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to 40 times. 
Ultraviolet irradiation, producing definite 

erythema in guinea pigs, results in an  oc- 
casional but very slight increase of these 
enzymes, contrary to the Arthus phenomenon, 
which in 2 rabbits did not result in increased 
amounts. It is noteworthy that the ultra- 
violet treatment and the Arthus phenomenon 
primarily concern the cutis, whereas the heat- 
induced inflammation and the epidermal 
allergic challenge reaction concern mainly 
the epidermal tissue. 

Although the previous experiments on the 
influence of antihistaminics upon the hyalu- 
ronidase reaction1 suggest a relationship 

between skin inflammation and the liberation 
of hyaluronidase, further experiments are 
necessary to determine whether hyaluronidase 
plays an active role during these inflamma- 
tions or is only a concomitant factor subse- 
quent to an inflammatory process. Another 
unsolved problem is the source of the liberated 
enzyme. 

Conclusion. The content of polysaccharide- 
depolymerizing substances (probably chiefly 
hyaluronidase) during allergic dermatitis 
(paraphenylenediamine) and heat-induced 
inflammation on guinea pig skin is markedly 
increased. 
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Effect of Intravenous Cytochrome C on Capacity for Effort Without Pain 
in Angina of Effort. 

HYMAN BAKST AND SEYMOUR H. RINZLER. (Introduced by Harry Gold.) 

Front the Cctrdiovnsculnr Rcsearch Oilit, Rctli Isrcicl Hospital, S e w  l’ork Ci ty .  

Within the past few years, reports have 
appeared on the effect of Cytochrome C* on 
tissue anoxia. From the clinical point of 
view, Proger and his co-workers have pre- 
sented evidence that myocardial anoxia can 
be relieved by intravenous injection of Cyto- 
chrome C, as demonstrated by the prevention 
or reversal of the electrocardiographic changes 
induced by breathing 10% 0xygen.l It is their 
contention that, under such circumstances, 
Cytochrome C enhances the uptake of oxygen 
by the myocardium. 

.Another method of testing the effect of 
a drug on myocardial anoxia is to determine 
the capacity for effort without pain in pa- 
tients who have angina pectoris brought on 
by effort. Since this method depends on a 
subjective end-point, it is necessary to use 
careful controls and a completely ‘‘blind” 
technique, as described by Gold and his co- 

workers, in order to eliminate variable psy- 
chosomatic effects.‘ This method has been 
used by us in an evaluation of the effect of 
intravenous aminophylline on angina of effort, 
and it proved to be a satisfactory investigative 
technique.3 

The subjects of the study were all selected 
from the active attendance of the Cardiac 
Clinic. -411 of them had either arteriosclerotic 
or hypertensive heart disease or a combination 
of both, and all presented the symptom of 
chest pain on effort. N o  patients were in- 
cluded in this study who had spontaneous 
chest pain unrelated to effort, excitement, 
heavy meals, or very cold weather. -4lso 
excluded were patients who showed any 
clinical evidence of congestive failure. 

The method consisted of determining the 
subject’s capacity for effort without pain by 
having him walk back and forth over a 

* Cytoclironic C used in this study IWS furiiislirtl 

1 l’rogcr, S., and I k k : i i i i ~ : ~ s ,  D., J .  Pt t l i t~ i . ,  1!146, 
by l\‘yeth, Inc., Pliilatlclphin, Pa. 

29, 729. 

2 Gold, €I., Kwit: S. T., and Otto, II., J .  A .  X .  

3 Bakst ,  €I., Kissin, Ji., Leibowitz, S.! :rnd 
d. ,  193i, 108, 2173. 

Kinzlcr, H., A u i .  IIleurt J., in  press. 
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standard set of steps until the onset of his 
usual type of chest pain. The rate of walking 
was set by the subject himself, and in any 
subsequent tests on that same subject, he was 
kept to the same rate. Every test with Cyto- 
chrome C was coupled with a control test 
on the same day, thus eliminating the effect 
of the spontaneous variations in pain on 
different days in the same subject. All tests 
were preceded by a rest period of one hour, 
and were conducted in the early afternoon, 
a t  least 3 hours after the last meal. In a 
typical experiment, the patient came to the 
laboratory a t  12  : 30 o'clock without having 
had any lunch. He  rested a t  least one hour 
and was then given the first intravenous 
injection a t  a rate of one cc per minute (total 
of 5 cc per injection). This was followed 
by a 5 minute rest period, and then the first 
trial was carried out. .As soon as the end- 
point was reached, the subject sat d o a n  and 
rested for another hour. He was then given 
the second injection in the same manner, 
id lowed  by a 5 minute interval, and then the 
wcond trial was conducted. 

Cytochrome C was given intravenously in 
doses of 50 mg in 5 cc of solution. The 
control material used was physiological saline 
solution, and because Cytochrome C is red, 
it was necessarj. to prevent the patient from 
seeing what \\-as being injected, lest he have 
a different psj-choloyical effect from a red 
medicine than from a white one. For this 
rei!s!m. a cloth screen was interposed between 
the patient and the investigator giving the 
injections. and the subject's arm was extended 
through a slit in the screen. The injections 
were all given by one person, and the observa- 
tions on capacity for effort were made by the 
other investigator, who was unaware of which 
substance had been administered. The ce- 
quence of injections was varied so that in 
some instances the control test preceded the 
test with Cytochrome C, and in other instances 
the order was reversed. There was no indica- 
tion that the subjects of the study were aware 
that different materials were being injected. 
There were no consistent reactions to the 
injection of Cytochrome C which would 
enable the subjects to detect that they were 

receiving a material different from the control 
solution. 

Results. There were 12 pairs of tests con- 
ducted on 8 patients. I n  4 of the pairs, the 
trial with Cytochrome C preceded the control 
trial; in the remaining 8 pairs, the control 
trial was conducted first. Analysis of the 
results reveals that Cytochrome C produced 
no increase in capacity for effort without pain. 
In  fact, there was a mean decrease in per- 
formance equal to 2.33 t S.E. 1.95 trips 
following the injection of Cytochrome C, as 
compared with the results obtained with the 
control injections. Expressed in percentages, 
this is a decrease of 8.7 2 7.2%. Since the 
"t" value derived from these figures is only 
1.19, it is concluded that there is no statistical- 
ly significant difference between the results 
obtained following injection of Cytochrome 
C and the results following injection of 
physiological saline. A summary of the 
results is found in Table I. 

Discussion. Cardiac pain as exemplified 
by angina of effort has been suggested to be 
due to an inadequate supply of oxygen to the 
heart to meet its demands! The  stimulus 
for pain is believed to be an  accumulation 
of acid metabolites produced by the heart 
muscle under ischemic  condition^.^ The 
possibility of enhancing the tissue uptake 
of oxygen by means of Cytochrome C in in- 
stances of myocardial anoxia is then of special 
interest in patients with angina of effort. 
Roger and Uekaneas showed that 50 or 60 
mg of Cytochrome C injected intravenously 
was able to revert to normal in as little time 
as two minutes an abnormal electrocardiogram 
produced by breathing a 10% oxygen 
1nixture.l Rabinowitch, Elliott, and Mc- 
Eachern have shown that Cytochrome C in 
doses of 50 mg is taken up by tissues or 
destroyed within a matter of minutes after 
injection.' 

iVe can assume that the dose of 50 mg of 
Cytochrome C given intravenously is taken 
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TAELE I. 
Clinical Data  and  Rcsults of Est~t~cisv Tolcrancc Tcsts. 

S o .  of t r ips  performed 

Subject Sex Age Diagnosis 1st  t r ia l  2nd t r ia l  
f \ 

A .L. 11 53 ,lrtcriosclcrosis, hypertension. tw- 
largcd heart, dilated aorta. ECG : 
Yrolongcd A-V conduction 

J.G. 31 03 A rteri osc: I t  rosis, enlarged Iicart, 
coron:iry sclcrosis. ECG : Ven- 
tricular premature contr:ictions 

J.M. ill 60 Arteriosclcrosis, myocardial fibro- 
sis, sel tmtie  :iorta. 31,voc:irdi:iI 
inf:irction in  1940. I)i:ibetcs 
nicllitus 

S.T<. P 66 Arteriosclerosis, hypertension, cn- 
Iargcd heart, myocardial fibrosis. 
ECG : I311iidIc br:incli block 

S.S. 31 05 ,\rtcriosc.lrrosis, cn1:irgcd hc.nrt. 
myocardial fibrosis, clilatctl aorta. 
ECG : Myoc:irdi:il dani:igc 

M.W. 31 70 ,4rteriosclerosis, enlarged h ta r t ,  
dilated aorta ,  myocardial, fibro- 
sis. ECG : Myoc;irdial damage. 
Xyocardial infarction, 1938 

F.P. F 58 Arteriosclerosis, hypertension. cn- 
largecl heart, mpoc;ird;al fibrosis. 
ECG : Myocardial damage 

M.F. RIC 47 Xrteriosclcrosis, myocardial fibro- 
sis, aortic sclerosis. ECG : Mgo- 
cardial damage. 1lyoc~ardial 
infarction, 1942 
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* (S) Physiological saline. 
t (C) Cytochrome C. 

up or utilized by the tissues within 5 minutes. 
However, we were unable to demonstrate any 
increase in the capacity for effort without 
pain in patients with angina of effort follow- 

ing intravenous injections of 50 mg of Cyto- 
chrome C as compared with placebo injections 
of physiological saline solution. 
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The Delay in the Action of Digitalis Glycoside (Lanatoside C.)* 

MEYER FRIEDMAN AND RENF: BINE, JR. 

lf’rom the ITarold B r u n n  Institute fo r  Cardiovascular Rcscarch, Moiint %ion Hospital, S{ot 
Francisco, Cal i f .  

Since the studies of Clark1 were published, 
it has been believed2 that after the adminis- 

tration of digitalis glycosides, a latent period 
occurs before a cardiac effect is produced. 

In our previous studies however, concern- 

Lanatoside C upon the embryonic duck heart, 
1 Clark, A. J., PYOC.  R ~ Y .  sot. jmz., 1914, 3 , 1 8 1 .  we observed that although the above described 
2 Gold, H., Cattell, M., B I O ~ C ~ I ,  JV., Rul.t,  N. T., latent period did exist, nevertheless, its 

duration appeared to vary inversely with the 
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