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FERCHMIN, P. A. AND V. A. ETEROVIC. Putrescine decreases exploration of a black and white maze. PHARMACOL BIO-
CHEM BEHAYV 37(3) 445449, 1990. —The effect of putrescine and cyclohexylamine on rat cortical polyamine concentration and
on behavior in a black and white maze was studied. The levels of polyamines in brain cortex were determined 15 min, 2, 4, and 6
hours after injection of putrescine (200 or 400 mg/kg) or cyclohexylamine (380 mg/kg). Putrescine concentration increased 6-fold
15 min after injection of putrescine followed by a decline during the next 6 hours. Cyclohexylamine increased putrescine concentra-
tion doubling it 4 hours after injection. Spermidine and spermine concentrations did not change after either putrescine or cyclohex-
ylamine injection. Behavior was studied in the Greek cross maze which provides the choice to enter either white or black
compartments. Putrescine 200 mg/kg decreased entries into white but not black compartments, while putrescine 400 mg/kg decreased
entries into both. The effect of cyclohexylamine was similar to putrescine 400 mg/kg. The behavioral effect of each treatment was
independent of the time between injection and testing for up to 6 hours, while the levels of putrescine changed during the same pe-
riod. Therefore, behavior was not directly related to total cortical putrescine.
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THE polyamines putrescine, spermidine and spermine regulate a
series of brain processes which in turn underlie certain behaviors.
For example, the physiological phenomenon of long-term poten-
tiation in the hippocampus is related to spatial learning (12). The
establishment of LTP requires the participation of the N-methyl-
D-aspartate receptor, phosphatidylinositol phosphates turnover,
and activity of protein kinases (11), all of which are regulated by
polyamines (15, 16, 18). It is therefore likely that polyamines
regulate behavior, and that alteration in brain polyamine levels or
metabolism will alter certain behaviors.

The relation between brain polyamines and behavior was not
systematically studied. We have observed that polyamines are in-
volved in experience-induced brain plasticity, and that injection
of difluormethylornithine (DFMO), an inhibitor of putrescine syn-
thesis, decreases the exploration of an enriched environment (7).

The present work was undertaken to determine whether an in-
crease in brain putrescine level will affect the exploratory activ-
ity of a black and white maze (the Greek cross maze). This test
measures the degree of preference for black over white compart-
ments, which has been reported to depend on the emotional state
of the animal (3, 6, 8). Putrescine was chosen to be studied first
because of its low toxicity. Contrary to spermidine and spermine,
putrescine has low toxicity. A single intraperitoneal injection of
60 mg/kg of spermine is fatal in mice causing death by nephro-
toxicity within 6 days. Putrescine, 200 mg/kg, is not toxic even
after five daily injections (17).

METHOD
Subjects

One hundred thirty-six Sprague-Dawley albino male rats bred
in our colony were used for the behavioral study; they were dis-
tributed among five experiments as indicated in legends to Tables
1 to 3. Within 4 days after birth each litter was reduced to 8 pups,
leaving the maximum amount of males. The animals were habit-
uated to handling until 30-day-old when they were weaned. The
experiments started when the animals were from 31 to 37 days of
age. Seventy additional rats of the same strain, sex and ages were
used for the determination of cortical polyamine levels. The leg-
ends to Figs. 1 to 3 indicate the numbers of rats used in every ex-
periment.

Behavioral and Pharmacological Treatments

The exploratory activity was determined in the Greek cross
maze. This cross-shaped maze consists of a central gray compart-
ment communicated by openings in the wall with two black com-
partments on two opposite sides and with two white compartments
on the remaining sides. The walls of the apparatus were 38 cm
high, the size of each compartment was 21 X 21 cm and the open-
ings were 6 cm high semicircles. To allow observation the maze
did not have a ceiling.

Putrescine dihydrochloride and cyclohexylamine sulfate [about
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the correct name of this compound see (1)] were purchased from
Sigma Chemical Co. (St. Louis). The drugs were injected in-
traperitoneally as neutral solution. Pairs of littermates were in-
jected with drug or saline solution and tested either 15 min, 2, 4,
or 6 hours later. The order of testing (drug first or saline first)
was alternated from pair to pair. To start the test the rat was
placed in the central gray compartment of the Greek cross and the
times of entries into black, white and gray compartments were
recorded during 5 min by two observers. Entries were scored
whenever a rat entered a compartment or introduced into it the
head and both front paws.

Quantitative Brain Dissections

The method for separating the cerebral cortex from subcorti-
cal areas and the description that follows were adapted from Ben-
nett and Rosenzweig (2). In brief, the whole brain is removed
from the skull after cutting the paraflocculi, the optic nerves and
the olfactory nerves. It is turned upside down and the olfactory
bulbs and the olfactory tubercles are cut off and discarded. The
ventral cortex is gently freed from the adjacent hypothalamus with
a scalpel blade. The brain is then turned right side up again, and
starting from the caudal end of the cortex, the choroid fissure is
opened, exposing the internal capsule; this allows a clean separa-
tion of the cortex from the underlying subcortex. Anteriorly,
where the internal capsule becomes continuous with the corona
radiata, the cortical sample is separated from the underlying cau-
date nuclei by cutting through the internal capsule and continuing
around the frontal surface of the caudate nucleus. The presence
of the lateral ventricle allows for a natural separation of the hip-
pocampus from the underlying diencephalon. Thus, our cerebral
cortex sample also includes the corpus callosum, the hippocam-
pus and the amygdaloid complex.

Determination of Polyamines

After dissection the brain cortex was weighed and frozen in
liquid nitrogen. The frozen tissue samples were homogenized in
perchloric acid and the polyamines were benzoylated and quanti-
fied by HPLC as reported previously (7).

Statistical Analysis

As explained above, we used a randomized block design su-
perimposed on a factorial 2 X 2 design; one main factor was the
presence or absence of drug, the other, the time elapsed between
injection and testing. Both the behavioral and the neurochemical
experiments followed the same design and were analyzed accord-
ingly by a two-way analysis of variance for blocked data. All be-
havioral and neurochemical data were normally distributed and
homoscedastic.

RESULTS
Behavioral Effects of Putrescine

Table 1 shows the effect of putrescine at 200 mg/kg on rat
behavior in the Greek cross maze. Two experiments were done
using, respectively, 12 and 16 pairs of drug-injected and saline-
injected rats. The data for each experiment are presented sepa-
rately and combined to illustrate the reproducibility between
experiments.

Although animals were tested either 15 min, 2, 4, or 6 hours
after injection, the statistical analysis did not reveal significant
time effects (or a significant interaction between time and drug)
in any of the experiments reported here. Therefore, the data from
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TABLE 1
EFFECT OF PUTRESCINE 200 mg/kg ON EXPLORATION OF THE GREEK
CROSS MAZE
Saline Putrescine

Mean = SEM Mean = SEM % Diff.
Entries to white compartments
Exp. 1 6.8 = 0.5 50 = 0.5 -26.2%
Exp. 2 6.0 = 0.3 46 = 0.5 —-22.8%
Total 6.4 0.3 48 + 03 —24.5§
Entries to black compartments
Exp. 1 9.7 £ 0.5 8.8 = 0.7 -9.0
Exp. 2 88 = 0.5 8.9 = 0.7 1.5
Total 92 * 04 89 = 0.5 -35
Time spent in white compartments (sec)
Exp. 1 74.4 = 4.9 49.1 = 8.0 —34.0%
Exp. 2 51.7 £ 3.3 408 + 4.8 -21.2
Total 61.5 = 3.5 443 £ 4.3 —27.8%
Time spent in black compartments (sec)
Exp. 1 1103 = 6.6 113.4 = 10.9 2.8
Exp. 2 106.3 = 9.0 144.0 = 11.6 35.4%
Total 108.0 = 5.8 130.8 + 8.5 21.1*
Total number of entries
Exp. 1 16.5 = 0.9 13.9 = 0.7 —15.9%
Exp. 2 14.8 £ 0.7 13.6 = 1.0 ~8.4
Total 15.5 £ 0.5 137 = 0.6 ~12.1%

Number of entries and time spent in sec during the 5 min of the test
are presented. In Experiment 1, 12 putrescine vs. saline pairs were stud-
ied and in Experiment 2, 16 pairs. Statistical significance of the differ-
ence between drug- and saline-injected littermates, p<<, is indicated by:
*0.05; 10.025; £0.005; §0.001.

observations done at the different times after injection were pooled.

Entries into white compartments decreased significantly in
subjects injected with putrescine 200 mg/kg [—24.5%, F(1,48) =
12.1, p<<0.001], while entries into black compartments did not
decrease significantly [—3.5%, F(1,48)=0.3, p=ns]. The time
spent in white compartments declined [—27.8%, F(1,48)=9.2,
p<0.005], while the time spent in black compartments showed a
reciprocal increase [21.1%, F(1,48)=5.2, p<0.027].

An increase in the dose of putrescine from 200 to 400 mg/kg
(Table 2) nearly doubled the decrease in the number of entries
into white compartments [—39.5%, F(1,16)=8.1, p<0.025], and
introduced a significant decline in entries into black compartments
[—30.9%, F(1,16)=6.8, p<<0.025]. The time spent in white
[—4.9%, F(1,16)=0.0, p<<0.875] and in black [14.9%, F(1,16) =
0.9, p<0.347] compartments did not change significantly sug-
gesting that the average time per visit increased. This increase,
however, was also not significant (data not shown). Therefore, at
400 mg/kg, putrescine decreased both entries into white and into
black compartments with only a marginally larger decrease in
white over black entries.

Behavioral Effect of Cyclohexylamine

Cyclohexylamine (380 mg/kg, Table 3) decreased the number
of entries into white [—49.0%, F(1,48)=21.6, p<0.001] and
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TABLE 2

EFFECT OF 400 mg/kg OF PUTRESCINE ON EXPLORATION OF THE
GREEK CROSS MAZE
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TABLE 3

EFFECT OF CYCLOHEXYLAMINE 380 mg/kg ON EXPLORATION OF THE
GREEK CROSS MAZE

Saline Putrescine Saline Cyclohexylamine
Mean * SEM Mean = SEM % Diff. Mean = SEM Mean + SEM % Diff.
Entries to white compartments Number of entries to white compartments
58 = 0.6 35 0.8 —39.5% Exp. 1 51 = 0.5 39 09 —24.0
Entires to black artments Exp. 2 74 = 05 28 + 06 —58.0%
ntires fo black compartmen Total 64 = 04 33+ 05 —49.0t
s %
93 = 07 64x 08 30.9 Number of entries to black compartments
Time spent in white compartments (sec) Exp. 1 104 + 0.7 55+ 1.0 —47.0t
63.0 =+ 7.6 60.0 = 17.8 —-4.9 Exp. 2 9.2 £ 0.7 35+ 0.7 ~61.0%
+ -
Time spent in black compartments (sec) Total ) 97 03 44+ 06 35.0¢
143.9 + 10.7 165.4 + 22.2 14.9 Time spent in white compartments (sec)
. Exp. 1 485 = 6.4 47.7 £ 11.5 2.0
Total number of entries Exp. 2 94.6 * 14.3 85.0 = 23.9 ~10.0
150 = 1.0 99 + 14 —34.3% Total 749 = 95 65.0 = 14.7 —-8.0
Number of entries and time spent in sec during the 5 min of the test Time spent in black compartments (sec)
are presented. Twelve putrescine vs. saline pairs were studied. Statistical . 4.7 + _
significance of the difference between drug- and saline-injected littermates, Exp. 1 131.8 £ 6.6 104.7 = 23.7 21.0
p<. is indicated by: *0.025; 10.01. Exp. 2 100.7 = 12.2 134.1 = 26.7 32.0
’ ’ Total 1140 = 8.0 121.5 = 18.2 7.0
Total number of entries
black [—55.0%, F(1,48)=42.0, p<0.0001] compartments by ap- Exp. 1 15.5 = 0. 94 + 1.8 —39.0*
proximately 50%, that is a 10-20% larger decrease than that ob- Exp. 2 166 = 1.1 63 + 1.2 - 62.0%
served with 400 mg/kg of putrescine. The total time spent in Total 16.6 + 76 + 1.1 ~53.0%

either white or black compartments was not significantly changed,
which suggested that the average time per visit in each compart-
ment was increased. Although the average time per visit showed
the expected increase, this increase was not statistically signifi-
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FIG. 1. The concentration of putrescine in brain cortex is shown 15 min,
2, 4, or 6 hours after injection of putrescine 200 mg/kg (squares) or sa-
line (circles). Vertical bars are standard errors; where not visible, they are
smaller than the size of the symbol. Each point is average of three corti-
ces, therefore 24 rats were used. Saline and putrescine groups differed
significantly, F(1,16)= 147, p~0. There was a significant difference with
time, F(3,16) =36, p~0, and a significant interaction between time and
drug, F(3,16)=41, p~0. The weight of the cortices in mg of saline and
putrescine injected animals were respectively (mean=SEM): 15 min,
836.1+1.5, 848.9+4.5; 2 hours, 882.6+24.2, 833.6+11.0; 4 hours
812.1+4.6, 858.5+16.9; 6 hours 825.5+15.4, 859.3£5.6.

Number of entries and time spent in sec during the 5 min of the test
are presented. In Experiment 1, 12 putrescine vs. saline pairs were stud-
ied and in Experiment 2, 16 pairs. Statistical significance of the differ-
ence between drug- and saline-injected littermates, p<<, is indicated by:
*0.002; 10.001; $0.0001.

cant. There was a good reproducibility between the two cyclo-
hexylamine experiments.

Effect of the Pharmacological Treatments on the Concentration
of Polyamines in Brain Cortex

The levels of polyamines in brain cortex were determined af-
ter injection of putrescine and cyclohexylamine. Fifteen min af-
ter injection of putrescine at 200 mg/kg the levels of putrescine
in cortical homogenates increased six-fold; 6 hours later the lev-
els were still higher than those in saline controls (Fig. 1). The
levels of spermidine and spermine were not affected at any time.
Putrescine 400 mg/kg had a similar effect to putrescine 200 mg/
kg (Fig. 2). The main difference was that the rate of decrease of
brain putrescine was slower at the higher dose. An unusually high
dispersion of cortical putrescine concentration was found only in
rats injected with 400 mg/kg of putrescine. After injection of 380
mg/kg of cyclohexylamine the levels of putrescine increased steadily
for the first 4 hours (Fig. 3), while the concentrations of spermi-
dine and spermine were not different from saline controls.

DISCUSSION

The test chosen for these studies, the Greek cross maze, mea-
sures the balance between the natural tendency of rodents to ex-
plore a new environment and the aversion to explore brightly
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FIG. 2. Concentration of putrescine in brain cortices at the times indi-
cated after IP injection of either putrescine 400 mg/kg or saline. A total
of 24 rats was used. Each point is average of three cortices and the verti-
cal bars are standard errors; where not visible bars are within area of
symbol. Two-way ANOVA indicated a significant difference between sa-
line and putrescine groups, F(1,16) =7.96, p<<0.012. There were no sig-
nificant changes with time, neither was there a significant interaction
between factors drug and time. The weight of the cortices in mg of sa-
line- and putrescine-injected animals were respectively (mean = SEM): 15
min, 903.9+27.0, 876.4=32.5; 2 hours, 904.3+13.1, 893.6x11.2; 4
hours 881.3+39.3, 882.8+35.2; 6 hours 905.2+52.6, 906.6 +35.1.

illuminated spaces. This balance depends on the emotional state
of the animals; less emotional rats spent significantly more time
in white compartments than more emotional ones (6).

Anxiogenic drugs decrease the exploration of bright areas,
while anxiolytic drugs cause the opposite effect. A common way
of measuring anxiety in rodents is the two-compartment para-
digm, in which the animal can choose either to explore a smaller,
dark compartment, or a larger, brightly illuminated one (3,5).
The exploration is measured either as the number of crossings
between bright and dark areas, the time spent in or the number
of rearings in the bright area (10). This paradigm has been vali-
dated pharmacologically, behaviorally and physiologically (4).

Since the Greek cross maze and the Crawley and Goodwin (5)
test confronts the animal essentially with the same choice of ex-
ploring either bright or dark compartments it is likely that both
tests measure a similar behavioral state. This agrees with our pre-
liminary results showing that diazepam (0.2 mg/kg and higher),
an axiolytic drug, increased the number of entries into white com-
partments, while the B-carboline FG-7142 (20 mg/kg), an anxio-
genic drug, had the opposite effect (results not shown).

Both putrescine and cyclohexylamine caused the animals to
explore less. However, the lower dose of putrescine (200 mg/kg)
decreased preferentially the entries and time spent in white com-
partments; the higher dose (400 mg/kg) and the cyclohexylamine,
affected the entries into both white and black compartments with-
out a significant effect on the time spent in them. We propose
that at 200 mg/kg putrescine was anxiogenic, while at 400 mg/kg
it exerted a general depressive or sedative activity. Although the
possibility that drug-related malaise played some role in the present
results cannot be ruled out, we observed no obvious signs of ill-
ness in our subjects, and others have concluded that putrescine is
nontoxic in laboratory rodents at 200 and 400 mg/kg IP, even
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FIG. 3. Concentration of putrescine in brain cortex of rats 15 min, 2, 4
or 6 hours after injection of either 380 mg/kg of cyclohexylamine sulfate
or saline. The number of cyclohexylamine versus saline pairs was 4 at 15
min after injection, 3 at 2 and 4 hours and one at 6 hours after injection.
The total number of rats used was 22. The difference between saline and
cyclohexylamine groups was statistically significant, F(1,16)=6.29,
p<0.023. There was no significant effect of time, nor was there a signif-
icant interaction between time and drug factors. The weight of the corti-
ces in mg of saline- and cyclohexylamine-injected animals were respectively
(mean + SEM): 15 min, 818.4 = 18.3, 828.1 +32.7; 2 hours, 835.4 +27.8,
872.9+23.8; 4 hours 877.6+17.3, 877.7+10.9; 6 hours 882.2, 880.9.

when administered repeatedly (9,17).

What is the relationship between the effect of these drugs on
behavior and on brain polyamine levels? All three pharmacologi-
cal treatments increased cortical putrescine concentration, without
a measurable effect on spermidine or spermine concentrations. It
could thus be postulated that the observed behavioral changes
depend on the increase of brain putrescine levels. However, there
was no correlation between the temporal course of changes in
brain putrescine levels and behavior. With 200 mg/kg of putrescine
there was an immediate almost six-fold increase in putrescine
concentration followed by a sharp decrease. This decrease was
not mirrored by a similar decrease in the behavioral effects of
putrescine. A similar lack of temporal dependence between be-
havior and putrescine concentration was observed in the cyclo-
hexylamine experiment. This could be explained by assuming that
behavior is either influenced by a small pool of putrescine, which
has limited equilibrium with the larger pool, or that behavior de-
pends indirectly on the increase of brain putrescine concentration.
In that respect it is worth noting that putrescine could affect anx-
iety by altering the metabolism of GABA: intraventricularly in-
jected putrescine decreases GABA in chick brain by inhibiting
glutamate decarboxylase, the enzyme that synthesizes GABA
(13). The pivotal role of GABA and GABA receptor ligands in
mood regulation is well documented (14).
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