
114 ANTIACCELERATOR ACTION OF POLYPHENYL DERIVATIVES 

sinase. Biology, M. Gordon, ed., Acadmemic Press Inc., New 
York, in press. 

5 .  Bode, F., Hiibencr, H. J., Bruckner, H., Hoeres, 
K., Katurwiss., 1952, v39, 524. 

1 .  Barratt, R. W., Sewmeyer, D., Perkins, D. D., 
Garnjobst, L., rldv. in Cenftics, 1954, v6, 1.  

1950, v36, 538. 
2 .  Fox, -4. S., Gray, W. n., Proc. ,yat. Acad. .yci., 6. Mason, H. s.9 J .  Biol* Chenz., lg48, v172, 83* 

7 .  Lerner, A. B., Fitzpatrick, T. B., PhysioE. Rev., 
1950, v30, 91. 

3 .  Fox, -4. S., . Y a t m ,  1954, ~ 1 7 . 3 ,  350. - 
4. Fos, A .  S., Hurnctt, J.  B., in Pigiizent Cell Received February 2 ,  1958. P.S.E.B.M., 1938, v98. 

Antiaccelerator, Coronary  Dilator and Cer ta in  Other Pharmacologic 
Actions of New Poly-Methoxyphenyl Derivatives. (23957) 

ALEXANDER G. KARCZM.4H, PRISCILLA BOURGAULT,* AND B. ELPERK 
(Intraduced by F. 1'. Luduena) 

DPpnrt iiicnt of Phnmncology, Strifch School of Medicine, Loyola University, Chicago, I l l .  and 
Sf d i n g -  Winlhrop Rcwnrch I m f  ., Rensselaer, X .  Y .  

A specific new pharmacologic activity. the 
cardiac antiaccelerator effect, was described 
by Krayer and his associates (for review. rf. 
1) .  This activity was found among naturally 
occurring veratramine and solanum alkaloids 
(1,2). More recently, a similar effect was de- 
scribed by Jlargolin and his associates(3) in 
the case of certain synthetic steroids with al- 
kamine substitutions in position 16. It was 
conceived that relatively simple polyphenyl 
molecules with a lipophilic appendage may ex- 
hibit similar pharmacologic properties. This 
paper describes antiaccelerator potency data 
obtained in the course of screening of a series 
of such compounds as well as additional phar- 
macologic and toxicity results obtained with 
2 particularly promising compounds of this 
series. 

The blockade of positive chro- 
notropic effect of epinephrine was tested in 
rabbit heart Langendorff preparations per- 
fused at 25°C with oxygenated (95% 02, 5% 
CO.) Ringer-Locke by means of an apparatus 
(4) that permitted measurement of coronary 
flow. Cardiac rate was measured by means 
of Palmer drop recorder and amplitude of 
cardiac beat by means of a light isotonic lever. 
Epinephrine bitartrate was prepared in 
Ringer-Locke (5-10 pg/cc) with sodium bi- 
sulfite, final concentration 0.1 %, acting as 
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Methods. 

antioxidant. Epinephrine was perfused a t  I 
ccimin. through a side arm provided with a 
flow meter. The compounds tested were solu- 
bilized in weak HCl and injected in 0.1 to 0.2 
cc into the perfusion cannula near the heart. 
The reference compound, veratramine, was 
solubilized as described by Krayer( 5 )  : vera- 
tramine doses refer to the base. The positive 
chronotropic effect of epinephrine amounted 
in 20 tests to an average of 36 beatsiminute 
and decreased by an average of 5 beats, or 
14c/o, at end of 2 to 4 hours. In actual testing, 
inhibition of acceleration of 30% or more was 
considered significant. Anti-accelerator doses 
effective in 50% of hearts (AEDZo) were de- 
termined from a dose-frequency curve accord- 
ing to the method of Wright(6) : 3 to 5 doses 
were spaced a t  0.5 logarithmic intervals, 3 to 
5 hearts/dose. Additional measurements of 
the effect of compounds tested on coronary 
flow were carried out by the method of Lu- 
duena, Miller and Wilt( 7) .  The acute LD5,-, 
values and their standard error were measured 
in mice by the method of Miller and Tainter 
( 8 ) .  Irritancy was determined in rabbits by 
means of trypan blue test (9,lO). Local anes- 
thetic potency was determined in guinea pigs 
by the intradermal wheal test(l1).  The 
cardiac rate was measured in atropinized dogs 
under chloralose or barbiturate anesthesia by 
means of a Palmer Recorder and a pressure 
transducer ( 1 2 ) .  The blockade by the com- 
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TABT,E I. Antiaccelerator and Coronary Dilator Action of Polyphenyl and Reference Com- 
pounds. 
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* Coronary flow was mcasured following epinephrine pcrfiision and inj. of cornpound tested. 

t Technic of Luduciia et  al. ( 7 ) .  t Known compound. 11 Double 
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bond at the R,,R,, c:irboii. 
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pounds tested of the epinephrine pressor and 
of acetylcholine vasodepressor responses, and 
of the response of nictitating membrane to 
faradic sympathetic stimulation was measured 
by conventional methods in dogs and in cats. 

Results. The bio-comparison of antiaccel- 
erator potency of the polyphenyl compounds 
and of veratramine was carried out on the 
epinephrine-driven isolated rabbit heart. 
Epinephrine infusion produced well-known 
inotropic, chronotropic and coronary dilator 
actions. The active polyphenyl derivatives 
reduced the positive chronotropic effects of 
epinephrine without affecting much its ino- 
tropic action, in which they resembled vera- 
tramine ( 1 ) .  The AEDZo values for cardiac 
slowing of all compounds tested, including 
papaverine and veratramine, are shown in 
Table I. Several new compounds approxi- 
mated, in their activity, veratramine. The 
polyphenyl compounds differed unexpectedly 
from the veratramine in that several of them 
caused additional coronary dilatation (Table 
I), while veratramine produced none as  al- 
ready shown by Krayer(5). The dilator ef- 
fect of compounds 1, 2 and 5 and of veratra- 
mine was tested also by a technic not involv- 

ing epinephrine( 7 ) .  There was a good quali- 
tative agreement between the 2 sets 3f data 
(Table I).  The coronary dilator effect of the 
new compounds seemed independent of the 
anti-accelerator action, since it was not paral- 
lel with the extent of the latter (Table I) and 
since, frequently, i t  obtained at doses which 
did not slow the heart. In  particular, the ef- 
fect of compound 1 was more than twice that 
of papaverine (Table I).  

Autonomic action, particularly general sym- 
patholytic activity could account for the 
blockade by the polyphenyl compounds of the 
chronotropic cardiac effect of epinephrine. 
Compounds 1 and 5 were found, however, to 
be incapable of blocking either the pressor ef- 
fects of epinephrine in dogs or the withdrawal 
of the nictitating membrane on faradic stimu- 
lation of the cervical sympathetic in the cat 
(Table 11) ; in this they resemble veratramine 
(5,13) and steroids studied by Margolin et al.  
(3 ) .  They were also found incapable of stim- 
ulating frog rectus and of cholinergic block- 
ade in the dog (Table 11). Another pharma- . 

cologic activity that could be involved in 
cardiac slowing is irritancy and/or local anes- 
thetic action( 11,14)  ; both could be expected 
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TABLE 11. Pharmacologic Properties of Co~npounds 3-Dimcthyl-amine 1,1,2-tris- (Cmethoxy- 
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from polyphenyl compounds( 11.14). Actual 
tests showed that compounds 1 and 5 exhibit 
local anesthetic potency (Table TI). How- 
ever, compound l ,  almost as potent an anti- 
accelerator as compound 5.  is many times 
weaker than the latter in its irritancy and lo- 
cal anesthetic action. In addition, procaine 
and a 2-alkoxy thiolbenzoate. a new com- 
pound with the anesthetic potency about 100 
times that of procaine(l5) were tested in the 
isolated heart for their possible antiaccelera- 
tory effects. Seither produced cardiac slow- 
ing short of complete A\' block and ventricu- 
lar fibrillation which occurred with about 3 
mg per heart of procaine and 25  pg per heart 
of t hiol benzoa te. 

It was of interest to test whether or not the 
antiaccelerator data obtained in the isolated 
heart would carry over into the intact animal. 
Compounds 1 and 5 exhibited antiaccelerator 
action in 15 atropinized and/or vagotomized 
dogs under pentobarbital or chloralose anes- 
thesia in doses of from 0.3 to 0.5 mg/kg. 
Epinephrine infusion seemed not essential for 
this action which agrees with several experi- 
ments carried out without epinephrine on the 
isolated heart. There was little or no effect 
on mean arterial blood pressure whether in 
presence or in absence of epinephrine. Com- 
pounds 1 and 5, given i.v. in doses of from 0.5 
to 2 mg/kg, produced also cardiac slowing in 
trained unanesthetized dogs (7  experiments). 

In some instances, the rate decreased from 75 
to 50 beats per minute and was maintained a t  
the low level for 1 to 2 hours. 

Sympatholytics produce usually compensa- 
tory tachycardia. A phenoethiazine sympa- 
tholytic( 16) was used in trained unanesthe- 
tized dogs to produce a tachycardia of up to 
200 beats per minute lasting for 5 hours or 
more. Compounds 1 and 5, 2 mg/kg i.v., or 
5-10 mg/kg orally, blocked tachycardia and a 
rate of 60-70 per minute persisted for up to 4 
hours. Electrocardiograms (Lead 2 )  of the 
trained unanesthetized animals indicated that 
the slowing of the rate, whether following ex- 
perimental tachycardia or in untreated dogs, 
was a sinus bradycardia with little change in 
the QRS interval, i.e., with little change in 
conduction. 

Of particular interest in this series of ex- 
periments was that while compounds 1 and 5 
showed no side actions at doses specified, vera- 
tramine produced in intact dogs considerable 
toxicity (Table 11). In anesthetized atro- 
pinized dogs ( 1 7  experiments) veratramine 
slowed the heart a t  levels of 0.02-0.05 mg/kg 
and produced tremors and analeptic actions. 
In unanesthetized animals tachycardia, nau- 
sea, salivation and excitement appeared with 
doses of 30 to 40 pg/kg, i.v., and tremors, con- 
vulsions and vomiting-with doses of 120-240 
pg/kg, i.v., or 2 mg/kg, orally. Two dogs 
were killed with 0.3 mg/kg, i.v. This indi- 
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cation that toxicity of veratramine is much 
higher than that of the polyphenyl compounds 
was borne out by the LDao data in mice 
(Table 11). 

Discussion. The prototype antiaccelerator 
agent, veratramine, exhibits 2 main pharma- 
cologic actions: i t  blocks cardiac chronotropic 
effect of epinephrine, and initiates a complex 
reflex activity leading to hypotension and 
bradycardia (“Bezold effect,” for review see 
Krayer and Acheson, 17, and Dawes and 
Comroe, 18). The present data suggest that 
the new polyphenyl compounds are antiaccel- 
erators probably devoid of the hypotensive ac- 
tivity. Particularly, compounds 1 and 5 ex- 
hibit a specific antiaccelerator action inde- 
pendent of extracardiac sympatholytic and 
adrenolytic effect, not due to vagal slowing 
and not related to an effect on conduction 
which obtains with local anesthetics (cf. lack 
of antiaccelerator action of antiarrhythmic 
agents and local anesthetics, Krayer et al., 
19). Accordingly, the receptor of the “pace- 
maker tissue”(5) can be suggested as the spe- 
cific site of antiaccelerator actian of veratra- 
mine and certain related steroids, as well as of 
the present polyphenyl compounds. This re- 
ceptor, although activated by epinephrine and 
norepinephrine differs in an interesting fashion 
from other sympathetic receptors in that i t  
cannot be blocked by sympatholytic agents 
even when used in doses many times those suf- 
ficient to abolish vasoconstriction actions of 
epinephrine and of other sympathomimetics 
(20,2 1). Thus, sympatholytics cannot pre- 
vent tachycardia provoked by their own vaso- 
constrictor blockade and hypotension. On the 
other hand, the polyphenyl antiaccelerators 
are capable as shown a t  present, to differen- 
tially block the “primitive” ( 2 2 ) receptor of 
the pacemaker. To further characterize this 
receptor it should be said that all antiaccel- 
erators described so far possess a relatively 
rigid polyring nucleus with a secondary or a 
tertiary N-containing ring, or with a nitro- 
gen-bearing sidechain. Thus, they seem 
chemically related to endocrine agents ; poly- 
phenyl compounds described a t  present are 
diethylstilbestrol derivatives, while veratra- 
mine, solanum alkaloids and compounds de- 
scribed by Margolin et d ( 3 )  are steroids re- 

lated to testosterone. 
Toxicity of veratramine and of steroids de- 

scribed by Margolin et al. limited their thera- 
peutic application(3,Z). Since the com- 
pounds studied at present are many times less 
toxic than veratramine (Table 11) and since 
they have the additional advantage of being 
coronary dilators, their clinical trial has been 
initiated. 

1. A significant cardiac anti- 
accelerator activity was found among mem- 
bers of a new synthetic series of polyme- 
thoxyphenyl amines. 2. When tested on the 
isolated, epinephrine driven rabbit heart their 
potency was found in several instances to be 
comparable to that of veratramine. 3. They 
could produce also cardiac slowing in anes- 
thetized and unanesthetized dogs as well as 
block, in unanesthetized dogs, compensatory 
tachycardia due to administration of a sym- 
patholytic. 4. Some of the compounds 
were found to be coronary dilators, in one 
case 2-3 times more potent than papaverine. 
5 .  Since the polyphenyl compounds were 
found not to be sympatholytic or adrenolytic, 
since their action is extra-vagal and indepen- 
dent of their local anesthetic activity, the pos- 
sibility is suggested they have a specific site 
of action at  the “primitive” pacemaker re- 
ceptor. 

Summary. 
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An increase in lactic acid content of brain 
tissue in hypoxic animals has been established 
by various investigators ( 1-4). When brain 
tissue is analyzed one to 3 hours post mortem 
the lactic acid level may increase 4- to 5-fold 
(4).  This probably is the result of endoge- 
nous enzymatic activity on lactic acid precurs- 
ors such as glycogen, glucose or other carbo- 
hydrate material. There is considerable evi- 
dence to show that adrenal steroids are in- 
volved. in a permissive manner. in carbohy- 
drate metabolism ( 5 ) .  This fact coupled with 
the almost exclusive use of carbohydrate in 
normal brain metabolism, suggested a study of 
the lactic acid content in brzin tissue as influ- 
enced by hypoxia and adrenal hormones. 

Methods. Male Sprague-Dawley rats 
weighing about 350 g were used. They were 
divided into 2 main groups; intact and 
adrenalectomized. All animals received Pur- 
ina Laboratory Chow and water ~d libitum, 
with the adrenalectomized animals receiving 
physiological saline in place of water. Four 
days post-operatively. the animals were placed 
into 2 subgroups; a ground level group which 
will be referred to as the %on-hypoxic” group 
and an altitude group which will be designated 
as the “hypoxic” group. Hypoxia was pro- 
duced by taking the animals to a simulated 

altitude of 30,000 feet (225.6 mm Hg) for a 
period of 105 minutes in a decompression 
chamber. This time and altitude were found 
to give a large increase in lactic acid content 
of brain tissue in intact control animals. At 
the end of experimental or control period, the 
animals were decapitated in their respective 
environments; i.e., a t  ground level or a t  alti- 
tude. The decompression chamber was rou- 
tinely returned to ground level within 5-6 min- 
utes following decapitation. All heads were 
left intact a t  room temperature ( 2 3 O - 2 7 O C )  
for a period of 3 hours, after which the brains 
were removed, blotted of excess blood, and 
homogenized in glass homogenizers with 10% 
trichloracetic acid (10% homogenate) . The 
lactic acid content of the whole brain was de- 
termined by the method as described by Van 
Fossan (4). Lactic acid content of brains 
from intact and adrenalectomized animals was 
determined under non-hypoxic and hypoxic 
conditions to obtain control data. Tn com- 
parison. brain lactic acid content of adrenalec- 
tomized animals receiving the following 
adrenal hormones and dosages was deter- 
mined: (a) epinephrine, 0.15 mg in sesame 
oil given subcutaneously 15 minutes prior to 
ascent to altitude; (b) corticosterone, 1.0 mg 
in saline given subcutaneously a t  4 two-hour 


