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

WILLARD S. HARRIS
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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reported 3- to 5-day delay before the
change in behavior of cats treated with
PCPA (5). Each cat received either
one or two standard tests. An extended
test was run after the fifth (six animals)
or sixth (two animals) injection. Each
male was tested with the same female
used in his pretreatment tests.

All 12 males copulated with a
receptive female within a few hours to
several weeks after being brought to
the field station. Also, before treatment
with PCPA, ten cats mounted or at-
“tempted to mount unanesthetized males.
Mounts lasted from a few seconds to
several minutes. The duration of this
behavior usually depended on how
quickly the stimulus male fought off the
experimental animal. The ten cats that
mounted or tried to mount intact males
also mounted anesthetized males in
tests before drug treatment. Mounting
of the anesthetized animals was ac-
companied by the treading and pelvic
thrusts which are part of the normal
copulatory pattern. The ten cats that
displayed this behavior before injection
of PCPA did so after drug administra-
tion. The two cats that did not mount
other males before treatment failed to
do so under the influence of the drug.
No cat mounted the stuffed toy either
before or after treatment with PCPA.

In standard tests six cats showed
essentially no change in intromission
frequencies and two animals exhibited
some decrease after treatment with
PCPA (Table 1). The difference in
group averages was not statistically sig-
nificant (¢-test for differences). In 90-
minute tests, seven of eight males
achieved fewer intromissions after treat-
ment with PCPA. The difference be-
tween pretreatment and treatment
means was reliable (P < .05).

Other measures of sexual activity,
such as time before the first grip,
mount, or intromission, were not sig-
nificantly altered by PCPA in any of the
12 cats. There was no noticeable
difference in general behavior in the
test situation, and reactions to the fe-
male, in terms of approaches or
attempts to mount, failed to indicate
any heightened sexual interest as a
result of treatment.

None of the treated cats displayed
any signs of rage or vicious behavior
toward either the experimenter or any
of the stimulus animals. This is in con-
trast with the data of Ferguson et al.
(5), who also reported that restlessness
occurred 2 to 3 days after the first
injection of PCPA, at the time when
the sleep and the EEG pattern were
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Table 1. Intromission frequencies before and after PCPA. The duration of the standard test
was 15 or 20 minutes, that of the extended test was 90 minutes.

Mean for standard tests

Extended tests

Injec-

Cat . Before PCPA After PCPA
No. (ul\(l)c?s) - T Before After
. ests ests PCPA PCPA
(No.) Mean (No.) Mean
171 6 3 4.0 2 3.0 10 7
115 6 3 2.3 2 2.5 9 4
114 6 3 3.7 2 2.5 8 2
114 8 10 9
119 6 3 2.7 2 2.5 7 9
118 8 3 1.0 2 1.0 3 2
173 8 3 0.7 2 0.5 1 1
151 8 3 2.0 1 2.0 5 5
150 8 3 2.0 1 2.0 8 7
Mean 2.3% 2.0% 6.81 5.1%
* Not significant. TP <.05.

altered. We did not observe this restless-
ness, nor was there any indication of
the perceptual disturbances that Fergu-
son et al. reported as a reaction to
PCPA. Our animals were under obser-
vation for only part of each day, how-
ever, and a 24-hour watch might have
revealed behavioral changes not de-
tected under these conditions. In addi-
tion there were marked differences in
housing and handling of the animals
and in testing procedures between this
and the previous study.

Seven of the 12 cats appeared less
active after five to seven injections.
The vocalizations of these animals were
softer and occurred less frequently.
The group affected included two cats
which had substantially lower intromis-
sion scores in extended tests after PCPA
(cats No. 115 and 171). Ferguson et al.
(5) reported a decline in activity in
their cats after long-term administration
of PCPA, as well as the deaths of a
number of animals, which they pre-
sumed were due to toxic effects of the
drug. Locomotor activity and vocali-
zation were normal within 1 week
after the eighth PCPA injection in three
of our animals who had shown some
change in these functions.

Brain serotonin concentrations were
determined in six cats (8) and were
reduced in these animals in the five
areas of the brain assayed. Comparisons
were with controls done in the same
laboratory. Serotonin in the midbrain
of two cats that received six PCPA
injections was reduced 78 and 89 per-
cent. In the four animals that had each
received eight treatments, reduction
ranged from 90 to 97 percent. Three
cats with marked reduction of serotonin,
including two that had received eight
injections, had seemed normal in ap-
pearance, activity, and behavior. The
concentrations and turnover of neuro-
regulators other than serotonin are al-

tered in rats treated with PCPA (9)
and are particularly sensitive to stress
in treated animals (Z0). Differential
changes in these substances may ac-
count for some of the behavioral dif-
ferences in animals with equal reduc-
tion of serotonin.

One of us has previously emphasized
the need for methodological care in
studies of sexual behavior in animals
(ZI). Interpretation of the effects of
any experimental variable on the sexual
activity of a particular species must
include consideration of the varied be-
havior of which that species normally
is capable and the multiplicity of fac-
tors that can elicit the behavioral dis-
play. For example, the percentage of
male cats that will copulate in the lab-
oratory increases with adaptation to the
surroundings and with continued testing
(I12-14). Homosexual behavior by nor-
mal males has been described (I3, 14).
The mounting of inanimate objects and
of members of other species, an activity
that has been used as a criterion for
hypersexuality following rhinencephalic
lesions (I3, 15), can also be readily
induced in a large percentage of normal
male cats (16).

Stable and sensitive base-line mea-
sures of the full range of sexual activity
of the male cat are needed, therefore,
to permit the accurate assessment of
the effect of a particular variable on
such behavior.
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Arsenic and Water Pollution Hazard

Undue speculation in the press, scare
headlines, and the drawing of wide-
sweeping conclusions about alleged
hazards to consumers have resulted
from the report by Angino et al. (I).
The full set of facts for evaluation
should include the following.

1) Arsenic in trace amounts rang-
ing up to a maximum of 70 to 80 parts
per million (ppm) is introduced into
detergent products as a constituent of
the phosphate builder. Arsenic in trace
quantities is also widely found in both
animate and inanimate nature. For ex-
ample, an average of 5 ppm in soils has
been reported, with soils of volcanic
origin having as much as 20 ppm.
Arsenic occurs in most plants and ani-
mals, especially in fish and shellfish
(amounts considerably higher than any-
thing found in washing products have
been reported in some seafoods; for
example, 174 ppm in prawns, 42 ppm
in shrimp, and 40 ppm in bass have
been noted in local areas). A survey of
arsenic in food that had been pur-
chased in New England chain stores
showed detectable amounts in most of
the items (2).

2) Schroeder and Balassa (2) state,
“pentavalent arsenic as arsenate is non-
toxic in normal concentrations, is ex-
creted rapidly largely through the kid-
neys, probably does not accumulate in
human tissues, is a normal constituent
of food, and may perform some un-
known physiological function.”

3) Arsenic exists in detergents in
the pentavalent state (arsenate) and
not in the highly toxic trivalent form
(arsenite) that is prepared commer-
cially for pesticide use. Moreover, any
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human exposure to arsenic due to the
trace amount in washing products is
negligible in terms of the normal die-
tary intake. Even at the highest level
reported by Angino et al., the quantity
is far too small to have a measurable
effect on the acute toxicity of the prod-
uct itself or to have any effect as a
result of chronic ingestion. Typical
wash water, even with the product that
contained 80 ppm (the highest level
detected) would contain only about
0.15 ppm arsenic, about one-fourth the
amount estimated in the average diet.
The skin effects of arsenic in detergents
are equally negligible, both because of
the valence form of the material and
the exceedingly low concentration in
which it would contact the skin.

4) Angino et al. have attempted to
show that arsenic found in trace quan-
tities in some detergents constitutes a
potential threat to water quality. How-
ever, in only 4 out of 27 combinations
(dilutions made in containers of differ-
ent sizes) did the concentration of ar-
senic in wash water exceed drinking
water standards. Angino et al. also
measured the arsenic concentration of
water and sewage in Lawrence, Kansas.
The concentration in the raw drinking
water ranged between 2.6 and 3.6 parts
per billion (ppb), and in the finished
water (after cold lime softening) arsenic
ranged between 0.4 and 0.5 ppb. It was
noted that 0.4 ppb is at the lower limit
of detection for the analytical proce-
dure used. The highest amount found,
0.5 ppb, is 100 times below the Public
Health Service’s mandatory limit. Ar-
senic in raw sewage in Lawrence
ranged between 2.0 and 3.4 ppb and

averaged 2.7 ppb. After treatment, the
range was from 1.5 to 2.1 ppb and
averaged 1.8 ppb. Treated sewage thus
contained a maximum of 1/25th of
the arsenic permitted in drinking water.
A single determination made in the
Kansas River at Lawrence indicated
an arsenic concentration of 3.3 ppb
and 8.0 ppb in the same river at To-
peka. If these data are accurate (par-
ticularly that for Lawrence), it is ob-
vious that a major input of arsenic to
the Kansas River comes from a source
other than Lawrence sewage.

5) The USPHS Drinking Water
Standards (1962) set a recommended
arsenic limit of 10 ppb (10 ug/liter)
and considers amounts in excess of 50
ppb grounds for rejection of a water
supply. These standards are legally ap-

‘plicable only to water supplies sub-

ject to federal quarantine regulations
(such as interstate common carriers)
but have been generally adopted by
most state departments of health or
sanitation commissions as their individ-
ual standards. Generally speaking, the
USPHS standards are predicated on
the assumption that the daily intake of

water over a lifetime is 2 liters
per day.
Under no circumstances (whether

examining raw and treated sewage, raw
and treated drinking water, and river
water) were Angino et al. able to pre-
sent data that indicated that arsenic
concentrations remotely approached
those that would disqualify these wa-
ters as water supplies. Moreover, find-
ing traces of arsenic in wash water
(which is certainly not recommended
for drinking, in any case) likewise does
not constitute a threat. Angino et al.
made no apparent effort to evaluate
the impact of the use of farm insecti-
cides (arsenicals) or industrial and
municipal discharges on the one river
they studied (the Kansas River). In
fact, all they demonstrated was that
arsenic, in trace quantities, is a ubiqui-
tous material found widely in nature
and that it does not constitute a hazard
to water quality at the concentrations
they reported.

E. ScotrT PATTISON
Soap and Detergent Association,
475 Park Avenue South,
New York 10016
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