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Reactions of the Isolated Surviving Coronary Artery to Epinephrine, 
Acetylcholine and Histamine.* (17709) 

DURWOOD J. SMITH. (Introduced by William S. McCann.) 
From the Department of Medioime, UniTersity of Rochester School of Medicine and Dentistry, 

and the Clinics of the Strong Memorial and Bochrster Munnicipul Hospitals, Roekestw,  N.P. 

During the course of an investigation into 
the physiologic behavior of the vascular sys- 
tem in rheumatic fever and other disease 
states, i t  became necessary to investigate the 
responses of normal vessels exposed to certain 
vasoconstrictor and vasodsilator drugs. The 
effects of epinephrine, acetylcholine and his- 
tamine were studied in surviving coronary 
arteries from man, pig, ox and sheep, employ- 
ing an angioplethysmokymographic technique. 
The results are presented in this paper. 

Experimental procedure. The angioplethys- 
mokpographic technique was developed in 
collaboration with Doctor Jerome T. Syver- 
ton( 1). In  this procedure an isolated sur- 
viving blood vessel is perfused and a contin- 
uous record is made of the changes in the 
volume of the blood vessel. A segment of 
artery (approximately 2 cm in length) is dis- 
sected out and mounted with minimum trau- 
ma in a plethysmographic chamlber as shown 
in Fig. 1.  The plethysmograph is filled with 
Tyrode's solution and the stopcock is turned 
so that any variation in the volume of the 
vessel causes a change in the position of the 
meniscus of the fluid in the horizontal pipette. 
The artery is perfused with Tyrode's solution 
using a perfusion system as illustrated in Fig. 
1 .  The inflow pressure is maintained a t  100 
cm of water and the outflow pressure a t  30 
cm of water. The needle at  the outlet limits 
the flow through the artery to 40 cc per min- 
ute. Test doses of drugs are injected directly 
into the perfusate through the modified T- 
tube in the perfusion system. These test 
doses flow through the artery in 15 to 20 sec- 
onds. The perfusate is oxygenated with 5% 
carbon dioxide in oxygen, thus providing oxy- 

* This investigation waa supported by a re- 
search grant by the Masonic Foundation for 
Health and Human Welfare. 
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FIG. 1. 

Perfu,sion System. A. Perfusion bottle. B. 
Warming coil. C. Ma.aifold. 1). Modified T-tube 
for injecting test doses into perfusate. E. Plethps- 
mograph consisting of a 0.2 ml pipette connected 
to the specimen chamber by a 3-may stopcock. 
F. Outlet line. B, C, D, E (specimen chamber), 
and part of F are mounted in a constant tempera- 
ture bath (37.5"C zk 0.0l'C). 

gen for the artery and maintaining the re- 
action of the perfusate at pH 7.2 to pH 7.4. 
The perfusion system and plethysmqqaphic 
chamber are suspended in a constant tem- 
perature bath (37.5"Ct0.01 "C) .  A photo- 
graphic record of the volume changes is made 
a t  15 second intervals on a drum camera over 
a period of several hours. Vasoconstriction 
is measured by diminution in the fluid volume, 
and vasodilatation by its increment. Of the 
two, the former is the mure readily obtained 
measurement; whereas the latter must be de- 
pendent upon the initial state of vasomotor 
activity exhibited by the arterial segment. 
Dale and Richards(2) have pointed out that it 
is impossible to demonstrate vasodilatation in 
vessels already dilated,. It follows that in 

2. D,a.le, H. H., and Richards, A. N., J. P h y h l . ,  
1918, 6 2 ,  138. 
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order to determine vasodilatation, it is neces- 
sary that a vessel wall exert some degree of 
pressure upon the contents of the vessel. 
There has been some discrepancy between ves- 
sels in this respect, particularly in that the 
human vessels used appeared to possess or to 
retain this capacity to a lesser degree than did 
vessels obtained from experimental animals. 
This may be due to an inherent diffa ,rence 
between the coronary arteries of man and 
those of other species, but may equally well 
reflect the fact that the human vessels were 
obtained from subjects who had died of dis- 
ease while those of  the pig, sheep and ox m-ere 
obtained from slaughtered healthy animals. 
It will not, in consequence, be possible to dram7 
too close a parallel between the behavior of 
human coronary arteries and those of experi- 
mental animals in respect to vasodilatation. 
Such differences between the behavior of.  ar- 
teries are for the present considered to be re- 
lated more to the degree of viability of the 
individual vessel (or alternatively to the meta- 
bolic changes associated with vascular death) 
than to peculiar differences in their mode of 
reaction to the same stimulus. 

.4lfter the artery is mounted in the plethys- 
mographic chamber perfusion is carried out 
until the artery reaches a constant volume 
before the test drugs are injected. This 
usually requires about 2 hours. The baseline 
obtained is fairly constant for a given artery 
for a further period of several hours. The 
volume level assumed by the artery depends 
in part upon the pressure exerted intrinsically 
by the arterial wall upon its fluid contents. 
-4 satisfactory demonstration of the capacity 
to dilate of a given specimen was to test the 
artery with a known vasodilator drug, such 
as theophylline ethylene-diamine. 

Results. 1. Eflect of epinephrine. I t  has 
been shown previously ( 3 )  that epinephrine 
causes constriction of most of the peripheral 
arteries and probably causes dilatation of the 

3. Choctmaii, L., and Gilnian, A . ,  The Pharma- 
cologic.;il Basis of Therapeutics. 1941, Xacinillan 
Go.. S.  T.* S. Y., 405, 363, 568. 
4. (;i*(,ggq 1). E., Phlysiol. Rex., 1946, 1-26, 28. 
3. Aiirq), C;. V., Lane Medical Lcrtures : Studies 

in Cai*diov:~~uliir Regulation, 1936, 8t:lnf orcl 
Unirersitr Prrss, Stanford University, Calif. 
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coronary arteries(3,4,5,6). The effect of 1- 
epinephrine (synthetic) was tested in 32 
coronary arteries from different species in 54 
experiments. The results in tabular form are 
recorded in Table I. 

2 .  Efect of acetylchol6ne. -4cetylcholine is 
a dilator of the peripheral arteries(3) but its 
effect on the coronary arteries has not been 
ppecisely demonstrated by previous experi- 
ments. Acetylcholine was used 26 times on 
18 coronary arteries, with the results shown 
in Table 11. 

3. Efect  of histamine. Best and McHenry 
( 7 )  have reviewed the dlata on histamine in- 
cluding the action of histamine upon the 
coronary arteries. They quote several in- 
vestigators: using isolated rings and strips of 
coronary arteries, as having found constriction 
to be caused by histamine in man, dog and 
ox. Anrep(5), however, found that hista- 
mine produced coronary vasodilatation in per- 
fusion experiments upon the human heart. 

6. Hssc'x, H. EL, Wegria, G. E., Herrick, J. F., 

7 .  Bcst, CI. H., a n d  McHenry, E. W., Physiol. 
Mann, F. C., ,4111. Beart J., 1940, v19, 554. 

Rev., 1931, 1711, 3 i l .  



REACTIONS OF ISOLATED CORONARY ARTERIES 45 1 

t 
DILATION 

I I 

V I 

V 

I 

Y 

a 

I 
0 

TO w 

HISTAMINE 
I TIME Ill MIllUTLI 

EPINEPHRINE 
I I 

ClTRESSlW EPINECHRINE 

2 WITS 100 Y I00 I 100 I 

P I G  - CORONARY A R T E R Y  

FIG. 2. 
Hrcorrl of the rwctions of the coronary artery of a slaughtcred healthy pig. 

Essex el  al. ( 6 )  demonstrated increased coro- 
nary flow following histamine injection in the 
unanaesthetized dog. 

I n  the present series of experiments 76 
observations have been made on 32 coronary 
arteries. The results are tabulatmed in Table 
111. 
4. Sample experiments.  The following are 

the individual records of 2 typical experi- 
ments. The dosages of tbe drugs employed 
are noted on Fig. 2 and 3 and throughout 
the series of experiments varied from 0.1 y 
to 100.0 7 .  These dosages give concentrations 
of between 1 part per 100,OW to 1 part per 
100,0100,000 under the experimental condi- 
tions employed. 

Exp. 522: Fig. 2.  This experiment records 
the reactions of the coronary artery of a 
healthy pig. The specimen was mounted 2 
hours after the animal had been slaughtered. 
Pitressin caused no reaction. Epinephrine 
caused vasodilatation on 2 occasions. Hista- 
minme produced vasoconstriction. 

This coronary arteryt 
was derived from a 23-year-old white female 
who had succumbed to Hodgkin’s Disease. I t  
was removed at  autopsy and mounted in the 
plethysmograph 2 hours postmortem. Again, 
in these experiments histamine and acetyl- 
choline both produced vasoconstriction. Epi- 
nephrine in similw doses produced slight 

Exp. 588: Fig. 3. 

t a11 liuniaii tissues studied were supplied through 
the Department of Pathology, Rochester School of 
Medicine alld Dentistry. Their cooperation in this 
study is hereby acknowledged. 
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HUMAN- C O R O N A R Y  A R T E R Y  

B’IG. 3. 
Record of the reactions of the  coronary artery 

of a 23-yrar-old white female who died of Hodg- 
kin’Y disease. 

vasoconstriction, much smaller than that pro- 
duced by histamine and acetylcholine. 

Discussion. The responses of the coronary 
arterises to epinephrine were of two types and 
appeared to depend on the degree of vaso- 
motor activity exhibited by the segment under 
test. Those arteries which were nearly com- 
pletely dilated (as determined by their failure 
to respond to known vasodilators) responded 
to epinephrine by a slight, transient vasocon- 
striction as in Fig. 3. Those arteries which 
were not as completely dilated always respond- 
ed to epinephrine by dilation as in Fig. 2. 
Certain of the pig arteries were co,mpletely 
dilatmed at  the beginning of the experiment 
and would show only constriction to epineph- 
rine; later the vessel wall would assume a cer- 
tain degree of tone and under these conditions 
epinephrine produced only dilation of the 
vessel. I n  these specimens in which both 
constriction and dilation were recorded the 
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constriction recorded in the fully dilated speci- 
men seemed to correspond closely in size, 
shape and timing to the notching of the curve 
of dilation as in Fig. 2. None of the human 
coronary arteries ever assumed any significant 
degree of tone. Variations in dosages of test 
drugs employed varied the magnitude and 
duration of the reaction produced: it never 
reversed the response to a given drug (as 
from constriction to dilation or vice versa). 
-\cetylcholine in varying doses uniformly pro- 
duced constriction of the coronary arteries 
examined. Histamine likewise produced only 
vasoconstriction of the coronary arteries ex- 
aiiiined: this effect was uniform regardless of 
variation in the dosage employed (Fig. 3) .  
It is felt that this technic will prove of value 
in assessing the effect of drugs and hormones 
upon the coronary and other arteries and that 
different responses may be obtained in vessels 

from subjects suffering from different patho- 
logical conditions. 

Summary. 1. The method of employing 
angioplethysmokymography to evaluate the 
responses of coronary arteries to several drugs 
is described. 

2. Epinephrine did not produce a uniform 
response in the coronary arteries examined. 
The relation of this inconsistency to the state 
of vasodilation of the specimen artery is dis- 
cussed. 

3.  Acetylcholine was found to produce con- 
sistent coronary vasoconstriction in man, pig 
and sheep. 

4. Histamine uniformly produces vascon- 
striction of the coronary arteries of man, pig, 
ox and sheep. 

Iltreiwd .J:4nn:iry 10. 1950. P.S.E.B.M., 1950, v73. 
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Release of Histanline During Hemolytic Reactions in the Blood of Rabbits. 
(17710) 

HADDON 31. CARRTER AND CHARLES F. CODE. 

From the Division of Medicine and Section on Physiology,  Mayo Poumlution n,nd I l k y o  Clinic, 
Rochester, Minm. 

I t  has been shown in different species that 
histamiiie is released from the cells of one 
or several organs during anaphylactic reac- 
tions( 1-6). Special circumstances pertain in 
the blood. Most of the histamine contained 
in blood is held in the white cell layer which 
separates between the plasma and the red cells 
when unclotted blood is centrifuged( 7,s). 
This bound or fixed histamine is released by 

1 .  Schultz, W. H., J. Piinmr. and Exp. Therap., 

2. Dale, H. H., J. Pharm. and E x p .  Therap., 

3. Bartosch, R., Feldberg, K., and Nagel, E., 

4. Sdiild, H. O., J .  Physiol., 1939, v95, 393. 
3 .  l h g s t c d t ,  C..A., and Mead, F. B., J .  Pharm. 

G .  Code, C .  F., Am. J. Physbl., 1939, 1-127, 78. 
7 .  Code, C. l’., J. Physiol., 1937, r90, 349. 
8 .  Code, C. F., J. Physiot., 1937, v90, 485. 

1910, 1-1, 249. 

1913, v4, 167. 

Arch. f. d.  ges. Physioz., 1939, ~ 2 3 0 ,  129. 

g d  fix]). Tl ternp. ,  1936, v57, 419. 

comparatively mild trauma such as clotting 
or agitation. During anaphylactic reactions 
in drawn blood, Katz has found that hista- 
mine is released from the cells into the 
plasma( 9) .  In Katz’s experiments, rabbits 
were sensitized by several intravenous in- 
jections of egg white. Later when Ithe antigen 
was added in vitro to heparinized samples 
of the blood the histamine content of the 
plasma increased 100 to 600% above that 
of plasma of control samples of the same blood 
to which no antigen had been added. Studies 
by Dragstedt and his co-workers( 10, l l )  and 
Rose and Browne(l2) have confirmed and 
9. Iiatz, G., Science, 1940, v91, 221. 
10. Dragstedt, C. A., Ramirez de Arellano, Max 

11. Gotzl, F. B., and Dragstedt, C. X., J .  PAarm. 

12. Rose, Brain, and Brownq, J. S. L., J. Im- 

and Lawton; A. H., Science, 1940, n.s.91, 617. 

and E x p .  Theray., 1941, v74, 33. 

munol., 1941, ~41, 403. 


