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INTRODUCTION 

1 

The literature contains indications that adrenaline 
1 

antagoniste inhibit muscarinic actions of acetylcholine, 

however, this is generally regarded as a weak and un­

specifie affect, and a quantitative evaluation has rarely 

been carried out. Employing t~ isolated guinea pig a tri mn 

a~d ileum, this study shows that phenoxybenzamine is a 

patent and specifie atropine-like agent. Chlorpromazine is 

lesa patent than phenoxybenzamine, and other adrenaline 
1 

antagonists - phentolamine, prosy.mpal, and yohimbine - are 

even less patent than chlorprom~zine. 

The work originated from observations that 

phenoxybenzamine reverses the etfect of vagal stimulation 

on the isolated guinea pig atrium so that stimulation 

instead of i~hibition occurs (Benfey and Greeff, 1961). 

In addition, phenoxybenzamine was round ta inhibit the 

effect of va gal stimulation on t:pe he art of the spinal 

dog (Benfey, 1962). 

It may be pointed out here that the adrenaline ant­

agoniste used in this study antagonize only certain actions 

of adrenaline. Thus they fail to inhibit sy.mpathomimetic 

stimula ti on of the he art and sym.pathomimetic inhibition of 

the intestinal tract. In fact, it has been shawn tbat 

phenoxybenzamine potentiates the effect of sympathetic 
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nervous stimulation on the isolated rabbit atrium (Hukovic, 

1959), racilitates the induction or arrhythmias (automaticity) 

in the isolated papillary muscle of the cat (Dresel and 

Duncan, 1961) and potentiates the chronotropic and in-

otropic actions of noradrenaline on the isolated guinea 

pig atrium (Benfey and Greeff, 1961). On the other band, 

dichloroisoprotereno1 antagonizes al1 these sympathomimetic 

actions. 
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HISTORICAL REVIEW 

1. 2-Hakogenoalkylamines. 

The 2-halogenoalkylamines have a very low aqueous 

solubility, except in the presence of high acidity, and 

undergo quite rapid decomposition in neutral aqueous 

solutions to for.m readily soluble alcohol derivatives, 

which bave no adrenergic blocking action. They may be 

prepared as stable stock solutions in acidified propylene 

glycol or alcohol. The chemical structure of two agents 

of this group, Dibenamine and phenoxybenzamine, is shown 

in Fig. 1. The adrenergic blocking action of the first 

of these, Dibenamine, was discovered by Nickerson and 

Goodman in 1947. 

In regard to the anti-acetylcholine action of 2-

halogenoalkylamines,.Furchgott (1954) reported that 

Dibenamine inhibited the vasoconstrictor action of 

acetylcholine on the isolated rabbit aorta. The blockade 

was 99~ effective and lasted a long time. When he in­

cubated the tissue with Dibenamine in the presence of higb 

concentrations of acetylcholine, the inhibition of 

acetylcholine was only 80~. When he treated the 

preparation with Dibenamine in the presence of atropine, 

the inhibition was only 84~. Incubation with adrenaline, 

histamine, 5-hydroxytryptamine or antagoniste of histamine 
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and 5-hydroxytryptamine did not diminish the affect of 

Dibenamine. Thus Furchgott concluded that Dibenamine 

exerts a specifie and prolonged blockade of cholinergie 

receptors which is less effective if the receptors are 

occupied by acetylcholine or by the short-acting antagonist, 

atropine. 

In addition, Furchgott (1954) reported that Dibenamine 

produces a prolonged blockade of both the stimulating 

effect of acetylcholine on isolated strips of smooth 

muscle from rabbit stomach and the inhibitory affect of 

acetylcholine on isolated rat atria. Furchgott concluded, 

"Thus it would appear that Dibenamine is an effective 

parasympathetic blocking agent, although it is considerably 

less potent as such than as a sympathetic blocking agent." 

Graham (1960) measured the acetylcholine antagonism of 

a new series of 2-halogenoalkylamines on the @~inea pig 

ileum. He found that their potency was weak and not re­

lated to their adrenergic blocking activity. 

Trendelenburg (1962) reported that phenoxybenzamine 

reduced the action of acetylcholine on the nictitating 

membrane of the cat slightly, in contrast to its potent 

anti-adrenaline affect. 

Finally, Innes (1962) reported that phenoxybenzamine 

inhibits the contractions of isolated strips of cat spleen 

due to acetylcholine. 
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2. Cblorpromazine. 

The phar.macological actions of this arug were first 

described extensively by Courvoisier et al. (1953). These 

authors round that chlorpromazine inhibited the negative 

chronotropic e ffect of peripheral vagal stimulation in tre 

anesthetized dog. 

Kopera and Ar.mitage (1954) reported t'hat chlorpromazine 

has weak anti-acetylcholine actions on the salivary 

secretion of the ca t and on the isola ted guinea pig ileum. 

Abmed and Marshall (1962) determined the cholinergie 

blocking potency of chlorpromazine in the isolated guinea 

pig ileum. They found that lo-5 •61M ~hlorpromazine in­

bibi ts the affects of acetylcholine 90%'. 

3. Phentolamine. 

The adrenergic blocking action of this imidazoline 

derivative (structure in Fig. 2) was first described by 

Meier et al., in 1949. 

Leimdorfer (1953 a) found that, in dogs in pento­

barbi tal anesthesia, pbentola:m.ine alleviated the ini tia.l 

hypotensive phase of nicotinic action. Further.more, 

Leimdorfer, 1953 b) phentolamine inhibited the effects 

of peripbera.l vagal stimulation on the blood pressure 

and heart rS!-te of the se dogs and converted cardiac 

arrbythmias induced by high amounts ar methacholine to 

normal rhythm. 
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4. Prosympa1 

The adrenergic b1ocking action of the synthetic 

benzodioxanes, prosy.mpa1 (883 F) and piperoxan (933 F) 

was first described by Fourneau and Bovet (1933). 

De V1eeschhouwer (1935) found that they inhibit 

the effect of periphera1 vaga1 stimulation on the heart 

of anesthetized dogs. 

5, Yohimbine 

This is an a1kaloid whose structure is shown in 

Fig. 3. Its adrenergic b1ocking action was first shown 

by Raymond-Ramet f1925). 

Ross (1936} found tbat yohimbine and piperoxan 

weak1y inhibited the contractile response to acetyl­

choline of the nictitating membrane of cats under Dial 

anesthesia. There was a moderate inhibition of the 

stimulant effects of calcium and potassium and a strong 

effect on the ac ti on of adrenaline. 
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METHODS 

The isolated guinea pig atrium was prepared by the 

method o~ Greeff, Benfey and Bokelmann(l959), but the 

Tyrode solution contained 10 mg/1 of tm ganglion­

blocking drug, pempidine, to prevent nicotinic e~fects 

o~ high concentrations of acetylcholine. The bath had 

a capacity of 100 ml and was kept at 28° C unless the 

room temperature exceeded this value (as in summer). 

The bath ~luid had the ~ollowing composition:. 

sodium chloride, o.a% 

potassium chloride, o.o2.% 

calcium chloride, o.o2% 

sodium bicarbonate, o.l% 

sodium monophosphate, o.oo5% 

dextrose, 0.1%. 

The bath was aerated with 5% carbon dioxide in 

oxygen. The contractions o~ the atrium were recorded 

isotonically using a spring lever, with a tension of 1 

gm and a magni~ication o~ 11.5. 

Acetylcholine was added every 10 minutes through­

out the experiment and le~t in the bath ~or one minute. 

The heart rate was counted with a stop watch. 

Increasing concentrations of acetylcholine produced 

progressively greater negative inotropic and chronotropic 
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affects, as illustrated in Fig. 4. The mean dose-response 

curve for acetylcholine in 32 experimenta on the atrium 

was compared with the curve obtained from a similar number 

of experimenta on the guinea pig ileum (Fig. 5). The two 

curve s were of a si mil ar order of ma g1i tude and slope. 

After deter.mining the dose-response curve, antagoniste 

were added to the bath im:mediately after its change so 

that the preparation remained in contact with the drug con­

tinuously. When the affect of acetylcholine decreased its 

concentration was increased to obtain approxima tel y so% 

inhibition of contractions. 

After two hours the drugs were discontinued and the 

preparation was allowed to recover. As the affect of 

acetylcholine increased i ts conca ntration was reduced. 

Acetylcholine was given for two hours after withdrawal of 

the antagoniste. 

The potency of fue antagonists was calculated in 

terms of the do se ratio by comparing affects of acetyl­

choline in the presence of' antagonist with the initial 

dose-response curve. The dose ratio (Gaddum et al., 1955) 

is the ratio of the concentration of' the agonist which bas 

a given effect in the presence of' antagonist to the con­

centration of the agonis t wbich bas the same eff'ect in the 

absence of antagonis t. 

The guinea pig ileum was suspended in 50 ml Tyrode 

solution containing 10 mg/1 of pempidine which was aerated 

with air. This solution differed from that used for tm 
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Fig. 4. Effect of acetylcholine on contractions and rate 

of the isolated guinea pig atrium. Acetylcholine 

was added every 10 minutes and remained in con-

tact for one minute after which the bath was 

changed. The numerals at the top of fue record 

show the atrial rate. 
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atrium by containing an additional o.oo2% of magnesium 

chloride. The exper~ents were carried out at the summer 

roam temperature or 29-35° c. The contractions of the 

gut were recorded with an isotonie lever. Throughout the 

experiment acetylcholine was added every three minutes 

and left in the bath until the maximum affect was obtained. 

The dose-response curve for acetylcholine was determined 

before and 60 minutes after adding the antagonist. The 

concentration of acetylcholine causing 50% of the maximum 

contraction was taken to calculate the dose ratio. 

For the quantitative as well as qualitative 

evaluation of drug antagonism, Schild (1947) introduced 

the term pA. pA is the negative logarithm to base 10 of 

the molar concentration of an antagonistic drug which 

will reduce the affect or a multiple dose {x) of an 

active drug to that of a single dose. Thus pA10 is the 

negative logarithm of the molar concentration or antagonist 

which leads to an agonist dose ratio or 10. The pA bas 

often found to depend on the time of contact of the 

antagonist with the tissue. 

The following drugs were used. Atropine sulfate and 

pempidine tartrate. Phenoxybenzamine (Dibenzyline hydro­

chloride) was dissolved in 95% ethanol containing o.oos ml 

concentrated HCl/ml. The amount of added solution did not 

exceed o.o~ of the bath fluid. The hydrochlorides of 

chlorpromazine (Largactil), phentolamine (Regitine), 

prosy,mpal (883 F) and yohimbine were dissolved in water. 
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Reserpine (Serpasil) was injected in l mg/kg amounts 

subcutaneously on two days prior to the exper~ent. 

Amounts of acetylcholine refer to the bramide. 
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·RESULTS 

1. Atropine 

Fig. 6 shows that, in tœ presence of atropine, the 

dose ratio of acetylcholine increased rapidly, reaching a 

maximum in 10-30 minutes. When atropine was wl thdrawn the 

dose ratio readily retumed towards normal. The dose 

ratios for three concentrations of atropine are given in 

Table 1. 

2. Phenoxybenzamine. 

In the presence of phenoxybenzwnine, the dose ratio 

of acetylcholine increased alowly without reaching a 

maximum in the two hours of contact (Fig. 7). When 

phenoxybenzamine was wi thdrawn the dœ e ratio declined 

very slowly. Values for tm dose ratio are given in 

Table 2. 

The hi gpest concentra ti on usai ( 4. 7 x l0-7M, 

present for two hours) did not pre vent oo mple te in-

hi bi ti on of the a triurn by sui table ooncentrations of 

acetylcholine, indicating surmountable ("competitive") 

blockade. 

\~en phenoxybenzamine was added together with 

atropine there was tœ swne immediate rise in the do se 

ratio and, when the two antagonists were withdrawn, the 

same rapid fall (Fig. 7). Thirty minutes after withdrawal 
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iso1ated guinea pig atrium. Atropine was with-

drawn at D. 
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TABIE 1 

Ratio of doses of acetylcholine (! standard error) caus-
, 

ing equal negative inoptropic affects on the guinea pig 

atrium in the presence and absence of atropine. (The 

number of experimenta is given in pare:1theses). 

Molar concentration Dose ratio 

1 hr. contact 2 hr. contact 

-
1o-9 

3! .1 (3) 3f 1 (3) 
-8 

10 26 i 8 ( 3) 22 i 5 (3) 
-7 

(3) ( 3) 10 323 i 47 318 i 51 
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TABrE 2 

Ratio of doses of acetylcholine (± standard error) causlng 

equal negative inotroplc affects on the guinea plg atrium 

and equal stll"lulant affects on tœ guinea pig ileum ln the 

presence and absence of antagonlsts. (The number of ex­

perLments is given in parentheses). 

-
Antagonist Mol ar 

concen- Dose ratio 
tratlon 

Atrium Ileum 

-

1 hr. con- 2 hr. con- '1 br. co:rr-
tact tact tact 

PhenoxybenzaminE 10-7 
2± 0 (6) 4 i 1 (6) 

-7 
tl 3.2 x 10 6 i 1 (4) 46 i 13 (4) 14 i 4 ('4) 

Phenoxybenzamine If 

after reserpine 10 ± 2 (5) 59 ± 17 (5} 14 ± 2 ( 5) 
-7 

Phenoxybenzamlne 4.7 x 10 36 ! '1 (6) 944 ± 363 (6) 37 ± 15 (3) 

23 
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of the combination of phenoxybenzamine and atropine the 

dose ratio was significantly lower (P< o. os) than 30 

minutes after phenoxybenzamine al one. 

Phenoxybenzamine a1so antagpnized acetylcholine on 

the iso1ated ileum (Fig. 8). Small concentrations 

(3.2 x 10-7 M) f1attened the s1ope of the dose-response 

curve and larger concentrations (7.6 x 10-7 M) depressed 

i t s maximum. 

Pretreatment of guinea pigs with reserpine did not 

significantly change the response of the atrium and ileum to 

acetylcholine or ·the effect of phenoxybenzamine thereupon. 

This is evident from Table 2. Fig. 9 shows the dose-response 

curves for acetylcholine in the atrium and ileum of animals 

treated wi th reserpine which were not significant1y different 

from those of normal guinea pigs (Fig. 5}. 

3. Chlorpromazine. 

The effect of chlorpromazine in the atrium deve1oped 

raster than that of phenoxybenzamine, and a maximum was 

reached in approximately 90 minutes (Fig. 10). After with­

drawa1 of chlorpromazine the dose ratio declined slowly. 

When chlorpromazine was combined with atropine the dose 

ratio was higher than with atropine alone and, when the 

two antagonists were discontinued, ft declined slowly. 

The highest concentration of chlorpromazine used 

(8.4 x 10-6 M, present for two hours ) did not prevent com­

plete inhibition of the atrium by acetylcholine, indicating 
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Fig. 9. Dose-response curves for acetylcholine in the 

isolated guinea pig atrium and ileum pretreated 

with reserpine. The numerals in parantheses 

refer to the number of preparations. The 

vertical bars represent standard errors. 
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surmountable blockade. 

In the ileum a small concentration of chlorpromazine 

· ( 5.6 x lo-7 M) did not change the slope of the dose-response 

curve, while a larger concentration (2.3 x lo-6 M) flattened 

it and a very large concentration (4.5 x lo-6 M) depressed 

its maximum below 50% (Fig. 11). 

The dose ratios of acetylcholine in the presence of 

chlorpromazine are given in Table 3. 

Fig. 12 correl-ates the molar concentrations of atropine, 

phenoxybenzamine and chlorpromazine with the dose ratio of 

acetylcholine. The values for atropine in the ileum were 

taken from Schild (1947) and Arunlakshana and Schild (1959). 

This plot was used to obtain the pA10 values given in Table 

4. This table shows that phenoxybenzamine was approxin:a taly 

40 times less potent than atropine, and chlorpromazine 

approximately ten times less potent than phenoxybenzamine. 

4. Phentolamine, yohimbine and prosympal. 

These inhibited acetylcholine in the atrium and ileum 

but required higber concentrations than chlorpromazine. 

The dose ratios are given in Table 5. 

In the atrium the drugs ha_d a slow onset of action and 

their effect was slowly reversible. A higher concentration 

of yohimbine (1.5 x lo-4 M) inhibited the contractions of 

the atrium. In the ileum the re was no chanE_e in tm sl ope 

of the dose-response curve follow.i ng one hour exposure to 

phentolamine, yohimbine, or prosympal. 
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·TABI.E 3 

Ratio of doses of acetylcholine (± standard error) causing 

equal negative inotropic affects on the guinea pig atrium and 

equal stimulant e:ffects on the guinea pig ileum in the pre­

sence and absence of chlorpromazine. (The number of ex­

periments is in pare.ntheses). 

Molar Con-
centration Dose ratio 

Atrium Ileum 

30 

1 hr~ contact 2 hr. contact 1 hr. contact 

-
-7 

5.6 x 10 4i 1 (3) 

8.4 x lo-7 4 ... 1 (3) 5 + 2 ( 3) - -
2.3 x 10-6 

27 i 12 (3) 
-6 

2.8 x 10 41 i 14 (3) 71 i 37 ( 3) 
-6 

8.4 x 10 244 + 91 (3) 756 i 219 (3) -
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Fig. 12. Relation between the ne e;ative logarithm of the 

molar concentration of an tagonist (pAx) and the 

logaritbm of the dose-ratio of acetylcholine 

minus 1 (log X-1) . The numbem in parentheses 

are minutes of exposure to antagonist. The pAx 

values for atropine in the experiments on the 

ileum were taken from Schild (1947) and Arunlakshana 

and Schild (1959 ). 
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TABLE 4 

pA values with acetylcholine in the isolated guinea pig 
}.0 

atrium. and ileum. 

-
Antagonist Preparation Time of contact pAlO (min.) -

Atropine atrium 60 8.4 

Atropine (Schild, 194'7) j_leum 14 j8;1 

Phenoxybenzamine atrium 60 6.4 

Phenoxybenzamine atrium 120 6.8 

Phenoxybenzamine ileum 60 6.6 

Chlorpromazine atrium. 60 5 .. 8 

Chlorpromazine atrium 120 5.9 

Chlorpromazine ileum. 60 5.9 
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TABIE 5 

Ratio of doses of acetylcholine (± standard errer) causing 

equal negative inotropic effects on the gMinea pig atrium and 

equal stimulant affects on the guinea pig ileum in the pre­

sence and absence of antagoniste. (The numbEr of experimenta 

is gi ven in parent l:e ses). 

Antagonist Mol ar 
concen- Dose ratio 
tration 

Atrium Ileum 

1 hr. con- 2 hr. con- l br. con-
tact tact tact 

. 
-5 ' Phentolamine 3.1 x 10 19 i 7 ( 4) 32 ± 16 ( 4) 5 ± 1 (3) 

Yohimbine 5.1 x 10-5 
3 i 1 ( 2) 3± 2 ( 2) 

n 1.5 x lo-4 3 i 1 ( 2) 

Prosympa1 7.8 x 10-5 
3 ± 1 ( 2) 

n 1.6 x 10-4 18 i 4 (3) 19 ± 5 ( 3) 
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DISCUSSION 

The anti-acetylcholine potency of all adrenergic 

blocking drugs evaluated in this study was not related to 

their anti-adrenaline potency. This was also Shown for 

certain 2-halogenoalkylamines by Graham (1960). 

The pA10 of atropine in the guinea pig atrium (8.4) 

was similar to that in the frog atrium (8.3) which was 

determihed by Clark and Raventos {1937). Arunlakshana 

and Schild (1959) observe'that the pA10 values of atropine 

in different preparations, such as guinea pig ileum, rat 

intestine, perfused guinea pig lung and frog atrium, are 

on the whole remarkably similar" (7.6- 8.3}. They con­

elude "The finding that different tissues have .receptors 

with similar affinities for antagonists is interesting since 

it gives support to the notion that receptors are definite 

chemical enti ti es." 

Ahmed and Marshall (1962) found the p~0 of chlor­

promazine in the guinea pig ileum to be 5.61 (our value 

was 5.9). They do not give the time of contact, but it 

appears to be 14 minutes, similar to that of ArunlakShana 

and Schild ( 1959), which would explain the ir lower pA 

value. As we have shown on the atrium, the onset of action 

of chlorpromazine is slow. Our t ime of contact wi th the 

ileum was 60 minutes. 
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It is interesting that the slow onset and long duration 

of the antagonism of acetylcholine by phenoxybenzamine are · 

also characteris tics of i ts antagonism to adrenaline. Fur thar­

more, the related drug, Dibenamine, bas a slow onset and long 

persistance of action against 5-hydroxytryptamine in the rat 

uterus (Gadd~, Hameed, Hatbway and Stephens, 1955), against 

acetylcholine, histamine, and 5-hydroxytryptamine in isolated 

strips of rabbit aorta, and against acetylcholine in isolated 

strips of rabbit stomach and isolated rat atria (Furchgott, 

1954). Another 2-halogenoalkylamine, GD-121, exerts a pro­

longed antihistamine affect in the guinea pig ileum 

(Nickerson, 1956). 

It may be worth mentioning that.the concentrations of 

phenoxybenzamine used in this study did not inhibit stimulation 

of the atrium bY histamine or calcium and were approximately 

100 times smaller than tbose needed to potentiate stimulation 

by noradrenaline (Benfey and Greeff, 1961). 

Phenoxybenzamine probably acts at sites whicb are 

protected by atropine, as it did not exert a slowly reversible 

antagonism in the presence of atropine. Such a protective 

action of atropine bas been previously shown by Furchgott 

{1954) who found that atropine protected the isolated rabbit 

aorta against the prolonged affects of Dibenamine. Thus 

phenoxybenzamine probably exerts a specifie acetylcholine 

antagonism, a fact which sbould be considered when employing 

the drug for its usual adrenaline antagonism. 



SUMMARY 

Phenoxybenzamine exerted an antagonism o~ the inhibitory 

action o~ acetylcholine on the isolated guineà pig atrium, 

which was slow in onset, very slowly reversible, and could 

be overcome with increasing concentrations o~ acetylcholine. 

In contrast, atropine inhibited acetylcholine quickly, and 

the ef~ect disappeared soon after withdrawal. 

The pA of phenoxybenzamine (two-hour contact) was 
10 

5.8, that of atropine (30-minute contact) 8.4. 

In the presence of atropine phenoxybenzamine did not 

exert a slowly reversible antagoni~, and the dose ratio 

of acetylcholine returned to nor.mal soon after withdrawal 

of both drugs. 

Phenoxybenzamine also antagonized acetylcholine in the 

isolated guinea pig ileum, but with higber concentrations 

acetylcholine could not overcome the antagonism. 

The p~10 (50-minute contact) was 5.5. 

The pA10 of chlorpromazine in the atrium (2-hour contact) 

and ileum (50-minute contact) was 5.9. 

Phentolamine, prosympal, and yohimbine antagonized 

acetylcholine in the atrium and ileum but required higher 

concentrations than chlorpromazine. 
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