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V,~ZQUEZ, F., C. TELLEZ, P. DE LA MORA AND H. BRUST-CARMONA. ModilTcation q/motor actirity, passive 
avoidance conditioning and evoked potentials by microin.iec'tion.~ o.['picrotoxin in both caudate m~clei in cat.~. PHARMAC. 
BIOCHEM. BEHAV. i1(5) 499-503, 1979.--Inhibition of movements is the result of the caudate nucleus (CN~ activity. 
This action seems to be necessary for passive avoidance conditioning (PAC). Much data indicates that GABA has inhibit- 
ory effects in the CN. The present report provides further evidence for GABA inhibition in the CN. In cats, the acquisition 
session of a PAC response was carried out following the bilateral administration of 6/xg of picrotoxin or saline in the CN. 
Twenty four hours later (Ist test session) the animals were placed in the security compartment and remained there during 
600 sec. In the second test, the cats injected with picrotoxin crossed to the other compartment while the subjects injected 
with saline did not move. Another series of acute experiments were also carried out. Evoked potentials (EP) were recorded 
in the CN produced by nucleus centralis medi',dis electrical stimulation. After picrotoxin application the first and second 
peaks, which could represent EPSPs, increased while the third peak, which could represent IPSPs, decreased. In conclu- 
sion, it seems that GABAergic intracaudate transmission maintains a lower level of neuronal discharges and probably 
participates in the maintenance of a PAC but not in its acquisition. 
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THE PARTICIPATION of the caudate nucleus (CN) in the 
neuronal circuitry responsible for the acquisition and reten- 
tion of a motor conditioned response (MCR) has been 
demonstrated by use of electrolytic lesions [8], topically 
applied KCI 3M [25], and locally injected anesthetics [3]. It 
has also been shown that CN is essential for the maintenance 
of inhibitory conditioning [21. Therefore, it has been as- 
sumed that CN holds the necessary elements to activate the 
circuitry responsible for the performance of a MCR as well 
as those required to inhibit this circuitry 141. The inhibitory 
influences observed in electrograms and motor activity by 
the CN, [ 10, 11, 171 could be responsible for the behavioral 
modification which occurs when an animal learns not to pass 
from one compartment to the other, passive avoidance con- 
ditioning (PAC). Different experiments have shown modifi- 
cations of  PAC by striatum lesions [26,34] and stimulation 
[35]. 

Furthermore, the existence in the CN of substances 
which may have inhibitory actions such as gamma 
aminobutyric acid (GABA) [14,231 has been demonstrated. 
Thus the inhibition of motor activity might be exerted 
through the actions of GABA in the CN. This inhibition 
could be eliminated by blocking GABA actions through local 

application ofpicrotoxin. A loss of such inhibition could then 
be revealed by: (a) an increment in spontaneous motor ac- 
tivity: (b) a blockage of a learning process which requires 
inhibition of the motor activity and (c) modifications in 
evoked potentials produced in the CN by electrical stimula- 
tion of the n. centralis medialis of the thalamus. The present 
results obtained support these postulations. 

METHOD 

Sixteen cats of  either sex (2.5 to 3.5 Kg body weight) were 
used. Stainless-steel cannulae were implanted stereotaxically 
into the anterior rostral-dorsal part of the head of the caudate 
nucleus (A.P. 19, L 3.5, H 4.5) following the Jasper and 
Ajmone-Marsan atlas [20] under Pentobarbital anesthesia 
and aseptic surgical conditions and fixed permanently to the 
skull with acrylic dental cement. In 7 cats bilateral microin- 
jections of 6 p.g of picrotoxin dissolved in 5 p.l of 0.9c/b NaCI 
were performed after 5-8 days. In the other 9 cats only 0.9¢)~ 
NaC1 (5/xi) was also bilaterally applied. Each injection was 
made in 100-120 sec. Immediately ",after, the gross spontane- 
ous motor activity was observed and some reflex responses 
were clinically tested. After 10 rain, the acquisition of a one 
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trial passive avoidance conditioning (PACt was tested. A 
two compartment chamber with the compartments separated 
by a sliding door was used for the training and testing ses- 
sion. One of the compartments (50 × 40 × 40 cm) had an 
even floor. The other compartment, of the same size, was 
continuously illuminated by a 40 W bulb and was provided 
with an electrifiable grid made of 0.5 cm diameter stainless 
steel bars separated by 2 cm intervals and connected to a 
high impedance stimulator (Nt,cleo-electronica). Three min 
after placing a cat in the first compartment, the sliding door 
was opened and the latency to cross into the second com- 
partment was measured. Once the animal had crossed, the 
door was closed and a nociceptive stimulus (14--15 mA and 
0.1 sec of duration) was applied to the paws. Two additional 
shocks were delivered at 60 sec intervals. After the third 
shock, the cat was allowed to escape into the first compart- 
ment and was then removed after 3 min. Twenty four hours 
later, without any treatment the latency to cross from the 
one compartment to the other (test trial) was again measured 
over a maximum waiting time of 600 sec (learning criterion). 
Twenty four hours later a second test of PAC was performed 
10 min after bilateral CN injections of either picrotoxin 
(N -6) or 0.997 NaCI (N-4) .  Latencies of the animals in- 
jected with saline or picrotoxin were compared by the U test 
and latencies before and 'after the nociceptive stimulation 
were compared with the Wilconson test [311. 

In the same animals acute experiments were performed 
one or two days later. Tracheostomy was performed under 
ether anesthesia and artificial respiration was begun. Ether 
was then discontinued and animals were placed in a 
stereotaxic apparatus. Animals were then immobilized with 
gallamine triethiodide (20 mg IP). Exposed skin. and tissue 
surrounding stereotaxic pressure points were infused every 
60-90 rain with xylocain solution (1%), as well as the area 
around the tracheostomy incision. Body temperature was 
maintained at 37-38°C with an electric heating pad. Two 
bipolar stainless steel electrodes were lowered through 
drilled holes in the acrylic and the bone, one aimed at n. 
centralis medialis CA 10, L 0.5. H 0.5J and the other 3 mm 
behind the cannula into the head of CN (A 16. 1, 4, H 4.5). 
The first electrode was used for electrical stimulation: a 
square pulse, (0.1 msec duration and 10 V. Grass S 88 with 
SIU 6) was repeated 14 times once every two seconds. The 
second electrode was used to detect the electrical changes 
which were amplified by a Grass AC P511 differential input 
preamplifier with a bandwidth of 0.1 Hz to 30 Hz. The 
preamplifier output was fed into an Ampex Model PR-5(~) 
tape recorder. The output from the tape recorder was con- 
tinuously monitored during the experiment. Sets of 14 re- 
sponses were recorded for subsequent analysis. Later on, 
sets of 10 responses were averaged and the latency and 
magnitude of the different peaks of each potential were 
measured using a PDP 11i40 computer, and the average 
magnitudes and standard deviations were plotted. Six sets of 
the ax, erage of 10 responses obtained one every 2 rain were 
taken as controls and then bilateral microinjections of either 
6 ~zg or 18 /zg of picrotoxin were performed. The evoked 
potentials in CN were recorded first every two min during 
the first 20 rain, thereafter every 5 min for the following 100 
min and finally every 10 rain for the next one or two hours. 
The effect of picrotoxin upon the evoked potentials was as- 
sessed comparing the magnitude of each peak of each sample 
after the injection, with the average magnitude of the control 
period (6 samples of 10 potentials each). The difference was 
evaluated with the sign test 1311. 

At the end of the experiment a lethal dose of pentobarbital 
was given to the animals and the brains perfused first with 
saline solution (0.9%) and then with 10<;4 Formalin with 
potassium ferrocyanide 1151. The brains were kept in for- 
malin 10c/; . for at least one week and then sectioned coronally 
(50 /~) on a lYeezing microtome. To localize cannulae and 
electrode placements, photographic prints were made of the 
sections by using them as negatives in an enlarger [ 16]. 

RESuI/rS 

During the first few minutes (4-8) after the picrotoxin 
microinjections the animals stayed quiet cleaning themselves 
many times, and then started walking and suddenly bursts of 
violent motor activity appeared. Sometimes, they moved 
very quickly in a straight line tumbling over obstacles. They 
ran with the extremeties flexioned, very near to the floor 
which could be termed flying response on the floor. Some- 
times, animals bumped against the wall of the cage but con- 
tinued moving in one direction despite such collisions. In 
some animals salivation, midryasis and increased respiratory 
frequency were observed. It is interesting to mention that no 
cat had convulsive activity or presented rage with the dose of 
6 p.g. They were easy to handle except during the flying 
response. The postural reflexes tested: tonus, tendinous, 
righting and supporting, were not different from control cats 
injected with NaCI. In the acquisition session of PAC the 
cats crossed from one side to the other with an average la- 
tency of mean=75 sec (range 7-180) which was very similar 
to the control (mean=61.7, range 45-80) animals. The differ- 
ence was not statistically significant (U =8, n, 4, n~ 7). In the 
first session. 24 hr later, without any treatment, both groups 
of cats (injected the day before with NaCI or picrotoxin) did 
not cross from one compartment to the other in 600 sec 
(learning criterion). The Wilconson test showed that the 
difference between the latencies of each animal during the 
first test and the acquisition trial was statistically significant 
(n~6, t =0.00, p<0.05). Twenty four hr later in the second 
test session, the 6 animals injected again with 6 ~g of pic- 
rotoxin 10 min before the session, moved to the other com- 
partment with an average latency of 401.5 sec. which com- 
pared with the 600 sec of the 4 cats injected with saline 
solution revealed a statistically significant difference at the 
level of p<0.05 (U=4. n, 4, n, 6). Figure 1 illustrates these 
results. 

The evoked potentials, bipolarly recorded in the CN by n. 
centralis medialis stimulation were very similar to the prev- 
iously described by Diez-Martinez c ta / . [  12,13l. In general. 
they consisted of a first positive peak with a latency of 
9 _~ 2.5 msec followed by a second peak more frequently 
negative with 24 ,- 5 msec latency and then a third peak with 
a latency of 44 msec which was more frequently positive but 
was negative in few experiments. In some cases, another late 
peak of 100 or more msec latency was recorded. In 5 cats 
changes in the evoked potentials were observed after inject- 
ing 6 /zg ot" picrotoxin however, these changes were small 
and undefined, and the dose of 18 p.g was utilized instead. 
Figure 2 illustrates the small increment of peak one. After 
the application of 18 p.g (usually 6 rain) the first peak in- 
creased very clearly as is shown in Fig. 2. The difference in 
the magnitude before and after was statistically significant at 
the level of p<0.05 (N-95 ,  X -21, Z =5.34).A more constant 
and more intensive increment was observed in the second 
peak. The increment of the magnitude produced by the ap- 
plication of picrotoxin is statistically significant at the level 
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FIG. I. The columns represent the average latency (vertical line, 
standard deviation) to cross from the security to the punishment 
compartment of cats injected with either saline or picrotoxin, 10 rain 
before the acquisition session. Note that there is no difference. The 
latency is over 600 sec during the first test in both groups of cats. In 
the second test session, the cats injected with saline, maintain 
similar latencies, whereas the ones injected with picrotoxin showed 
decreased latencies.This difference is statistically significant at the 

level of p<0.05. 
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FIG. 2. Illustrates the enhancement (expressed in percentage), in the 
magnitude of peak one, after picrotoxin microinjection (6 or 18 p,g) 
in both caudate nuclei. The average magnitude of 6 samples of 10 
evoked potentials each, during the control period was taken as 

100%. 

o f / , < 0 . 0 5  ( N = 1 5 2 ,  X = 3 8 ,  Z=6 .08) .  Figure 3 illustrates the 
increment o f  peak two "after picrotoxin application in con- 
trast with the small  change after a saline solution microinjec- 
tion. 

In contrast the third peak decreased significantly 
p < 0 . 0 5 ,  N = 8 2 ,  X = 2 4 ,  Z = 3 . 6 )  during the first 40 min. Fig- 
ure 4 illustrates this decrement  in magnitude of  peak 3. Dur- 
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FIG. 3. Illustrates the enhancement (expressed in percentage), in the 
magnitude of peak two, after picrotoxin or saline solution microin- 
jection in both caudate nuclei. The average magnitude of 6 samples 
of 10 evoked potentials each during the control period for saline or 

picrotoxin was taken as 100~. 
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FIG. 4. Illustrates the diminution (expressed in percentage), in the 
magnitude of peak three, 'after picrotoxin microinjection in both 
caudate nuclei. The average magnitude of 6 samples of 10 evoked 

potentials each during the control period was taken as 100%. 

ing the fo l lowing 40 min in s o m e  animals the peak stayed 
small ,  increased in some ,  and was  not significantly different 
from the control level.  

In some  experiments  the effects  o f  increasing the fre- 
quency  of  C M N  stimulation were tested. It was  observed 
that the first peak could fo l low frequencies  up to 100-150 Hz.  
The second peak usually fo l lowed up to 50 Hz.  Finally,  in 
only  one cat, at the end of  the experiment ,  Pentobarbital at a 
dose  o f  10 mg/Kg of  body weight was  injected (IP). It was  
observed that the second and third peaks increased. With a 
second dose these modif icat ions persisted but were less evi- 
dent. With a third dose  the evoked  potential decreased and 
almost  vanished,  disappearing complete ly  with a fourth 
dose .  which in total amounted only to the usual anesthetic  
dosage.  

The coronal brain sect ions showed  that the tip o f  the can- 
nulae as well  as the recording electrode were in the head of  
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FIG. 5. lllustrates the tip placements of the cannu]ae in the head of 
the caudate nucleus anterior 18.5 (A); the recording electrode in 
Anterior 16 and 17 (B), and the stimulating electrode in nucleus 
centralis medialis in A 9.5 and A l0 (C). according to the atlas of  

Jasper and Ajmone-Marsan {20] 

the CN as is illustrated in Fig. 5. The location of the stimulat- 
ing electrode was in the nucleus centralis medialis (Fig. 5C). 

DISCUSSION 

From previous descriptions on the effects of CN stimula- 
tion [10,171 the CN has been assigned an inhibitory elec- 
trophysiological and behavioral function. Furthermore, le- 
sions of CN produced an increment of locomotor activity 
modifying maze learning or PAC in rats I24,291 and in mon- 

keys [9]. Different authors have also indicated that the 
stnatum exerts descending inhibitory influences upon some 
spinal motor functions 130], the substantia nigra 127], as well 
as modulatory actions upon cortical and spinal cord activity 
[11, Roemer 1978 [281 described that the tonically sustained 
inhibition of the CN upon cerebral areas is lost after pic- 
rotoxin applications. In contrast Wachtel et  al. [33J illus- 
trated that GABA injections into the rostral neostriatum in 
rats inhibited motor activity, whereas injections of picrotox- 
in increased it. They described this enhanced motility as 
continuous, coordinated, and forward directed movements, 
very similar to the effects described in this paper. We ob- 
served an increment in well coordinated movements con- 
secutively to picrotoxin microinjection in both CNs. Some- 
times, associated with collateral effects such as salivation, 
piloerection, mydriasis, crouching and plaintive crying. 
Similar effects were obtained by Cools [6] after stimulation 
of CN with frequencies of 30/sec. 

The increment in motor activity was so important that 
even once the cats had learned not to cross from one com- 
partment to the other, they did it under picrotoxin effect, 
being unable to inhibit the motor activity and avoid the 
nociceptive stimulation. It is noteworthy that the animals 
acquired the passive avoidance response under the picrotox- 
in effects. 

The lack of inhibitory actions in the CN is also revealed 
by the increment in some of the peaks of the CN's  evoked 
potentials. These evoked potentials show similar morphol- 
ogy and latencies as those described by Diez-Martinez et  al .  
I12,131. Similar evoked potentials in the CN were described 
by Hull et  al. [18,19] and Buchwald et  al. I51 and suggest that 
the 25-50 msec latency peak might represent EPSP and the 
following one IPSP. The first component of the EP described 
here could represent presynaptic activity. It appeared early 
(9 _+ 2.5 msec), and followed frequencies up to I00 Hz, 
which are features ascribed to this type of response [7]. The 
second and third component might represent the EPSP-IPSP 
sequence. The picrotoxin microinjection in both CNs pro- 
duces an increment of the first and second peaks with a 
decrement of the third peak. Both effects are statistically 
significant (p<0.05). Similar modifications of the EP re- 
corded in the CN following stimulation of the anterior 
thalamic ventral nucleus have been observed by Spehlmann et 
a/. 132]. Therefore, the increment of the first two compo- 
nents with a decrement of the third one, seems to fit well 
with the hypothesis that the blockage of GABAergic inter- 
neurons inside the CN increases the EPSPs and decreases 
the IPSPs produced by their inputs. Precht and Yoshida [271 
described that the evoked potential in the substantia nigra 
produced by CN electrical stimulation decreased "after IP 
picrotoxin application. Picrotoxin also blocks the CN's  in- 
hibitory effect upon the entopeduncular nucleus [22]. Fur- 
thermore, Ladinsky et al. [211 suggested an intracaudate 
neuronal circuitry which involves dopamine and acetyl- 
choline as well as GABA. 

In conclusion, the experiments reported here give further 
support to the hypothesis that the CN is part of a circuit 
responsible for learned motor responses which depend on 
inhibitory actions and suggest that this effect depends on 
GABAergic intracaudate transmission. 
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