi t ion of the heart on the e l e c t r i c a l ax i s . • In the 

r a t , the heart i s cent ra l ly placed and v e r t i c a l and t h i s posi t ion would tend to pro­

duce a small deflection in lead 1. I t was hoped that if the animal were t i l t e d well 

to the l e f t , t h i s would throw the heart into a more hor izontal posit ion and thus 

make lead 1 more prominent. This proved to be a useful device in those animals with 

a small leadldef lec t ion . In f i g . 7, a t racing taken in the horizontal posit ion is 

compared to that taken with the board at an angle of about 70 degrees. Such a poor 

lead 1 was occais ional ly seen with the board horizontal but never with i t t i l t e d . 
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Figure 7, 

(a) This flat lead 1 seen occasionally when tracing taken with the 

animal in the horizontal position (b) Same animal with board tilted to left. 



Figure 8. 

The ra t fixed onto the t i l t e d board. 
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This device proved to be pa r t i cu la r ly useful in young lean animals but in l a rger 

plump animals the hear ts na tu ra l posi t ion i s probably more hor izontal and in these 

animals the t i l t i n g sometimes seemed to produce a le f t axis deviat ion. However, 

because many of the animals to be used would be between 100 and 200 grams, t h i s 

t i l t i n g was standard procedure in a l l animals. 

Because of t h i s t i l t i n g , t h e animals had to be fixed more firmly on the 

board to maintain the s t r a igh t l ine of the back. Thus, a metal arc was placed a t 

the top of the board under which the animals incissors were hooked. A hole was 

dr i l l ed in the lower part of the board through which the animals* t a i l was placed 

and pulled t i g h t . The t a i l was then transfixed with a needle. A ridge was tacked 

onto the board between the arc and the t a i l hole (f ig. 2 ) . These maneuvers ensured 

a r ig id posi t ion with the t i l t i n g of the board. Fig. 8 shows an animal fixed unto 

the t i l t e d board. 

4 . Normal Ranges. Since the new cardiographic set up was obtained and 

since evipal was chosen as the anes the t i c , there have been t rac ings taken on some 130 

male and female albino r a t s which can be considered as normal. All of these wi l l not 

be reported in d e t a i l . The findings in some 21 females of the Wistar s t r a i n are sum­

marized in Table 1. Certain fac ts should be emphasized. The heart rate i s usually 

between 400 and 460 beats per minute with 315 being the slowest ra te found and 500 

being the f a s t e s t . The rhythm was in a l l cases regular . The PR in terval i s r e ­

markably constant. An in te rva l longer than 0,05 seconds was not seen in these 

t racings so that I t should be safe to consider 0.06 the upper l imit of normal. 

Similarly, the duration of the Q.R3 complex was not , in these t rac ings , over 0,02 

seconds/fonly reached that value occasionally, Thus^ in te rva ls much above th i s time 

should probably be considered abnormal. Observing the amplitude t ab l e , one i s struck 

with the range of some of the deflections but th i s is comparable with the wide var ia ­

t ions in amplitude observed in a large number of humans. I t should be noted tha t 



TABLE 1 
RANGE OF NORMAL 

21 Female Albino Rats - Wistar. 

Average Range, 

Weight (grams) 

Rate (per min) 

PR i n t e r v a l (sec) 

QJRS i n t e r v a l (sec) 

132 

420 (400-460) 

0.045 

0.015 

105 - 185 

315 - 500 

0.04 - 0 .05 

0 .01 - 0.02 

Amplitude in mm. 
Standardization 1 millivolt = 1 cm. 

Deflection Usual Full Range 

Lead 1 P . » j 0 - 1 

R * 3 - 5 2 - 8 

Lead i i 

Lead i i i 

S 

T 

P 

R 

S 

T 

P 

R 

S 

T 

i 

i 

• 1 * -

¥ 7 -

0 -

* 2 -

«• 1 -

* 3 -

0 -

«• 2 -

- 2 

10 

3 

3 

2 

6 

3 

3 

0 - 1 

0 - 1 

i i - ©1-

5 - 12 

0 - 3 

lit - 4 

1 - 2 

2 - 7 

0 - 7 

4 - 4 
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sometimes a r e sp i ra to ry var ia t ion in the amplitude of a deflect ion i s seen pa r t i cu ­

la r ly in lead 5 and p a r t i c u l a r l y in the S wave of lead 3. This i s probably due to 

the change in posi t ion of the heart with insp i ra t ion and expi ra t ion . A Q wave i s 

seen occasionally in one or more leads but i t is always extremely small and extremely 

short in durat ion. If the S wave just reached the lower margin of the i soe l ec t r i c 

l i ne , i t has been said to have an "amplitude" of 0. In one case t h i s deflect ion did 

not quite reach t h i s lower margin,perhaps missing i t by fcm. The T wave was never 

negative in these normal animals. Left axis deviation was not seen. 

The ST segments can best be discussed by reference to f i g s . 4 and 9. 

In lead l , t h i s segment i s usually very shor t . The takeoff may be perfect ly i soe lec ­

t r i c or i t may be depressed 1 mm as shown in f ig . 9t. The ST and T wave in t h i s lead 

is commonly in the shape of an upside down V. ( f ig . 4 and 9 ) . This pat tern in lead 

1 i s quite cons i s ten t . In lead 3,the l ine often comes up very sharply from the S 

deflection to the peak of the T (f ig . 4 & 9) so that the segment i s not defined and 

nothing can be said of the point of takeoff. Lead 3 maintains t h i s pat tern of the 

fine ST l ine passing rapidly up to the peak of the T f a i r l y cons is ten t ly . In lead 

2, a s imilar pat tern to tha t seen in lead 3 i s usually seen (f ig . 4) o r else a s l ight 

var iat ion on t h i s pattern> Such as a s l ight rounding of the peak of the T?may be ap­

parent (f ig. 9b). Sometimes, however, a configuration s imi lar to that seen in lead 1 

i s observed , f i g . 9a) . Occasionally there is s l ight var ia t ion in the ST configuration 

in the lead so that each i s not iden t i ca l to the other (f ig. 9b). 

5» Influence of Sex and Wei&k The animals used in es tabl ishing t h i s 

normal range were females having an average weight of 152 grams. In order to find if 

these ranges would vary with sex and s i ze , table 2 was compiled. The 10 animals whose 

tracings are summarized in t h i s tab le are Wistar males, the average weight 228 grams. 

Upon examination i t w i l l be seen tha t there is a remarkable s imi la r i ty betoeen t h i s 

table and table 1. The only s ignif icant dif ference, in these t racings, was that lef t 



Weight (g 

Rate (per 

rams) 

min) 

PR i n t e r v a l I 

QRS d u r a t i o n 

Lead 1 

Lead i i 

Lead i i i 

(sec 

10 -

) 

(sec) 

Deflec 

P 

R 

S 

T 

P 

R 

S 

T 

P 

R 

S 

T 

TABLE 2 
RANGE OF NOR 
Male Albino ] 

Average 

238 

440 (400 

0.045 

0 .015 

Amplitude i n 
S t a n d a r d i z a t i o n 

t i o n 

-1AL 
Rats -

- 460) 

Wis ta r 

Range 

200 - 270 

375 - 500 

0.04 - 0 .05 

0 .01 - 0.02 

mm. 
1 m i l l i v o l t = 1 cm. 

Usual Range 

\- 4 - 6 

i - 1 

* li - 2 

f 7 - 10 

t 0 - 4 

M i - 2 

• li 

f 2 - 6 

0 - 3 

• l i - 2 

F u l l Range 

o - i 

3 - 9 

© - 2 

0 - 1 

ii - 2 

6 - 1 1 

0 - 6 

l i - 2 

1 - 2 

2 * 10 

0 - 8 

1*- 4 
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axis deviation was seen in 4 of these heavier males. This might have bean expected, 

for not only were these animals plump and t h e i r hear ts probably more horizontal ,but 

also the t a i l of these animals could not be transfixed so that they tended to sag 

out to the le f t with the t i l t i n g of the board. At any rate i t was fe l t that the only 

significant difference,possibly due to sex and more probably to weight,was a le f t 

axis deviat ion, 

6* Influence of Animal S t ra in . These ranges have been compiled in 

albino r a t s of the Wistar s t r a i n . The ranges encountered in the t rac ings of 6 

male albino r a t s of the Sherman s t r a in were compared in order to find i f there was 

any e s sen t i a l var ia t ions in the t rac ings due to a s t r a i n difference. The average 

weight in t h i s small Sherman group was 127 grams. On ana lys i s , i t was found tha t 

the ranges in the t rac ings of these young Sherman males f i t t ed well into the ranges 

shown in Table 1 except t ha t , in 2 animals, the R deflections in lead 2,and. in 1 the 

R deflections in lead 3 ware s l i g h t l y above the upper limit as set forth in table 

1. No l e f t axis deviation was seen in these animals. I t was f e l t that these 

minor differences in the s ize of the R wave might jus t ref lec t an increase in the 

animal population but, in any event, there was no major var ia t ion which was l ike ly 

to cause confusion i f t h i s s t r a i n should be used in l a t e r experimental work. 

7. Subsequent Variat ion. The question now a r i ses as to pos s ib i l i t y of 

variat ion occurring in subsequent t racings on the same animal. Constancy of pat tern 

in the same animal i s pa r t i cu l a r ly important for, i f a major var ia t ion should appear, 

i t must be a t t r ibu tab le to the experimental procedure and not to var ia t ion incidental 

to repeating the t r ac ing . To check the constancy of pa t te rn , twenty of the female 

Wistars from the group in table 1, on the day following the o r ig ina l t rac ing , had a 

repeat t racing taken. The two t rac ings taken on each animal were compared. Table 3 

is set up to show the number of animals showing the different degrees of var ia t ion in 

amplitude in the different def lec t ions . Time in terva ls and ra te ranges were ident ical . 



TABLE 3 
Variation - Subsequent Day. 

20 Female Albino Rats - Wistar - from 
group forming table 1. Repeat tracing 
compared to original. 

Numbers showing different variations 
in amplitude in mm. compared to original 
tracings. 

Lead 1 

Lead 2 

Lead 3 

Deflection 

P 

R 

S 

T 

P 

R 

S 

T 

P 

R 

S 

T 

Omm 

15 

10 

14 

17 

17 

8 

10 

11 

16 

12 

17 

11 

JLJL 
4, 2 

5 

7 

6 
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3 

7 
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2 

5 

1mm 

2 

8 

2 

4 

4 

1 

4 

-L2 

1 

2 

1 

1 

1 

2mm 

2 

2 
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I t wi l l be seen that there i s some difference in amplitudes in subsequent t racings but 

i t wi l l also be seen tha t these differences are small . Thus, in the amplitude of RI 

there was a var ia t ion of 1mm or more in only 3 animals. In R2, a higher deflect ion, 

there i s a var ia t ion of lgmm or more in only 4 animals. None of the T waves showed 

a var ia t ion in amplitude of more than 1mm. The T wave never became inverted, or 

slurred below the l i n e . The configuration of the ST segment and T Wave i s usually 

fa i r ly similar from one day to the next a l s o . I t should be pointed out t h a t , i n 

each animal the two t rac ings taken showed some var ia t ion: in the amplitude of some 

elements,so tha t no two t rac ings were iden t i ca l in each d e t a i l . But, on the whole, 

there is a remarkable constancy in the t rac ings taken on the subsequent day and no 

major var ia t ion was seen , f lg , 9a and fc) • 

Since some of the projected experimental work might well occupy a months 

time, i t was important to show t h a t young animals over t h i s period of time would not 

show a spontaneous a l t e ra t ion in the ECG pa t t e rn . Accordingly, t rac ings were taken 

on 8 of the 21 animals whose t rac ings are summarized in Table 1, one month following 

the or iginal t r ac ing . The average weight of these females to s t a r t with was 118 

grams and the f u l l range 105 - 120 grams. After a month had passed, the average was 

148 grams with a range of 150 - 165 grams. From Table 4, i t i s seen that the rates 

PR and QRS intervals are s imilar to those seen in Table 1, However, some var ia t ion 

was found in the amplitude of the different waves. In Table 4,the number of animals 

showing the different var ia t ions in mm. In comparison to the or ig ina l t racings i s 

seen. The changes are of the same order as were noticed af ter 1 day ,Table 5) a 

greater percentage, however, of t h i s smaller group showing var ia t ion . The T waves 

never became inver ted . Once again then, there is a remarkable constancy in the 

general pa t t e rn . No major var ia t ion l ike ly to cause confusion in in te rpre ta t ion 

occurred, ( f ig . 9 a ,b , and c ) . 
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Figure 9. 

Repeat tracings same animal under evipal. (a) original tracing 

(b) Following day (c) 1 month later. Note general similarity between tracings 

and the slight variations in amplitudes in repeat tracings. 



TABLE 4 
Variation - 1 month 

8 female albino rats - wis tar - from group 
forming table 1. Tracings repeated in 1 
month and compared to original. 

Average Weight 

Rate 

Average 

148 

PR 

ORS 

580 per min 

.045 

.015 

Range 
i i -w 

130 - 165 

315 - 461 

.04 - .05 

.01 - .015 

Lead 1 

Deflection 

Numbers showing variations in amplitude 
in mm. compared to original tracings. 

0mm -©mm 1mm limm 2mm 
^zz. 

R 

Lead 2 

Lead 3 

T 

P 

R 

S 

T 

P 

R 

S 

T 

5 

3 

2 

3 

3 

5 

5 

3 

4 

3 

4 

3 

3 

3 

1 

2 

1 

3 

1 

2 

1 

2 

1 

1 

2 

2 

2 

2 
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8. Chest Leads. Some chest leads were, also taken on these animals. The 

technique was as follows. A small manual exploring electrode about 4mm in dia­

meter was used. The lead wire from t h i s small electrode was soldered onto the 

le f t arm p l a t e , ( f ig . 2 ) . The l e f t fore limb was removed from t h i s p la te and the 

l e f t arm lead wire from the amplifier was switched with the le f t leg lead wire . 

The fur on the l e f t an te r io r chest was clipped and the exploring electrode applied 

with electrode j e l l y to the z iph i -s te rna l junction and then to a point on a 

horizontal plane with t h i s but about 1 cm. out from i t . 

The greates t d i f f i cu l ty was t h a t , in small animals expecial ly , the skin 

i s so mobile tha t i t was very d i f f i cu l t to maintain a pos i t ion . This is very im­

portant for the chest and heart are so small that minor var iat ions in the posi t ion 

of th® e lec t rode , or for tha t matter , in the posi t ion of the hear t , can change 

the pa t te rn of a complex so markedly that comparison of t rac ings from animal to 

animal, o r in the same animal in subsequent t r ac ings , i s often impossible, 

( f ig . 10b and c ) . This made i t very d i f f i cu l t to es tab l i sh the normal ranges. 

However, the chest leads were of in t e re s t chiefly in regard to reinforcing the 

information obtained from lead 1 in the diagnosis of acute heart injury. I t 

was f e l t that coincident changes in lead 1 and 4 might be helpful in the ECG 

recognition of damage; pa r t i cu l a r ly if lead 1 was of low amplitude. Thus, what 

we needed to es tab l i sh most was whether sharp inversion of the T wave occurred 

normally in the chest lead. This was not seen. However, some d is to r t ion of the 

ST 8c T wave below the i soe l ec t r i c l ine was seen ( f ig . 10c). In addition,some­

times in the rush of doing a large number of animals, the lef t arm and le f t leg 

lead wires were not switched and in t h i s case the t rac ing obtained showed an 

inverted P, a downward i n i t i a l deflection and a peaked inverted T wave. ( f ig . lOd) 

This er ror in technique i s usually eas i ly spotted. Often the t racings taken 

from the z iph i - s t e rna l junction are s imilar to r ight-s ided t racings in the human 

and those taken more l a t e r a l l y resembled lef t -s ided ones. (f ig. 10). 
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Figure 10. 

Chest l eads , (a) Note CF2 the r ight -s ided configuration and CF4 

the le f t - s ided one. (b) & (o) Tracings taken 1 day apart on same animal with 

electrode supposedly in same pos i t ion . Note var ia t ion in pat tern of CF2 and 

CF4 from one day to the next, (c) Note St & T in CF4. ST depressed T segment 

below i s o e l e c t r i c or T small inverted, (d) Tracing taken when lead wires 

were not switched. Note downward P, R & T« 



44 

C Chemical Methods. It remains now to describe the chemical methods 

used in this work. The methods,modified; by John R. Polley ,151) who was pre­

viously working in the laboratory,were used exclusively for sodium and potassium 

determinations. 

A blood sample of 1 cc or more was obtained by heart puncture by Dr. 

S.M. Friedman, the sample being withdrawn into a heparin!zed needle and syringe. 

The sample was immediately centrifuged at high speed, following which a 0.4 cc 

sample of the plasma was pipetted̂ off and added to 3.5 cc of water. Then, 1 cc 

of 15$ trichloro acetic acid was added to precipitate the protein. This was 

again centrifuged. The supranatant was poured off into a clean dry centrifuge 

tube and this could be stored. Standards were handled in the same way except 

that centrifuging was not necessary. 

Sodium was determined by precipitation with uranyl zinc acetate in an 

alcoholic media. To 1 cc of the protein free filtrate, 10 cc of a mixture con­

taining equal volumes of uranyl zinc acetate and 95^ ethyl alcohol was added and 

allowed to stand one hour in the refrigerator ,152). After centrifuging and 

draining, the precipitate was washed on two different occasions with an acetone 

wash reagent. Finally, the precipitate, being soluble in water, was transferred 

to a flask by washing out the tube with 50 cc of boiled distilled water. Pheno-

phthalein indicator was added and the acetate group titrated with 0.02N NaOH 

using a microburette graduated to 0.01 cc. An end-point warning was given by a 

gradual deepening of the yellow color and the actual end point taken at the first 

appearance of pink. The amount of NaOH titrated in cc was placed on a calibration 

curve and the amount of NaCl in mgm% read off the abscissa. The calibration 

curve was established for each analysis by analysing known sodium chloride solu­

tions ranging in concentration from 450 - 1000 mgm£ and plotting this concentra­

tion on the abscissa against the amount of NaOH titrated in cc on the ordinate. 

In order to obtain the sodium concentration in m e/i divide the sodium chloride 
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value in m@c$ by 5.85. 

This method is sa id to be accurate within: £ 2$> i f done in t r i p l i c a t e . 

When doing a large number of determinations, i t was often extremely impractical 

to do a determination on more than 1 sample. The main d i f f i cu l ty encountered 

in the use of t h i s method was a p rec ip i ta te of uranyl zinc acetate appearing 

in the mixture with 95$ ethyl alcohol. This hazard threw the ana lys is off on two 

separate occasions. 

Potassium was determined by f i r s t p rec ip i t a t ing the chloride from lcc 

of protein-free f i l t r a t e with 0.2 cc of 2fi s i l ve r n i t r a t e . This solut ion was 

centrifuged af ter standing and lcc of the suprenatant drawn off. To t h i s , 0.5cc 

of cold absolute ale oho l i d d e d followed by 1.5cc of freshly prepared s i l ve r cob-

a l t i n i t r i t e . This mixture was l e f t in the re f r igera tor over night at a tempera­

ture of not l e ss than 5 degrees centigrade. The p rec ip i t a te formed should be 

fine and granular or clumped. If needle- l ike c rys ta l s were v i s i b l e , the sample 

was discarded. These tend to be present i f the re f r igera t ion temperature f a l l s 

too low. After centrifuging and draining, the p rec ip i t a t e was washed on two 

different occasions with an alcohol-ether-water wash reagent. Then 5cc of 

0.2N NaOH was added to the p rec ip i t a t e and t h i s mixture placed in a boi l ing water 

bath of 5 minutes. A blank tube with 5 cc of Na0H was s tar ted at t h i s point . 

After bo i l ing , the mater ia l was poured with washing up to 50 cc into a 200cc 

volumetric f lask, and lcc of 50^ HCL added followed by 2cc of 0.5$ su l fan i lamide 

reagent and 1.5cc and O.l'/a Marshals reagent. After t h i s i t was made up to 200cc 

with water, t ransferred to a colorimetric tube and read in a photoelectr ic 

colorimeter with a 525 m/K f i l t e r against the blank. A cal ibra t ion curve was 

established for each analysis by analysing known solutions of potassium chloride 

containing 10 to 30 mgm$ potassium and p lo t t ing th i s known concentration of 

potassium on tho abscissa against the colorimetric reading obtained on the 

ordinate . The potassium content of the serum sample i s obtained by placing the 
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colorimetric reading on th-3 curve and reading off the potassium content in mf?:tfo 

from the absc issa . To change t h i s valuo to m e / l divide v~ 4. 

Analysis by t h i s method in t r i p l i c a t e i s said to be accurate within 

_ 3$. Once aga in , th i s number of analysis per animal was often impract ical . 

Frequently, duplicate analyses were done.however. One group of analyses was 

thrown off by not preparing the s l i v e r c o b a l t i n i t r i t e cor rec t ly . Two other 

groups of analyses were thrown off by the overnight temperature in the r e f r i g e r a -

to r f a l l i ng too low with the formation of needle- l ike c r y s t a l s . As a r e s u l t , 

a l l tubes had to be t rans fe r red to a r e f r ige ra to r several blocks away where the 

temperature was in a more sa t i s fac tory range.. 

PART I . 

To es tab l i sh the means of elevat ing the serum sodium and potassium 

concentrations within the range of ordinary therapeutic pos s ib i l i t y and the effect 

of such elevat ions on the normal myocardium as measured by the ECG. 

Experiment 1. - The acute administrat ion of sodium and potassium. 

In the administration of potassium, a dosage must be found which would 

consis tent ly give def in i te evidence of an effect on the heart electrocardiographi­

cal ly without causing any of the severe toxic disorders of conduction. 

Sodium s a l t s were used in t h i s experiment for two reasons. F i r s t , 

they would be used in an attempt to control possible ef fec ts of change in ac id-

base and water balance coincident with the administrat ion of potassium. Potas­

sium passes into the i n t r a c e l l u l a r f luid and i s excreted rap idly, in contrast to 

the ex t r ace l lu l a r d i s t r ibu t ion of sodium and i t s slower excretion,so that t h i s 

control i s at best a t rans ient one. Second, sodium s a l t s would be administered 

in large amounts but under the edema level in an effort to produce a specific 

effect upon the hear t . 

The in t r ape r i ton ia l route of administrat ion of sodium and potassium was 

used in the experiment. Zwemer and Truskowski (30) 
have shown that t h i s 
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route gives a smooth absorption curve. I t i s said to give blood levels s imilar 

to those obtained with a slow intravenous in jec t ion (143). In the r a t ; t h i s i s 

a convenient mode of adminis t ra t ion. 

To be ce r ta in tha t any change in the electrocardiogram was not due to 

the anion content of the administered s a l t , a chloride and sulphate of each ion 

was used. All solutions were made up to be isomotic with 900 m^$ sodium chloride 

except the hypertonic solut ion of sodium chloride which was to be used in the 

attempt to show a specific e f fec t . The following concentrations were used: 

Sal t Concentration Calculat ion 
2 2 5 > 5 

KCL 11.56 gm/L 9 x 174 
574 

K2SQ4 18 gm/L 9 x 174 

NaCl 9 gm/L 
284 

Na2SQ4 14.7 gm/L 9 x 174 

NaCl 56 gm/L 4 x 9 

Using these s a l t s in . these s t rengths ,an effect on the ECG due to potas­

sium alone could be detected, the anion content being varied and the water and 

acid base changes being temporari ly controlled by sodium. A specif ic effect due 

to one or the other anion could be detected. I t was hoped tha t a change due to 

sodium alone might be detected,for if the change was independant of the anion, 

and if a change appeared rapidly so tha t acid base and water change might s t i l l 

be controlled with the potassium,and if th i s change was accentuated by the hyper­

tonic sodium solut ion, sodium -would be strongly implicated. 

Using female albino r a t s of the Wistar s t r a i n , the experiment was set 

up as follows. 
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Animal Average Wt. Weight S a l t Dosage 
Range Adminis tered 

Group 1 

Group 2 

Group 3 

Group 4 

Group 5 

6 

6 

6 

6 

6 

152 gm 

155 gm 

150 gm. 

159 gm 

149 gm 

130-180 

122-145 

125-185 

150-150 

125-182 

KC1 

KES04 

NaCl 

Na2S04 

NaCl (hypert) 

5 cc 

3 cc 

5 cc 

5 cc 

5 cc 

I t should be po in ted out immediately t h a t j u s t 12 animals housed 4 t o 

a cage were used i n t h i s experiment. . After a r e s t of two days each group of 6 

was r e -u sed t o form ano the r g roup , but i t was ar ranged so t h a t the e f f e c t of 

each i s o t o n i c c a t i o n was t e s t e d on 12 d i f f e r e n t an ima l s . A l l c o n t r o l t r a c i n g s on 

t he se re -grouped animals were normal , however. Each group rece ived t ap water and 

Pur ina Fox Chow ad l i b i t u m . 

The amount of t he se s o l u t i o n s which was admin i s te red was based upon some 

p re l imina ry v » r k . In 5 female Wistars^ averaging 149 grams > a f t e r i n j e c t i n g va r ious 

amounts of i s o t o n i c potass ium c h l o r i d e ? t h e q u a n t i t y g iv ing a d i s t i n c t e f fec t on 

the T wave in a l l l eads was found t o be 5 c c . T h i s , t h e n , was the q u a n t i t y of 

potassium c h l o r i d e s o l u t i o n to be t e s t e d for i t s un i formi ty of e f f ec t and for t h e 

extent of the e l e c t r o c a r d i o g r a p h i c change. Potassium su lpha te could not be given 

in an equal volume which would c o n t a i n ; a t the same t ime > an equa l q u a n t i t y of 

potass ium, i t was decided t o g ive t h e potass ium su lpha te in an equal volume even 

though a l i t t l e l e s s potass ium would be adminis te red in o rde r t h a t volume change 

could be c o n t r o l l e d . 

In f u r t h e r p r e l i m i n a r y work on Wistar females , weighing an average of 

151 grams, i t was apparent t h a t small amounts of sodium c h l o r i d e had l i t t l e e f f e c t 

on the ECG. The re fo re , the ob jec t was to i n j e c t a s much of the i s o t o n i c s o l u t i o n 

as p o s s i b l e t o t r y and show some s p e c i f i c e f fec t of sodium. Since the r a t has a 

a blood volume of about 6.7 cc per 100 grams (143) these animals would have a 
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blood volume of about 9 to 10 cc . I t was f a i t that the maximum c-w.-.t which 

could be injected in t rpper i ton ja l ly wovM be about 5cc and tb< s was the quantity 

chosen for both hyportonic and isotonic so lu t ions . 5c- of the hypertonic solu­

t ion would del iver about 180 mgm of sodium chloride to these animals i n t r ape r i -

t on i a l l y which i s a large dose ,143). The only trouble with using 5cc of sodium 

solu t ions , while using Sec of the potassium solut ion, i s the difference in volume 

and the difference in the amount of cation delivered. However, if any of the 

changes in the potassium ECG are due to acid-base or volume change similar changes 

of a grea te r degree would be present in the sodium t rac ings . Thus, i t was decided 

to use a 5cc volume of the sodium s a l t s . 

A control t rac ing was taken on a l l animals immediately pr ior to the in jec t ion 

of these s a l t s . In groups 1 and 2, the ECG was repeated a f t e r 5, 10, and 20 

minutes had elapsed. Preliminary work had indicated these t imes. In group 5,4 

and. 5 the EGG was taken 5,10 and 60 minutes a f t e r inject ion so that early and l a t e 

changes would be detected. To take t racings at these t imes , small addi t ional doses 

of evipal were frequently necessary. 

About 2 weeks a f t e r these ECGs were completed, when th© animals had gained 

an average of about 30 grams, 5cc of isotonic sodium chloride was injected into 

10 animals. After 7 mins. blood was taken by cardiac puncture from 5 of these 

and after 1 hour from 5 more. Of these 10 animals a l l were from these experimen­

t a l groups except 3 animals of the same s t r a in , sex and weight which had to be 

used to augment the t o t a l number of animals. 3cc of potassium chloride was in­

jected into 5 animals from these groups and blood taken af ter 7 minutes by cardiac 

puncture. Four addi t ional outside animals of the same s t ra in and sex formed the 

control group for the e lec t ro ly te l eve l s . 

Resul ts : The resu l t s of the s ingle sodium and potassium analysis are pre­

sented in Table 5, This table i s consulted a t t h i s time just to indicate that 



TABLE 5. 

Following Intraperitoneal Injection 

POTASSIUM DETERMINATION 

Substance Injected No. of Time after Potassium Concentration ,m e/l) 
& Concentration Animals Inject, in rain. Average Range 

Control 

NaCl 9 gm/L 

NaCl gm/L 

131 11.56 gm/L 

60 

4 .3 

4 . 3 

7.75 

3 .75-4 .9 

3 .5 -4 .25 

3 .9 -4 .75 

6 . 6 - 9 . 1 

SODIDM DET^HVlIN^TIOFS. 

Substance I n j e c t e d No. of Time a f t e r Sodium Concen t ra t ion ,m e / l ) 
& Concent ra t ion Animals I n j e c t , i n r i n . Ave rage Range 

Control 

KOI 11.56 gm/L 

NaCl 9 gm/L 

/ / 

139.5 135 .9-143 .3 

139.8 135 .9-144 .5 

144.4 140-151. 

One very h igh de t e rmina t ion was d i sca rded from t h e group on t h e b a s i s of 

e x p e r i e n c e . 
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the potassium and sodium concentrations are elevated by t h i s inject ion procedure. 

I t w i l l be noticed tha t the sodium re su l t s a f t e r 1 hour are not presented. This 

i s because 2 of the 5 determinations were ruined by an in ter fer ing reagent pre­

c i p i t a t e . The number of remaining determinations in t h i s 60 min. group was not 

considered suff ic ient to be r e l i a b l e . In addit ion, 1 sodium value was discarded in 

the potassium chloride injected animals because i t was so extremely high t ha t it 

i s probably tha t the p rec ip i t a te interfered here a l s o . But the table does ind i ­

cate that in ject ion of 5cc of isotonic potassium chloride elevates the potassium 

in 7 mins. and i t seems to indicate the in ject ion of 5cc of isotonic sodium 

chloride increases the sodium concentration af te r 7 minutes. 

Now, knowing that the e l ec t ro ly te levels are a l t e red by t h i s procedure, 

l e t us go on to consider the cardiographic changes that resu l t in each of the 

5 groups. 

Because the cardiographic resu l t s in group 1 and 2, the potassium groups, 

are so s imi la r the r e s u l t s in these 2 groups wi l l be presented together . All 

animals showed s imilar changes but the degree varied s l i g h t l y . Figure 11 

i l l u s t r a t e s the typ ica l changes a f t e r 5,10 and 20 minutes. Although a s l igh t 

prolongation of the PR and £R3 in te rva ls was occasionally seen, these conduction 

in te rva ls s t i l l were within normal l i m i t s . The d i s t inc t ive change in lead 1 i s 

an increase in the amplitude of the T wave. The extent of t h i s increase i s 

between % to 1 mm. Since the T wave is often so small in the lead, th i s increased 

prominence also meant an increase in the duration of the QT in terva l but t h i s 

in te rva l i s s t i l l no longer than that encountered in other leads of the control 

t rac ing . In lead 2, a s imilar increase in the amplitude of the T wave i s often 

seen b u t , i n addition the configuration of the ST and T is d i s t i nc t ly coved with 

the takeoff of the ST elevated. This coving and elevation i s seen in lead 3 

also but not so regular ly . The changes in the T waves were maximal in the 5 
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Figure 11 . 

3 cc of isotonic KD1 in t raper i tonea l ly . (a) control t r ac ing . 

PR = 0.04 sec . qRS = 0.0155Cc(b) 5 min. a f t e r in jec t ion . Note increase height 

of T waves, coving of ST 2 & 3 . (c) 10 min. a f t e r . Note PR = 0.05 sec. 

(iRS = 0.02 sec . (d) 20 min. a f t e r . Note T changes regressing PR = 0.06 sec . 
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and 10 minute t rac ings and were waning by the 20 minute t r ac ing . 

The animals in group 5 and. 4, the isotonic sodium groups, showed very 

s imilar t rac ings so these wi l l be discussed together . In 2 t rac ings in group 

3 and in 3 t rac ings in group 4, there was an increase in the height of <$3he T wave 

in lead 2 of about -|- - 1 mm. This change was apparent at 5 and 10 minutes. At 

one hour sometimes these changes had regressed and occasionally were exaggerated. 

Such changes in amplitude of theT in lead 2 were ref lected to a s l igh t degree in 

leads 1 & 3 . There was no d i s t inc t ive a l t e r a t ion in the t racings and no constant 

change apparent in the t rac ings of a l l animals. 

The t racings taken on the animals in group 5, the hypertonic sodium group 

showed s imilar changes in the height of the T naves. The only difference between 

t h i s group and the preceding 2 groups is that t h i s change was apparent in the 

t rac ings of 5 animals out of 6. Fig. 12 demonstrates a ser ies of t rac ings showing 

the increase in the T waves. 

Discussion & Summary: Herej^then, i s a quantity of potassiimi. which in 

animals of t h i s weight de f in i t e ly ra i ses the serum level to an extent where a 

specif ic d i s to r t ion of the ST & T waves i s present without any of the more 

dras t ic changes of potassium intoxicat ion being evident. This par t i cu la r ef fect , 

magnifying Tl , and coving and elevating the ST and T of lead 2 and sometimes lead 

3, was seen only when the potassium ion was present and was independant of the 

anion content . Since changes in amplitude of T2 were seen sometimes with the 

injection^5cc of isotonic sodium, some of the heightening in lead 2 might be due 

to volume change or to a change in the base. However, i t has been seen tha t 

heightening of the T wave i s very frequently seen with increasing potassium con­

centrat ion (84), Neither the peaking of the T wave.nor the narrowing of the base 

of the T wave, previously reported-are seen here. The coving and elevation 

seen here may be a species difference or e lse i t may be tha t the potassium 
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Figure 12. 

5 cc of hypertonic NaCl intraperitoneally (a) control tracing 

(b) 5 min. after injection. Note slight increase in height of Tl, increase 

of | - 1 mm in amplitude of T2. (c) (d) 10 and 60 min. after injection. 

Similar to (b). Note no change in conduction intervals. Compare to figure 11. 
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concentration has not been increased sufficiently to cause a peaking or narrowing 

of the T wave. It is interesting that Chamberlain ,86) has noted coving in lead 

2 occurring occasionally with potassium administration in cats. 

This change in the height of the T wave following the administration of 

isotonic sodium salts is harder to evaluate. For one thing there was no control 

for the 5cc volume used. For another, the change was not seen constantly in the 

tracings on all animals. Again, although the hypertonic sodium produced this 

change in more animalsfit did not increase the extent of the change. And finally, 

this change was often apparent and sometime exaggerated in 1 hour. This might be 

in keeping with the slower excretion of sodium but it might also be in keeping with 

a more prolonged change in water balance or in acid base balance with sodium ad­

ministration. It is thus impossible definitely to attribute this heightening of 

the T wave in lead 2 to any one factor. It seems probable, however, that there is 

no specific toxic action of sodium on the heart because an increase in this toxic 

effect with the Large increase in sodium dosage with the hypertonic solution would 

have been expected. In any event, in this dosage^ within the range of therapeutic 

possibility.,sodium does not markedly or constantly alter the ECG. 

One of the weaknesses of this experiment is that an external control 

group having tracings repeated at 5,10,20 and 60 minutes was not done. Pre­

viously it was noted that on subsequent days slight changes in the T wave may 

be present (table 5), but similar work was not done repeating the tracing at close 

intervals on +he same day using small additional doses of evipal. Although it 

seems improbable, it is possible that this increased height of the T waves might 

be linked up with the prolongation of the anesthesia. 

Experiment ll: The prolonged administration of sodiv.-i and potassium. 

This experiment was designed to determine whether the serum concentration 

of these ions could be raised with salts administered slowly,over a period of 

time. If this could be done, the question was whether there was any specific 

effect of this prolonged alteration of these electrolyte levels on the syocardiua 
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as measured by the ECG. 

The s a l t s were administered in the drinking water. Albino r a t s of the 

Wistar s t r a i n wi l l drink and do well on a solut ion containing about 1.72$ sodium 

chloride (153). For t h i s work, i t was decided to give as many 3odium ions in the 

s a l t s as are present in a solution twice the isotonic concentration (18 grams/L). 

The s a l t s chosen contained metabolizable anions to minimize any effect of anion 

adminis t ra t ion. Thus, sodium acetate (146) was given in a concentration of 25 

grams/L and sodium c i t r a t e (146) was given in a concentration of 30 grams/L. 

Because sodium i s e s sen t i a l l y an ex t race l lu l a r ion and potassium an i n t r a c e l l u l a r 

one, the non specif ic effects of sodium administrat ion can not be controlled over 

a period of time by thAdminis t ra t ion of potassium and vice versa. However, the 

number of potassium ions administered was equated to the number of sodium ions 

administeredjin the Lope tha t the potassium s a l t s would then be accepted as 

readi ly as the sodium. Thus, potassium acetate was made up to 50 grams/L and 

potassium c i t r a t e to 31 grams/L. 

The choice cf the period of time over which these ions should be 

administered was d i f f i c u l t . From some previous TO rk, ,154) i t had. been shown 

that with theadminis t ra t ion of Vp sal ine the fluid intake rose u n t i l between the 

10th and 15th day and then commences to f a l l . V/ith s tronger solutions of sa l ine 

the intake r i s e s and i s maintained at a high level for some time (155) But 

using a metabolizable s a l t of t h i s concentra t ion, i t was not certain what would 

happen to the in take . In view of the fact that some of the projected experiments 

would be long term and others short term, the choice was doubly d i f f i c u l t . But 

since i t was thought that much of the work would be of 2 weeks duration or loss 

and because of the pos s ib i l i t y that the intake of these s a l t s might f a l l as the 

intake of isotonic sa l ine f a l l s , a period of 12-13 days was decided on. 

In t h i s experiment an in te rna l control ECO was not taken. Previously 

i t has been shown that a f t e r a period of time some var ia t ion in the T wave 
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might occur ( t a b l e 4 ) . Thus, s l i g h t changes in t h e amplitude of the T wave could 

not be cons ide red s i g n i f i c a n t . Trac ings from an e x t e r n a l c o n t r o l group would 

serve as a s a t i s f a c t o r y c o n t r o l for more s e r i o u s changes . 

The experiment was then se t up us ing female a lb ino r a t s of the Wis ta r 

s t r a i n . The animals were housed. 6 to a cage , and r ece ived Pur ina Fox Chow in 

a d d i t i o n to t h e s o l u t i o n s l i s t e d below. 

Average Average 
I n i t i a l F i n a l 

Animals Weight Weight S a l t Cone. 

Group l 6 92 119 Tap water 

Group 2 6 95 119 Sod. Ace t . 25 gms/L 

Group 3 • 6 88 102 Sod. C i t . 30 gms/L 

Group 4 6 88 109 P o t . Acet . 30 gms/L 

Group 5 6 94 113 P o t . C i t . 31 gms/L 

The i n t a k e of f l u i d was cha r t ed d a i l y in each group . After 12 days, one 

ha l f of each group had an ECG. Af te r 13 days^the o t h e r ha l f of each group was 

done. On the 15th day, a l s o , blood was t aken f o r serum sodium and potass ium 

a n a l y s i s . 

R e s u l t s : I t w i l l be n o t i c e d ? i n the above t a b l e ^ t h a t a l l groups gained 

weight over t h e per iod of t h e experiment but the c i t r a t e groups gained s l i g h t l y 

l e s s t han o t h e r s groups with a comparsble i n i t i a l we igh t . 

The in t ake of f l u i d i s t a b u l a t e d in Table 6. I t w i l l be no t i ced t h a t 

the animals drank f l u i d con t a in ing the a c e t a t e and c i t r a t e s a l t s in marked excess 

of t a p w a t e r . Not ice , a l s o , t h a t the sodium s a l t s inc reased t h e f l u i d consumption 

to a g r e a t e r ex tent than potass ium s a l t s d id . and t h a t the i n t ake of sodium c i t ­

r a t e was g r e a t e r than t h a t of sodium a c e t a t e . This i s i n t e r e s t i n g in view of the 

fac t t h a t t h e sodium c i t r a t e group gained aXigJitly l e s s we igh t . 
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TABLE 7 
Fol lowing O r a l Admin i s t r a t i on 

SODIUM DETERMINATION 

Adminis tered S a l t . E b . o f No, of days Average m e / l Range m e / l 
Animals S a l t adm. 

Tap Water 13 days 145 143.6-149 

Sodium Ace t a t e 15 days 143 135-150 

Sodium C i t r a t e 15 days 124.8 119-131 

Potass ium Ac & 
Potass ium C i t . x 
groups combined 15 days 128 115-155 

Necessary because s e v e r a l de t e rmina t ions i n each group were d i sca rded with 
reagent p r e c i p i t a t e . 

POTASSIUM DETERMINATION. 

Administered S a l t , No. of No. of days Average m e / l 
Animals S a l t . adm. 

Range m e / l 

Tap Water 

Sodium Acetate 

Sodium Citrate 

Potassium Acetate 

Potassium Citrate 

6 

6 

5 

6 

6 

13 

13 

13 

13 

13 

4.6 

4.65 

5.15 

6.19 

6.25 

4 - 5.4 

4 - 5.5 

4.9 - 5.4 

5.5 - 6.7 

4.9-7 ' 
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The f i r s t attempt a t sodium and potassium analysis was unsuccessful 

because, in the case of sodium, an in te r fe r ing p rec ip i t a te in the reagent was 

formed and, in the case of potassium, many needle l ike c rys ta l s were formed 

following re f r ige ra t ion at too low a temperature. Both analyses were repeated 

on single samples. The r e su l t s are l i s t ed in Table 7. I t w i l l be seen t h a t , in 

spi te of th i s large sodium in take , the serum concentration i s not elevated at 

the time of sampling. This may be because compensation is effective with an 

increased renal excret ion, retent ion of water and a shif t of i n t r ace l l u l a r fluid 

to the e x t r a c e l l u l a r phase, i t i s i n t e re s t ing to note t ha t sodium c i t r a t e , i n 

spi te of the highest f luid consumption and the smallest weight gainjactually 

appears to lower the sodium concentration,as do the potassium s a l t s . 

From Table 7 a l so , i t is apparent that the potassium s a l t s by mouth, 

over t h i s period of time and in t h i s dosage, did ra ise the serum concentration 

of potassium somewhat in most animals. 

Careful examination of the ECG fai led to reveal any d is t inc t ive a l t e r a ­

t ion . All the experimental t rac ings were e i the r s imilar to the control t racings 

or else were well within the range of normal vnich was e a r l i e r established . 

Summary. This experiment has shown that the serum potassium concentra­

t ion can be ra ised over a period of 15 days by o ra l administration of a metaboli­

zable sa l t but that t h i s increase , acting for an undefined part of the 15-day 

period,. caused no a l t e r a t i on in the electrocardiographic pa t te rn . I t also has 

shown that the serum sodium concentration on the 15th day was not increased by 

th i s procedure and that the high sodium intake for th i s length of time had no 

effect on the ECG. 

PART I I . - The effect of var ia t ions in e l ec t ro ly tes on the myocardium 

of adrenal ectomized animals. 
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The exper iments i n t h i s s e c t i o n ' w e r e designed f i r s t to determine whether 

as the serum and c e l l u l a r potass ium c o n c e n t r a t i o n rose and the serum and c e l l u l a r 

sodium f e l l wi th adrenalectomy, a t y p i c a l e l e c t r o c a r d i o g r a p h i c p a t t e r n developed. 

I f i t d i d , i t seems d e s i r a b l e to f ind what in f luence the acu te a d m i n i s t r a t i o n of 

sodium s a l t s o r potass ium s a l t s , as in Experiment I , would have on t h i s p a t t e r n . 

I f , f o r i n s t ance j sodium improved t h e p a t t e r n , i t might i n d i c a t e t h a t the adnormal-

i t i e s were due t o t h e low serum or c e l l u l a r sodium. Thus, by t h i s p rocedure , 

i t might be p o s s i b l e t o a t t r i b u t e the changes in the ECG to changes in concen t r a ­

t i o n of one ion o r t h e o t h e r . To s t a r t with>then,we had f i r s t to e s t a b l i s h the 

e l e c t r o l y t e and c a r d i o g r a p h i c p a t t e r n fol lowing adrenalectomy. 

I. The experiment was se t up us ing 50 male a lb ino r a t s of t h e Wis tar s t r a i n , 

housed 5 to a cage , d r ink ing t a p water and e a t i n g Pur ina Fox Chow ad l i b i t u m . 

No, Animal Average Yteight Procedure 

Group 1 10 118 grams c o n t r o l 

Group 2 22 105 grams adrenalectomy 

Every 2 days for 6 days j5 c o n t r o l animals and 6 adrenalectomized a n i ­

mals were to have an ECG and blood samples t aken by h e a r t puncture for sodium 

and potass ium a n a l y s i s . The animals were to be s e l e c t e d at random and discarded 

a f t e r the p u n c t u r e . 

This experiment was s t a r t e d wi th the animals be ing adrenalec tomized . 

On the 2nd day. ECG and blood samples were t aken as p lanned. However, when the 

ca rd iograph ic f i lm was developed, i t was found t ha t the t r a c i n g s were hope les s ly 

d i s t o r t e d by a l t e r n a t i n g cur ren t i n t e r f e r e n c e . At t h i s t i m e , the l a b o r a t o r y 

was being rewired for f l uo re scen t l i g h t i n g . I t was thought t h a t t h i s change was 

r e spons ib l e for the sudden appearance of i n t e r f e r e n c e . Despi te most s t r enous ef­

f o r t s , t h i s i n t e r f e r e n c e could no t be e l imina ted and nothing but g r o s s l y d i s t o r ­

t e d t r a c i n g s could be obtained. This experiemnt had t h e r e f o r e to be abandoned. 
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As a m a t t e r of fact ,soma 2 weeks were to e l a p s e before t h i s unexpected complica­

t i o n was overcome. By t h i s t i m e , a t t e n t i o n had to be t u rned to o t h e r work, hoping 

at a l a t e r da te to r e t u r n t o t h i s exper iment . However , th is proved t o be imposs ib l e . 

PART I I I . - The e f f ec t of vary ing the potass ium c o n c e n t r a t i o n on an en­

la rged h e a r t . 

Experiment 4 . - Because DCA a d m i n i s t r a t i o n in h igh doses to young r a t s causes a 

hype r t ens ion and. enlargement of the hea r t ,25) (27) , because focal myocardia l 

necroses fo l lowing the a d m i n i s t r a t i o n of DCA has been r e p o r t e d ,41) (22), and because 

of t he marked a l t e r a t i o n s i n i n t r ^ - a n d e x t r a - c e l l u l a r e l e c t r o l y t e s which occur 

with t h i s drug (20(21) , i t was decided to f ind i f t h e s e changes were r e f l e c t e d in 

the ECG so t h a t l a t e r , the e f f e c t of admin i s te red s a l t s on t h i s p a t t e r n could be 

judged. Accord ing ly , I jo ined in an experiemnt being done by Doctors S.lvl. and 

C.L. Friedman. This experiment had been s e t up by them as fo l lows , us ing male 

a lb ino r a t s of t h e Wis ta r s t r a i n . 

No. of Average Treatment 
Animal Weight (grams) _ 

g.r0Up i \Q 78 Unt rea ted Cont ro l 

Group 2 10 68 DCA-Saline 

Group 5 10 57 Pregnenalone 

Group 4 10 76 DCA-Saline Pregnenalone 

The animals were housed 4 to a cage and given Pur ina Fox Chow ad 

l i b i t u m . Group 1 & 5 drank t ap water and group 2 & 4 1 $ s a l i n e . 

On the day 1 of the experiment, two o n e - t h i r d p o r t i o n s of a 75 mgm. 

DCA p e l l e t were implanted under the skin of t he back in the animals in group 2 

and 4 . On the 14th day,an a d d i t i o n a l o n e - t h i r d p o r t i o n of a 75 mgm p e l l e t was 

implan ted . 

On day 2, pregnenalone (2 mgm) in oil was injected subcutaneously into 

the animals in group 5 and 4. 

On the 15th day, blood pressure determinations were done by the 
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Doctors Friedman under an ether anes the t i c . Immediately a f t e r the procedure,an 

ECG was taken while the animals were s t i l l under the ether anes the t ic . The fo l ­

lowing day^ renal function t e s t s were done by the Doctors Friedmans and blood 

samples were taken for potassium determinations. 

Resul ts . Except for the cardiographic r e s u l t s , the findings of im-

portance to t h i s work are presented in Table 8. I t should be noted that t h i s 

B,P. procedure used by the Doctors Friedman i s very well standardized. They 

consider t h a t , i n the animals of group 2 and 4,the blood pressure i s def in i te ly 

elevated. Notice that the heart weights are also de f in i t e ly increased in these 

groups receiving DCA-saline. 

The potassium analysis in th i s experiment were done in dupl ica te . 

From Table 8, i t w i l l be seen tha t the average concent r a t i o n ; i n the 2 DCA sal ine 

groups,is depressed in comparison to the control though not markedly. The range 

of potassium concentration in these animals i s a l so , for the most pa r t , lower 

than the control range. The pregnenalone group shows a s l i g h t l y lower average 

concentration than the control but the range f a l l s almost into the control range. 

The electrocardiograms were taken under ether because i n i t i a l l y ether 

was the anes thet ic used for taking the ECG, i t s disadvantages at tha t time not 

being ful ly r ea l i zed . Internal control t racings were not taken because the 

cardiographic equipment was not available in t ime. However, i t was f e l t tha t 

any gross d i s to r t ion such as the pat tern of ventr icular s t r a in or the f la t T 

waves of low potassium would be apparent. 

Of the 10 animals in group 1, the control group, there were 6 SCGs 

taken. In each of the other groups, there were 8 t racings taken. The fact that 

the animals were under e i the r a t the time of the t rac ing makes in terpre ta t ion 

very d i f f i c u l t . For instance, the only major change present in group 4 was a 

prolongation of the PR in te rva l (over .06 sees.) appearing in 3 t racings (f ig. 13a) 

But i t has been previously noted that an ether anesthet ic may sometimes cause 



TABLE 8 

Group 1 G r o U p 4 
Unt rea ted Group 2 Group 3 DCA-Saline & 
Con t ro l s DCA-Saline Pregnenalone Pregnenalone, 

No. Animals- 10 10 ±0 10 

Average I n i t -
i a l Weight (gm)78 68 57 _ ? 1 ' 

Average F i n a l 
Weight (gms) 120 112 109 106 

B.P. i n mm. Hg. 
(Friedman) 86 .8 117.5 - 95.5 115.2 

Hear t Weight 
mgm/100 cm2 173.6 198.6 179.6 205.8 

Average Serum 6 de term. 5 de term. 7 determ, 7 determ. 
K cono. m e / l 5.7 4 4 . 8 5 3^9 

Serum K cone . 
ran^e m e / l 4 . 4 - 6 .7 2 . 8 - 4 . 9 4 . 1 - 5 .8 2 . 5 - 4 . 9 



i l l 
i l l 

Figure 13. 

(a) ether anesthetic; DCA - saline - pregnenalone. Note prolonged PR 

interval 0.07 - 0.08 sec. (b) PR = 0.06 sec. T 1 & 2 flattened. 
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dropped beats though th i s was not seen in the control group here . In addi t ion, 

ether may cause a prec ip i tan t drop in serum potassium cone ant ra t ion ,157). whether 

t h i s disturbance in A-V corduction i s due to the low serum potassium ,13?) caused 

by ether or DCA^or whether i t ? s a d i rec t effect of the ether a l m s is not the 

question. The point i s tbatjDCA effect can not be def in i te ly said to be the 

cause of t h i s prolongation of the PR in t e rva l . 

Low T waves were seer in 2 t racings from group T. ( f ig . lrth) This 

was not seen in another group even though the B.P. , heart weight, and e l ec t ro ­

lyte changes were affected about equally in group 2 & 4. In addi t ion, an i n t e r ­

nal control was lacking as well as a range of normal var ia t ion with e ther . Thus, 

no confidence can be placed in these IOY; T waves e i t h e r . 

There was no other essen t ia l change seen in any of these t r ac ings . 

Summary. All that can be said of t h i s experiment i s tha t t h i s dose 

of DCA and sal ine for t h i s length of time, did not produce any regularly occur­

ring a l t e r a t i on in the ECG pattern although an e lec t ro ly te chsnge was produced. 

No confidence can be placed in the changes that did occur in some t raoings f be-

cauoe of the ether anes the t i c . 

Experiment 5. Since in the previous experiment there were some chenges of un­

certain significance seen in a few tracings following DCA administrat ion, i t was 

thought tha t the effect of DCA should be re-assessed under evipal anesthesia 

where the range of normal had been well worked out . In addi t ion, in experiment 

4, i t was apparent tha t the majority of the experimental animals had a normal 

t rac ing . I t therefore seemed important to extend the period of time over which 

the DCA was act ive in the hope that a larger percentage of animals would show a 

change in the ECG. Although t h i s time factor would not be so important if the 

ECG abnormalities were due to a functional disorder connected with the e lec t ro ly te 

change, i t would be very important if theJalterations were due to a s t ruc tura l 
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change connected wi th the hype r t ens ion o r a prolonged e l e c t r o l y t e a l t e r a t i o n . 

C e r t a i n ^orkors^ inc lud ing Selye ,28), have shown t h a t potassium admin-

s t e r e d wi th DCA w i l l p revent the f a l l in serum potassium c o n c e n t r a t i o n but does 

not prevent t h e occurrence of hype r t ens ion and o t h e r l e s i o n s . Provided t h a t e l ec ­

t r o c a r d i o g r a p h i c a b n o r m a l i t i e s were caused by prolonged DCA a d m i n i s t r a t i o n . i t 

was wondered i f the a d m i n i s t r a t i o n of pot assiurn.would prevent the appearance of 

the abnormal e l e c t r o c a r d i o g r a p h i c p a t t e r n . 

J u s t a t t h i s t ime ,Doc tors S.M. and C.L, Friedman had an experiment 

we l l underway which wss s u i t a b l e f o r de te rmining the e f f e c t of prolonged admin­

i s t r a t i o n of DCA i n l a r g e doses on t h e ECG and the e f f ec t of potassium on t h i s 

e l e c t r o c a r d i o g r a p h i c p a t t e r n i f one were to deve lop . This experiment was se t up 

as fol lows with male a lb ino r a t s of t he V/istar s t r a i n . 

No. of Average 
Weight 

Animals I n i t i a l ,grams) P rocedure . 

Group 1 

Group 2 

Group 3 

Group 4 

10 

10 

12 

12 

65 

66 

68 

70 

u n t r e a t e d c o n t r o l 

d r ink ing 1>; KD1 

DCA 8c tap water 

DCA 8c 1$ KC1 

- tap wa" 

The animals were housed 4 to a cage . They rece ived Pur ina Fox Chow 

ad l i b i t u m in a d d i t i o n to t he f l u i d s d e t a i l e d above. 

On day 1 of t h i s experiment^a o n e - t h i r d p o r t i o n of a 75 mgm p e l l e t 

of DCA was implanted under t h e sk in of the back of the animals in Group 5 and 

4 , Over a pe r iod of 28 subsequent days , 4 a d d i t i o n a l o n e - t h i r d p o r t i o n s of a 

75 mgm p e l l e t of DCA were implanted one a t a time a t i n t e r v a l s varying from 4 

to 14 days i n t o each of t h e a n i m a l s . 

The potass ium was adminis te red as Vp KD1. 

http://administration.it
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In te rna l control ECGs..-7ere not taken on these animals for the 

experiment was underway before i t was real ized that i t would f i t in e i th t h i s 

work. However, i t seemed l ike ly that any gross abnormality developing in the 

ECG of the t rea ted animal would be apparent in comparison to the external con­

t r o l and in comparison to the known range of normal. 

At 35 days>the blood pressures were taken by Dr. Friedman end were 

found to be d i s t i n c t l y elevated in both DCA groups (Table 9) . At th i s time 

also ECGs were taken on 4 animals in group 1 and on 4 in group 2, while t racings 

were taken on 5 animals in group 5 end on 5 in group 4. Because a l l these tracings 

were within normal l im i t s , i t was decided to carry on with the experiment for an 

addit ional 2 weeks. Thus^on the 57th and 42$ay,another one-third portion of a 

75 mgm pe l l e t of DCA was implanted into the animals of group 5 and 4 . 

On the 50th day, ECGs were taken on 10 animals in each group except in 

group 4 where 9 t rac ings were taken. Blood pressure determinations,using ether , 

had been done'by the Doctors Friedman on the previous day. These workers,during 

the course of renal function studies,on the 50th day,obtained blood samples for 

potassium analyses. The animals were k i l l ed and heart weights obtained. 

Results & Discussion. The r e su l t s important to th i s work are presen­

ted in Table 9. The weight gains, as judged by the average, are almost equal, 

the DCA group gaining s l igh t ly less than the o thers , i t wi l l be seen that the 

blood pressures are d i s t i n c t l y elevated in both groups receiving DCA. In these 

groups also, the heart weight i s markedly increased. The potassium determinations 

were done on 8 samples. The f i r s t analysis run in duplicate, showed a separation 

in values of such a degree that i t was fe l t tha t the analysis was unre l iab le . 

Thus,a second determination was done on a single sample and these resu l t s are 

shown in Table 10. in most cases,values from th is second single determination 

agreed closely with one or the other values obtained on the f i r s t duplicate 

analys is . These agreeing values were fe l t to be r e l i a b l e , i f those values from 



TABLE 9. 

Group 1 
Control 

No. of Animals 10 

Average Ini­
tial Weight 
(grams) 65 

Group 2 
KC1 

10 

66 

Group 3 
DCA 

10 

68 

Group 4 
DCA & KC1 

9 

70 

Average F i n a l 
Weight (gins) 

B .P . 35 day 
rpuHg. 
(S£F) 50 day 

Hear t mgm/lOO 
cm2 weight 

Average Serum 
K cone, (m e / l ) 

237 

103.8 

108.8 

199 

8 dete 
4 . 1 

Range of Serum 
K. cone, (m e / l ) 3 .4 

rm. 

- 5 

255 

106.2 

109.6 

197 

8 determ. 
4 

3.25 - 5 .4 

209 

155 

131.8 

245 

8 det( 
3 . 3 

2 .5 -

srm. 

4 .7 

224 

123.4 

144 

249 

8 determ. 
3 .4 

2 .4 - 5 
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the s ingle determination, which did not closely agree ..1th one of the previous 

duplicate values,were discarded, there was no s ignif icant a l t e ra t ion in the 

average figure or in the range as presented in Table 10. 

In some cases, DCA administration caused a lowering of potassium below 

the range of normal as shown here but not in a l l cases as the average and range 

shows. The ora l administrat ion of 1$ potassium chloride in group 2 did not 

increase the serum potassium concentration as measured on the 50th day in contrast 

to the a l t e r a t i o n caused by administering a more concentrated metabolizable sa l t 

seen in Experiment I I . The administrat ion of t h i s amount of potassium in group 4 

was not suff ic ient to prevent the s l ight f a l l in potassium concentration caused 

by DCA in t h i s dosage over t h i s length of t ime. 

The ECGs in the control group and in the potassium chloride group 

were TJithin normal l imi t s , a s were the blood pressures and heart weights. In each 

of the DCA-treated groups a l l t racings were normal with one exception in each 

group. These two abnormal t racings are very d i s s imi la r . 

The abnormal t racing in group 3 i s shown in f i g . 14b along with a 

t racing taken on the 35th day ( f ig . 14a), The l a t t e r t racing appears to be with­

in normal l i m i t s . The blood pressure on the 35th day in th i s animal was 148 mm 

Hg. and on the 50th day 14ftSJ5g. On the 50th day, also, the serum potassium con­

centrat ion was 2.5 m e / l . Between the 35th and 50th day the t racing changed. 

In lead 1 and 2 and ;to a lesser extend,in lead 3,although the rhythm is regular 

and the PR in te rva l constant , the complex of the one beat is somewhat different 

from the next but s imilar to the 3rd, while the second beat is s imilar to the 

4th. In lead 1,the difference i s apparent in a deepening of the 3 wave, an in ­

creased height of the T wave, and a s l ight change in the shape of the ST and T 

configuration. In the second lead, the S wave i s deeper on every a l te rna te beat 

and the T s l i gh t l y higher. In the 3rd lead,every other R wave is splintered* 
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Figure 14« 

(a) Tracing taken 35th day of DCA administration. Probably within 

normal limits, (b) Taken on 50th day. In lead 1 note increase depth of S 

wave every other beat and slight increase in height of T. Similarly lead 2. 

In lead 3 notice slight splintering of R wave every alternate beat. In all 

leads note increased height of T waves compared to previous tracing, (c) 

Another animal after 50 days. Note depression of ST2 &. 3 and inversion of 

T2 & 3» 
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In comparison to the previous t r ac ing , a l l T waves are markedly increased in 

amplitude. In conjunction with the other changes, th i s marked increase in ampli­

tude may be of some importance. 

The cause of t h i s var ia t ion i s pat tern i s not ce r t a in . In view of the in­

creased amplitude of the T wave, i t seems hardly l ike ly tha t the changes are due 

to a functional a l t e r a t i o n connected with the lowering of the serum potassium 

concentrat ion. The animal was not obviously anoxic as the t rac ing was taken, so 

that t h i s was probably not the cause of the increased amplitude of the T wave. 

I t does seem possible , however, that the electrocardiographic changes are con­

nected with a s t ruc tu ra l defect associated with chronic hypertrophy, for t h i s 

pat tern may represent a var ia t ion in the conduction pathway in the ven t r i c l e s 

and ven t r i cu la r conduction disorders are often seen in hypertensive heart disease 

(155). 

The abnormal t rac ing in the DCA-KC1 group i s shown in f i g . 14c. There i s 

no previous t rac ing on t h i s animal but such changes have not been seen under other 

circumstances. Here, in lead 2 and 5, the ST i s depressed and the T wave small 

inverted. The potassium concentration in t h i s case was 3 m e / l and i t seems 

possible tha t t h i s is responsible for t he change, although other factors might 

as eas i ly have been important. Other animals had potassium levels as lew or 

lower than t h i s and showed no similar change but there i s a var ia t ion in the 

potassium concentration a t which, different subjects show ECG changes. 

There is one factor that fur ther complicates the in te rpre ta t ion of these 

t rac ings . I t w i l l be reca l led tha t blood pressure determinations under ether 

were done in these animals on the day pr ior to the taking of the ECGrS. I t i s 

conceivable that t h i s ethor anesthet ic might have been responsible, at leas t 

in par t , for some of these changes, although i t i s improbable in that s imilar 

changes were not seen in the control group. 
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Thus, t h i s experiment shows that DCA in large doses over a period of 

50 days does not always lower the serum potassium, and does not cause any regu­

l a r ly occurring ECG abnormali t ies , only 2 out of 19 t rea ted animals showing any 

marked changes. The prolongation of the PR in terva l , seen under ether in 

Experiment 4 in the DCA-saline group,was not seen here with l a rge r doses of DCA 

alone over a longer period of time using evipal . The diminished height of the 

T wave, in 2 t rac ings in Experiment 4,may s t i l l be due to a var ia t ion occurring 

with the ether anesthetic, though i t seems a l i t t l e more l i ke ly now that the 

finding was connected with the low potassium. I t seemed obvious t h a t , i f an 

abnormal ECG pat te rn was to be produced f a i r l y regularly by DCA due to the 

effect of e i the r the sustained e lec t ro ly te changes or hypertension on the hea r t , 

the drug would have to be act ive longer than 50 days or else reinforced with 

sal ine over a long period. Also i t was suggested tha t , if,; changes in serum 

potassium with doses of DCA of t h i s order were to.be prevented,larger amounts of 

potassium would have to be administered in the drinking water. 

I t was planned now to procede to renal hypertension and to DCA pro­

duced hypertension which had been operative for a longer period'of t ime. If 

an abnormal pat tern could be produced in a large enough number of animals to be 

s ign i f i can t , the effect of the administration of various s a l t s administered ac­

cording to experiment 2 or to experiment 1 would be t e s t ed . Unfortunately, 

t h i s plan could not be carr ied out . 

PART IV:- The effect of varying the e lec t ro ly te concentration on 

the acutely damaged hea r t . 

On page 29 the theore t ica l p o s s i b i l i t i e s concerning the potassium 

concentration in the zone surrounding the necrotic area have been discussed. 

Briefly, knowing that in the alarm phase of the general adaptation syndrome there 

i s an increase in serum potassium,and knowing, tha t d ls in t regat ing muscle ce l l s 

lose potassium, i t was wondered how important those a l t e ra t ions were to the 

http://to.be
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function of the acutely injured myocardium pa r t i cu l a r ly the myocardium surround­

ing the in jury . Two p o s s i b i l i t i e s were suggested. F i r s t , the f ibres in the zone 

around the injury are fur ther handicapped by the loss of potassium and potassium 

administration in non-toxic doses might be benef ic ia l . On the other hand, the 

second proposit ion suggests tha t there is an accumulation of potassium in large 

amounts in the exudate surrounding the injury, which fur ther impedes the function 

of the surrounding f ib res , and an agent lowering the potassium might be benef ic ia l . 

To s t a r t with, then, how was the myocardium to be injured? Without 

an elaborate set-up for maintaining r e s p i r a t i o n s , i t seemed obvious that an opera? 

t ige procedure involving thoracotomy would have to be done very quickly. Under 

the circumstances, t i e ing off the an ter ior descending branch of the l e f t coronary 

in these small animals seemed almost impossible. The idea was to cauterize t h i s 

a r te ry as close to i t s or igin as poss ible , in a number of animals the following 

operative procedure was worked out . 

The animal was anesthetized with evipal 12 mgm per 100 grams. Ether 

was not used because of i t s possible d i s to r t ion of the ECG and because of danger 

near the open flame. With the evipal , caution had to be used in administering 

the anesthet ic for , if resp i ra tory depression developed, the increased resp i ra tory 

effort compensating for the thoracotomy did not appear, and t h i s lack of resp i ra ­

tory response seemed to be f a t a l in some of the preliminary work. 

The animal was placed on i t s back and turned a l i t t l e to the r igh t . 

The l e f t fore-limb was taken up over the l e f t shoulder and clipped to the towel­

l ing t h e r e . The fur was cut over the le f t an ter ior chest . All instruments were 

boiled. An incis ion was made about 1 cm to the le f t of the mid-sternal l ine from 

the lower margin of the thorax to just below the l e f t shoulder. The muscle was 

separated u n t i l the r ibs and in te rcos ta l muscles were well exposed. The t i p of 

a pai r of pointed sc issors was inser ted between the r ibs on a level with the 



66 

lower inside margin of the cardiac notch. Then the thoracic wall was cut upward 

on a l ine with the le f t extreme of the notch. The chest was then spread by means 

of a r t e ry forceps placed on each cut margin. I t i s important not to spread these 

margins too widely,for the fine p leura l and per ica rd ia l membranes are attached 

at the mid s t e rna l l ine and, i f these membranes are s t retched too much, the pleura 

from the right side may bulge dangerously to the open.side with resp i ra t ion . In 

a preliminary operat ion, these s tretched membranes ruptured. 

Following t h i s inc i s ion , the heart i s e a s i l y visualized in most animals 

In some large animals with a deep thorax, the heart may be very deeply placed in 

the chest and be r e l a t i v e l y inaccessible o r else i t may move up toward the i nc i ­

sion and move back desp into the thorax with r e sp i r a t ion . This l a t t e r type , 

pa r t i cu l a r ly , i s d i f f i c u l t to handle rapidly. 

As soon as the heart i s exposed, a round probe with a f la t t i p 1 mm in 

diameter i s heated rapidly to red heat in an open flame. This hot t i p i s then 

applied to the h e a r t . At f i r s t , the upper part of the in t raven t r icu la r grove 

was aimed a t , in an attempt to cauterize the anter ior descending branch of the 

lef t coronary. This proved to be hazardous, however, for t he r ight ventr ic le i s 

so th in walled, even a touch of the hot probe punctured i t and the animal died 

of haemorrhage. After a t ime, therefore , the region to the le f t of the i n t e r ­

ventr icular grove and just down from the aur ic le was injured in the hope tha t 

large branches of the vessel would be caught, (Experiment 6 ) , bu t , i f t h i s was 

not regular ly accomplished^the degree of injury was variable so that a more 

localized area of damage of more equal magnitude was preferred,and thus the 

thick t i p was injured (Experiment 8 & 9 ) . In searing the t i p , t h e r e was very 

l i t t l e danger of piercing the heart or of injuring a large a r t e r i a l branch. I t 

should jus t be mentioned that in introducing the hot probe into the chest , care 

must be taken not to injure the pleural membrane from the other s ide . 
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As soon as the heart i s injured,the thorax is rapidly closed with s i l k 

sutures, three usually being su f f i c i en t . Caution must be exercised in t h i s for, 

i f the needle is la rge , as i t was in Experiment 6, too deep a b i t e may be taken 

which may catch the heart or pericardium in the su ture . A small no. 16 curved 

surgical cut t ing needle seemed to be the be s t . 

The skin edges are temporari ly held together with a r t e ry forceps and, 

as quickly as poss ib le ,a needle on a 5cc syringe i s inserted through the chest 

wall and the a i r sucked out . Frequently, frothy pink foam i s seen in the syringe 

as the lung re-expands and h i t s the needle. From the time that the thorax i s 

opened,unti l t h i s procedure i s done,about one and a half minutes e lapse. The 

skin is then closed with c l i p s . Very l i t t l e bleeding i s apparent in th i s opera­

t ion . If any is seen, i t can be quickly stopped by applying an a r te ry clamp 

b r i e f l y . 

In the following experiments in which t h i s operative technique was 

employed, there were only 2 immediate operative deaths in 65 operations (3$) • 

Of course, the big question i s the a r t i f i c i a l i t y of such an experimental pro­

cedure. In the human, acute myocardial injury i s usually caused by acute anoxia 

while here i t i s caused by hea t . In human infarc t ion, moreover, the worst damage 

i s deep seated while here i t i s supe r f i c i a l . The human is subjected often to 

severe pain while these animals are anesthet ized. On the other hand, the animals 

undergo an operation which must be severely shocking in i t s e l f . However, in 

spite of these dif ferences , the procedure was adopted because i t seemed probable 

that in acute myocardial injury the resu l t ing changes in and around the area of 

injury are probably very s imilar regardless of the immediate cause of injury 

whether i t i s anoxia or hea t . This was, of course, an assumption but in the 

hone that i t was a reasonable one, these experiments were undertaken. 
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Experiment 6. - This f i r s t experiment was a preliminary one to determine f i r s t , 

i f the thoracotomy per s e , had any effect on the ECG. The next question was 

whether t h i s type of myocardial injury produced any diagnostic change in the 

ECG and, if so, when was t h i s change fully apparent. Another problem was whether 

there was any change in the serum potassium leve l at the time when the ECG 

changes were pronounced. And f ina l ly , was there any a l t e r a t i on detectable in 

the adrenal caused by the procedure? 

The animals used were male albino r a t s of the Wistar s t r a i n . They 

were made up into groups as follows: 

Group No. of 
Animals 

Av. Weight Weight Range Procedure 
(grams) (grams) 

Group 1 10 228 140 - 550 Untreated control 

Group 2 8 272 190 - 350 Thoracotomy - sham 
operated. 

Group 3 8 295 270 - 550 Myocardial Injury 

The animals were housed 4 to a cage and received Purina Fox Chow and 

tap water ad l ibi tum, 

A control 4 lead ECG was taken on a l l animals the day previous to 

operat ion. The sham operated group had the chest open for approximately as long 

as the group in which the myocardium was injured. All burns were placed just 

l a t e r a l to the in t e rven t r i cu la r groove about half way between the t i p and the 

a u r i c l e . All experimental animals had a t r ac ing taken on the 1s t , 2nd, and 5rd 

post-operative ,P,0,) day, while 6 controls were checked on P.0.2 and 2 on P . 0 . 3 . 

On the 3rd day, because d i s t inc t ive ECG changes were seen by t h i s time, blood was 

taken for potassium ana lys i s . The animals were k i l l ed , then, and autopsied. The 

gross appearance of the heart was noted especia l ly . The adrenals were weighed. 

Then the hear ts and adrenals were sectioned and stained with H 8c E, 

As said before, in terna l control t racings were done on a l l animals. 

Unfortunately,6 of these t racings in the thoracotomy group were ruined during 
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development of the film owing to a technical e r ro r , 

A 4th lead was taken on these animals at the level of the z iph i - s t e rna l 

junction about 1 cm off the mid-l ine. Several factors combined to make these 

t racings extremely var iab le . In addit ion to those factors mentioned previously 

(page 43) , in these cases^the heart may be shifted due to the thoracotomy, the 

electrode may be shif ted by the posi t ion of the inc is ion , and the chest wall 

may be swollen. Thus, changes in th i s lead must be d i s t i n c t , and even at t ha t , 

they are considered to be only confirmatory of some change occurring in lead 1, 

Results : Before going on to consider the cardiographic and pathologi­

cal changes in these groups in d e t a i l some figures wi l l be presented i l l u s t r a t i n g 

the ECG findings of acute myocardial injury in the r a t . 

In f i g . 15 a & b,two t racings on an animal in group 3 are shown 

The control t r ac ing i s Yd th in normal l i m i t s . On P.0 .2 ,a Q, wave i s prominent in 

the standard leads . R2 hardly reaches above the i soe lec t r i c l i n e . T 1 and 2 

and, to a l e sse r extent,T4 are sharply inverted. This isAmost markedly abnormal 

pat tern of injury which has been seen. In f i g . 15 e , d , e , the more usual pat tern 

which develops in the myocardial injury group is seen. Here, on I ' .O.i , ST1 i s 

elevated while Tl i s small inverted. By P.0.3, the T waves in lead 1 and 4 have 

become deeply inverted and T2 has become f l a t . The pa t te rn seen in these t racings 

i s the more usual pa t tern of t h i s acute an te r io r myocardial damage. In the summary 

which appears in table 10, the large l e t t e r T represents such marked and typ ica l 

findings as those shown in f i g . 15 and ind ica t e s ; a t l e a s t , t h a t Tl , and often T4 

as well, has become d i s t i n c t l y and constantly inverted. 

The se r i e s of changes in f i g . 16 are not nearly so s t r i k ing . Here the 

changes are of a l esser degree and are less constant . On P» u # l ST1 i s variable 

but i s sometimes s l i g h t l y elevated. On P .0 .2 , Tl i s variable being small in­

verted or f l a t . On P.O.3, the ST and T segments are slurred and depressed and 
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(a) control (b) PO 1 ST1 s l i gh t ly elevated. Tl may be very small 

inverted in l a s t complex, (c) PO 2 ST1 * Tl var iab le . ST1 occasionally 

elevated Tl small inverted or else f l a t , (d) PO 3 ST * T segments in lead 

1 s l igh t ly depressed below i s o e l e c t r i c l i n e . T4 occasionally small inverted. 
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T4 is small inver ted. Tracings in which there are only minor changes in lead 1, 

and in which there are some supporting changes in lead 4, sometimes more marked thai 

here, f a l l in to one category. This category, where the changes are not so marked 

or constant , are considered to be suggestive of myocardial damage and the t r a c ­

ings are designated by the l e t t e r 8 in table 10. 

A se r ies of t rac ings which does not show any def ini te ,T) or suggestive ,S) 

abnormalities in the ECG but only such var ia t ions as may occur in uninjured r e ­

peat t rac ings are considered within normal l imi ts and are referred to as N in 

Table 10. ( f ig . 20) . 

Table 10 has been set up in an attempt to corre la te the pathological and 

cardiographic f indings. The external control group has not been tabulated here 

in that a l l t rac ings were within normal l imi t s and in that there was no abnormal 

findings in the heart grossly or microscopically. We have already seen how the 

ECG findings are to be c lass i f i ed by the l e t t e r s T, S, and N. A number appearing 

af ter these l e t t e r s w i l l indicate the P.O. day on which the most marked change in 

the T wave i s apparent. 

At autopsy, in the gross , the induced injury on the myocardium usually ap­

peared as a d i s t i nc t white spot about l|mm in diameter surrounded by an area of 

purplish or reddish discolourat ion. This type of injury, which was usual , i s 

referred to in table ID as i- 2. If t h i s burn penetrated the myocardium so that 

there was a d i s t i n c t defect in the surface, i t i s c lass i f ied as * 3, If th i s 

burn was smaller, as if only a l i gh t touch had been made, i t i s graded as * 1. If , 

as occasionally happened, a second l ight burn was placed on the myocardium because 

of uncertainty regarding the f i r s t attempt, a *• 1 was added to the grade. If an 

accident occurred, such as catching the myocardium in a s t i t c h by taking too deep 

a b i te rcith the needle, the severe inflammatory injury is considered * 4. 

Another fac to r , of which note must be made, is the degree of p e r i c a r d i t i s . 

This was d i f f i c u l t - t o gage sometimes because the haemo pericardium, resul t ing from 
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the heart puncture procedure, occasionally obscured i t . A *• 1 i s used to designate 

the s l ight almost unavoidable adhesion of the pa r i e t a l pericardium to the s i t e of 

incis ion. A \- 2 indica tes that t h i s adhesion shows thickening and inflammatory 

change. A * 3 indica tes that t h i s adhesion also involves the v i scera l pericardium 

so that there i s a band of t i s sue from the incis ion to the hear t , often at the 

s i te of in jury. Included in t h i s grading,a lso ,are those hear ts which are free 

in the pe r i ca rd ia l sac but in which there is a grossly v i s ib le and d i s t i nc t f i b ­

rinous v i sce ra l p e r i c a r d i t i s . A t 4 indicates tha t the heart i s firmly adherent 

to the inc i s iona l s i t e but not caught in a s t i t c h . 

The microscopic findings are d i f f i cu l t to t abu l a t e . For one th ing , 

only 2 sect ions were cut off each block in the same place, so that the micros­

copic findings con not be graded, s e r i a l sect ions being missing. Usually^under 

the microscope in t h i s type of injury,an arc of very deep staining muscle 

bundles with no nuclei i s seen extending in from the epicerdia l surface. Around 

th i s i s an ares of inflammatory ce l l i n f i l t r a t i o n , empty muscle sheens and 

f ibroblas t ic p r o l i f e r a t i o n . In t ab le 10, * in jury confirmed" v a i l indicate t h i s 

p ic ture . Other findings are presented in an abbreviated synopsis. 

On consulting table 10, i t w i l l be seen 2 of the animals in the tho-

rocotomy group show the t y p i c a l ECG changes of myocardial damage. At autopsy,it 

was found that in using a large curved needle, a suture had been passed through 

the t i p of the l e f t ven t r i c l e in the animals. The whole t i p was swollen pale and 

necrotic-looking and in the microscopic sect ion, p rac t i ca l ly the fu l l thickness 

of the ven t r i c les was destroyed, the muscle bundles being replaced by inflammatory 

cel ls snd f i b r o b l a s t s . In addi t ion, there were two other animals showing a ser ies 

of t racings in which there were minor changes suggestive of myocardial injury ,3 ) . 

At autopsy, in one, there was evidence of a fibrinous v iscera l pe r i ca rd i t i s and 

the microscopic showed an inflammatory i n f i l t r a t i o n into the myocardium beneath 

th i s p e r i c a r d i t i s . In the o ther , the re were no vis ible involvement of the visceral 



TABLE 10 
see text. 

PATHOLOGY 

Gross Microscopic 

Animal Degree Degree 
No. ECG Injury Peri card. 

Thoracotomy 634-1 N » 1 

"2 N * 1 

"3 N ^ 

-4 N *• 1 

-2 T3 r 2 r 3 

-3 S3 *• 2 f 1 

635-3 S •• 3 Patch p e r i c . with 
_ _____ inflam i n f i l t r . 

-4 T3 M f 4 Severe inflam in 
• vent r . wall 

636-2 S t 2 Patches pe r i c . with 
inflam. i n f i l t r . 

-4 T2 *• 4 1-4 Severe inflam. in 
vent r . wal l . 

Myocardial 
Injury 657-1 T3 *• 2 $__ Injury confirmed 

-4 T2 t 2 *• 2 n n S0Lie d e e p 

. inflam. i n f i l t r . 

638-1 S3 » 2 __1 » » 

-2 S2 » 2 *_2 » « 

- 5 T3 » 2 j _ 3 •» " 

-4 N * 2 0 n « 
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pericardium but in microscopic section there were 2 spots of pe r i ca rd i t i s with 

inflammatory i n f i l t r a t i o n beneath. All these thoracotomy animals were operated 

otysuccession and the suggestion i s that there was some change in technique so that 

the myocardium was injured by the needle. At any r a t e - i t was fe l t that there 

was sufficient evidence of myocardial injury found at autopsy to account for these 

ECG changes. 

In those 4 thoracotomy animals in which there was no evidence of myo­

cardial damage,the t racings were a l l within normal l i m i t s . I t i s unfortunate that 

the in ternal control t r ac ing is not avai lable but ce r ta in ly i t can be said that 

in these 4 animals there i s no suggestion of a var ia t ion from the normal range. 

In the myocardial injury group, i t wi l l be seen that 4 animals show 

definite change (T), 3 show suggestive changes (S)? and 1'shows no diagnostic 

change (N). Most of these animals showed about the same degree of myocardial 

injury,except for 2 animals 637-1 and 637-4. In the f i r s t of these, the t i p of 

the heart was involved in a dense adhesion to the s i t e of the incision,and under 

the adhesion, the myocardium appeared white and nec ro t i c . In 6 3 7 - 4 , t h e : heart 

& v i sce ra l pericordium were free from adhesion,but the t i p of the heart beyond 

the injury ar>peared white and necrot ic and,on microscopic,deep inflammation;u»asfeeh. 

Possibly, in t h i s case the major blood vessel to the t i p was involved, 

Thoractomy, without injury to the hear t , does not seem to d i s to r t the 

ECG, But because the heart was injured in 4 instances in the thoracotomy group, 

the resu l t s of adrenal weight and potassium concentration in these injured animals 

are included in the myocardial injury group. This decreases the number of 

thoracotomy animals to the extent that the values in t h i s group are not suff ic ient 

to be s t a t i s t i c a l l y s ign i f i can t . 

In Table 11.the average adrenal weights and the r e s u l t s of the potas­

sium determinations are given. The adrenal weights in the myocardial injury 
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group are p rac t i ca l ly the same as in the control group. In addition,microscopic 

examination with an H 8c E s t a in revealed no s ignif icant difference in appearance 

in the 2 groups. After 3 days, there was,then,no change in the adrenals as 

revealed by these methods of examination. 

The blood for potassium determination was taken 3 days a f t e r injury 

when most of the ECGs were showing most d i s t i n c t l y evidence of myocardial damage. 

All samples were analysed in duplicate and these duplicates were so close they 

were averaged. I t seems obvious,from Table IV,that the serum potassium concen­

t r a t i on in the myocardial injury group i s not s ign i f ican t ly different in average 

or in range from the con t ro l s . 

Discussion: I t might be wondered why a l l the animals in the myo­

cardia l injury group did not show marked electrocardiographic changes indicat ive 

of injury. There i s no ready answer to t h i s question. The degree of injury i s 

about the same,except for the 2 animals mentioned above. The posi t ions of these 

in jur ies were a l l about the samejand a s l igh t difference in exact posi t ion did 

not seem to be responsible for one animal showing a t yp i ca l change and another 

not . The in t ens i ty of surrounding react ion in Hie myocardium may be the r e s ­

ponsible variable but t h i s can not be judged from out da ta . The exact time of 

the t rac ing may also be a fac tor , tha t i s , the t racing may not have been taken 

at a time when injury would have been most apparent e lectrocardiographical ly . 

There i s a suggestion from the data in Table 10, tha t the degree of pe r i ca rd i t i s 

developing may be the variable fac tor . Thus, when there was no evidence of p e r i ­

c a r d i t i s , no electrocardiographic evidence of damage developed ,638-4), In the 

myocardial injury group when p e r i c a r d i t i s was minimal ,«• 1) the changes were only 

suggestive ,S) in sp i te of def ini te myocardial injury ,637-3, 638-1). But, on the 

other hand, the changes were only suggestive with the same degree of injury and 

a greater degree ,* 2) of p e r i c a r d i t i s (637-2). Also, in animal 637-4,a t 2 

pe r i ca rd i t i s associated with a more serious injury, showed marked changes. I f 
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the pericarditis is severe and involves the myocardium, it, no doubt, increases 

the myocardial injury and contributes to the distortion of the ECG (635-3), But 

the degree of pericarditis does not seem to be the only variable explaining the 

difference in the cardiographic patterns developing. 

In the future an attempt would be made to decrease the degree of 

of pericarditis by exercising extreme caution in suturing. Also, the position of 

injury, would be changed to the tip to avoid involving a large artery. It was 

hoped that these maneuvers would reduce the variability in the extent of injury. 

Summary: Thus,in this experiment,several important facts have been 

demonstrated. First, with myocardial injury,there was no change in the serum 

potassium concentration at a time when changes in the ECG were marked. Similarly, 

no change could be demonstrated in the adrenal weights or appearance under H & E 

stain at this time. In addition, the patterns of acute myocardial injury in the 

ECG were seen and these patterns were classified. This pattern was usually most 

marked by P.O.3 as far as the T wave inversion was concerned. In 1 case, myocar­

dial injury did not alter the ECG. There was an indication for shifting the 

position of the injury. And finally, it seemed fairly certain that pericarditis 

involving the myocardium may produce abnormal patterns and contribute to the 

pattern of myocardial injury. 

Experiment 7. The purpose of this experiment was to test the effect of raising 

and lowering the potassium concentration on the electrocardiographic pattern of 

the acutely damaged heart. There had been no demonstrable change in the serum 

potassium concentration at a time when there was a marked ECG change following 

injury. Nonetheless, it was felt that there might still be marked local change 

in potassium concentration and distribution around the area of damage. Some 

indirect evidence for this local change in potassium.further inhibiting myo­

cardial function..might be provided,if raising or lowering the potassium improved, 
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or, on the other hand, exaggerated,the ECG pattern of acute injury. 

The Experiment was set up as follows using male albino rats of the 

Sherman Strain. 

Average 

Group 1 

Group 2 

Group 3 

Group 4 

No. of 
Animal 

7 

7 

8 

8 

Weight 
(grams) 

99 

122 

124 

126 

Weight 
Range ,gms) 

88 - 106 

108 - 138 

112 - 145 

108 - 140 

Procedure 

Control 

Myocardial Injury 
untreated 

Myocardial Injury 
potassium 

Myocardial Injury 
DCA 

The animals were housed 5 or 4 to a cage. They all received Purina 

Fox Chow ad libitum. All animals,except those in group 5,drank tap water. An 

internal control 4 lead ECG was taken on all animals on the day prior to operation. 

These animals were considerable smaller than previously used so that 

more caution was exercised in injuring the heart - that is the hot probe v/as 

touched more lightly to the surface of the heart. The burn in this experiment 

was placed in the region of the tip of the left ventricle. For suturing the 

chest, a small curved needle was used and extreme care was taken in this step 

so that neither the heart nor the pericardium Y£>uld be caught in the suture. 

Because the animals in the potassium treated group were roughly com­

parable in weight to the animals used in experiment 1 & 2, they received potas­

sium in the same dosage int rape r it one ally each time and in the same concentration 

in the drinking fluid. Thus, the animals in group 3 received an injection of 3cc 

of potassium chloride intraperitonially three times a day at roughly 6 noun 

intervals in the concentration used in experiment 1 (11.56 grams K01/L). In 

addition, the group was given potassium citrate water to drink in the strength 

used in Experiment 2 (30 grams E cit/L) and this they consumned at the rate of 
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40 - 45cc per cage per day for 3 days. The total fluid intake, therefore, . 

for these animals per cage,was approximately 90 - 95cc per day compared to an 

average water intake in the control group per cage per day of lOOcc, 

DCA was used to lower the serum potassium concentration. Three one-

third portions of a 75 mgm pellet of DCA were implanted into each animal in group 

4 at the time of operation under the same anesthetic. Each pellet was implanted 

in a different position under the skin of the back. 

An ECG was taken each day for 5 days post-operatively on all 

experimental animals. The tracings were taken on the animals in the same order 

in which they were operated so that there was practically the same time interval 

between the operation and the tracing in each animal. In the external control 

group, 7 animals had a tracing taken on P.0.2 and 2 on P.O.3, 

On the 3rd P.O. day,after the ECG had been taken, blood samples were 

taken for potassium analysis by heart puncture. These samples were drawn about 

6 hours after the last potassium injection. Shortly thereafter,the animals 

were killed and an autopsy done. Myocardial sections were cut and stained with 

H. & E, 

Results: Two animals in the external control group died, one with 

the evipal and one with a severe "twisting disease1*. One animal in the DCA-

treated group died on P.0.2 and one animal in the KDl-treated group on P.0,3, 

At autopsy,the lungs of both these injured animals were found to be dull red and 

one section oozed pus. In both animals there was also a purelent pericarditis 

and pleuritis. Here, then, was another factor, infection,which would have to 

be controlled in future. 

Table 12 was composed to demonstrate the pathological findings in re­

lation to the ECG, The same grading and symbolism is used here as was used in 

the previous experiment. Marked ECG abnormalities, such as were seen in fig. 15, 

are represented by the letter T. Less distinctive changes, as seen in fig. 16, 
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are suggestive of myocardial injury and are designated by the l e t t e r S. And a 

ser ies of t rac ings showing no more change than is compatible with normal var ia ­

t ions are symbolized by the l e t t e r N. The day upon which the T wave change i s 

most marked in designated by a pos t - sc r ip t number. 

The pathological changes are presented in the same way a l so . The 

usual finding i s a white spot about rjmm in diameter with a surrounding purplish 

or reddish d i sco lora t ion . These are graded *• 2. Less injury than t h i s are r e ­

ferred to as ? 1 . Those burns which are deep with an apparent defect in the sur­

face cont inui ty are graded as *• 3 . Occasionally in operating on these animals 

(1 case), not being cer ta in that the hot probe touched the hear t , a second def in i te 

burn was placed on i t . I f such is the case, 1 point is:'.• added to the grade. 

P e r i c a r d i t i s i s designated as * 1 for an adhesion of the p a r i e t a l 

pericardium to the inc i s iona l s i t e , j- 2 indicates that the pa r i e t a l pericardium 

i s more firmly adherent and ; in addition,shows evidence of inflammatory thickening. 

If the v i sce ra l pericardium and heart are involved in t h i s inflammation so that 

there i s a band connecting the heart to the inc is ional s i t e o r e l se a d i s t inc t 

fibrinous p e r i c a r d i t i s i s v i s ib le grossly , i t is graded * 3 . If the myocardium 

i s firmly adherent to the i n c i s i o n , i t is graded t 4 . 

Sections were examined under the microscope but , so often the cut 

had apparently missed the area of injury, that these findings are not included 

in the t a b l e . In those s l ides where the injury was seen, the microscopic p i c ­

ture was iden t i ca l to that seen in the previous experiment. 

Table 12 does not include group 1, the external control group. In 

t h i s group there was no marked var ia t ion in the se r i e s of t rac ings and ne i ther 

was there any s ignif icant finding at autopsy. 

Table 12 presents some very in te res t ing f indings. In group 2, the 

untreated injury group composed of 7 animals, i t can be seen that 3 animals 

developed marked ECG changes in lead 1 & 4 c lass i f i ed as T. In these animals 
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the injury was * 2 to * 3 and the p e r i c a r d i t i s ^ 3 to * 4 . One animal showed 

less marked but suggestive (S) changes with a :• 2 injury and a * 2 p e r i c a r d i t i s . 

Three o ther animals with a ;• 2 injury and a * 1 to * 2 p e r i c a r d i t i s showed no 

diagnostic change. Thus,4 animals out of 7 showed some cardiographic evidence 

of injury. 

In group 3, the potassium t rea ted injury group,.composed of 8 animals 

one of which died on the 3rd P ,0 . day of purelent p e r i c a r d i t i s p l e u r i t i s and 

pneumonia, a much greater number showed marked ECG evidence of damage. Six 

animals show the marked t y p i c a l changes and are c lass i f i ed as T. These animals 

showed an injury ranging from t 2 to :- 3 and a p e r i c a r d i t i s ranging from * 1 to 

* 3. One add i t iona l animal shows suggestive changes with an injury of f 2 

and a p e r i c a r d i t i s of *• 1. There i s only 1 animal who does not show a change 

suggestive of damage and at autopsy t h i s animal showed a *• 2 injury and a i- 3 

p e r i c a r d i t i s . I t should be noted that 2 animals (685-2 and 686-1) showed major 

ECG changes with a degree of injury and p e r i c a r d i t i s tha t in the other groups did 

pot cause such marked abnormal i t ies . Thus, in t h i s group of 8, a l l but 1 showed 

some cardiographic evidence of dsroago. 

In the group t rea ted with DCA, out of 8 animals, one of which died on 

the 2nd P.O. day of a purelent infect ion, there are only 2 animals showing d i s ­

t i nc t changes. Both of these show an injury of * 3 . One shows only t 1 p e r i ­

ca rd i t i s while t he ' o the r has a p e r i c a r d i t i s of t- 2. In the remaining 6 t racings, 

there i s no diagnostic change despite an injury ranging from * 2 to ? 3 and a 

p e r i c a r d i t i s ranging from 1 to *• 3 . Thus, in the group, there are only 2 out of 

8 showing ECG evidence of injury. 

One thing . shown in the table on close examination is tha t there i s 

almost the same degree of injury and of p e r i c a r d i t i s in each group. Just to i l ­

lus t ra te t h i s , the average injury in group 2 i s 2.14, in group 3 | i t i s 2,25,and 



TABLE 12 
see text. 

Group Animal 
No. 

ECG & day 

Injury 

& 

KOI 

iv 

Injury 

& 

DCA 

-4 N 

685-1 T2 

-4 N 

Degree 
Injury 

Degree 
Pericarditis 

i i 

Injury 

Untreated 

683-1 

- 2 

- 3 

684-1 

- 2 

- 3 

N 

T2 

T2 

S2 

N 

T2 

f 2 

* 3 

f 2 

* 2 

f 2 

* 2 

f 2 

* 3 

1- 3 

f 2 

4- 1 

* 4 

fr 2 

f 2 

* 2 

f 1 

*• 2 purelent - died P03 

- 2 

- 3 

- 4 

686-1 

- 2 

- 3 

T2 

T2 

T2 

T2 

T2 

S 

•f 2 

*• 3 

fr 3 

4- 2 

* 2 

* 2 

«• 1 

*• 3 

* 2 

* 2 

* 3 

*• 1 

*- 3 

687-1 

- 2 

- 3 

- 4 

688-1 

- 2 

- 3 

N 

T2 

N 

N 

N 

N 

T3 

* 2 

f 3 

i- 2 

1 2 

f 2 

?• 2 

f 3 

f 3 

f 2 

«• 2 mre len t - die 

t 1 

*• 2 

*• 3 

?• 1 

N f 2 * 1 
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and,in group 4 , i t is 2 .25, The average p e r i c a r d i t i s in group 2 i s 2 .28, in group 

3, i t i s 2, and in group 4 , i t i s 1.88. Although averaging i s an a r t i f i c i a l device 

here, in that i t doesn' t show the various combinations of injury and p e r i c a r d i t i s , 

i t serves to indicate tha t the groups are closely comparable pathological ly . 

In tab le 13 the serum potassium concentrations in each group are 

presented. The potassium determinations were done on duplicate samples. The 

duplicate values obtained were so close as to render the determinations r e l i a b l e . 

In the control groupj there are only 5 animals.because 2 died,but , because these 

control values in average and in range are very close to the large control group 

shown in Table I I , these concentrations probably represent a r e l i a b l e sample. 

I t wil l be noticed that the potassium leve l has not been elevated by the in jec­

t ion of potassium three times dai ly and i t s administration in the drinking water. 

But i t should be emphasized that the samples were drawn 6 hours from the l a s t 

in jec t ion . In addi t ion, the animals had been anesthetized pr ior to the sampling, 

when the ECGs were taken, and had,the re fore, probably not been drinking a great 

deal that day. At any r a t e , a l l that can be said of these animals is tha t the 

potassium intake was high. I t seems f a i r l y cer ta in however, tha t three times 

daily, following the in t raper i tonea l inject ion of potassiurn,the re would be a 

t rans ient r i s e in serum potassium concentration as t h i s group i s comparable in 

weight to the group in experiment 1. 

I t w i l l be seen from table 13 tha t there is a s ignif icant decrease in 

the average serum potassium concentration and a lower range of concentration in 

the DCA t rea ted group. Thus, DCA in t h i s dosage,in 3 days,exerts a potassium 

effect . 

Discussion 8c Summary. One th ing that t h i s experiment seems to indicate 

i s t h a t a high potassium intake and t r ans ien t ly high serum potassium effects the 

heart adversely as measured by the ECG in comparison to the control group. In the 



TABLE 13 

POTASSIUM DETERMINATIONS 

Group 

No. of Samples 

Group 1 

Control 

Average 
K. cone, m e / l 4 ,95 

Group 2 Group 3 Group 4 
Injury Injury & Injury & 
Untreated KD1 DCA 

5.03 4.74 3.37 

Range 
K cone, m e / l 5 .87-6 3.37-6.25 3.87-5.6 2.5-4.4 
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control group, 4 animals out of 7 showed ECG evidence of damage, 3 of them showing 

marked evidence. In the potassium-treated group, not only did more animals develop 

cardiographic changes (7/8J, but also more showed marked ECG abnormalities ,6/8), 

even when the injury and pericarditis were not expecially severe. This finding 

is particularly interesting in view of the fact that Sharpey Shafer (138) found 

that the administration of potassium in acute myocardial infarction in the human 

exaggerated the pattern of infarction, and increased the inversion of the T waves. 

On the other hand, lowering the serum potassium with DCA in this dosage, 

seems to be of some benefit to the heart as measured by the ECG. In the control 

group 4 animals out of 7 presented some ECG evidence of myocardial injury and 3 

of these showed marked changes. In contrast, in the DCA treated group,only 2/8 

developed ECG abnormalities or, if the animal dying on P.O.2 is discarded, 2/7 

This difference is not marked but it is suggestive. 

The numbers used here are probably not sufficient to be certain, but 

the suggestion seems to be that raising the potassium intake to a high level is 

a further handicap to the acutely injured heart as measured by the ECG while 

lowering the potassium is of some benefit electrocardiographically. This effect 

of raising and lowering the potassium on the ECG in acute injury is rather a 

paradoxical one. In the normal and chronically injured heart, potassium adminis­

tration increases the amplitude of the T wave, while here it seems to exaggerate 

the inversion of the T wave. On the other hand, in most cases,lowering the 

potassium tends to a flattening and inversion of the T wave, while here lowering 

the potassium tends to maintain the T wave. Thus, this evidence may possibly 

indicate,indirectly,that in myocardial injury there is an accumulation of potas­

sium locally which is further interfering with the action currents of the heart. 

If this were the case, these experimental findings would be understandable. 

It seems probable that the result seen following potassium treatment 

is reliable in that it essentiallv agrees with Sha'mfiv-<?Vin-f»«-».cS f4r,^_ 
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human. On the other hand, the effect of DCA is no more than suggestive. It 

might be wondered if the effect of DCA is due to its potassium lowering effect 

or to some other effect such as increasing the sodium. Or else, it might be 

said that the effect of DCA is due to its favouring the development of counter 

shock phenomena. But Selye (105) points out that DCA seems to be valuable in 

this respect only in certain special conditions, such as potassium intoxication 

and severe dehydration. The value of DCA in potassium intoxication might fit 

in withj|beneficial effect suggested here, if this theory of localized potassium 

concentration were accepted. The fact that the findings in this experiment are 

complimentary may indicate that the DCA effect is due to lowering the potassium. 

Experiment 8. The purpose of this experiment is to confirm the beneficial effect 

of DCA on the electrocardiographic pattern of acute injury and to investigate it 

further. It was decided that the experiment should be done on a large group of 

animals to try to cover more fully variability in the extent of injury and 

pericarditis, in addition, it was decided that penicillin should be given to try 

to prevent bacterial infection which was a variable factor killing 2 animals in 

the previous experiment. Further, it seemed that a more severe injury was needed, 

so that not only could survival rate be gaged, but also so that a greater per­

centage of animals would develop the pattern of injury. The experiment 7/ould be 

allowed to run longer because of this survival rate study and also because, by 

prolonging the duration, the speed with which the abnormal ECG returned to normal 

could be seen. 

The experiment was set up using male albino rats of the Wistar strain 

as follows: 

No. of Average Weight Range Procedure 

Animals Wt. (gms) (grams) _ — ; 

G r o U D 1 6 101 88-108 Uninjured Cont ro l - p e n i -
* c i l l i n 

Group 2 16 96 76-124 I n j u r y & P e n i c i l l i n 
Group 5 i s 94 76-110 I n j u r y & P e n i c i l l i n 8c DCA, 
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The animals were housed 3 - 4 to a cage and given Purina Fox Chow 

and tap water ad l ib i tum. 

In the week previous to operat ion, a l l animals had a 4 lead e l ec t ro ­

cardiogram taken as an in te rna l con t ro l . Three hours before the operation com­

menced, a l l animals received 6000 un i t s of procaine pen i c i l l i n in 2$ .aluminium 

monostearate. The usual commercial strength of t h i s preparation is 300,000 un i t s 

Of p e n i c i l l i n per cc. To d i lu te t h i s , sesame o i l was used, on the advice of the 

manufacturer, 1 cc of t h i s commercial p e n i c i l l i n was made up to 10 cc , so that 

1 cc contained 30,000 u n i t s . Then, 2/ l0ths of a cc was injected under the skin 

of the back so that the delivered dosage was 6000 u n i t s . The external control 

group also received t h i s dosage so as to control any possible effect of t h i s drug 

on the ECG. This preparat ion i s said to maintain p e n i c i l l i n blood levels for 

about 96 hours ,156). An addi t iona l d03e was administered on the 1st P.O. day. 

At operat ion, the same hot probe was used, but a greater effort was; 

made to burn the heart severely in the region of the t i p . This was accomplished 

by holding the probe on the cardiac surface longer and by exerting pressure on 

i t . Once again, the greatest care was taken in closing the thorax to avoid 

catching the heart or pericardium in the su ture . 

In group 3 , immediately following the operation, while the animals 

were s t i l l anesthet ized, 3 one-third port ions of a 75 mgm pe l le t of DCA were 

implanted under the skin of the back, each being inser ted in a different pos i t ion . 

Following the operat ion, the 4 lead: ECGs on the experimental animals 

were repeated on P . 0 . 1 , 2 , 3 , 4 , and 6. The cardiograms were taken in the same 

order as the operat ions were performed so tha t therew^s approximately the same 

length of time between operation and t r ac ing in each animal. The control group, 

receiving p e n i c i l l i n , had repeat standard ECGs done as follows; on P .0 .1 there 

was 2 animals done, on P.O.2 there were 4, and on P.O.4 the fu l l group was done. 

On the 7th day }al l animals were weighed, k i l led and autopsied, A 
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section of the heart was taken for microscopic study. 

Resul ts : Two animals in group 2, the untreated-injury - p e n i c i l l i n 

group, died during the course of experiment. One animal was found ddad on P«u*2 

At autopsy, there was no evidence of infect ion and the only finding of note was 

the cardiac injury. The second animal died on the P.O.4 but t h i s r e su l t i s not 

so c lear cut as the o ther death. This animal, weighing 116 grams, was given 11 

mgm of ev ipa l . For a t leas t 20 minutes a f t e r t h i s , i t was under surveil lance and 

appeared in good condit ion. Very short ly the rea f te r , the animal was found dead. 

Usually, if ev ipa l alone is responsible for death, i t k i l l s the animal in 10 to 

15 minutes a f t e r the in jec t ion . Also, i t should be noted that t h i s dose i s not 

a high one and had been well to lera ted 4 times previously. The suggestion i s 

t h a t , because of the myocardial injury, the animal ts res is tance was very low and 

the added insu l t of evipal was just too much. 

In table 14, the i n i t i a l weights are compared to f ina l weights. I t 

wi l l be seen immediately tha t the injured animals have gained weight almost as 

quickly as the control group. In addi t ion , i t wi l l be seen tha t both injured •—*o 

groups have gained weight at almost the same r a t e . 

The ECGs of the control group a l l remained within normal l i m i t s . These 

animals presented no s ignif icant finding at autopsy. 

The electrocardiographic and pathological findings wi l l be summarized 

in several t ab les and figures to follow. The microscopic sections were unfortun­

ate ly of l i t t l e value in t h i s study because s e r i a l sections were not taken and 

very few of the s ingle sections transected the actual area of injury. In those in 

which the area of injury was sectioned, there were a few deep-straining muscle 

bundles apparent in an area of empty sheaths and fibrobastic p ro l i fe ra t ion . At the 

epicardial surface an accumulation of inflammatory ce l l s was v i s i b l e . This whole 

area of damage extended i r regu la r ly into the myocardium. 



TABLE 14 

WEIGHT TABLE 

Group No. of Animal 

Cont ro l 

I n i t i a l Weight 
Average Range No. of 
(grams) (grams) Anima 1 

F ina l Weight 
Average Range 
(grams) 

101 88-118 153 130-180 

In ju red -
Unt rea ted 16 96 76-124 14 143 130-164 

In ju red DCA 16 94 76-110 16 142 122-158 

/ 
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In t ab le 15, the untsreated-injury - p e n i c i l l i n group, and/ft able IS, 

the DCA-injury - p e n i c i l l i n group, the electrocardiographic pat terns which dev­

eloped are opposed to the gross pathological f indings. These findings at autopsy 

are not so easy to c lass i fy , p r inc ipa l ly because a f t e r 7 days the injury was not 

so well defined, and because a f t e r 7 days adhesions involving the heart were 

often very firm and, in separat ion, the surface was sometimes to rn . In some 

cases a l s o , the injured area seemed to be covered with a thick gelatinous mater ia l 

making the injury appear l ess defined. 

The burn usually appears as a yellow point about 1mm in diameter. 

Around t h i s are zones of react ion, the whole being about 2 - 3mm in diameter. 

Sometimes around the point a hyperemic zone i s v i s ib le and then next a pale area . 

Sometimes t iny red points are v i s ib l e in the surrounding area. This type of 

finding i s graded t 2 . If a def ini te indentation at the point of injury i s ap­

parent , i t i s graded as t- 3 . A question marks beside the figure means i t was 

very d i f f i cu l t to estimate the burn exactly because of tear ing in separating 

an adhesion. 

The p e r i c a r d i t i s i s graded as before, * 1 indicates a fine adhesion of 

the p a r i e t a l pericardium.t- 2 indicates inflammatory involvement of the pa r i e t a l 

pericardium. *• 3 indica tes that there i s an adhesion or pe r i ca rd i t i s involving 

the v i sce ra l pericardium and hea r t , and *• 4 indicates a firm adhesion of the j 

heart to the inc i s iona l s i t e . 

The ECG pat tern developing i s represented as before by a T, which 

means a marked a l t e r a t i o n of pa t te rn pa r t i cu la r ly an inversion of Tl and 4, by 

an S, which means minor changes suggestive of myocardial damage and by an N which 

means no s ignif icant a l t e r a t i o n . The post sc r ip t number indicates the P.O. day on 

which the changes, pa r t i cu la r ly in the T wave, are most marked* 

These t ab le s 15 and 16 should be examined together . I t should be noted 

tha t , a s groups,the degree of injury and degree of pe r i ca rd i t i s are very s imilar . 



TABLE 1 5 . 

Group 2 - I n j u r y - P e n i c i l l i n Group 

Animal No. ECGM. Degree of Degree of 
& PO Day I n j u r y P e r i c a r d i t i s . 

691-1 T2 t 2 » 2 

S2 * 3 fr 2 Died P05 (see t e x t ) 

- 3 T2 t* 3 » 4 

- 4 T2 * 2 *• 3 

692-1 T2 £J5 £_3_ 

-2 T2 f 2 fr 4 

- 3 T3 * 3 » 4 

- 4 T3 * 3 S- 4 

693-1 T2 •" 2 «L_3 

- 2 T3 f 3 * 3 

- 3 . S2 * 2 » 1 

- 4 T2 * 2 fr 1 

694-1 r * 2 a- 1 Died on P02 

-2 T2 ZJ> 

• 3 T3 » 2? _± _ 

- 4 T2 t 2 ±1 



TABLE 16 

Group 2 - I n j u r y - P e n i c i l l i n - DCA Group. 

Animal No. 

696-1 

- 2 

-4 

697-1 

-2 

ECG 
& day 

T2 

T2 

T2 

T2 

T2 

Degree 
of I n j u r y 

* 2 

* 2 

f 2 

* 2 

* 2 

Degree of 
P e r i c a r d i t i s . 

* 4 

4- 2 

f 3 

* 4 

* 3 

-5 T2 » 5 f 2 

-4 N *J5 * 2 

698-1 S2 » 2 » 4 

- 3 T2 __ * 1 

-4 N » 2 fr 1 

699-1 T2 fr_2 » 1 

- 2 T2 » 1 

- 5 T2 *_2 fr 4 

-4 S3 hJ3 » 3 

700-1 §2 * J * * 3 

-2 S2 » 2? *•_£. 
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If these grades are averaged again, the degree of injury in the untreated group 

(table 15) i s 2.37,while in the t r ea t ed group (table IS) i t i s 2 .31 . The average 

degrro of p e r i c a r d i t i s in the former group i s 3.69,while in the l a t t e r i t i s 2.56. 

In table 15,there are 10 animalc with a t 2 injury and 6 with a ?- 3, while in 

tab le 16 j there are 11 animrls with a ;• 2 injury and 5 with a t 3 . In each group 

also, there are 5 animals with a t 4 p e r i c a r d i t i s and 4 with a * 1. In the un­

t rea ted group,there are 5 animals with a i- 3 pe r i ca rd i t i s and 2 with a * 2,while 

in the t r ea ted group,there are 3 with a * 3 and 4 with a !• 2 . Thus a t autopsy, 

in the g ross , the groups seem to be comparable. 

The electrocardiographic findings in these comparable groups are in ­

t e r e s t i n g . In the untreated group (table 15), 14 out of 16 developed a def in i te ly 

abnormal pa t te rn (87.5$), 9 by the second day, 4 by the 5rd,while 1 died on P . 0 . 2 . 

Two addit ional animals showed less marked but suggestive changes. (12.5$). Thus, 

16 animals out of 16 gave ECG evidence of myocardial injury. 

In the DCA treated group,10 animals out of 16 developed marked ECG 

abnormalities a l l of which developed by P.O.2 (62.5$). Four addi t ional animals 

developed less marked suggestive changes, 5 by P .0 ,2 , and 1 by P.O.3 (25$). There 

were 2 animals who showed no ECG evidence of damage (12.5$) though defini te 

evidence of damage was present at autopsy. 

Table 17 has been compiled in an attempt to show the cardiographic 

progress of each animal over the 6 day period. All t rac ings on a l l animals 

17 

obviously can not be presented. In lieu of this,table4has been composed. The 

P.O. days are represented in the vertical columns. The T or S is listed in the 

vertical column corresponding to the day on which the most marked change was ap­

parent and preceding the T or S are the figures representing the degree of injury 
and the degree of pericarditis, in that order, taken from table 15 and 16. 

The letter R represents full recovery of a normal pattern. Because 

Tl is so often small, in the order of 0 - 1 mm, and because variation in the 
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height of the T wave does occur normally, the tracing is said to have returned 

to normal if the affected Tl segment has become perfectly isoelectric, for a 

distortion of this T segment below the line Is not seen in normal animals. Lead 

4 can not be included in the estimation of recovery because it is so poorly 

standardized. Fig. 17 illustrates a typical tracing (T) which has riturned to 

normal (R). The letters PR indicate "partial recovery" - that is the abnormal 

pattern is regressing but the T segment is still distorted and̂  below the iso­

electric line. Figure 18 illustrates a series of tracings which are judged as 

having partially recovered (PR). Note that the ST & T segments in lead 1 are 

still below the isoelectric line. The R and PR are entered into the column 

representing the P.O. day on which the improved pattern was apparent. An A 

appearing in the 6th day column indicates that the tracing still remains grossly 

abnormal, (fig. 19), An N indicates that the slight variations throughout the 

series of tracings are within normal limits (fig, 20), 

The untreated and treated animals are placed in adjacent columns and 

grouped on the basis of the degree ECG abnormalities to fascilitate comparison. 

Of those animals with a T pattern,it will be seen that the DCA treated animals 

recover a normal pattern more quickly than the untreated group. Thus,in the DCA 

group having a T pattern, at 5 days one animal shows recovery and at 4 days a 

total of 4 animals have recovered a normal pattern. If recoveries in the S 

group are in.cluded.it is seen that 2 more animals have recovered by 4 days making 

a total of 6 (42,5$). In the untreated group.in contrast, there is no full re­

covery by the 4th day in the T classification but 1 animal in the S group has 

recovered for a total recovery of 1 (1/16 - 5.5$ or 1/14 not counting dead animals 

= 7.1$). 

By the 6th P.O. day, in the DCA group, 7 out of 10 animals having the 

T pat tern have ful ly recovered and 4 out of 4 having the S pattern have,also, 

making a t o t a l of 11 animals ful ly recovered as gaged by the ECG (78$ = 11/14). 

http://in.cluded.it


Animal 
No. 

691-1 

- 3 

- 4 

692-1 

-2 

- 3 

- 4 

693-1 

- 2 

-4 

694-1 

-2 

- 3 

-4 

691-2 

693-3 

TAB] 
P r o g r e s s 

Un t r ea t ed 
POST OPERATIVE DAY 

2nd 3rd 4 th 

2:2:T 

3:4:T 

2:3:T 

3:3:T 

2:4:T 

2:3:T 

2:1:T 

2:1:T 

2 :3 :T 

2:1:T 

2 :1 :S 

PR 

PR 

3:4:T 

3:4:T 

3:3:T 

d ied 

PR 

2 :4 :T 

3 :2 :S 

R 

PR 

PR 

PR 

PR 

PR 

PR 

PR 

PR 

PR 

died 

CE 1 7 . 
Table - see 

Animal 
6 th No. 

R 

PR 

PR 

PR 

PR 

PR 

PR 

PR 

A 

R 

R 

A 

R 

696-1 

-2 

- 4 

697-1 

-2 

- 3 

698-3 

699-1 

- 2 

- 3 

t e x t . 

DCA ^ T r e a t e d . 
POST OPERATIVE 

2nd 3rd 

2 :4 :T 

2:2:T 

2:3:T 

2:4:T 

2 :3 :T 

3:2:T 

3 : IsT R 

2:1 :T 

3:1:T 

2:4:T PR 

DAY 

4 th 

PR 

R 

R 

R 

PR 

PR 

6th 

R 

PR 

PR 

R 

PR 

R 

698-1 

699-4 

700-1 

-2 

697-4 

698-4 

2 :4 :S PR 

3 :3 :S 

2 :2 :S PR 

2 :4 :S 

3:2:N 

2:1:N 

R 

PR 

PR 

R 

R 

R 

N 

N 
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Figure 17 . 

(a) c o n t r o l (b) PO 1 Note i n v e r t e d T l & 4 . (c) PO 2 T l & 4 more 

i nve - t ed (d) PO 3 T4 more i n v e r t e d . (e) PO 4 - P a r t i a l r ecove ry . T l 8c 4 

l e s s i n v e - t e d (f) PO 6 - Recovery#T segment in lead 1 i s o e l e c t r i c . 
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Figure 18. 

(a) control (b) PO 1 - Tl * 4 small inverted, (c) P02 - Tl * 4 

more inverted (d) P03 Similar to previous tracing, (e) PO 4 - T4 less 

inverted, (f) PO 6 Partial recovery, ST and T segments in lead 1 still 

depressed below the isoelectric line. 
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Figure 19 . 

(a) Con t ro l (b) PO 1 - T l smal l i n v e r t e d . (c) PO 2 - T l & 4 deeply 

i n v e r t e d . T2 & 3 f l a t t e r , (d) PO 3 (e) PO 4 (f) P06 - t r a c i n g s t i l l remains 

g ros s ly abnormal . 
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Figure 20. 

{a) oontrol (b) PO 1 (c) PO 2 (d) PO 3 (e) PO 4* Series of 

tracings shows slight variations but all within normal limits. 
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This leaves only 3 animals in the DCA t rea ted group that have only p a r t i a l l y 

recovered. No t rac ings remain grossly abnormal. I t wi l l be recal led that 2 

animals never showed an abnormal pa t t e rn . 

In the untreated group>by the 6th P.O. day^only 4 out of 14 animals 

having a T pat tern had fu l ly recovered so that the t o t a l showing recovery, in ­

cluding the 1 in the S group, by 6 days i s 5 (5/16 = 31$ or 5/14 i f the dead 

animals are not counted = 35$). 7 animals showed p a r t i a l recovery and 2 t rac ings 

remained grossly abnormal.' In addi t ion, i t w i l l be remembered that 2 animals 

died. 

I t is i n t e r e s t i n g to compare the progress of animals in each group 

having the same degree of injury, p e r i c a r d i t i s and SCO change. Thus, compare 

animal 692-2 in the untreated group to animal 696-1 and 699-3 in the t r e a t e d . 

Each animal shows a T pa t te rn by P.0 .2 ,but .by the 6th day.both the DCA animals 

have ful ly recovered while the untreated animal has not . A similar comparison 

can be made between untreated animals 691-4, 693-1 and 694-2 and the t r ea ted 

animals 696-4 and 697-2. The t rea ted animals both show f u l l recovery by the 4th 

day while only 1 of the 3 untreated animals shows recovery by the 6th day, the 

other two showing only p a r t i a l recovery. 

Summary 8c Conclusions. To summarize the r e su l t s of t h i s experiment on 

quite a large number of animals, i t should be emphasized that the DCA-treated 

animals developed the marked pat tern of acute injury l e s s frequently than did 

untreated animals (62$ to 87$). In addi t ion, more animals in the DCA group 

developed minor suggestive changes than in the ^treated group (2556 to 12.5%). 

Then again, 2 animals in the t rea ted group did not even develop an abnormal 

pattern in contrast to the 2 animals which died in the untreated group, i t should 

be noted especia l ly t h a t , in those DCA animals having an abnormal pa t te rn , the 

normal ECG pat tern i s regained more readi ly than i t i s in untreated animals 

(at 6 days 78^ to 35^). Two animals in the untreated group have a markedly abnormal 
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pattern by the 6th day whereas no such prolonged change i s apparent in the 

treated group. 

PART IV - CCNGLuSlONS. i t i s e s sen t i a l at t h i s point tha t caution 

be exercised in the in t e rp re ta t ion of these r e su l t s for several reasons. I t i s 

well to re-emphasize the a r t i f i c i a l i t y of t h i s type of cardiac injury. This 

experimental work was done in the hope tha t the change in the heart around an 

area of injury, regardless of whether the cause of the injury was anoxia or heat , 

were s imilar . This assumption i s a very broad one and one for which no j u s t i f i ­

cation has been presented. Thus, the r e s u l t s do not jus t i fy conclusions beyond 

those applicable to acute myocardial injury caused by an epicardia l burn follow­

ing thoracotomy. Next, a t t en t ion must be directed to the fact t h a t , although 

such resu l t s are apparent in the albino r a t , they are not necessar i ly applicable 

to other species . Thus, s ta tenents concerning t h i s work must be confined to 

the albino r a t . The l a s t caution i s probably the most necessary one to sound. 

This concerns electrocardiography. F i r s t , are those hear ts which showed marked 

cardiographic changes more handicapped than those developing less marked changes 

or those not developing changes? Although there i s some jus t i f i ca t ion for the 

broad statement that the more abnormal the ECO the more handicapped the hear t , 

i t can by no means be said to be always appl icable . In addi t ion, i t should be 

pointed out that , although the electrocardiographic apparatus records e l e c t r i c a l 

events object ively , the in t e rp re ta t ion of the t rac ing is an intensely subjective 

matter . This becomes espec ia l ly important in the in te rpre ta t ion of border- l ine 

t rac ings . In these experiments, a f te r cer ta in c r i t e r i a were la id do*n, the 

t racings were c l a s s i f i ed . But another observer might c lassify the border- l ine 

t racings d i f fe ren t ly . This device of c l a s s i f i ca t ion on cer ta in r ig id c r i t e r i a ms 

be deceptive. For ins tance, in experiment 8, t rac ings in which the T segment re­

mained d is tor ted below the i soe l ec t r i c l ine were c lass i f ied as PR and those in 

which the T segment became perfect ly i soe l ec t r i c were c lass i f ied as R 
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UsinCT t h e t f c r i t e r i a , t h e r e s u l t s ob ta ined i n experiment 8 a r e t a b u l a t e d . Now, 

although t h e r e was of ten a d i s t i n c t d i f f e r e n c e between t r a c i n g s in the 2 c l a s s i f i - | 

c a t i ons , in the b o r d e r - l i n e c a s e s , where t h e T segment was j u s t s l i g h t l y below the 

i s o e l e c t r i c l i n e , t h e r e was o.nl^a minor d i f f e r e n c e . Suppose those T segments which 

are almost i s o e l e c t r i c , but not q u i t e , a r e c l a s s i f i e d as 1 , a marked change in 

the s t a t i s t i c s r e s u l t s . There ?/ould be 5 more Rs i n t he u n t r e a t e d group and 2 

more in the DCA t r e a t e d . Now, not count ing t h e dead an ima l s , 10/14 i n the u n - ; 

t r e a t e d group would have recovered (70$) whereas i n the t r e a t e d group 13 out of ] 

I 
the 14 animals showing an abnormal t r a c i n g would have recovered (93$) . The j 

comparison of these pe rcen tages does not count the 2 animal dying in the u n t r e a t e d j 

group and the 2 an imals not developing a change in the t r e a t e d group, nor does i t j 
• i 

show the greater rap id i ty with which the DCA-treated group recovered, but the 1 

comparison.although i t i s s t i l l indicates a favourable effect of DCA, i s not so i 

d i s t inc t ly in i t s favour. Thus, t h i s emphasizes how t h i s type of c l a s s i f i ca t ion j 

may be deceptive and in addi t ion , how dependant these r e su l t s are upon i n t e r - j 

pre ta t ion. 

Bearing these l imi ta t ions in mind, cer ta in conclusions are suggested 

by these experiments. The electrocardiogram of the albino ra t whose heart has 

been injured by an epicard ia l burn following thoracotomy seems to show a pat tern 

of injury more frequently if potassium i s administered and l e s s frequently i f DCA 

i s given than injured control animals do. In addition,DCA-treated animals seem to 

recover a normal electrocardiographic pat tern more rapidly . I t was postulated 

that following myocardial injury, potassium accumulates in excess around the zone 

of injury further impairing function and i t i s possible that the detrimental 

effect of potassium administrat ion and favourable effect of DCA administration, 

with the resu l tan t lowering of potassium,indirectly, lend some credence to t h i s 

pos tu la te . 
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These experiments are ce r t a in ly encouraging to further work. They 

should probably be repeated using not only cardiographic evidence but such 

other evidence as survival ra te and performance t e s t s . They should be repeated 

on another species in which coronary occlusion is a p r a c t i c a l procedure, and yet 

in whom the many factors such as age, breed, et ce te ra , are controlled^and in 

whom the ECG i s well s tandardized. If s imilar r e su l t s were obtained^it might 

then be worth extending the thoughts expressed here to the treatment of acute 

coronary occlusion in the human. 



Summary of Exper imenta l Work. 

1) The choice of animals was cons ide red . 

2) The e l e c t r o c a r d i o g r a p h i c a p p a r a t u s was d e s c r i b e d , a s u i t a b l e a n e s t h e t i c 

found, and a s t andard p o s t u r e adop ted . The normal ranges in t h e a lb ino 

r a t were e s t a b l i s h e d with the in f luence of sex , weight , and s t r a i n be ing 

cons ide red . The v a r i a t i o n s i n t h e normal p a t t e r n which occurred on a 

subsequent day and a f t e r a month i n the same animal rece ived a t t e n t i o n . 

Chest l e a d s were b r i e f l y d i s c u s s e d . 

3) The means of a d m i n i s t e r i n g potass ium and sodium, both a c u t e l y and 

c h r o n i c a l l y , w i t h i n the range of t h e r a p e u t i c p o s s i b i l i t y were e s t a b l i s h e d , 

the e f f e c t on t h e serum c o n c e n t r a t i o n s and on the normal h e a r t as measured 

by the ECG being n o t e d . 

4) Experiments to f ind the e f f e c t of v a r i a t i o n s in the c o n c e n t r a t i o n s of 

t he se ions on a ca rd iog raph ic p a t t e r n developing in the adrenalectomized 

animal , had to be d i s con t inued in i t s i n i t i a l phases . 

5) An experiment to f ind the abnormal ca rd iograph ic p a t t e r n developing a f t e r 

the a d m i n i s t r a t i o n of DCA and s a l i n e for 12 days ,wi th a view to f ind ing 

l a t e r the e f f e c t of admin i s te red s a l t s on t h i s p a t t e r n , r e v e a l e d abnormal­

i t i e s in on ly a few t r a c i n g s d e s p i t e t h e f ac t t h a t t he potassium concen­

t r a t i o n was diminished and t h e h e a r t weight and blood p res su re increased 

i n the groups r e c e i v i n g DCA-saline. Because e t h e r a n e s t h e t i c was used , 

l i t t l e confidence could be p laced in t h e e l e c t r o c a r d . ^ g r a p h i c f i n d i n g s . 

6) In ano the r exper iment , DCA was admin i s t e red i n l a r g e doses , as we l l as 

potass ium c h l o r i d e aloneyand in conjunct ion with DCA, a l l o^er a 50 day 

p e r i o d . The serum potass ium concen t r a t i on r a s somewhat diminished in 

sach group r e c e i v i n g DCA whereas t h e hea r t weights and blood p r e s s u r e s 

in t h e s e groups were i n c r e a s e d . However, on ly 2 abnormal t r a c i n g s were 



seen. Further work was projected but not undertaken. 

7) A method of inducing a'myocardial injury is described which involves 

thoracotomy and an epicardial burn. 

8) A preliminary experiment was performed to establish the cardiographic 

pattern of this acute injury. Potassium concentration! were determined 

and the adrenals weighed, at the time when the ECG patterns were marked, 

but no change was found. The effect of thoracotomy per se was considered. 

The cardiographic and gross anatomical findings were classified. 

9) An experiment to show the effect of potassium administration and of DCA 

administration, for its potassium lowering effect, on this pattern of 

acute myocardial injury was undertaken. Potassium administration increased 

the number of animals showing marked electrocardiographic abnormalities in 

comparison to the injured control group and DCA diminished the number 

showing cardiographic changes. All three groups were roughly comparable 

pathologically in the gross. The theoretical implications of this result 

were considered. 

10) A further experiment on the favourable effect of DCA was undertaken in a 

large number of animals, not only to confirm the effect suggested in the 

previous experiment, but also to judge the effect of DCA on the recovery 

of the electrocardiographic pattern. DCA appeared to exert a favourable 

effect in this type of myocardial injury in that fewer animals developed 

the pattern of severe injury and those that did, recovered more rapidly 

in comparison to the untreated injury group. The groups were fairly com­

parable as to the degree of injury in the gross 

11) Certain cautions in the interpretation of these experiments were sounded 



and yet a hypothesis that would explain these r e su l t s was suggested. 

Plans for fur ther work Here projected. 
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