Effect of “Tranquilizing” Drugs
on Amphetamine Toxicity in
Aggregated Mice

In 1940, Gunn and Gurd reported that
mice which were grouped with other
mice were more susceptible to the excita-
tory effects of amphetamine and allied
drugs than were single mice (I). In
1946, Chance reported experiments (2)
investigating the relationship of “con-
finement” and “aggregation” to amphet-
amine toxicity. Mice that were crowded
together were observed to die from much
smaller doses of sympathomimetic
amines than were mice in a less crowded
environment. Amphetamine was particu-
larly striking in this regard, the LDy,
changing tenfold as a result of changing
the population density. In a second paper
(3), Chance further investigated the fac-
tors contributing to variability in am-
phetamine toxicity and concluded that
“confinement” (that is, decrease in avail-
able space per mouse) and “aggregation”
(that is, presence of other mice) were
the most potent variables, overshadowing
such factors as strain of mouse, sex,
body weight, hydration, noise, light, and
temperature.

It occurred to us that the agitated
mouse in a crowded environment, suf-
fering serious deleterious effects from the
proximity of agitated mouse neighbors,
resembled (albeit perhaps in a specious
way) the agitated patients in a “dis-
turbed ward” in a crowded state hospi-
tal. Specious or not, a simple experiment
seemed of interest, to see whether chlor-
promazine (allegedly beneficial to the
agitated patient) would benefit the agi-
tated mouse (4). To provide a crowded
milieu, mice were placed, three in a
group, in cylindrical metal canisters
whose bottoms measured 13 in.2 in area.

All technical papers and comments on them are
published in this section. Manuscripts should be
typed double-spaced and be submitted in duplicate.
In length, they should be limited to the equivalent
of 1200 words; this includes the space occupied by
illustrative or tabular material, references and
notes, and the author(s)’ name(s) and affilia-
tion(s). Illustrative material should be limited to
one table or one figure. All explanatory notes, in-
cluding acknowledgments and authorization for
publication, and literature references are to be
numbered consecutively, keyed into the text proper,
and placed at the end of the article under the
heading “References and Notes.” For fuller details
see ‘““‘Suggestions to Contributors” in Science 125,
16 (4 Jan. 1957).

21 JUNE 1957

Reports

A screen was placed on top to keep the
mice from escaping. After approximately
20 to 30 minutes in this situation, the
mice were injected with racemic amphet-
amine sulfate (Benzedrine sulfate solu-
tion, SKF). Other mice were injected
with amphetamine, but placed, one
mouse to a pan, in ordinary rectangular
enamel laboratory pans, measuring 104
in.? in area and similarly covered with
a screen, White male Swiss mice were
used (obtained from Carworth Farms or
Rockland Farms), each mouse usually
weighing 20 to 30 g. Injections were
made intraperitoneally in volumes of 0.1
ml/20 g of body weight. Experiments
were arbitrarily terminated at 4 hours
after amphetamine injection, for only an
occasional death occurred after this
time.

Our experiments confirmed Chance’s
observations (see Table 1, I): The
grouped animals showed an LD;, ap-
proximately one-eighth that of the indi-
vidual animals (3, 6).

We next simultaneously investigated
the effects of sodium pentobarbital, so-
dium phenobarbital, or chlorpromazine
hydrochloride (given as Thorazine solu-
tion, SKF) (7) administered 20 to 30
minutes after the mice had been placed
in the canisters, and followed in about
30 minutes by amphetamine. All injec-
tions were made intraperitoneally and
in volumes of 0.1 ml/20 g of body
weight. Pentobarbital sodium given prior
to the amphetamine yielded no protec-
tion to either the grouped or individual
mice (see Table 1, I). After doses of
phenobarbital of 50 mg/kg (which pro-
duced no particular gross behavioral de-
fect), a trend toward elevation of the
amphetamine LD, was seen (see Table
1, I) in both the grouped and the single
animals. Raising the dose of phenobar-
bital to anesthetic levels conferred strik-
ing and significant protection against
amphetamine on the grouped mice, but
provided no additional protection to the
individual mice. For this protection,
however, the mice paid a heavy price,
in that they were obviously affected
(ataxic, “sleepy,” and so forth) for
many hours after the experiment and in-
deed often on the following day.

A dose of chlorpromazine (1 mg/kg)
which was devoid of gross behavioral

effect on the mice raised the LD, of
the grouped mice somewhat, without
altering the LDy, for the individual mice.
A larger dose of chlorpromazine (5 mg/
kg) raised the LDy, of grouped animals
significantly and altered the LDy, of in-
dividual animals only slightly (see Table
1, I). It should be pointed out that, even
with the higher dose of chlorpromazine,
animals were not rendered unconscious,
and the behavior of the surviving mice
seemed essentially normal at the end of
the experiment. In addition, these doses
of chlorpromazine are well below the
LD;, of intraperitoneal chlorpromazine
for mice (8), whereas in the case of
phenobarbital a doubling of the 150-
mg/kg dose results in deaths from the
phenobarbital per se.

We have also studied promazine hy-
drochloride (used as Sparine solution,
Wyeth (9) and reserpine (10), with the
volume of injected solution and route of
injection the same as previously de-
scribed. Promazine seemed to be less ac-
tive (by weight) than chlorpromazine
in affecting spontaneous motor activity
in the mice prior to amphetamine ad-
ministration, and also less effective in
preventing death from amphetamine (see
Table 1, IT). Because of the reported
delay in onset of effect with reserpine, ex-
periments were designed so that there
was a 1- to 2-hour lag between pretreat-
ment with reserpine and administration
of amphetamine. Two doses of reserpine

Table 1. LDs (+standard error) for am-
phetamine (mg/kg) in grouped and single
mice. The drug was administered intra-
peritoneally.

Pretreatment  Grouped Single
I
Control 14.8+ 6.7 111.1+13.1
Pentobarbital
10 mg/kg 16.0+ 7.9 118.1% 3.5
30 mg/kg 29.2+ 76 117.0+13.8
60 mg/kg 262+ 7.6 1215+ 8.1
Phenobarbital
50 mg/kg 66.9+26.8 147.9+ 6.7
150 mg/kg 1125+ 17.1 1354+ 7.5
Chlorpromazine
1 mg/kg 42.9+136 118.1+ 5.7
5mg/kg 120.8+18.6 1438+ 7.8
II
Control 31.1+ 6.6
Chlorpromazine
5 mg/kg > 150
20 mg/kg  141.7+26.5
Promazine
10 mg/kg 55.8+19.7
20 mg/kg 68.8 +18.7
II7
Control 125+ 4.3
Chlorpromazine
5mg/kg 125.0% 14.4
Reserpine
1mg/kg 108.3 +19.8
5 mg/kg 96.5+21.5
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were chosen, one which produced little if
any effect per se on the mice (1 mg/kg)
and one which made mice definitely
“sleepy” and quiet (5 mg/kg). With
both doses there was significant protec-
tion against amphetamine for grouped
mice (see Table 1, III).

In all this work, it must be emphasized
that arbitrary timing in drug administra-
tion and termination of experiments has
been employed. One could conceivably
miss a “protective” effect of short dura-
tion, and the superior performance of
phenobarbital over pentobarbital might
be explained on such a basis. On the
other hand, pentobarbital deaths were
seen on occasion within an hour after
injection. Doses of pentobarbital larger
than 60 mg/kg were not employed be-
cause of the toxicity of this barbiturate
at such levels. No attempt was made to
improve the performance of pentobar-
bital or promazine by using repeated
doses of these drugs.

It thus appears that the “single” ani-
mals die with about the same frequency
after administration of amphetamine
whether they are “untreated” before-
hand or “treated” with phenobarbital,
pentobarbital, or chlorpromazine. On the
other hand, phenobarbital, chlorproma-
zine, or reserpine (in appropriate doses)
afford definite protection to grouped ani-
mals, and indeed transform the three-
per-canister situation to what is, in es-
sence (from the standpoint of mortality),
a one-per-can situation.
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Some Factors Affecting
Fluorescence Maxima

The recent widespread use of record-
ing spectrophotofluorometers, such as the
Farrand and Aminco-Bowman instru-
ments, as well as the use of manual in-
struments like the modified Beckman
model DU (1), has resulted in a number
of fluorescence maxima being reported
in the literature. A recent paper (2) has
brought to my attention the fact that
not all investigators distinguish between
“apparent” and “true” fluorescence
maxima. An apparent maximum is one
that is observed on a curve recorded di-
rectly by the instrument, while a true
maximum is one that is observed on a
curve which has been corrected for the
various factors affecting it. The purpose
of this report is to suggest some of the
factors that affect fluorescence maxima,
together with techniques for their cor-
rection, and to propose the usage of the
terms true and apparent fluorescence
maxima. The factors discussed should
not be confused with those that affect
quantum yield or relative intensity of

fluorescence, which are adequately
treated in a number of standard text-
books (3).

One factor which affects the fluores-
cence maximum is the degree of over-
lap between the long wavelength portion
of the absorption spectrum and the short
wavelength portion of the fluorescence
spectrum. This factor is significant for
a large number of compounds. If the
fluorescence maximum lies to the short-
wavelength end of the fluorescence spec-
trum (as is the case with many dye
molecules and aromatic hydrocarbons),
a shift of this maximum will occur to-

ward longer wavelengths as the result of
unequal absorption at each wavelength.
This phenomenon is concentration-de-
pendent and decreases with dilution.

Another factor is the relationship be-
tween the recorder-pen response (re-
corder time-constant) and the speed of
the wavelength drive of the analyzer
monochrometer. If the former is too
slow or the latter is too rapid, the re-
corder pen will not be able to register
its maximum response at each increment,
particularly if the fluorescence peak is
sharp. With instruments in which the
wavelength dial is driven by a multiple-
speed motor, the importance of this phe-
nomenon can be easily evaluated by com-
paring curves recorded at different drive
speeds.

A factor that is often neglected is the
variation of detector sensitivity with
wavelength. Most detectors do not have
linear response characteristics and thus
are more sensitive to light of one wave-
length than of another. If one is work-
ing in the region of the spectrum where
the response curve of the detector has a
large slope (such as the region beyond
470 mu, when using an R.C.A. 1P28 pho-
tomultiplier tube), a considerable differ-
ence between the true und apparent
maxima can occur. (In my laboratory I
have found that a difference of 15 to 20
mu is not uncommon.) This factor is in-
herent in every instrument, and compen-
sation for it can be accomplished only
by correction of the recorded spectrum,
at each wavelength, for the response of
the detector involved. This can be ac-
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Fig. 1. Effect of detector responsc on re-
corded fluorescence curves. (A4) Fluores-
cence spectrum as recorded; (B) detector
response curve; (C) corrected fluores-
cence spectrum.
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