Table 1. Comparison of performance in approach and avoidance situations for each cat
following intramuscular injection of reserpine. All figures are percentages.

Cat
Responses
A B E F G H K L

Avoidance

Correet 29 47 67 71 29 82 53 31
Escape 10 25 4 18 10 8 8 21
No response 61 28 29 11 61 10 39 48
Pattern

Correct 76 100 83 93 63 82 81 83
Error 9 0 0 7 12 0 4 3
Food only* 0 0 0 0 12 11 13 0
No response 15 0 17 0 13 7 2 14

* The cat approached and ate visible food but refused to approach patterns.

tioned stimulus was used as the index,
it was found that reserpine affected the
conditioned avoidance response to a
visual cue much more severely than it
affected the same response to an audi-
tory cue. Friedman two-way analysis of
variance (3) showed that this visual-
auditory differential is significant at bet-
ter than the 0.01 level. An extreme illus-
tration of the differential is shown in
Fig. 1. Since these responses were learned
by two subgroups in counterbalanced
order, it is possible to demonstrate that
this differential susceptibility is not re-
lated to order of acquisition. It is re-
lated to the difficulty of learning the two
responses, for avoidance to tone was ac-
quired in fewer trials regardless of the
order of learning. With sufficiently large
doses of reserpine it was possible to block
the avoidance responses to both stimuli,
but examination of the time course of
effects shows that the visually cued re-
sponse is affected earlier and usually re-
covers later than the response to the
auditory stimulus.

At times, when presentation of the
conditioned stimulus did not elicit the
conditioned avoidance response, a cat
that had been injected with reserpine
could be seen to cringe, growl, and some-
times attempt to escape from the box, on
occasion even climbing to the ceiling of
the compartment. These observations can
be interpreted as evidence that the sen-
sory mechanisms necessary for percep-
tion of the stimuli are functional and
that the motor capacity of the animals
to make the conditioned response is un-
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Fig. 1. Mean latency in seconds for avoid-
ance responses to two different condi-
tioned stimuli in one cat following central
injection of 200 pg of reserpine (total
dose).
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impaired. The adequate performance of
a conditioned avoidance response to one
stimulus but not to another, although the
latter was followed by arousal and appar-
ently affective reactions, suggests that
the reserpine has not blocked what we
might term the “anxiety-evoking poten-
tial” of the conditioned stimulus. The
dosage levels used throughout these ex-
periments were appreciably lower than
those generally reported in current psy-
chopharmacological investigations of re-
serpine, ranging from 7.5 to 65 ug/kg
for intramuscular administration and
from 25 to 300 ug total dose for central
administration. Clear behavioral effects
were demonstrated with doses as low as
7.5 wg/kg (intramuscular administra-
tion). The failure of Weiskrantz and
Wilson (4) to find an analogous split
between their approach and avoidance
situations may be attributable to their
excessively high doses (0.75 mg/kg) of
reserpine, which resulted in a total be-
havioral depression.

Examination of the effects of reserpine
on conditioned avoidance responses and
on pattern discrimination for food shows
a definite difference. Table 1 shows re-
sults based on 730 trials in shock avoid-
ance and on 355 trials in pattern dis-
crimination after intramuscular injection
of reserpine (5). The two distributions of
percentages of correct trials differ at
slightly better than the 0.01 level, ac-
cording to the sign test (3). This differ-
ence is not related to ease of acquisition
in terms of trials to criterion. All cats
showed such a split in behavior regard-
less of whether they learned pattern dis-
crimination more or less quickly than
they learned avoidance. These data
suggest that reserpine affects behavior
acquired under motivation from punish-
ment more readily than it affects be-
havior reinforced by reward. It is true
that the responses differ along other
dimensions than that of approach versus
avoidance but the data of Grastyin
et al. (6) suggest that this may represent
a basic physiological dichotomy (7).

The retention, under reserpine, of a
visually mediated approach response

simultaneously with the blocking of a

'visually cued avoidance response further

demonstrates that the visual pathways
remain functional during the period in
which the animal is affected by reser-
pine.

It is felt that the data cannot be recon-
ciled with the interpretation that reser-
pine at these doses blocks the condi-
tioned avoidance response by interference
with sensory perception, with motivation
to perform, or with motor coordination.
Therefore we propose that this selective
action of reserpine may be attributed to
an interference with the specific condi-
tioned association between the stimulus
and a directed evasion response—that
is, interference with learned associa-
tions (8).
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Colorimetric Assay for
Dipicolinic Acid in
Bacterial Spores

Dipicolinic acid (pyridine 2,6-dicar-
boxylic acid) is a major component of
bacterial spores (I, 2) and is unique in
that it has been found only in such
spores. It is synthesized during sporula-
tion. The spores release dipicolinic acid
during germination (I), or upon hy-
drolysis (2) or heating (3). Methods of
analysis so far published (2, 4) are based
upon ultraviolet absorption of the com-
pound after acid digestion of the spores,
isolation of the dipicolinic acid by ether
extraction, paper chromatography of the
extract, and elution of the acid-bearing
spots. Though accurate, this method is
extremely time-consuming and labori-
ous. This report (5) describes a more
convenient colorimetric method that
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utilizes the color complex formed by in-
teraction of ferrous iron with dipicolinic
acid (6).

The complex of ferrous iron and dipi-
colinic acid which is prepared from the
authentic dipicolinic acid described by
Black, Depp, and Corson (7) is unstable,
but the addition of a reducing agent
such as ascorbic acid yields a complex
that is stable for at least 2 hours. Maxi-
mum color develops in a pH range of
from 4.0 to 6.0. In more acidic solutions,
the color is diminished, and in slightly
alkaline solution, precipitation occurs.
Figure 1 shows the linear relationship
between the optical density at 440 mp
and concentrations over a range from 30
to 160 ug/ml.

For the colorimetric assay of dipico-
linic acid in spores, 5 ml of a spore sus-
pension of Bacillus cereus (ATCC 10702)
(in a 15- by 125-mm test tube) contain-
ing 4 to 20 mg of spores (dry weight) is
autoclaved for 15 minutes at 15 lb/in2.
The suspension is cooled, acidified with
0.1 ml of 1.0N acetic acid, and left at
room temperature for 1 hour, during
which time aggregation of the insoluble
material occurs. Upon centrifugation at
1500g for 10 minutes, a clear supernatant
is obtained. If the initial suspension con-
tains an appreciable number of vegeta-
tive cells, it may be necessary to increase
the amount of acetic acid in order to ob-
tain a clear solution. Four milliliters of
supernatant are carefully pipetted into a
clean 15- by 125-mm test tube. With a
pipette controller, the extract can easily
be removed without disturbing the sedi-
ment. One milliliter of freshly prepared
reagent, consisting of 1 percent of
Fe(NH,),(SO,),- 6H,0 and 1 percent
of ascorbic acid in 0.5M acetate buffer
at pH 5.5, is added to the 4 ml of super-
natant. The color develops immediately,
and the optical density should be meas-
ured within 2 hours. The blank is a simi-
larly treated suspension in which 1 ml
of water is substituted for the color re-
agent. The reagent blank is negligible.
The standard is prepared by adding 1
ml of the color reagent to 4.0 ml of an
aqueous solution containing 100 ug of
dipicolinic acid per milliliter.

Determinations of dipicolinic acid by
ultraviolet absorption and by colori-
metric methods gave results which were
in close agreement. Free dipicolinic acid
was measured in an aqueous suspension
of dried spores, as described by Krishna
Murty and Halvorson (4). An ether ex-
tract of the suspension was chromato-
graphed on paper, the spots containing
dipicolinic acid were eluted, and the
ultraviolet absorption of the eluate was
measured at 270 mp, with a Beckman
DU spectrophotometer. This assay
showed 41.6 ug of dipicolinic acid per
milligram of spores. An aliquot of the
same spore suspension assayed by the
colorimetric method showed 42.3 ug of
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dipicolinic acid per milligram of dried
spores.

Although divalent iron will react
similarly with other o-carboxy pyridine
compounds (6), the agreement in results
between this method and the ultraviolet
absorption method, which includes isola-
tion of the dipicolinic acid, indicates
that, for spore preparations, the assay is
specific. Furthermore, no other a-carboxy
pyridine compounds have been reported
in spores. The addition of authentic dipi-
colinic acid to vegetative cell prepara-
tions yielded quantitative recovery of
the dipicolinic acid upon assaying by the
colorimetric method. This shows that
vegetative cells contain neither compo-
nents that interfere with the assay nor
nonspecific compounds that assay as
dipicolinic acid.

Other ions, including manganese and
calcium, will complex with dipicolinic
acid, but in the preparations studied no
effective competition of these ions with
the ferrous iron has been observed. In
preparations in which the concentration
of these ions is excessive, the interfer-
ence can be overcome by increasing the
concentration of the iron in the color
reagent.

Autoclaving was found to release es-

-sentially all the dipicolinic acid of the

spores. By colorimetric assay, we com-
pared the dipicolinic acid released from
a preparation of dried spores by auto-
claving with that released by acid diges-
tion in 3N HCI for 15 minutes. The
amounts were 42.3 and 43.0 ug/mg, re-
spectively. When the washed residue of
the autoclaved suspension was digested
in acid, an additional 0.45 ug of dipi-
colinic acid was recovered.

The data for the standard curve (Fig.
1) were obtained by means of a Beck-
man DU spectrophotometer, but all rou-
tine colorimetric assays were made with
a line-operated spectrophotometer. The
local line fluctuations were such that the
probable error of replicate optical dens-
ity readings at times exceeds 2 percent.
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Fig. 1. The relation between optical den-
sity and dipicolinic acid concentration.
Optical density was measured at 440 mu
with a Beckman DU spectrophotometer.

Under such conditions, no significance
can be ascribed to the differences in re-
sults obtained with the two methods or
to the trace of dipicolinic acid observed
on the residues from the autoclaved
preparation in the last experiment de-
scribed.
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Evidence for a New
Growth-Promoting Acid Produced
by Lactobacillus casei

Lactobacillus casei 280-16 (or 280-
16A) requires either p-lactic acid or any
one of a number of other p-o-hydroxy
fatty acids for optimal growth (I, 2).
Yeast extract serves as a source of p-u-
hydroxy acid for this organism, and at
least part of its nutritional activity is
attributable to p-lactic acid (). Culture
filtrates of L. arabinosus, L. casei (hy-
droxy acid-independent strain), Leuco-
nostoc mesenteroides, Lactobacillus bre-
vis, and L. fermenti have also been shown
to provide growth promoting mate-
rial assumed to be p-lactic acid (7).
The present investigation (3) reveals,
however, that the growth stimulant to be
found in cultures of L. casei is not
p-lactic acid, but a more lipophilic acid,
possibly a higher homolog of b-lactic
acid.

Lactobacillus casei 280-16A and its
hydroxy acid-independent parent (Amer-
ican Type Culture No. 7469) were in-
cubated at 35°C for 72 hours in a me-
dium free of hydroxy acid. The hydroxy
acid deficiency of this medium was over-
come, in the case of the hydroxy acid-
dependent strain, by employing a very
heavy inoculum, yielding an initial popu-
lation of approximately 3x 108 cells per
milliliter of medium. The nearly normal
growth which resulted under these con-
ditions was probably due to p-o-hydroxy
acids carried either in or on the washed
cells. An equally dense initial popula-
tion was introduced in the case of the
hydroxy acid-independent strain, al-
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