
13664 

Effect of Anoxemia on Myocardium of Isolated Heart of the Dog. 

OLIVER H. LOWRY, OTTO KKAYER, A. BXIRD HASTIV A GS A S D  

ROBERT P. TUCKER. 
From the Departments of Biological Chemistry and Pharmacology, Harvard 

*71cdi(’rl7 Sr+ool, Rostoa. 

Although the ultimate effects o f  anoxernia on tissue are clearly 
disorganization and death, the steps 11)- which this final disorienta- 
tiori is produced have not lieell established. The heart-lung prepa- 
ration seemed to be well stiitctl to the study of the effects of anoxemia 
on the electrolytes of the heart. It has previously been shown that 
the productioti o f  temporary ischemia in localized portions of the 
heart o f  an intact animal results in a subsequent increase in the 
extracellular ions, sodium and chloride, and in water in the affected 
regi0ns.l To test the effects of anoxeniia rather than of ischemia, 
it would be desirable to reduce the oxygen supply to the heart with- 
out interfering with the circulation of blood. Xlthough this could 
be accomplished with the intact aninial, serious complications might 
result froni the effects of anoxeniia on the rest of the body. The 
use of the heart-lung preparation avoids these difficulties. 

Observations were made on the electrolytes of the myocardium of 
the dog taken from heart-lung preparations in (a)  2 control experi- 
ments lasting about 1 hour, (11,) 2 experiments in which the oxygen 
supplied to the lung of the heart-lung preparation was partially or 
completely replaced by nitrogen, and (c) 2 experiments in which 
the myocardium was poisoned, in one instance with sodium aniytal 
and in the other with potassium. 

The original electrolyte data have been used to calculate the rela- 
tive amounts of the extra- and intracellular portions of the rnyo- 
cardium, and the concentrations of water, potassium, magnesium, 
and bicarbonate, as well as the pH in the cardiac fibers themselves. 
This type of histochemical calculation has become a well established 
procedure. 

The electrolyte changes observed following an extended period of 
partial arioxemia were comparable to those produced following tem- 
porary ischemia in the intact animal. There is no evidence of sig- 
nificant change in the electrolytes of the fibers themselves. 

IHastings, A. B., Blumgart, H. L., Lowry, 0. H., and Gilligan, D. R., T T U ~ S .  
Asm. Am. Physicians, 1939, 54, 237. 



Experiiizmtd. The heart-lung preparation was made according 
to Patterson and Starling's technic2 with certain niodifications which 
have been previously de~cribed.~ Chloralose, 0.09 g per kg body 
weight, was used as anesthetic for the operation. Defibrillated blood 
served as perfusion fluid. 

The gas supplied to the lungs of the preparations 
consisted of ( a )  5% CO,/95% air in one control experiment, (b)  
air alone in the second control experinleiit and in the experimellts 
with aniytal and potassium poisoning, (c) 5% C02/95p N, in 
the first anoxeniia experiment, and ( d )  2% 0,/98'% N2 in the 
second. 

At the end of each experiment, a sample of blood was centrifuged 
under paraffin oil and the serum saved for the determination of pH, 
chloride, sodium, total CO,, aiid water. 

Separate samples of myocardium were taken rapidly froin the 
right and left ventricles at the termination of the experiment, while 
the heart was still beating. The tissue was analyzed for blood, fat, 
total CO,, chloride, sodium, potassium, calcium, and magnesium. 
The determinations of blood, fat, chloride, sodium, ant1 potassium 
were performed essentially as previously described." The tissue 
C 0 2  was measured by the method of Danielson5 The calcium was 
determined acidinietrically after precipitation as the oxalate and 
conversion to the carbonate. Magnesium was determined colori- 
metrically f roni the phosphate in the magnesium aninionium phos- 
phate precipitate. 

The procedures used for the calculation of data of histochemical 
interest have been described previously." 

Results. In Table I are shown the electrolyte and water concen- 
trations observed in the myocardium in 5 experiments. All of the 
results are reported 011 a blood-free, fat-free basis. For comparison, 
average values obtained from the myocardium of 14 adult dogs are 
included in the table. These data have been reported previously.' 
The average values for bicarbonate and pH are from unpublished 
data of Dr. W. M. Wallace on the hearts of 3 young dogs. 

In the tissue obtained from the control 
experiments, the electrolyte pattern probably falls within the normal 
range. However, the sodium, chloride, and water concentrations 
approach the upper limit of normal, indicating an amount of extra- 

Gus Min-tuw. 

Control Experiments. 

2Patterson) s. W., and Starling, E. H., J .  Physiol., 1913, 48, 357. 
aRrayer, O., Arch. f. cxp. Path. u. Pharmakot., 1931, 182, 1. 
4Lowry, 0. H., and Hastings, A. B., J .  Biol. Chern., 1942, 143, 351. 
bDanielson, I. S., and Hastings, A .  B., J .  Biol. Chem., 1939, 129, 547. 
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EFFECT OF ANOXEMIA ON MYOCARDIUM 673 

cellular tissue, E c ~  or E X a ,  a little above the average for the heart of 
the intact dogs. The total base concentrations, estimated as the sum 
of the individual cations, averaged 157 mE per kg of tissue, or 208 
mE per kg of fiber water. 

The bicarbonate concentrations in the tissue as a whole, and in the 
fibers themselves, differed but little in the 2 control experiments in 
spite of a marked difference in the CO, tensions of the respective 
sera. 

Complete replacement of oxygen by nitrogen in the 
gas supplied to the heart-lung preparation resulted in failure of the 
heart within 15 minutes. Actually, complete anoxemia probably 
obtained for less than 10 minutes since some time was required for 
the lungs to blow off all of the oxygen in the blood of the prepara- 
tion. This heart showed little change except for a moderate decrease 
in potassium in the left ventricle (Table I). In the belief that this 
heart may have stopped too promptly to allow electrolyte rearrange- 
ments to take place, another preparation was given a gas mixture 
consisting of 2% 0,/98% N, which permitted the heart to beat 
for an hour, at which time fibrillation occurred. This heart showed 
distinct increases in water, sodium, and chloride, and a small de- 
crease in potassium. Calcium and magnesium were not significantly 
altered. From a histochemical interpretation of these data, there ap- 
pears to have been an increase in the extracellular portion of the myo- 
cardium amounting to about 20% when compared to the controls. 
The concentrations in the fibers of potassium, magnesium, and water, 
(H,O),, do not appear to be significantly altered by this sublethal 
degree of anoxemia. Similarly, the bicarbonate concentrations in the 
fibers, and the fiber pH are comparable in the control and hypo- 
oxemia experiment when due allowance is made for differences in 
the composition of the respective sera. Apparently as long as the 
heart is able to continue beating, the degree of anoxemia has not been 
sufficiently severe or prolonged to destroy the original electrolyte 
configuration in the fibers. 

Efects of Poisoning. The injection of 20 cc of isotonic KCl 
during the course of an hour into a heart-lung preparation brought 
the serum level of potassium to 9.5 mE per liter, and nearly stopped 
the heart. In the myocardium, an almost normal electrolyte config- 
uration was observed (Table I). Sodium appeared to be somewhat 
decreased in comparison with the chloride, and a somewhat increased 
potassium concentration was found. The possibility exists that 
the small amount of intracellular sodium originally present had been 

rcoxeirtin. 



replaced by potassiuiii, aithough the concentration of potassium 
within the fibers did not appear to be greatly increased. 

The adniinistratioii of 160 nig of sodium amytal in divided doses 
during a period of an hour to another preparation nearly stopped the 
heart, and produced slight changes in the electrolyte concentrations in 
the heart that were very similar to those produced by the potassium. 

It would appear, therefore. that with decreasing amounts of oxy- 
gen, or with increasing amounts of potassium or ainytal, the general 
impermeability of the cartliac fihers to electrolytes is maintained at 
least as long as the lieai-t coiitiiiues to heat. 

1, The ni!.( )cai-tliuni from a lieart-lung preparation 
respiring aii- or a mistui-c o f  5% CO, and air presents a nearly 
normal electrolyte pattern. 2. I €eart failure from oxygen deficiency 
in such a preparation results in an increase in sodium, chloride, and 
water, a i d  a decrease in potassium of the myocardium. 3. These 
changes are interpreted as indicating an estracellular edema without 
significant change in the films thcniselves. 4. Sufficient potassium 
or aniytal to produce incipient heart failure produced only small 
changes in the cardiac electrolytes. 

Sitiiiii/orj*. 
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Urinary Gonadotrophins in Normal Men. 

HERBERT 13. E V A X S  -4XD ,\UBREY GORBMAN. 

From the Institute of Erpwinimtril Biology, Thw Untkersity of CnlifomLkl, 
B ~ r h l e y ,  Calif. 

There is a dearth of information as to the gonadot.ropliins found 
in the urine of normal nien. This is to some extent due to the dif- 
ficulty of preparing non-toxic concentrates? for high doses are 
necessary to reveal the low titer of gonadotrophins characteristic of 
normal male urine. Recently investigators employing alcohol, tannic 
acid, or tungstic acid as precipitation agents, appear to be agreed 
that the level of excretion of gonadotrophins in normal male urine 
is approximately 5 to 2.5 mouse-uterus units' per liter. 

Witschi2 has pointed out that the ratio of follicle stimulating to 
luteinizing or interstitial cell stimulating activities in any given 
gonadotrophin may he characteristic of that gonadotrophin. Fraenk- 

1 Levin, L., and Tgndale, H. H., PROC'. Saa. EXP. BIOL. AND Mxn, 1935, 34, 516. 
2 Wibschi, E., E'ndocrinob., 1940, 27, 437. 


