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Short Communication

Defense reaction induced by a
metabotropic glutamate receptor
agonist microinjected into the dorsal
periaqueductal gray of rats
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Universidade de Sdo Paulo, Ribeirdo Preto, SP, Brasil

Abstract

The behavioral effects of trans-(+)-1-amino-1,3-cyclopentanedicatey words

boxylic acid (t-ACPD), a metabotropic glutamate receptor (mGluR)Periaqueductal gray
agonist, or 0.9% (w/v) saline, injected into the dorsal periaqueductéfietabotropic glutamate
gray (DPAG), was investigated. Male Wistar rats showed defensgceptors )
reactions characterized by jumps toward the top edges of the cdgagfense behavior
(saline = Qvst-ACPD = 6.0, medians P<0.05) and gallops (saline =1gACPD
vst-ACPD = 10.0, medians P<0.05) during the 60-s period after thg’i:n'f'em

beginning of the injection. In another experiment animals were placfe.da. .....................
inside an open arena for 5 min immediately after injection. Their

behavior was recorded by a video camera and a computer program

analyzed the videotapes. Eleven of fifteen rats injected with t-ACPD

showed a short-lasting (about 1 min) flight reaction. No saline-treated

animal showed this reaction (P<0.0005, chi-square test). The drug

induced an increase in turning behavior (P = 0.002, MANOVA) and a

decrease in the number of rearings (P<0.001, MANOVA) and groom-

ing episodes (P<0.001, MANOVA). These results suggest that mGIluRs

play a role in the control of defense reactions in the DPAG.

It has been well established that the perieeptor family is linked by G-proteins to vari-
aqueductal gray (PAG) matter is implicatecbus second messenger systems. Eight sub-
in the control of vocalizations, nociceptiontypes have been cloned so far and they can be
and defensive behavior (1). Considerabldivided into three groups based on sequence
evidence suggests that excitatory amino a¢tomology, signal transduction system and
ids (EAA) play a critical role in integrating pharmacology (5). Many studies have been
somatic and autonomic reactions in the PA@erformed to investigate the effects of ago-
(2). L-Glutamic acid is the principal EAA nists, antagonists or modulators of glutama-
neurotransmitter in the mammalian nervousergic ionotropic receptors on defensive re-
system, acting on multiple receptor typesctions (6,7). Only recently has the role of
classified as ionotropic and metabotropienGIuR in these reactions begun to be inves-
receptors (3). Most of these receptor sultigated (8). The objective of this study was to
types are found in the dorsolateral subdiviexamine the behavioral effects of trans-(+)-
sion of the PAG (4). The metabotropic re-1-amino-1,3-cyclopentanedicarboxylic acid
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Figure 1 - Behavioral effects of
saline (N = 4) or trans-(+)-1-
amino-1,3-cyclopentanedicar-
boxylic acid (t-ACPD; 30 nmol;
N = 5) microinjected into the dor-
sal periaqueductal gray of rats.
The number of jumps (upper
panel) and gallops (lower panel)
was recorded for 1 min from the
beginning of the injection period.
The columns represent the me-
dians and the vertical bars the
interquartile intervals. *P<0.05
compared to control (Mann-
Whitney U-test).
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(t-ACPD), a metabotropic glutamate recep410-nmol dose. t-ACPD was dissolved in 0.1
tor (IMGIuR) (class | or II) agonist (5), micro-M NaOH and the pH adjusted to 7.2 by
injected into the dorsolateral PAG (DPAG)adding 0.1 N HCI. Animals were microin-
of rats. jected with a thin dental needle (0.3 mm
Male Wistar rats weighing 220-250 g0O.D.) which extended 1 mm below the can-
were housed in pairs, with free access taula tip. A volume of 0.3 pl was injected
food and water in a temperature-controlleaver 30 s using a Hamilton microsyringe
room (24 = 2C) under a 12/12-h light/dark controlled by an infusion pump (model 200,
cycle (lights on at 7:00 a.m.) throughout thekdScientific, Boston, MA, USA). After the
experiment. The rats were anesthetized witBxperimental session, the rats were sacri-
2.5% 2,2,2-tribromoethanol (10 ml/k@) ficed and the injection sites were determined
and submitted to stereotaxic surgery to imhistologically according to the atlas of
plant a stainless steel guide cannula (0.7 mfaxinos and Watson (10). Only data from
0.D.) aimed at the DPAG (coordinates: 1.@animals that received the injections inside
lateral to the lambda and 4.0 mm below théhe DPAG were used for analysis.
surface of the skull at an angle of ¥6th the Animal behavior was videotaped for 1
sagittal plane)The cannula was attached tomin from the beginning of the injection and
the bone with stainless steel screws antthe number of jumps toward the top edges of
acrylic cement, and a stylet was introducethe cage and gallops (short and frantic runs)
into it to prevent obstruction. was recorded. The results were analyzed by
Seven days after surgery, unrestrainethe non-parametric Mann-Whitney U-test.
animals housed in a Plexiglas cage (29 x 19 t-ACPD induced a short-lasting (about 1
x 34 cm) received microinjections of salinemin) spontaneous defense reaction with
(0.3 pl) or t-ACPD (30 nmol/0.3 pl). The exophthalmia, piloerection, escape attempts
dose employed (30 nmol) was based on @and runnings. There was a significant in-
report by Leyva et al. (9) and on a pilot studyrease in the number of jumps and gallops
from our laboratory showing no effect of a(P<0.05, Mann-Whitney U-test, Figure 1).
No animal showed any sign of seizure activ-

19— ity.

*

In a second experiment, animals received
the same microinjections as described above.
They were, however, hand-held during all
the injection period. The injection needle
remained in place for an additional 20-30 s
pun to prevent reflux. Immediately after the end
of this period, the rats were placed inside the

Jumps
o
t
'_

Saline t-ACPD open arena and the behavior was recorded
with a videocamera (VHS movie, HNS-15B,

14T T Sony) placed 3.5 m above the arena for 5
12+ [ min. The open circular arena (72 cm in diam-
10—+ T eter with 50-cm high transparent walls) was
é 8+ located in a sound-attenuated room illumi-
8 61 nated with an indirect fluorescent light. Be-
4T fore each trial the floor was cleaned with an
2+ alcohol-water solution (7:3). Histological
0-- p— TACPD verification of the injection sites was per-

formed as described above.
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Videotapes were later examined on @®PAG showed an immediate defense reac-
video (VR756/78, Philips) connected to ation, which started during the 30-s injection
microcomputer and the distance traveled bgnd lasted for at least 1 min (P<0.0005, chi-
the animal was determined by the Ethovisiosquare test). After this brief behavioral acti-
software (version 1.9; Noldus, Wageningenyation, the animals showed a decrease in
The Netherlands). Other behaviors, includgrooming (k ,s= 13.84, P<0.001) and rear-
ing frequency of grooming, rearings, turn-ng (F; s = 15.14, P<0.001) frequency, and
ings (360 circles), or number of defecationan increase in turnings {k = 11.89, P =
boli, were recorded manually by the operaf.002, Figure 2). No main effect was found
tor. in the distance traveled or in the number of

The presence of an escape reaction dudefecation boli (P>0.05; data not shown).
ing the injection was analyzed by a chi-There was a main effect of time on rearing
square test and the number of defecation bdF,,, = 15.9, P<0.001), distance traveled
by a Student-test. The remaining data were(F,», = 18.33, P<0.001) and grooming, t&
analyzed by repeated measures multivariate 3.57, P = 0.02).
analysis of variance (MANOVA), usingtime A large body of evidence has shown that
(1 to 5 min) as a within-subjects factor andonotropic glutamate receptors are involved
drug (saline or t-ACPD) as a between-subin the control of defense reactions in the
jects factor. Differences between treatment®PAG (11). However, few studies have in-
during a given one-minute period were anavestigated the behavioral effects of mGIuR
lyzed by the-test for independent observa-agonists. In a previous study, t-ADA, a pro-
tions. posed selective class | mGIuR agonist,

Microinjection of saline elicited no no- showed only minor effects on rat behavior in
ticeable behavioral effect. On the other handan open arena (12). However, this study
11 of 15 rats that received t-ACPD into theemployedicv administration, preventing

Figure 2 - Behavioral effects of

4+ A —o— Saline 10 7 B —o— Saline saline (N = 12) or trans-(+)-1-
* —e— t-ACPD —e— t-ACPD amino-1,3-cyclopentanedicar-
31 87 boxylic acid (t-ACPD; 30 nmol;
o o N = 15) microinjected into the
E £ 6T dorsal periaqueductal gray of
g e 3 2l rats placed in an open arena.
o T The number of grooming epi-
1t 21 sodes (A), rearings (B), distance
traveled in cm (C), and turnings
0 0 } | ; ; | (D) was recorded for 5 min. The
0 0 1 2 3 4 5 points represent the means,
Time (min) Time (min) and vertical bars the SEM.
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