corded; if an intermediate fall occurred,
an instance of inconclusive control; if
amplitude remained high, no control.

The rationale for selection of drugs
was primarily based upon reference
materials in Goodman and Gilman
(I14). We anticipated (i) that inhaled
isoproterenol would control both al-
lergic and conditional attacks; (ii) that
a conditional attack, presumably para-
sympathetically mediated, would re-
spond  to cholinergic blocking agents
possessing both central (atropine as a sul-
fate) and peripherally restricted (meth-
scopolamine as a bromide) sites of ac-
" tion; (iii) that methysergide, a peripher-
ally acting congener of LSD and a
potent blocker of serotonin, would pre-
vent allergic attacks; and (iv) that an
antihistamine (Benadryl, diphenhydra-
mine hydrochloride) would prevent nei-
ther form of attack. Although the first
two expectations were confirmed, the
last two were not.

Immunologists generally agree that
allergic asthma occurs when an aller-
gen and a specific antibody engendered
by it combine in some fixed tissue of
the airway. The combination releases a
chemical irritant that constricts smooth
muscle of the airway. Although hista-
mine is implicated as an irritant of tis-
sues in other hypersensitivities such as
urticaria and angioedema, its impor-
tance as a bronchoconstrictive trigger
in human asthma has been minimized;
the role of trigger has been ascribed
to other agents such as serotonin (I5).
The failure of methysergide to prevent
allergic attacks and the implication that
histamine and not serotonin is the
guinea pig’s bronchoconstrictive trigger
suggest that asthmas in man and
guinea pig are precipitated by a differ-
ent chemical irritant. The data are
open, however, to another interpreta-
tion. Asthma in the human being, at
least when failing to respond to anti-
histaminic premedication, may be the
classically conditioned aftermath of
earlier provocations by an allergen.
Perhaps histamine is a bronchocon-
strictive trigger in early stages of hu-
man asthma; perhaps, too, the strong
emotional states that usually accom-
pany an attack of asthma are subject
to classical conditioning. If so, their
subsequent evocation in the absence of
allergenic stimulation may be paral-
leled by activation of vagal or other
parasympathetic pathways investing
smooth muscle of the airway. This
alternate interpretation is fully conso-
nant with recently reported findings
based upon human beings (I6). In-
creased impedance of the airway as
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measured by whole-body plethysmog-
raphy occurred in 13 of 29 chronically
asthmatic patients when challenged by
physiological saline. This psychogenic
constriction of the airway, which was
repeatedly but selectively occasioned
when the patient believed he was be-
ing challenged by his allergen, was
selectively abolished by controlled in-
jections of atropine.
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Glue Sniffing Causes Heart Block in Mice

Abstract. In mice, the inhalation of airplane glue or toluene fumes slows the
sinoatrial rate, prolongs the P-R interval, and sensitizes the heart to asphyxia-
induced atrioventricular block. In humans who sniff glue or solvents, similar
mechanisms may be a cause of sudden death.

Bass reported on 110 cases of sud-
den death in youths turning on by in-
haling the vapors of airplane glue,
aerosol propellants, and various sol-
vents (/). Although the fatal mecha-
nism is unknown, the combination of

rapid death and negative autopsy find-
ings suggests that a cardiac arrhythmia
might be responsible. To test this pos-
sibility, we investigated the electro-
cardiographic effects of glue sniffing in
mice.
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Adult ICR mice (26 to 37 g) were
anesthetized with 0.5 .ml of 0.3 percent
sodium pentobarbital and secured in
the prone position to an operating
table. Needle electrodes were inserted
subcutaneously. A photographic re-
corder (Electronics for Medicine DR-
12) was used to record the electro-
cardiogram (leads II, aVF, and a uni-
polar thoracic lead, simultaneously) at
a paper speed of 200 mm/sec with 20-
msec time lines. Asphyxia was induced
with a form-fitting plastic bag wrapped
tightly around the nostrils and mouth,
rostral to the ears. Mice inhaled air-
plane glue fumes from a large plastic
bag that was open to room air and had
its inner surface freshly coated with 4
ml of glue, either Amco Cement or
Testor’s Cement, both of which con-
tain toluene.

During a 10-minute inhalation of
glue fumes in room air, the sinoatrial
(SA) heart rate of 12 mice slowed
from (mean=S.E.) 462+99 to 416
#+17.3 beat/min (P <.005) and the
P-R interval lengthened slightly. These
changes, which persisted until the ex-
periment ended 30 minutes after the
mice sniffed the glue, were absent in
four mice exposed to room air alone.
During 24 5-minute periods of asphyxia
in 12 mice not exposed to glue
sniffing, the SA heart rate rose 72 +=7.6
beat/min (P <.001), the P-R interval
did not lengthen, and atrioventricular
(AV) block never occurred. In con-
trast, during asphyxia begun 3 minutes
after the mice had completed 10 min-
utes of glue vapor inhalation, the SA
rate fell 57+18.9 beat/min (P<
.025), the P-R interval lengthened,
and, after an interval of asphyxia rang-
ing from 35 to 135 seconds and aver-
aging 79 = 10.6 seconds, all 12 animals
tested developed 2:1 AV block (one
ventricular beat, or QRS complex, for
every two atrial beats, or P waves) (Fig.
1). When asphyxia was immediately
stopped, this block disappeared but re-
appeared after asphyxia was again ap-
plied. The interval from onset of as-
phyxia to appearance of 2:1 AV block
lengthened progressively over time, so
that by 22 =2.0 minutes (range 16 to
30 minutes) after the end of glue in-
halation, six mice tolerated 5 minutes
of asphyxia without developing 2:1 AV
block. In the remaining six mice, al-
though asphyxia was stopped, the 2:1
AV block rapidly progressed to com-
plete AV block and they died.

Substitution of 1 ml of toluene for
glue evoked the same responses, before
and during asphyxia, as did glue. After
four mice had sniffed toluene for only
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Fig. 1. Electrocardiogram (lead II) of an
ICR mouse. (Top) Control, breathing
room air. (Middle) Sinoatrial slowing
and P-R interval prolongation during glue
vapor inhalation. (Bottom) 2:1 AV block
and further sinoatrial slowing during the
68th second of asphyxia, 4 minutes after
end of glue sniffing.

1 minute, asphyxia induced 2:1 AV
block within 45 to 90 seconds (aver-
age 68 seconds). When four mice, pre-
viously untreated, were asphyxiated
with a plastic bag coated on the inside
with glue, all developed 2:1 AV block
within 30 to 62 seconds (average 42
seconds). None of the 20 mice that
inhaled glue or toluene fumes had ven-
tricular extrasystoles.

Thus, glue sniffing by mice causes
sinus bradycardia, P-R interval length-
ening, and the early appearance, dur-
ing asphyxia, of higher degrees of AV
block. This is produced rapidly by the
glue fumes and does not appear to be
the result of prolonged hypoventilation.
The intraperitoneal injection into four
mice of 1 mg of atropine sulfate failed
to alter any of these responses. After
treatment with atropine and after glue
sniffing, 2:1 AV block developed, on
the average, after 84 seconds of as-
phyxia. The same dose of atropine
abolished the reflex bradycardia that
the elevation of arterial pressure by 2
mg of methoxamine HCI elicited in
four mice. Thus, the bradyarrhythmic
effects of glue or toluene vapors in
mice more likely reflect a direct action
on the SA node and AV conduction
rather than one mediated reflexly
through the vagus nerve. :

The use of pentobarbital adds
pharmacological variable that may de-

press respiration and vary the effect of
toluene. However, since all mice re-
ceived pentobarbital and, yet, asphyxia
without glue or toluene failed to elicit
bradyarrhythmias, respiratory -depres-
sion by pentobarbital could not have
caused the bradyarrhythmias induced
by asphyxia during or after glue or
toluene inhalation. Further excluding
pentobarbital as a cause were the find-
ings in another eight mice that we re-
strained and studied without pentobar-
bital or other anesthesia. Five minutes
of asphyxia without glue or toluene
raised heart rate insignificantly from 672
*+27.0 to 680=30.4 beat/min. Tolu-
ene inhalation for 1 minute slowed the
SA rate 36=9.8 beat/min (P<.01).
After toluene, asphyxia slowed the SA
rate from 624+=36.4 to 314+484
beat/min (P<.001) and, after an in-
terval of asphyxia averaging 41=*=3.5
seconds (range 20 to 55 seconds),
caused 2:1 AV block in all eight
animals,

Because human victims of glue or
solvent inhalation die away from medi-
cal facilities (I, 2), electrocardiograms
showing their terminal cardiac rhythms
have never been obtained. Our results
in mice, if applicable to man, suggest
that SA slowing or AV block should be
considered as one among several pos-
sible mechanisms leading to sudden
death when humans sniff solvents. It
must be emphasized, however, that spe-
cies differences may make man more
susceptible than mice to ventricular
extrasystoles and fibrillation and more
resistant to SA slowing and AV block.
The cardiotoxic effects of hydrocar-
bons, alone or combined with asphyxia,
probably comprise a spectrum, mani-
fested among different species by
bradyarrhythmias, ventricular tachyar-
rhythmias, or myocardial depression.
Hydrocarbons sensitize the hearts of
various mammals to ventricular fibril-
lation induced by epinephrine (3-6).
Halothane, a halogenated hydrocarbon,
produces SA bradycardia, AV block
and dissociation, asystole and, particu-
larly during hypercapnia or epinephrine
administration, ventricular arrhythmias;
it also depresses myocardial contractil-
ity (3, 7).

Asphyxia also affects the heart in sev-
eral ways. It releases endogenous cate-
cholamines, which may induce ventric-
ular extrasystoles and fibrillation, espe-
cially after exposure to hydrocarbons
(5). At least in mice, asphyxia after
glue or toluene inhalation, while not
causing ventricular irritability, de-
presses SA pacemaking and AV con-
duction. In humans the cardiac effects
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of asphyxia after the inhalation of non-
halogenated hydrocarbons have never
been determined. Although respiratory
arrest is often described as a cause of
acute deaths due to inhalation of hy-
drocarbons (3, 8), it is possible that
many decedents first had cardiac arrest,
for which they were not examined, but
which stopped their breathing. If res-
piration fails first, the resulting hy-
poxemia and hypercapnia may induce
arrhythmias faster than usual in the
heart sensitized by hydrocarbons.

We postulate that some humans who
sniff glue or solvent vapors die sud-
denly from ventricular fibrillation, sinus
bradycardia, AV block, or acute ven-
tricular failure, alone or in combina-
tion. It must be remembered that often,
though not always, complete AV block
ends with ventricular fibrillation. Re-
gardless of whether ventricular fibril~
lation or arrest is present, external
cardiac massage and vigorous mouth-
to-mouth respiration, by eliminating
these volatile hydrocarbons and allevi-
ating asphyxia, may have special ef-
ficacy in acute deaths due to inhalation
of solvents. Defibrillation or pacing
may then return the cardiac rhythm to
normal. The reviver should not inhale
the victim’s expired air. Prompt resusci-
tation might have benefited one young
boy who inhaled glue fumes, cried out
that his heart had stopped, and then
died (). Of public health importance

is the possibility that in susceptible peo-
ple, such as those with ischemia or
other disease of cardiac pacemaking or
conduction tissue, unintentional expo-
sure to environmental hydrocarbons
may lead to cardiac arrhythmias caus-
ing syncope or sudden death.

GEORGE J. TAYLOR
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Section of Cardiology, Department of
Medicine, University of Illinois
Hospital, Chicago 60612
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Sexual Behavior of Male Cats after Administration

of Parachlorophenylalanine

Abstract. The behavior of 12 male cats was observed before and after six
or eight daily injections of parachlorophenylalanine. Sexual performance was either
unchanged or diminished; aggressive behavior was not seen. Serotonin concen-
trations in the brains were uniformly lowered.

After it was shown that parachloro-
phenylalanine (PCPA), a tryptophan
hydroxylase inhibitor, lowers serotonin
concentrations in the brains of rats (1),
a number of studies appeared dealing
with the effects of this drug on various
aspects of animal behavior. These in-
cluded reports of increased mounting
activity by male (2) and female (3) rats,
as well as a rise in aggressivity (3); oth-
er investigators failed to find an in-
crease in heterosexual behavior by male
rats (4). Pronounced changes in the be-
havior of cats after three to five daily
injections of PCPA have also been de-
scribed (5). These included manifesta-
tions of “hypersexuality” in 15 of 26
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animals, rage and vicious behavior in
most of the animals, and disturbances
in activity and perception. Hypersexu-
ality was defined as the tendency to
mount and attempt to copulate with
another male cat. Such behavior had
not been seen previously in that labora-
tory in untreated animals.

We studied the effects of PCPA on
copulatory behavior in the male cat
with the use of quantitative measures
of behavior shown in standard test sit-
uations with receptive females (6). Ob-
servations were also made of the re-
sponses of the experimental animals to
stimulus objects other than a receptive
female and of any alterations in physi-

cal appearance and qualitative changes
in general behavior after treatment,

Twelve healthy mature male cats (3.5
to 5.9 kg) obtained from a commercial
animal dealer were housed individually
under natural lighting in rooms (2.7 by
2.1 m) with one outside screen wall.
Observation alcoves between adjoining
rooms had sliding windows, which per-
mitted introduction of stimulus animals
for sex tests and an unobstructed view
of the test area. Receptivity was in-
duced in stimulus females by injections
of 0.3 mg of estradiol benzoate every
4 to 5 days.

During a preliminary period of sev-
eral weeks, each experimental male was
tested several times per week in his
room with a receptive female until mat-
ing performance had stabilized, as in-
dicated by consistent latency and fre-
quency scores. (Latency refers to the
interval between the start of the test
and the display of a particular behavior
such as neck grip, mount, or intromis-
sion.) Thereafter each cat received a
minimum of three 15- or 20-minute
“standard” base-line tests as well as a
90-minute test (“extended”). Intervals
between tests, generally 48 hours, were
the same for each animal during base-
line and drug tests. All elements of the
male’s sexual pattern were noted and
timed so that information on frequen-
cies, latencies, and durations was ob-
tained. The normal sexual patterns of
male and female cats, and testing pro-
cedures similar to those used, have been
described (7). The number of intromis-
sions achieved by male cats with the
same female varies little from test to
test (7). In additional tests, each cat
was also exposed to a male cat, an
anesthetized male cat, and a stuffed
toy cat until mounting or attempted
mounting occurred in three 15-minute
tests. No attempt was made to induce
mounting by manipulating the stimulus
animal or toy.

After base-line data were obtained,
the experimental animals received six
or eight daily subcutaneous injections
of PCPA (150 mg/kg) suspended in a
neutral citric acid-phosphate buffer.
Sex tests were then run on eight cats
including the one that received two
separate courses of PCPA treatment
with a 6-week interval between each
series. The four remaining animals
were tested with receptive females
after three to five PCPA injections, but
scoring was limited to the latencies for
the first grip, mount, and intromission.
Testing was begun after the third in-
jection in all animals because of the
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