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Abstract

Post-training intracerebroventricular administration of procaine (2&ywords

pg/ul) and dimethocaine (10 or 20 pg/pl), local anesthetics of the estigdocaine

class, prolonged the latency (s) in the retention test of male and femaf&caine
3-month-old Swiss albino mice (25-35 g body weight; N = 140) in thePimethocaine
elevated plus-maze (mean + SEM for 10 male mice: control = 41.2 Flevated plus-maze
8.1; procaine = 78.5 + 10.3; 10 pg/ul dimethocaine = 58.7 + 12.3; '2gem°r¥

ug/ul dimethocaine = 109.6 + 5.73; for 10 female mice: control = 34, opamine

+ 5.8; procaine = 55.3 + 13.4; 10 pg/pl dimethocaine =59.9 + 12.3
and 20 pg/pl dimethocaine = 61.3 £ 11.1). However, lidocaine (10 or
20 pg/pl), an amide class type of local anesthetic, failed to influence
this parameter. Local anesthetics at the dose range used did not affect
the motor coordination of mice exposed to the rota-rod test. These
results suggest that procaine and dimethocaine impair some memory
process(es) in the plus-maze test. These findings are interpreted in
terms of non-anesthetic mechanisms of action of these drugs on
memory impairment and also confirm the validity of the elevated plus-
maze for the evaluation of drugs affecting learning and memory in
mice.

Introduction ity. For example, the ester class local anes-
thetics procaine and dimethocaine have been
Several investigators have shown thateported to be self-administered by labora-
learning and memory can be modified bytory animals (7,8). Among them, dimetho-
drugs which affect the central dopamine (DAXaine was shown to be the local anesthetic
neuronal system (1-5). Thus, in an active owith greatest affinity for the DA uptake bind-
passive avoidance task, activation of postsynng site (9) and to produce other behavioral
aptic DA receptors has been reported to ireffects consistent with DA agonist activity,
duce animpairment of memory (2,3,5). Moresuch as rotational behavior in rats with le-
over, it is known that the mesolimbic DA sions of the substantia nigra (10), reinforcing
system is involved in the processes underlyanxiogenic effects in mice (11) and other
ing memory consolidation (6) and there is @ocaine-like discriminative responses
growing body of evidence that some chemi{12,13). Procaine is probably the most exten-
cally related local anesthetics, besides casively studied local anesthetic after cocaine
caine, have an appreciable DA agonist activand has been shown to display compara-
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tively low affinity for the DA transporter. Its histological examination. Animals present-

reinforcing effects seem to be less potering any signs of needle misplacement or

than those of dimethocaine (8). hemorrhage were discarded. Neither inser-
Recent studies have suggested that th®n of the needle nor injection of 5 pl saline

elevated plus-maze test may be useful fdrad a significant influence on gross behav-

evaluating learning and memory in mice (144oral responses.

17). In light of these considerations, the

present study was designed to compare thevated plus-maze test

ability of local anesthetics of both the ester

and amide class, procaine, dimethocaine and The plus-maze was made of plywood and

lidocaine, to affect elevated plus-maze learrconsisted of two open arms (21.5 x 7.5 cm)

ing in male and female mice. In addition, weand two enclosed arms (21.5 x 7.5 x 20 cm)

examined the possible interference of thesghich extended from a central 7.5 x 7.5 cm

drugs with motor coordination. platform. The plus-maze was elevated 38 cm
above the floor. The enclosed arms were

Material and Methods painted black.
The procedure of the test was similar to
Animals that described by Itoh et al. (14). On the 1st

day (training) a mouse was placed at the end

Male and female Swiss albino miceof one open arm, facing away from the cen-
weighing 25-35 g, from our own colony,tral platform. The latency for the mouse to
were kept in cages in groups of 15-20 withmove from the open to one of the enclosed
free access to food and water and maintainedms was recorded. Following entry into the
in a room with controlled temperature (23 tarm the animals were allowed to explore the
1°C) and ona 12:12-hlight-dark cycle (lightsapparatus for 30 s. Twenty-four hours later,
on 7:00 a.m.). Female mice were tested witlthe second trial (retention test) was per-

out monitoring the estrous cycle. formed. The drugs were administered imme-
diately after the 1st training day, i.e., soon
Drugs after the mouse was removed from the maze.

For the plus-maze task, 140 mice were

Procaine HCI, lidocaine HCI (Sigmadivided into two sets (males and females)
Chemical Co., St. Louis, MO) and dimetho-each consisting of seven groups of 10 mice.
caine HCI (Hoffman-La Roche, Nutley, NJ)
were dissolved in saline and injected intraRota-rod test
cerebroventricularlyi¢v). All drugs were
administered at doses of 10 or 20 ug/ul. A Additional groups of mice were divided
Hamilton microsyringe and injection needleinto seven experimental groups of 7-10 ani-
were used foricv injections by the “free mals of each sex and tested on the rota-rod.
hand” technique according to the procedure The rota-rod apparatus consisted of a
described by Laursen and Belknap (18). Theotating bar (2.5 cm in diameter) covered
drugs were injected in a volume of 5 pliwith sandpaper and revolving at 7 rpm. Mice
mouse over 1 min under brief ether anesthavere placed upon the bar and the time spent
sia. The bregma fissure was the reference foipon the rotating bar was recorded up to 120
the injection needle. The control group res (day 1). Immediately after the session on
ceived a similar volume of saline injectionday 1, mice were injectédv with procaine,
under the same conditions. After the experidimethocaine and lidocaine. Twenty-four
ment, the site of injection was checked byours later the performance on the rota-rod
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dose range used in the present study did not

affect the motor coordination of mice ex-

Statistical analysis

The results are reported as means + SE|
and were analyzed by two-way analysis o
variance (ANOVA). When ANOVA was
significant, the Newman-Keuls test was use
to compare each treatment with the contr¢
group. Further comparisons betwen day
and 2 were carried out by the paired Stude!
t-test. The criterion for statistical signifi-
cance was £0.05 for all evaluations.

Results

The effects oficv injection of procaine,
dimethocaine and lidocaine on latency o
female mice to move from the open arm o
the maze are shown in Figure 1A. Contro
animals showed a significantly shortenet
latency on day 2 compared to the trainin
session. Mice injected with procaine (20 ug
pl) and dimethocaine (10 or 20 pg/pl) imme
diately following the training session showec
a prolonged latency in the plus-maze reter
tion test (day 2).

A quite similar effect of these drugs on
performance of mice in the retention tes
was also found in male mice (Figure 1B)
Thus, procaine and dimethocaine prolonge
the latency of mice to move from the open

posed to the rota-rod test (Table 1).

Figure 1 - Effects of intracere-

1207 A Female broventricular administration of
lidocaine, dimethocaine and
100 A procaine on the latency of fe-
male (A) and male (B) mice to
80 1 move from the open arm to the
w enclosed arm of the plus-maze.
oy 60 l Data are reported as means +
c 1 — * .
9 = SEM of 10 mice. *P<0.05 com-
© — V
S —H / pared to the 1st day (Student t-
40 1 = / test). **P<0.05 compared to the
B / control group (Newman-Keuls
20 1 — % test).
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arm to the enclosed arm of the pIUS'maze ONTaple 1 - Influence of local anesthetics injected icv immediately after the session on
day 2. Although no statistical difference in day 1 on the ability of male mice to remain on the rota-rod.

terms of gender was detected by two-way
ANOVA, the prolongation of latency of male
mice was statistically significant compared
to control animals (Figure 1B). Again,
lidocaine (10 or 20 pg/ul) did not affect the

shortened latency on the 2nd day, thus show-

ing the same pattern presented by control
animals (Figure 1B).

In order to examine the eventual interfer-
ence of motor impairing effects of these
treatments with plus-maze performance, ad-
ditional groups of mice were tested on the

Day 2, performance measured 24 h after the training session. There were no statistical
differences amongst anesthetics or days.

Treatment Dose (ug/pl) Time (s) on the rota-rod
Day 1 Day 2
Saline (N = 10) 0 118.7 £ 1.2 120.0 + 0.0
Lidocaine (N =7) 10 120.0 = 0.0 120.0 + 0.0
Lidocaine (N = 7) 20 115.6 + 4.0 119.0 + 0.3
Procaine (N = 9) 10 119.1 + 0.6 120.0 £ 0.0
Procaine (N = 8) 20 119.6 + 0.2 120.0 £ 0.0
Dimethocaine (N = 8) 10 119.0 + 0.6 120.0 + 0.0
Dimethocaine (N = 9) 20 118.2 + 0.8 1150+ 1.5

rota-rod apparatus. Local anesthetics at the
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Discussion were achieved without overt motor incoordi-
nation of mice, it seems reasonable to sug-
The local anesthetics of the ester clasgestthat procaine and dimethocaine impaired
procaine and dimethocaine injeciedinto some memory process(es) involved in the
mice of both sexes prolonged the latency tplus-maze task.
move from the open to the one enclosed arm Although the exact mechanism by which
ofthe elevated plus-maze. However, the sanprocaine and dimethocaine exert their
doses of lidocaine, an amide class anesaemory-impairing effects has yet to be iden-
thetic, did not alter this response. Itoh et atified, it is tempting to speculate about a role
(14) and other investigators (15-17) havéor dopaminergic rather than local anesthetic
suggested that the changes in the latency ofechanisms in these responses. As men-
mice and rats to go from an open arm to ationed before, both drugs display various
enclosed arm of the elevated plus-maze alehavioral effects consistent with DA ago-
an indicator of learning and memory. How-nist activity (8,10,11,13). Regarding bio-
ever, it should be kept in mind that such ashemical properties, itis known that procaine
experimental situation involves an aversivand dimethocaine can affect the binding site
experience of height and openness of thef DA (9). Indeed, the different affinities
maze that may induce escape learning reeported by Ritz et al. (9) for the DA-binding
sponses in the animals. Indeed, in a recesite of dimethocaine (k& 1.29 uM), procaine
serie of studies, Graeff et al. (19-21) re{K; =104 uM) and lidocaine (k 3298 uM)
ported an interesting procedure using the soray explain the different results of the pres-
called T-maze in which the same rat is testegint study. It is noteworthy that lidocaine
for escape latency (time to escape from opénjection failed to impair the performance of
arm) and for inhibitory avoidance latencymice in the elevated plus-maze task. Addi-
(time to withdrawal from the enclosed arm)tional support for this hypothesis comes from
Thus, these investigators suggested that thiee recent study of Graham and Balster (12)
elevated T-maze is a potentially useful moshowing that local anesthetics belonging to
del for the simultaneous study of anxiety anthe amide class, such as lidocaine, do not
memory. affect the dopaminergic system. Other mecha-
In the present study it is clear that micenisms must definitely exist regarding procaine
were tested only for one task, the one-wagnd dimethocaine modulation of memory
escape from the open arm, a response whigihocesses.
may be considered to measure the uncondi- The present data suggest that procaine
tioned fear of the animals. Therefore, weand dimethocaine prolong the latency of re-
could not separate the influence of fearfention in mice submitted to the plus-maze
anxiety levels on the evaluation of memorytest, a memory impairing effect probably
in the elevated plus-maze. Nevertheless, takavolving a non-anesthetic mechanism, and
ing into account the finding of Miyazaki et that this response is not gender related.
al. (17) that anxiolytic and anxiogenic drugs
do not affect learning or memory as measAcknowledgments
ured by the elevated plus-maze test in mice,
and considering that in our study the reten- The authors thank Hoffmann-La Roche
tion test was carried out 24 h after drugNutley, NJ USA) for supplying dimetho-
treatment and that the changes in latenayaine.
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