


372 tt. HERXHEIMFR

the antigen in a previously sensitized guinea-pig, the speed of onset and
the severity of the shock symptoms depend on the concentration of
the solution the aerosol of which is inhaled. The concentration can

therefore be chosen in such a way that the same exposure period (80-

i2o sec) is required to reach convulsion point (HERxltEIMER, 1952),
whatever substance is used. This period has previously been termed

preconvulsion time. The visible signs of shock are the same with all
the substances mentioned. In the present experiments two further

drugs were used as bronchoconstrictor substances, namely nicotine and
" Furmethide "

The experiments were designed to test, in the intact guinea-pig, the
effect of various drugs which, in the isolated Organ, have been proved
to be antagonists of histamine, acetylcholine, nicotine, muscarine or

5-hydroxytryptamine. Their antagonistic effect against these broncho-
constrictor agents was compared with their effect previously obtained

in anaphylactie shock.

METHOD

The aerosol method used in these experiments was the microshock

method which has been previously described (HERxHEIMElt, X952).
The aerosol was produced by leading compressed air at constant pressure
through a commercial nebulizer. From the nebulizer the aerosol entered

a box (an inverted aquarium resting on a rubber sponge mat) and was

allowed to escape from the bottom where the box rested on its rubber
base. When the box was filled with the aerosol, equilibrium of density
was reached within one minute. The box was then lifted at one end

and the animals quickly put in.

The bronchoconstrictor substances used were histamine acid phos-
phate 0. 5 °/o (H), acetylcholine bromide 3.tz5 % (Ach), methacholine

chloride 0.25 °/o (M), nicotine sulphate 4 % (N), 5-hydroxytryptamine
creatinine sulphate x % (HT) and 5-methylfurfuryltrimethylammonium

iodide 0.25 °/o (F). This substance (" Furmethide ") has been des-

cribed by ING, KoRmK and TUDORWILLIAMS(X952) and has a muscarine-
like effect. The antagonists used were hexamethonium bromide, atro-

pine sulphate, propantheline, chlorpromazine, papaverine sulphate, lyser-

gic acid diethylamide (LSD), adrenaline tartrate, mepyramine, amino-
phylline and cocaine hydrochloride. The antagonists were given either
by intramuscular injection 15-6o min. before inhalation of the aerosol

(mepyramine, I.SD, atropine and adrenaline), or intraperitoneaily 20 rain.
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before (papaverine, propanthelinc, chlorpron_azine and aminophylline).

Cocaine was administered as an aerosol in a 0.25 ",, or 0. 5 ",, solution

for periods ranging from 5 to 25 rain immediately before shock exposure.

The chloride of hexamethonium was used in some experiments until it
was clear that the effects of the chloride and the bromide were identical.

With most of the antagonists a wide range of dosage was used ('I'ABLES l-

IIl). The antagonistic action of a drug was expressed as the " percen-

tage protection " (HERXHEIMER, ARMITA(;E and RosA, 1952), calculated
C

from the formula (x -- -- [oo), when C is the preconvulsion time of
T

the controls and T the preconvulsion time with the antagonist. All

the antagonists have also been tested in anaphylactic shock. Guinea-

pigs actively sensitized to egg albumin were used and shocked by the

microshock method as described. Some of the experiments with anta-

gonists in anaphylactic shock have already been described (ARMITAGE

et al., i952, HERXHEIMER _; ROSA, 1953); others are described in the
present series.

TABLEI

Atropine ms/ks Propantheline mg/kg Hexamethonium ms/ks

.Ol3 .065 .I 3 .32 1.28 .I .2 I.O 2.o Io.o .o1 .1 .25 I.O 5.0 IO.O 20.0

M I3 31 76 94 24 83 96 96 33 58 56 25(_)

Ach 49 71 8I 96 36 81 44 5o 54

F o 69 54 85 59 85 28 37 27'*(z)

N 4o 66 85 o 53 63 o 53 78 89 98 93

H 30 38 54 54 63 75 4t 55 53 7'*(2)

HT I2# 37 58 6o 52 26'* 44

Ana 15 59 41(t)46 40 38 36

The figures represent the percentage protection _iven by the drug against the broncho-
constrictor substance. M .= Methacholine, Ach - Acetyleholine, F Furmethide,
N Nicotine, H = Histamine, HT : 5tlydn_xytryptamine, Ana : anaphyl, shock.
The figures given have been found statistically significant with the exception of those
with an asterisk.

(_) 0.5 ms/ks propantheline.
(_) Animals unstable on their feet.
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RESULTS

Nicotine (N) and Furmethide (F) had a similar effect on the respiration
as had histamine (H) and the other bronchoconstrictor substances. The

initial symptoms and the shock syndrome were the same, with the ex-

ception that the nicotine aerosol seemed to cause much more sneezing
and scratching of the nose than the other aerosols. A fatal outcome of
the shock occurred from time to time with all the substances when, by

an error of judgment, an animal was left in the box a few seconds too long.
With HT this was a rare exception, as tachyphylaxis with this substance

develops quickly (HERXHEIMER, I955).

When large doses of hexamethonium (xo mg and 2o mg/kg) were

given, the animals often tottered and found it difficult to keep on their
feet. They seemed to die more easily when they were shocked than
in experiments with lower doses or with other antagonists, if they were
left in the box a few seconds too long.

The effect of the antagonists is shown in the Tables I-Ill. Three

different groups of antagonists can be separated: (a) Atropine, pro-
pantheline, hexamethonium, cocaine and adrenaline. These drugs anta-

gonize all or most shock producing agents, but one particular agent more
than the others. Atropine and propantheline strongly antagonize Ach,

TABLE II

I t

Adrenaline mg/kg 'Cocaine rain. expos. Aminophyll. Chlorpromazine
mg/kg mgkg

.O1 .O2 .04 .05 .x .2 .3 I. 5 5.o 12 25 25 50 ioo 3 5 io 20

M 2°t' I3 '* 33 38 42 33* 80 I4" 39*

Ach o 39 32 45 72 43 7x

F 32 23 '1_ 62 x4* 72

N 36 37 59 85 27 86 9_ 49 86 36 52

It t 9* 69 52 o 64 8o o 67

liT 33 33 4 85 48 55

, Ana 29 57 4_ 56(I) IOO 56 49

i l"xplanat;, vl .-_eeTable I.
(t) 40 rug'kg Aminophyllinc.
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"I'AI_LE Ill

Papaverine m_ k_ Mepyramine nl_ k_ I,SI) nlRk_

2o 4o 5o 6o 8o .o or .ol i.o 3.o 6.o .oo5 .ol .oz .o 5 .o67 .o75.o8 .J .4

_l 17" 3 s 40 15" 24 o 40 II -17 -5

Acb 44 30 30 37 -32

F 31 26 54 z8 12 -28

N 32 52 76 22" 17" lO 23 -3 °

tl 5o o 77 62 -53

HT o zg* 80 zS* zx* 11 30 6o 70 68 85

Aria o o o 15" 6 4 7 8 5 8 o o o

Explanation see Table I.

M and F, whilst N is less affected, and I! and HT still less. Hexa-

methonium antagonizes N much more strongly than the other broncho-
constrictors. The same holds good for cocaine and adrenaline, but
their action is weaker than that of hexamethonium.

b) Aminophylline, papaverine and chlorpromazine. These drugs
antagonize all shock producing agents about equally well, and only in
large doses.

c) .Xlepyramine and 1,,ql). These drugs antagonize strongly only one
agent (11 and I IT) and the others weakly or not at all. 1,Sl), in addition,

increases the shock symptoms of almost all shock producint_ a_ents
(as can be seen from the ,, negative " protection figures in Table l lI)

except those of lIT which it antagtmizes.
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I)IS('USSION

Mepyramine and LSD. The almost exclusive antagonism of mepyra-
mine to H confirms the findings of SCHILD(I947) and others, according
to which this drug, in contrast to other antihistamines, has very little
anti-Ach affect and is an almost " pure " antihistamine. The strong

antagonism of LSD to HT has been described before (HERXHEXMER,

I955). No reason for the increase of the shock symptoms by LSD can
be suggested.

Hexamethonium. The action of this substance as a highly specific

ganglion blocker is not disputed. In the present experiments it had
a strong antagonistic effect to N, which is believed to have an almost

exclusive effect on the ganglion; it blocks it in smaller doses than any
other substance. This confirms the ganglion blocking action of hexa-

methonium. If it has no other action than blocking the ganglion, its
less strong antagonism to Ach and M is compatible with this view. The

actions of these substances can be separated into a nicotinic (on the
ganglion) and a muscarinic action (on the muscle itself). If hexametho-

nium blocks only the former, it would be understandable that its protec-
tion against Ach and M is smaller than that against N, as it would block

only the nicotinic part of the Ach effect. If this is the case, the muscari-

nic part of this effect should not be influenced by hexamethonium. The
present experiments indicate that the effect of hexam&honium on F
is indeed weak.

These observations confirm, or, at least, are compatible with a pure

ganglionic action of hexamethonium. Its marked protective action

in H shock suggests a ganglionic action of H. Such an action has
been observed recently by TRENDELENBURG0954). AMBACHE and
LESSIN(I955) have described a " neuronal " action of H in the rabbit

gut. Although hexamethonium had a constant and reproducible effect

in the present experiments in small and medium doses, large doses of
to nag and 20 mg/kg sometimes did not produce an increased effect,
and, in a few cases, the effect decreased. With all other antagonists

the protective effect regularly increased with dosage. It looks, therefore,
as if large doses of hexamethonium bring other factors into action which

impair the protective effect. As the animals appeared unstable on their

feet with such doses, it may be suspected that the hypotensive effect

of the t_examethonium is an indirect cause of this impairment, but a
direct bronchoconstrictor effect of the larger doses may also be the cause.
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3tropine attd propantheline. It appears doubtful whether the whole

antagonistic action of atropine takes place at the postgan_zlionic synapse.
If this were the case, one would expect it to antagonize equally strongly

N, Ach and F, as it would not only prevent all muscarinic action on the
muscle, but would also block, at this point, impulses arriving through

the postganglionic fibres. Its action against N is however much weaker
than that against Ach and F. This is difficult to explain with a purely

musculotropic action of atropine or its action on the postganglionic

synapse. It may be that atropine acts particularly strongly against
Ach applied from outside, and more strongly than against N. There

is also the possibility of a direct ganglionic action of atropine (MARRAZZI,

1938, and others). The antagonism of atropine to H could be explained

by a ganglion blocking action, particularly as the antagonism of hexa-
methonium against H makes an action of H on the ganglion probable.

Atropine also has a direct antihistaminic action (SclIILD, 1947).

Cocaine. Its specific antagonism to N can be explained satisfactorily

by the paralysing effect of cocaine on the postganglionic nerve fibre.
If N acts by ganglionic stimulation, the paralysis of the postganglionic
nerve fibre would prevent the stimulus from reaching the peripheral

organ. The small degree of the cocaine protection against the other

substances in the present experiments should not be unduly stressed,
as the longer administration of cocaine by aerosol makes the dosage

uncertain and. has side effects which possibly interfere with its protective
action.

Jdrenaline. As this substance has, in most species, a strong effect

against bronchial obstruction, and as its action in anaphylactic shock
is also pronounced, a strong protective effect was expected in the present

experiments. It was observed, however, only against N. Against Ach,
M and F doses near the toxic level were almost ineffective, whilst they

gave good protection against II and weak protection against lIT. An

explanation of this surprising result cannot be given.

.'minophylline, papaverine, chlorpromazim,. The commm_ characteri-

stic of these substances is that they act as anta_zonists wh._tever the
hronchoconstrictor a_ent, and with about the samc intensity. Amino-

phylline is more effective than the others, :m',l Cmnl_,lrativelx high d.scs

are required c)l all three. Anfinophyllinc and papavcrinc arc knoxvn
to he hronchodilators, and xvemay assumc that their .inlat_onislic actions

lake place in the |uuscle itself. 'l'he reassert Itw the anta_ouistic acti.n
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of chlorpromazine is probably different. The weak antihistaminic and

anticholiner_ic properties it has shown in the present experiments, have
been seen by other authors, but no direct bronchodilator effect has

been described.

Anaphylactic shock. All antagonists used in the present series except

LSD and papaverine also protect against anaphylactic shock, but to

different degrees. Both adrenaline and mepyramine give pronoun-

ced protection in anaphylaxis, and, at the same time, they protect either

more against H than against any other bronchoconstrictor, or exclusively

against it. This points to the dominant part H may play in the produc-

tion of the symptoms of anaphylaxis. The reason for the much weaker

effect of mepyramine against anaphylactic shock than against H may well

lie, as DALE has suggested, in the different accessibility of the H. It may

be more easier for the antihistamine to antagonize H if it is applied from

outside by aerosol than if it is liberated from within the cells. It is

difficult to follow the suggestion of HAWKINS (I955) that a broncho-
constrictor effect of the antihistamines in high concentration might be

the cause of their comparatively weak action in anaphylactic shock. If

this were the case, we should expect the antagonism of mepyramine

to H to decrease with the large doses which are supposed to have a
bronchoconstrictor effect. There is no evidence for this.

The other antagonists do not provide stronger protection against

the various bronchoconstrictor substances than they provide against

anaphylaxis. Atrapine and hexamethonium protect less against ana-

phylaxis than against Ach and N respectively. From the effect of
adrenaline and mepyramine it may be concluded that their antagonistic

action in anaphylaxis is based on their antagonistic action to H.

It is remarkable that papaverine, which protects moderately well against
H, has no effect in anaphylaxis.

The present experiments do not contribute much to the explanation

of the nature of anaphylactic shock. They confirm that It plays

a dominant part in it, and they show that the nervous elements of the
bronchial mucosa are also involved. As we do not know in which site 11

and other endol_enous bronchoconstrictor substances are formed and

act, it does not seem permissible to draw further conclusions from these

experiments in which the bronchoconstrictor agents were applied from
outside.
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,_UMMARY

1. The antagonistic effect of atropine, Fropantheline, hcxamcthonium,
adrenaline, papaverine, aminophylline, chlorpromazine, mepyraminc,
cocaine and LSD against the bronchoconstrictor action caused in the
intact guinea-pig by the inhalation of histamine, acetylcholine, metha-
choline, nicotine, " Furmethide " and 5-hydroxytryptamine aerosols has

been investigated.

2. Atropine, propantheline and hexamethonium antagonise all these
bronchoconstrictors. The first two act more strongly against the acetyl-

choline group, whilst hexamethonium, cocaine and adrenaline antagonize
nicotine more strongly than any other substance. Mepyramine and
I.SD antagonize exclusively histamine and 5-hydroxytryptamine res-

pectively. Aminophylline, papaverine and chlorpromazine antagonize
all bronchoconstrictors equally well.

3. The antagonism of hexanlethonium against histamine suggests
that ganglionic mediation is involved in the action of histamine. Its
action against anaphylactic shock suggests that the nerw)us elements of
the bronchial membrane play some part in the symptoms of anaphylaxis.

4- I.SD increased the bronchoconstrictor action of all substances
except that of 5-hydroxytryptamine.

This work was assisted in part by a personal _zrant from the .Medical Research Council,

and by a _rant for technical assistance from the Asthma Research Council. l am very

much indebted to Dr. P. ARMITAGE for the statistical analysis of the results, to l)r. N.

AXtBACHF, for a Rift of Furmethide, and to Dr. II. {). ScHtLn, Pr_ff. W. 1)..M. PArox

and Dr. D. F. HAWKIXS fi)r much helpful discussi,m.
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