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IN'mODUCTION 





nervous system (20). Thus, in terms of end effect, Myanesin and curare 

are closely related; yet in terms of mechanism of action, they are dis-

similar, for Myanesin blockade of interneurone is apparently unrelated to 

an anti-acetylcholine action (4). 

Specificity, therefore, cannot be defined in terms of prominent effects 

(symptoms), but must be left to describe properties of drugs more closely 

related to their mechanism of action. Hence, the term has been applied to 

drugs which owe their effects to blockade of acetylcholine, histamine, 

and epinephrine at all or selected sites, and likewise it has been applied 

to those which interfere with cholinesterase, or other enzymes, and so 

forth.* 

Applied to adrenergic blocking drugs, specificity of action implies 

that guch drugs would be capable of blocking or reducing the effects of 

endogenous or exogenous epinephrine or sympathins exclusively. Hence, 

from present knowledge the activity of these compounds would of necessity 

be limited to the tisgues innervated by the sympatho-adrenal division of 

the autonomic nervous system. Specificity, unfortunately, does not appear 

to be absolute within any single drug, and it is therefore necessary to 

seek drugs which are relatively specific in action. 

Because of the nature of the projected uses of adrenergic blocking 

drugs, the study of new agents should involve the relative ability to 

antagonize epinephrine and/or nor-epinephrine, acetylcholine, histamine. 

and other active substances that occur naturally. For example, adrenergic 

*Specificity cannot be adapted to characterize numerous classes of drugs, 
including central nervous system stimulants and depressants, digitalis
like compounds, interneuronal blocking agents, and a host of others un
til further study reveals their mode of action. 
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3) experiments in intact animals to study, in some measure 1 the site of 

action of the most specific compounds. 
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A REVIEW 



















made the basis of comparison of the extensive series studied by Nickerson 

(43, 47). 

Certain metabolic . activities exhibited by epinephrine and nor

epinephrine are blocked with these agents: 1) the hyperglycemic effects 

of epinephrine are reduced or abolished by a wide variety of aryl-halo

alkylamines (26); 2) the accelerating effects of epinephrine and nor

epinephrine on blood clotting mechanisms have been shown to be blocked by 

adrenergic blocking drugs (61); and 3) the anti-curare effects of epine

phrine are abolished by previous administration of Dibenamine (34). 

Dibenamine (6o) and the dihydrogenated ergot derivatives (23) are claimed 

not to block or reduce the calorigenic effects of epinephrine. but more 

careful work is required before this question can be settled. Epine

phrine-induced release of adrenocorticotropic hormone was reported to be 

resistant to blockade by Dibenamine (39). but the more potent 9-fluorenyl 

derivative, (SY-21, Table I) 1 produced partial blockade of this response, 

as judged by a reduced eosinopenia response to epinephrine (53). 

The aryl-haloalkylamine-type adrenergic blocking agents resemble in 

their pharmacologic effects all other adrenergic blocking drugs previously 

described, and the foregoing is a brief description of the pharmacology 

of adrenergic blockade produced by any drug. Nickerson (39) has reviewed 

the pharmacology of other adrenergic blocking agents (ergot, imidazoline 

derivatives, yohimbine, and the dioxanes) and has emphasized their non

specificity. The aryl-haloalkylamines differ from these in 1) specificity 

of action and 2) duration and mode of action. These will be discussed 

briefly below. 
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atropine (14). SY-21 required 1000 times the epinephrine blocking dose to 

exhibit potentiation of the acetylcholine-induced spasm of isolated smooth 

muscle (see below). Cholinergic properties of these drugs is not surpris

ing since the nitrogen mustards are relatively potent cholinesterase in

hibitors (2, 22), and anticholinesterase activity has been described for 

certain of the aryl substituted amines (2). Cholinergic properties were 

absent in the hydroxy derivative of DMEA (14), suggesting that the E

chloroethyl group is required for this action as well as antihistaminic 

and antiepinephrine properties. 

In mxmmary, aryl-haloalkylamines show a potentially broad spectrum 

of pharmacologic activity. While the E-haloalkylamine group appears to 

be essential for epinephrine blocking action, antihistaminic and cholinergic 

activity, the nature of the aryl substitution has a distinct modifying 

influence, and it is conceivable that in the future aryl-haloalkylamines 

will be uncovered which show predommently only one of the above-named 

activities. The relatively broad spectrum of action of these drugs makes 

it imperative that these activities of a single drug be expressed in 

quantitative terms so that confident use can be made of the drug in the 

clinic and as experimental tools. 

Duration and mode of action: The aryl-haloalkylamine adrenergic blocking 

drugs are characterized by a particularly long duration of action, differ

ing in this respect from all other drugs possessing adrenergic blocking 

properties (39). Administration of these agents intravenously in effec

tive doses results in persistent blockade, as judged by the ability to 

block or reverse epinephrine pressor effects for as long as 30-72 hours 
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of action which these drugs possess makes quantitative specificity studies 

assume even greater importance in order that the most specific compound 

can be used in research and in the clinic with greater reliability. 
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ANTAGONISM OF EPINEPHRINE, NOR-EPINEPHRINE, IDSTAMINE AND ACETYLCHOL!1'T]] 

EFFECTS ON THE ISOLAT:ED SEMINAL VESICLE 

OF THE GUINEA PIG :BY .ARYL-HALOALKYLAMINES. 

AN EXPERIMENTAL STUDY. 



Numerous adrenergic blocking drugs (sympatholyties, adrenolyties) 

have been described in the literature since Dale first demonstrated the 

adrenergic blocking properties of ergot and derivatives (12"). SUch com

pounds have frequently been tried in disease states in which the sympathetic 

nervous system is believed to be involved. They have, in addition, been 

employed widely in physiologic and pharmacologic investigations in an 

attempt to evaluate the role of the sympathetic nervous sys_tem in various 

responses. 

The use of these drugs in the clinic and, particularly, as experi

mental tools demands that they possess a high order of specificity and 

selectivity of action in diminishing responses mediated over the sympatho

adrenal nervous system. All adrenergic blocking drugs, prior to the 

description of N, N-(2-chloroethyl)-dibenzylamine (Dibenamine) by Nickerson 

(41) have lacked these requisite properties. SUbsequent investigations 

(14, 18, 21, 25, 31-33, 59) have shown that many aryl-haloalkylamines, of 

which Dibenamine was the first, possess the ability -to produce adrenergic 

blockade. 

While the aryl-haloalkylamines appear to be the most satisfactory 

adrenergic blocking drugs yet described, not all members are equally 

specific or potent in .action. Thus, all aryl•haloalkylamines having 

appreciable epinephrine blocking ability likewise have the ability to 

diminish or block histamine effects to one degree or another (29, 31. 32). 

Indeed, the alpha-naphthylmethyl derivatives of B-chloroethylamine appear 

to antagonize histamine as strongly as epinephrine (31). The scope of ac

tion is not limited to adrenergic and histamine blocking properties, but 
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In a few preliminary experiments, acetylcholine and histamine 

were likewise tested simultaneously with epinephrine and nor

epinephrine; generally, however, epinephrine or nor-epinephrine were 

tested in the presence of the antagonist, or after one washing. The 

concentrations of antagonists in these preliminary experiments were 

below those required to block or reduce histamine or acetylcholine 

spasm. 

The responses to epinephrine and nor-epinephrine obtained in the 

presence of antagonist, or after one washing, were compared to the 

average of two of their respective controls, as per cent reduction of 

the control value. The data were treated statistically as described 

below. 

__ 2. Antagonism of histamine and acetylcholine spasm by aryl-haloalkylamines: 

The antagonism studies involving histamine and acetylcholine were done 

in parallel in the same manner as carried out with epinephrine and 

nor-epinephrine. The standard test doses were 200 mcg./100 cc. The 

concentration of antagonists required to reduce acetylcholine spasm 

was, however, far greater (5-150 times) than those required to 

diminish or block histamine effects. Hence, to test the effects against 

acetylcholine either a second dose of antagonist was given after the 

effect of the first on histamine spasm had been noted, or as usually was 

done, fresh strips were employed and acetylcholine antagonism tested 

aJ.one. 

The responses obtained to histamine in the presence of the antag

onist or after the antagonist had been removed by one washing were 
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compared to the control values obtained just prior to the addition of 

the antagonist. The results were expressed as per cent reduction of 

the control and treated statistically in the manner to be described. 

The data involved in the anti-acetylcholine studies were handled in 

the same manner, with the exception that test responses to acetylcho

line were always obtained in the presence of the antagonists since the 

anti-acetylcholine activity was partially reversible by washing. 

In experiments of this nature, it is best to test a reference 

standard in conjunction with a test drug on the same strip. This was 

obviated by the fact that the effects of the aryl-haloalkylamines were 

completely or partially irreversible by washing. This necessitated 

the use of a fresh seminal vesicle for each dose of antagonist; a 

total of 10-23 experiments were made for each of 3-4 doses of each 

antagonist. 

23 

3. Blockade of epinephrine, histamine, and acetylcholine spasm by atropine 

and pyranisamine:* Experiments with atropine sulfate* and pyranis

amine*, a relatively specific anti-acetylcholine drug and antihistaminic, 

respectively, were made for comparative purposes. 

The effects of these agents could be reversed by washing, ani more 

than one dose of antagonist against a given spasmogen was tested on 

the same strip. Three to four doses of antagonist were used against 

the same spasmogen on a given strip; studies with the other active 

drugs were made on separate strips. The order of addition of the in

dividual doses of antagonist to a given strip was randomized in a 

*Generously supplied by Merck and Company. 
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Fl.gure 1: Typical kymograms of the contraction of the isolated seminal vesicle of 
the guinea pig induced b,y epinephrine (E), nor-epinephrine (N), 
acetylcholine (A) and histamine (H) • The dose of each was 200 micrograms 
(of the base) per 100 cc. Notice the rhythmical activity of the peak of 
each contraction, except that produced by acetylcholine. 







Table III: Magnitude of responses of the isolated seminal vesicle of 

the guinea pig to, standard doses of different spasmogens. 

Spasmogen 

Epinephrine 
hydrochloride 

Nor-epinephrine 
bitartrate 

Histamine 
diphosphate 

Acetylcholine 
chloride 

Dose 
meg. of 
base/lOOcc. 

200 

200 

200 

200 

No. of 
Responses 

269 

226 

212 

212 

Responses 
mm ± s* 

Jl.6 ± lJ 

27.0 ± 11 

41.8 ± 18 

6].5 ± 22 

*Values are the average of the responses obtained on separate vesicles 
used in the antagonism studies with the various aryl-haloalkylamines. 
The standard deviations were approximated by the method outlined in 
Snedecorts Statistical Methods, the 10\va State College Press, 4th Ed., 
1946, :page 99. 
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Figure 3: Dose-response curves of graded doses of acetylcholine and histamine on 
the isolated seminal vesicle of the guinea pig. Note that the curves 
are similar in all respects as those in Figure 2. 



This suggests that more muscle fibers respond to acetylcholine than 

to the other drugs tested. 

Such factors as ease and rate of diffusion to effector cells, 

relative rate of destruction and inactivation are probably involved 

but would b.e . difficult to evaluateo It is believed that these 

factors alone could not account for such a result. If this were so, 

it should be possible to increase the concentration of any active 

drug to the point which produces effects equal to that of any other 

drug. This was not borne out by these experiments since maximal 

effects of acetylcholine were always greater in terms of millimeter 

response than any others. 

The results could be explained on the basis of selective permea

bility which was independent of concentration of active drug. It 

would be of interest to determine the effects of perfusion of the 

tissue with Locke's solution containing hyaluronidase to determine 

whether this agent would equalize the difference between the spasmogens. 

It is to be noticed that the approximated standard deviations of 

the mean responses of the spasmogens listed in Table III are relatively 

large. These large variations were due to differences in responses 

of individual pigs; a given strip gave relatively reproducible con

tractions upon repeated exposure to a given spasmogen. In addition, 

two vesicles of the same pig yielded responses which were less vari

able than between pigs. This is to be expected for it has been 

reported that variations in responses of different segments of the 

same guinea pig ileum are remarkably small (54). The large variation 

32 



in sensitivity to spasmogenic agents carried over to the blockade of 

their effects by antagonistic drugs. but part of this was reduced by 

calculating the inhibited responses due to antagonist in per cent of 

the control value (see Table IV for the magnitude of variation.) 

Control experiments have shown that repeated contractions do not 

vary significantly over a 3-hour period when contractions were 

elicited in ?-minute cycles by the various spasmogens (56). Exactly 

reproducible contractions were not obtained, and in the antagonism 

studied, a closer approximation to the true value was approached by 

using the average of the two preceding control responses obtained 

just prior to addition of the antagonist. Inasmuch as most of the 

data obtained in the antagonism studies were converted to all-or-none 

responses with the limit for a positive trial being set at greater than 

50 per cent reduction in the expected response, slight variations did 

not play a significant role. 

3. Antagonism of the effects of various spasmogens by certain blocking 

drugs: It has been shown in the preceding sections that the reaction 

of the isolated seminal vesicles of the guinea pig to active drugs 

lend themselves to study of the relative specificity of antagonistic 

drugs in blocking the effects of these. The antagonism of the effects 

of the spasmogens was of the nature of reduction in the height of the 

expected response, as compared to controls obtained in the absence of 

the antagonist; hence, such data are of the measurement or graded 

response type. As mentioned previously, these data were converted to 

the all-or-none type by signifying any trial with an antagonistic 
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drug--a negative one if the response to the spasmogen was 50 per cent 

or more of the control value. Conversely, a positive trial produced 

50 per cent or greater inhibition under the same conditions. 

The result of converting measurement data to all-or-none is 

presented in Table IV. It can be seen that the mean per cent reduction 

increased proportionately with the dose. The incidence of positive 

trials likewise increased with the dose, as is to be expected. It 

is of interest, however, that mean per cent reductions need only to 

be in the neighborhood of 60-70 per cent of control value for 80-100 

per cent of positive trials to result. 

It is to be noted that considerable variation occurs around the 

mean per cent reduction values observed in Table IV. This is particu

larly true with regard to epinephrine and nor-epinephrine antagonism. 

The large variation was due mainly to variation between guinea pigs; 

the variation between strips of the same pig appeared to be consider

ably less. 

In spite of this rather large variation, the dose-response rela

tionships depicted in Table IV, expressed as regression coefficients, 

all differed significantly from zero. Furthermore, ED50 values cal

culated from regression lines (5) based on these data had relatively 

narrow 95 per cent confidence limits (see Table VIII). 

While it is possible to compare regression lines based on 

measurement data for linearity, parallelism, and relative potency, 

it is much more laborious to ca:rry out than corresponding quantal 

analysis. The data presented below have been analyzed statistically 
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Comparison can be made between drugs with respect to potency, using 

one of them as a standard of comparison. This has been done in Table VI 

using the compound marked with an asterisk as the standard. The potency 

ratio (P. R.) was derived by dividing the larger ED50 by the smaller; 

hence, from Table VI, SY-21 is 1.4 times as potent as SY-2; 2.5 times as 

potent as SY-28, and so forth, in antagonizing epinephrine-induced spasm 

of the seminal vesicle. 

Of more interest than potency comparison is the relative ability of 

a single compound to antagonize the various active drugs. This has been 

accomplished in Table VII. The potency ratio has been derived as indicated 

at the head of each vertical column. The ED5o in the denominator of this 

ratio is the reference value; for example, ED50HistfED50Epi ratio for 

SY-21 equals 20.0. This indicates the antagonism is twenty times more 

specific against epinephrine spasm than histamine ,spasm, inasmuch as 

twenty times the amount of drug blocking epinephrine was needed to block 

histamine to the same degree. 

While SY-21 was the most potent antagonist of epinephrine examined, 

it is not as specific as SY-2, which is some forty-four times more 

specific against epinephrine than histamine. Dibenamine, on the basis 

of these experiments, appears to possess the same order of specificity as 

SY-21 as regards epinephrine and histamine antagonism (Table VII). SY-8, 

on the other hand, exhibited little discrimination between any of the 

active drugs employed. One member of the series, the alpha-naphthylmethyl 

derivative of 2-chloroetbylamine (SY-28) was nearly twice as active against 

histamine as epinephrine (Table VII); hence, on this basis one would be 
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Figure 4: Graphical representation of the data in Table VII. The height of each 
vertical column represents the quantity of antagonist required to block 
the indicated spasmogen compared to the blocking concentrations of 
epinephrine • 1.0 (adrenergic blocking agents); acetylcholine • 1.0 
(atropine); histamine= 1.0 (Neo-antergan or pyranisamine). 





which was required to inhibit histamine under the same conditions. 

Discussion: The aryl-haloalkylamine adrenergic blocking drugs are the most 

promising in terms of both specificity and potency of action of those that 

have been described. The relative potency and specificity of certain of 

these drugs has been determined by their ability to antagonize drug-induced 

spasm of the isolated seminal vesicle of the guinea pig. 

The adrenergic blocking properties of the compounds used in this in

vestigation have been studied previously by other vTorkers (31-33, 41, 58). 

With respect to antagonism of epinephrine, the relative potency of these 

agents agree closely with the results of other investigators. In general, 

SY-1, 2 and 8 have been assigned the same order of potency in this respect, 

while SY-21 and 28 appear to be the most potent antagonists of epine

phrine among various aryl-haloalkylamines (33, 58). The relative ability 

of these agents to block and reverse the pressor response to epinephrine 

is indicated by the range of doses listed in Table I, as reported by other 

investigators. 

It can be seen from these data that 10-20 mg.m./kgm. of Dibenamine 

(SY-1) and SY-2 are required to produce epinephrine reversal; SY-8 is of 

the same order of potency that has been reported for other biphenylyloxy 

derivatives (32). The most active compounds are SY-21 and SY-28; as 

little as 0.25 to 1.0 mgm./kgm. i.v. is capable of causing epinephrine 

reversal in the dog. 

The relative order of potency with respect to epinephrine antagonism 

reported in this paper, agrees closely with that in Table I with the 

exception that SY-2 was nearly as effective as SY-21, and significantly 
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cholinergic. The reasons why some of these closely related agents ahould 

block and other potentiate acetylcholine effects are not known. 

Throughout the present report emphasis has been placed upon the fact 

that the results were computed from data originally of the measurement 

type converted to all-or-none, or quanta! data. ED50 ,
8 

listed in Table V 

were calculated by the usual graphic techniques applied to such data and 

were defined as the quantity of drug which produced 50 per cent or 

greater inhibition of active drug spasm in 50 per cent of the trials. By 

necessity of this definition, the ED50 values calculated from measurement 

dose-effect regression lines, from which the corresponding quanta! data 

were derived, must be identical with those from the probit-log dose 

regression lines. 

This feature is born out by the comparison of the ED5o•s calculated 

from measurement log dose-effect lines and log dose-probit regression 

lines listed in Table VIII. It is seen that confidence limits calculated 

from measurement data are somewhat narrower than from the corresponding 

quanta! data. This is always true of graded response assays (16), and 

the conversion of the original measurement data is a wasteful process 

from a statistical viewpoint. 

This conversion, while wasteful, is nonetheless advantageous since 

the statistical treatment of the data is much easier, particularly when 

the studies are being made on a large scale (routine) basis. 

The precision of the estimates based on graded responses assays was 

of the nature of 10-20 per cent. Precision of this order is ordinarily 

satisfactory for most purposes, but in this case was achieved only at the 
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HBr (SY-28) and 2-(2-biphenylyloxy)-2*-chlorotrietbylamine.HCl (SY-8) 

blocked, albeit in doses considerably above those required of atropine 

sulfate; and N-ethyl-N-(2-chloroethyl)-9-fluorenamine.HCl (SY-21) 

potentiated acetylcholine-induced spasm. 

N-Ethyl-N-(2-chloroetbyl)-9-fluorenamine (sY-21) was five times as 

potent as Dibenamine in antagonizing epinephrine, although N-ethyl-ll

(2-chloroetbyl)-benzhydrylamine (SY-2) was more discriminating in this 

regard since 44 times the quantity of drug was required to block histamine 

to the same degree as epinephrine. In this respect SY-21 and Dibenamine 

were 20 and 13 times as discriminating, respectively. 

No parallelism existed among these drugs between the relative order 

of potency with respect to antagonism of epinephrine, histamine, or acetyl

choline, while such a relationship was found to exist between epinephrine 

and nor-epinephrine. 

The specificity demonstrated with atropine and P,yranisamine agree 

with those reported by Schild, who employed the guinea pig ileum. The 

use of the seminal vesicle, however, has the added advantage in that a 

broader spectrum of drug antagonism can be studied on a single test 

object. 
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EFFECT OF N-ETHYL-N-(2-CHLOROETHYL)-9-FLUORENAMINE.HCL AND 

N-NfHYL-N-(2-CHLOROETHYL)-BENZHYDRYLAMINE.HCL ON PRESSOR RESPONSES 

TO EPINEPHRINE, NICOTINE, AND ADRENERGIC NERVOUS REFLEXES 






























































