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were used in this study on the histochemical nate, a strikingly different picture of enzy- 
specificity of phosphatases. With 18 sub- matic distribution was observed in the acid 
strates no indication of the presence in paxaf- range, but otherwise the pattern of distribu- 
fin-embedded mammalian tissues of phos- tion of enzymatic activity in any given organ 
phatases other than the common non-specific was constant and independent of the wbstrate 
alkaline and acid variety was found. With used. 
one of the substrates, pchloranilidophospho- 
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Effect of Tetraethylammonium on Venous and Arterial Pressure in 
Congestive Heart Failure. 

ARNOLD S. RELMAN A'UD FRANKLIN H. EPSTEIN. (Introduced by Francis G .  Blake.) 
Frmn the Department of Internal Medicine, Yale University School of .Jfediciaet New Haven, 

Conn. 

That widespread vasoconstriction occurs 
during congestive failure was first proposed 
many years ago by Starling1 and by Bolton.2 
Recently, it hmas been suggested that reflex 
vasoconstriction contributes to the mainten- 
ance of the usually normal arterial pressure8p4 
and the elevated venous p r e s s ~ r e ~ ~ ~ . ~  in 
heart failure. Conversely, the fall in calcu- 
lated peripheral resistance accompanying the 
improved output of the d,igitalized failing 
heart7*b speaks for a release of vasoconstric- 
tion. Renin has been found in8 the rend veins 
of patients in congestive failure: and the re- 
duction of hepatic and renal blood flows in 
such cases is further evidence of increased 
peripheral resistance attributable to vasocon- 
striction. 

1 Starling, E. H., The Fluids of the Body. W. T. 

ZBolton, C., Brit. Y e a .  J., 1917, 1, 642. 
3Merril1, A. J., Morrison, J. L., and Brannon, 

4hndi.3, E. M., Brown, E., Fauteux, M., and 

6 Starr, I., and Rawson, A. J., Am. J .  Yea. Sci., 

6 Warren, J. V., and Stead, E. A., Jr., Arch. Int .  
Med., 1944, 73, 138. 
7 Stead, E. A., Jr., Warren, J. V., and Brannon, 

E. S., Arch. Znt. Med., 1948, 81, 282. 
sBloomfield, R. A., Rapaport, B., Milnor, J. P., 

Long, W. K., Mebane, J., and Ellis, L. B., J .  C l k  
Znvest., 1948, 27, 588. 

Keener and Co., Chicago, 1909. 

E. S., Am. J .  Med., 1946, 1, 468. 

Wise, C., J .  C l h .  Invest., 1946, 29, 237. 

1940, 199, 27. 

Tetraethylammonium chloride is a quater- 
nary ammonium salt which transiently blocks 
the transmission of impulses through peri- 
pheral autonomic ganglia? Haywardlo has 
recently observed that tetraethylammonium 
bromide decreases the venous and arterial 
pressures in hypertensive patients with com- 
pensated or failing circulations. Since peri- 
pheral resistance is greatly increased in es- 
sential hypertension, it was of interest to ob- 
serve the effect of this drug on the venous and 
arterial pressures of mrmotensive patients 
with and without failure, in an attempt to 
delineate the role of vasoconstriction in con- 
gestive failure per se. 

Methods. Venous pressure was measured 
directly with a No. 18 gauge needle in an 
antecubital vein, using the sternal angle of 
the supine patient as a reference point. 
Arterial blood pressure was measured with a 
sphy,gnomanometer and the mean pressure 
was arbitrarily taken to be the average of 
the systolic and diastolic pressures. The 
heart rate was counted at  the apex for 30 
seconds. After repeated observations of heart 
rate and pressures had established a constant 
baseline, tetraethylammonium c h 1 o r i d e 
(TEAC)* in doses of 2 to 6 mg/kg of body 

0 Acheson, G. H., and Moe, G. E., J .  Pharm. and 
Exp. Therap., 1946, 87, 220. 

loHaywa.rd, G. W., Lancet, 1948, 1, 18. 
* Etamon Chloride, ParheDavis and Company. 
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weight was injected through a fresh veni- 
puncture over a period 05 2 to 4 minutes, and 
the pertinent observations were continued fre- 
quently for 35 to 40 minutes thereafter. 

Twenty subjects were studied in the man- 
ner described. Group I contained 8 patients 
with normal arterial and venous pressures, 
without evidence of cardiovascular disease. 
Group I1 included 2 compensated normoten- 
sive cardiacs with normal venous pressures 
and circulation times. Group I11 consisted 
of 8 patients with congestive heart failure as 
evidenced by distended neck veins, basilar 
rales, enlarged liver, and (except for patient 
G.H.) edema. None of these patients had a 
diastolic blood pressure above 90, and all 
of them, except G.H., were taking digitalis at 
the time of the study. Group I V  consisted of 
2 other patients with congestive failure in 
whom responses were compared before and 
after effective treatment for congestive failure. 
One of these patients (W.G.) had slight dias- 
tolic hypertension. 

Resdts.  The results are summarized in 
Table I. 

Groups Z and ZZ. Venous pressures in the 
normal subjects and compensated cardiacs 
did not change, or rose slightly. Results were 
similar when the pressure in the antecubital 
vein was artificially elevattd to levels seen in 
congestive failure by lowering the arm. Mean 
arterial blood pressure fell an average of 2.8 
mm Hg 4 10.9 mm and the pulse rate 
always increased. The results were the same 
in normal subjects placed in a semi-reclining 
position 60 degrees frum the horizontal. 

Group ZZZ. Following injection of TEAC, 
venous pressure of patients in congestive fail- 
ure promptly dropped 35 to 80 mm below the 
baseline. The effect )began one to 2 minutes 
after injection was started, when 100 to 200 
mg of the drug had entered’ the circulation, 
and was maximal in 5 to 7 minutes. The 
pressure then started to rise slowly, but usu- 
ally had not reached its pre-injection level at 
the end of half an hour. Although there was 
some overlapping, the average drop in mean 
arterial blood pressure (24.6 mm Hg -F- 5.6 
mm) in Group I11 was significantly greater 
than the change seen in Groups I and I1 (,,tJJ 
equals 4.25; ‘‘P” equals < 0.01). In  contrast 

to the normals, 5 of the 8 patients in Group 
I11 had no change in heart rate, 2 slowed 
slightly, and only one (E.B.) developed a 
tachycardia. In this patient, a young man 
with calcified constrictive pericarditis, a 
tachycardia of the same degree was pro- 
duced by 1 mg of atropine intravenously, with- 
out any change in venous pressure. 

Croup ZV. Two patients in congestive 
failure were studied before and after digitali- 
zation. Before treatment, the injection of 
TEAC was followed by a sharp fall in venous 
pressure and a drop in mean arterial pres- 
sure. Several days later, when both patients 
had recovered considerably, the experiment 
was repeated. In W.G., who had become free 
of congestive signs and symptoms, TEAC 
caused no fall in venous pressure. In  pa- 
tient A. H., who still had dyspnea on exertion 
and basal pulmonary rales, TEAC caused a 
slight fall in venous pressure. In  both pa- 
tients, the percentile drop in mean arterial 
pressure was equivalent to that before digitali- 
zation. 

Arm-to-tongue circulation times, measured 
with Decholin in 5 subjects before and im- 
mediately after injection of TEAC, did not 
change consistently. No untoward reactions 
to TEAC were observed, and no change in 
the degree of the cardiac patients’ dyspnea 
was apparent. 

Discussion. In  high concentrations, tetra- 
ethylammonium increases the cardiac output 
in a failing heart-lung preparation.’l How- 
ever, the drug does not increase the output 
in dogs under barbiturate anesthesia, and it 
increases the human cardiac output only 
slightly or not at Moe believes that any 
increases in output are probably attributable 
to the tachycardia. 

Because the action of TEAC is chiefly on 
the peripheral autonomic ganglia, the data 
here presented imply the existence of an in- 
creased antonomic vascular tone in congestive 
failure which contributes to the elevation of 
venous pressure as well as the maintenance of 
arterial pressure. Almost the entire peripheral 

11Acheson, G. H., and Moe, G. K., J.  Pharm. 
and Exp. Therap., 1945, 84, 189. 

=&foe, G. K., personal communication. 
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14 COMPLETE RENAL 

vascular bed is under active vasomotor con- 
trol.lY -4 reduction in the amount of blood 
pumped from the venous to the arterial side 
of the circulation would lower arterial pres- 
sure while tending to elevate venous pres- 
sure.lJS5 It seems possible, therefore, that 
whenever cardiac output is inadequate, reflex 
peripheral autonomic mechanisms are called 
into play. These would maintain arterial 
pressure by arteriolar constriction and tend to 
increase cardiac output by further increasing 
the venous filling pressure. Venous filling 
pressure might be elevated by an increased 
tone in the large veins or by a redistribution 
of blood resulting from constriction of smaller 
peripheral vessels. These experiments do not 
exclude the possibility that other factors such 
as increased blood volume or tissue fluid pres- 
sure may also play major roles in the main- 
_ _ -  ~~ - 

13 Mcl)owall, H .  J. S., Phys. Rcv., 1938, 15, 98. 

ISCHEMIA IN RATS 

tenance of the elevated venous pressure of 
congestive failure. 

Finally, it should be pointed out that only 
the peripheral venous pressure was measured in 
these experiments. I t  is possible, particular- 
ly in subjects without venous hypertension, 
that pressure changes in the central veins and 
right atrium were not closely reflected by 
changes in the peripheral venous pressure. 

Summary. Tetraethylammonium chloride 
given intravenously to 9 normotensive pa- 
tients in congestive failure caused a precipi- 
tous fall in venous pressure and a significant 
decrease in arterial pressure in every case. 
Compensated cardiacs and non-cardiac nor- 
motensive controls showed, no fall in venous 
pressure and a much smaller change in ar- 
terial pressure. Following digitalization, 2 
cardiac subjects in failure lost some of their 
initial responsiveness to TEAC. 
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Survival of Rats  After  Temporary Complete Renal Ischemia.* ' 

SIMON KOLETSKY AND BETTY JANE DILLON. 
From the Institute of Pathology, Westcrn Rrserve University School of Yedicine, Cleveland, 

Ohio. 

I t  has been shown that rats generally sur- 
vive bilateral interruption of the renal cir- 
culation for periods lasting up to one hour.' 
With longer intervals of complete ischemia, 
the mortality rises sharply. Cessation of blood 
flow to both kidneys for two hours is uniform- 
ly fatal; there is progressive elevation of 
BUN ar-d death occurs in uremia within a 
few days. 

The principal lesion produced by tempor- 
ary periods of complete renal ischemia is ne- 
crosis of the proximal convoluted tubules? 
In rats with a one hour period of bilateral is- 
chemia, the necrosis is followed by repair and 
survival of the animals. Rats with a 2 hour 
.~ ~ ~ ~ _ _ _  __ 

Aided by a grant from thc Elisabcth Severniice 

1 Koletsky, Simon and Gnstafson, G. E., J .  Clin. 
Prentiss Foundation. 

Invest., 1947, aB, 1073. 

period of ischemia evidently die in uremia 
before regeneration is effective. 

I n  order to determine whether the renal 
lesion produced by periods of ischemia longer 
than those in the preceding experiments was 
subject to repair and would permit survival 
of the rats, unilateral ischemia was produced. 
The left main renal artery and vein of 50 adult 
white rats were occluded with a bulldog clamp 
for periods ranging from 2 to 4 hours. A 5 
hour period was unsatisfactory because of the 
frequent Occurrence of renal infarction. Hep- 
arin was given intravenously before clamping, 
and in some instances during clamping, to re- 
tard intrarenal thrombosis. The right kidney 
was intact. The animals were sacrificed at 
various intervals up to 5 months after re- 
moval of the clamps. 

Tubular necrosis was followed by Results. 




