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GIORDANO, M AND R A PRADO-ALCALA Retrograde amnesia mdut ed by post-trtal tndet tton of atropine tnto the 
t audate-putamen Protetttve effett of  the negative remfi~rter PHARMACOL BIOCHEM BEHAV 24(4) 905-909, 
1986--A series of experiments was performed to test the rehabdlty of previous reports which indicated that chohnerglc 
blockade of the caudate-putamen produces memory deficits of passive avoidance, and to determine whether overtra~nmg of 
th~s task protects against such deficits. In the first experiment the effects of different doses of atropine injected into the 
caudate-putamen of rats shortly after training were assessed, and a dose-dependent retention deficit was found In two 
additional experiments tt was observed that by increasing the magnitude of the negative reinforcer used m training, a 
protection against such retention deficit was produced These results support the hypotheses that (a) chohnergtc activity of 
the caudate-putamen ts critically revolved m memory processes that mediate passive avoidance behavior, and (b) after 
overtrammg the control of this behavior is transferred from the stnatal chohnerglc system to other neurochem~cal systems 
within, or outside, the stnatum 
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THE demonstration that les~ons [4, 8, 11, 14, 24, 25, 28] and 
electrical stimulation [29, 30, 31] of the caudate-putamen 
(CPU) s~gnificantly ~mpa~r the retention of passive avoidance 
conditioning has led to the investigation of the neurochem~- 
cal events w~thm the CPU, and related structures, that 
mediate th~s behavior. The role of stnatal dopamme m pas- 
sive avoidance ~s unclear since the neurochem~cal destruc- 
tion of the ascending mgrostriatal dopammergic pathway 
does not modify ~t [3] while apphcation of th~s amine ~nto the 
CPU produces retention deficits [7] Furthermore, electrical 
stimulation of  the components of the mgro-neostnatal 
dopammerg~c projection (substantm mgra and medial fore- 
brain bundle) can facd~tate and impair the retention of the 
avers~vely-mot~vated task [6, 10, 13, 26, 27] 

The exploration of the involvement of the chohnergtc sys- 
tem has yielded a clearer p~cture' interference w~th 
chohnerg~c activity of  the CPU, reduced after training or 
before testing, produces sigmficant ~mpa~rments m retention 

[5, 19, 23] which are both dose- and t~me-dependent [20,22]. 
On the other hand, apphcation of the acetylchohne precursor 
chohne into the CPU ~mproves the performance of passive 
avoidance [2], and trainmg of passive avoidance induces a 
s~gnificant increase ~n acetylcholin¢ synthes~s m this struc- 
ture [1] These results strongly suggest that chohnerg~c ac- 
tivity of the CPU ~s critically revolved m the acqmsltlon and 
the maintenance of  th~s avers~vely-mot~vated behavior 

Related experiments have shown that apphcatton of ant~- 
chohnerg~c drugs into the caudate of  cats and rats interferes 
w~th the performance of  newly learned instrumental behav- 
iors and that after a period of overtra~nmg there are no deft- 
c tts m the performance of the same tasks [16,21]. It has also 
been found that whde a generahzed interference w~th the 
neural activity of  the caudate, induced by direct injections of 
h~gh concentrations of  potassium chloride, reduces a marked 
amnest~c state, prolonged training also protects against this 
effect [ 18,21]. These data lend support to the hypotheses that 
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(a) the stnatal chohnerg~c system is crmcally involved m the 
acqms~tlon and early mmntenance stages of learning, but not 
tn the performance seen after overtraantng, and (b) after 
overtram~ng there ~s a transfer m the control of learned be- 
harbors from the stnatal chohnergic system to other neuro- 
chemical systems outside the caudate [16] 

In all cases mentioned above, the overtramlng-mduced 
protection effect was ~nvest~gated In experiments utdlzmg 
poslt,vely-remforced tasks Thus, ~t was ~mportant to de- 
termine whether th~s effect ,s pecuhar to that type of tasks or 
whether ~t reflects a more general mode of funct~omng of the 
nervous system The data presented m the present series of 
experiments confirm prev,ous results [5, 19.20, 22] and new 
findings demonstrate that the retention of an aversively 
mot,vated task can also be protected from the d~sruptlve 
effects of chohnerg,c blockade of the CPU by mampulatmg 
variables involved m training 

METHOD 

Animals 

Experimentally naive male Wlstar rats, weighing between 
250 and 350 g were used They were individually housed and 
had free access to sohd food and tap water in their home 
cages. Under Nembutal anesthesia (50 mg/kg) double-walled 
cannullae were bilaterally implanted m the CPU, as de- 
scribed elsewhere [22] These ammals were allowed 6-8 days 
to recover from the surgical procedures before training was 
~nlt~ated A group of ummplanted ammals was also stud~ed 

Apparatus 

Tratmng and testmg were carried out m a box (Lafayette 
Inst. C o ,  model 85000) w~th two compartments of the same 
s~ze, separated by a guillotine door The grid floor of one of 
the compartments could be electrified by a square-pulse 
stimulator connected m series w~th stimulus ~solatlon and 
constant current umts (Grass Med Ins t ,  models S-44, 
SIU-5A and CCU-IA, respectively). The opposite compart- 
ment had a w~re mesh floor and ~ts walls were painted blue 
Each of the compartments was equally dlummated by low 
intensity light bulbs 

Pro~ edltre 

Tratmng and testtng During training each animal was put 
ms,de the pmnted compartment of the condtt~onmg box; ten 
sec later the door between compartments was opened and 
the latency to enter the gndded compartment w~th all four 
paws was measured. Once m the second compartment the 
door was closed and a footshock (60 msec pulses, I00 pulses 
per sec) was apphed through the grid for five sec and the 
door was reopened, thus allowing the animal to escape to the 
first compartment and to remain there for 30 sec before being 
put back ~n ~ts home cage Footshock intensities will be 
specified m each of the experiments 

Twenty-four hr later a test session was programmed 
exactly as the traanmg session, except that the footshock was 
not dehvered If a rat did not cross wtthm 600 sec to the 
compartment where the footshock had been g~ven the ses- 
sion was ended and a score of 600 was assigned 

Tl't'tllt?letlls 

One m.lection of atropine sulphate (S~gma), dissolved In 3 
p.l of isotonic saline solution, was made through the ira- 

~ . / < i  '... 

FIG I D~agramat~c representation of h~stology sections, redrawn 
from Komg and Khppel [9] The s~p~led sections re~resen~ the 
range of cannula t~p locations ~aken from the ~ts of~he three exper- 
iments Only cannula placements of the ngh~ hemisphere are repre- 
sented 

planted cannulae two mm after training, to rats of independ- 
ent groups The in.lectton procedure was carried out ~n a 
room d~fferent from the room where training and testing took 
place All tnfuslons were bdateral, in a volume of 3 ~1 
through each cannula, delivered at a rate of I/zl/20 sec, after 
mjectmg the solution the injectors were left reside the can- 
nulae for an additional rain During the procedure the rats 
were not restrained by the experimenter and could move 
freely m their home cages, thus avotdmg stress reactions that 
could confound the results of the experiment 

Htstology 

At the completion of the experiment all implanted rats 
were deeply anesthesized and then perfused, intracardtally. 
wtth isotomc sahne followed by 10% Formalin, their brains 
were exctsed and kept in Formahn for at least one week 
before coronal secttons (50 ~.m thick) were made and stained 
w~th the Nissl method to determine the location of cannulae 
tips 

Stat ts t t~  s 

The Barlett test was computed on latency scores for all 
groups during the training and the retention sessions The 
results showed that there was homogeneity of variances 
among the groups, this outcome allowed the use of paramet- 
ric statisttcs The Fisher test (one-way ANOVA) was used to 
compare the latency scores and escape latencles among the 
groups and the Student 's t test was used. when appropriate, 
to compare performances between each group and each of 
the other groups 

EXPERIMENT 1 

It has been demonstrated that in.lections of acetylchohne 
receptor-blockers into the CPU produce retrograde amnesta 
of passive avoidance [5. 19. 22] To our knowledge, there is 
only one report where the effects of different doses of an 
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anttchohnerg~c drug (atropine) on the retention of passtve 
avoidance were studied; a dose-related deficit m retention 
was found [20]. Therefore, it was important to determine the 
rehabd~ty of this result by testing the effects of other doses of 
atropine injected into the CPU shortly after trammg Th~s 
experiment was also important m that it would allow to de- 
termine the appropriate dose levels that were to be used m 
the two additional experiments of this series. 

Treatments 

One of four doses of atropine sulphate (Sigma) was in- 
jected, two mm after training, to independent groups through 
the implanted cannulae, the doses were 30, 45, 60, and 90 
p.g/3 p.I (the doses refer to the salt). A group of ummplanted 
rats was also studied. Each group had 8 animals, except for 
the 90 ~.g group which had 9 animals Footshock intensity 
used for training was 0.25 mA 

RESULTS AND DISCUSSION 

The histological analysis revealed that the cannulae hps 
had been lodged in the antero-dorsal aspect of the CPU, 
rostral to the last trace of the anterior commissure (Fig. 1). 
The same result was obtained m Experiments 2 and 3 

The analysis of variance indicated that there were no slg- 
mficant differences among the groups with regard to both 
latencies to step into the gndded compartment and escape 
latencies dunng the training session This outcome allowed 
us to use as a retention score for each animal a differential 
score, subtracting the latency score of the test session from 
the latency score of the training session A htgh score, espe- 
cially one approaching 600, reflects good retention of the 
task whereas low or negative scores reflect an impairment In 
retention. As seen in F~g 2, h~ghly significant differences 
appeared when these retention scores were compared, 
F(4,36)=7 02, p<0.0001. When each group was compared 
against each of the other groups (t tests) it was found that the 
animals treated with 30 or 45 ~.g of atropine and the umm- 
planted animals did not d~ffer from each other, the same was 
true when retention scores were compared between the 
groups In.lected w~th 60 or 90/zg of atropine On the other 
hand, the 60 ~g group, as well as the 90/~g group, d~ffered 
slgmflcantly from the ummplanted, the 30 p.g, and the 45/zg 
groups (p 's<0 05). 

The present results confirm those recently pubhshed [20] 
where a dose-dependent retention deficit of passive 
avoidance was produced by atropine. The present experi- 
ment was extended to test additional doses of the ant~chohn- 
erg~c drug The fact that the lower doses do not interfere w~th 
retention while the higher doses do, indicate that there must 
be a critical number of chohnergic synapses that must be 
blocked in order to impair the consolidation process Other 
studies where only one dose of a cholinerglc blocker was 
tested have consistently shown that there is a marked im- 
pairment m the acqmsit~on and early maintenance stages of 
~nstrumental behaviors such as the passive avoidance task 
described here [5, 19, 221, active avoidance [12,15], lever 
pressing [16,21], etc In contrast, the injection of the acetyl- 
choline precursor choline into the caudate produces an im- 
provement m the performance of both negatively and posi- 
tively motivated learned tasks [2, 15, 17]. Taken together, 
these data strongly suggest that instrumental conditioning is 
mediated by the caudate chohnerglc system It is important 
to note that the doses of antlchohnergic drugs that slgmfi- 
cantly impair retention of passive avoidance when apphed to 
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FIG 2 Mean retention scores (-+SEM) shown by the ummplanted 
rats (UI) and by the rats w~th cannulae ~mplanted m the caudate- 
putamen and treated, 2 mm post-trmnmg, w~th 30.45, 60 or 90 ~.g of 
atropine 

the anterior CPU produce a smaller retention deficit, or no 
deficit at all, when applied to the cerebral cortex [20,22], 
hippocampus [5] or posterior CPU [19]. The latter set of 
results indicate that retentton of passive avoidance is de- 
pendent upon chohnergic activtty of the anterior aspect of 
the CPU 

EXPERIMENT 2 

The aim of this experiment was to determine if overtrain- 
mg of passive avoidance could protect the ammals against 
the disruptive effects on memory produced by chohnerglc 
blockade of the caudate-putamen Overtrammg, as studied in 
the experiments referred to m the introduction, involved 
several factors multiple training sessions, a h~gh number of 
positive reinforcers, and a prolonged exposure to the exper- 
imental situation [16, 18, 21] Because of the nature of the 
one-trial passive avoidance task used in our experaments, it 
is difficult to manipulate these variables There is only one 
trial, application of only one reinforcer (footshock), and the 
duration of the trial is brief To overcome th~s problem we 
decided to vary the magnitude of only one of these 
parameters--the reinforcer--by testing different intensities 
of footshock, keeping all other factors constant. This ma- 
mpulation would be equivalent to having different amounts 
of positive reinforcers, as in the previous experaments. 

Trt)atmenls 

Three ddferent footshock intensittes were used: 0 25, 
0.50, and 1.00 mA, two groups of rats were trained with each 
of these intensities (one group with cannulae ~n the CPU and 
one ummplanted group); each group was composed of 8 rats. 
All implanted rats were injected, 2 mm after training, with 
the smallest dose of atropine that produced a significant im- 
pairment of retention m Experiment I, Le ,  60 ~tg/3 tzi. 

RESULTS AND DISCUSSION 

The analysis of variance indicated, as m Experiment i. 
that there were no s~gmficant differences m latency scores 
nor m escape scores among the groups dunng the training 
session Hence, the retention score for each ammal was 
computed as described above. Highly stgmficant dtfferences 
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FIG 3 Mean retenhon scores (+_SEM) shown by the groups that 
received a footshock of 0 25, 0 50 or 1 00 mA dunng tra,nmg Open 
bars represent the data yielded by ~ntact. ummplanted ammals (UI), 
dark bars represent the data y~elded by ammals rejected w~th 60 g.g 
of atropine into the caudate-putamen (CN) 2 mm after training 
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FIG 4 Mean retention scores (_SEM) of the groups of rats that 
were trained with a footshock of 0 50 mA and rejected into the 
caudate-putamen w~th 60 or 90 ~.g of atropine UI refers to a group of 
ummplanted rats 

among the groups appeared when these retenuon scores 
were compared, F(5,42)=2 59, p<0.05 Pmr-wtse compari- 
sons revealed that only the stnatal group that was rejected 
with the atropme and trmned with 0.25 mA had a retenUon 
deficit, as compared w~th each of the ummplanted groups 
This group also d~ffered s~gmficantly from the stnatal groups 
trained with 0.50 and i 0 mA (p 's<0 05 for all comparisons). 
None of the rest of the groups differed from each other; F~g 
3 depicts these results 

This ~s the first report where systemauc changes m the 
magmtude of a negative reinforcer reduces a protecuon 
against memory tmpmrments that are produced by central 
administration of an anUchohnerglc agent The fact that the 
ummplanted groups of rats had stmdar retention scores, re- 
gardless of the intensity of the footshock wRh which they 
were trained, reveals that the lowest mtenstty (0 25 mA) was 
sufficient to produce learmng as efficiently as the higher m- 
tensitms The fact that only the stnatal ammals that were 
trained with 0.25 mA and treated with the atropme showed a 
memory deficit, suggests that only m these ammals the 
stnatal chollnergtc activity was critically involved ~n the 
processes that mediate the retention of the passive 
avoidance task. In the case of the stnatal animals that were 
tramed with 0.50 and 1 0 mA ~t can be postulated that 
cholinerg~c activity of the CPU ts less ~nvolved tn these 
processes, or not revolved at all 

The memory deficit that was seen tn the 0 25 mA group 
that was treated with atropme cannot be attributed to inter- 
ference w~th sensory, mot~vahonal or motor acuv~ttes since 
(a) the drug was g~ven after trmmng had taken place and 
testing was carried out 24 hr later, ~.e, all treated ammals 
were trained and tested m a drug-free state (this argument 
also holds for the results of Experiment 1), and (b) ~f the 
performance deficit had been due to an interference with 
non-mnemomc variables, then the same retenuon deficit 
should have been seen tn the groups stmdarly treated but 
trained w~th the higher intensities of footshock (0 5 and 1 0 
mA), such was not the case. 

EXPERIMENT 3 

In order to mcrease our confidence that chohnergtc acttv- 

~ty of the CPU becomes less mvolved, or not revolved at all, 
m the retention of passive avoidance that had been trained 
w~th a high value of a negative reinforcer, tt was necessary to 
explore the posstbd~ty that protection against memory defi- 
cits would still be found after a greater population of 
chohnergic synapses had been blocked 

TgCt~IllI'ICtltS 

All ammals were trained using a 0 50 mA footshock and 
the implanted rats were rejected w~th 60 (n =8) or 90 (n =6)/zg 
of atropine Their performance was compared to that of an 
ummplanted group (n=8) 

RESULTS AND DISCUSSION 

The analysts of variance on latency and escape scores of 
the training session showed that the groups d~d not d~ffer 
from each other Comparison of the retention scores among 
the groups also revealed that there were no stgmficant differ- 
ences (Fig 4) 

The results of Experiments 2 and 3 showed that by m- 
creasing the mtens~ly of the negative reinforcer the animals 
are protected against the retenUon deficit that ~s seen when 
atropine is given to animals that are trained with a low value 
of the reinforcer It was further shown. ~n Experiments 3, 
that the protective effect ~s mamfest even when a h~gh dose 
of atropine ~s ~njected into the s tnatum 

To summarize, overtratntng-tnduced protection against 
mnemomc deficits (of tasks where pos~uve reinforcers were 
used) had been reporled earher, these deficits had been 
produced by chohnergtc blockade and by generahzed dis- 
ruption of neural activIty of the caudate [16, 18, 211 The 
present experiments demonstrate that the protectwe effect 
can be generahzed to tasks mediated by negative reinforcers 
All these results support the hypotheses mentioned earher, 
namely, that after overtrammg (a) chohnerg~c acuvtty of the 
caudate nucleus ~s not mvolved in the retenuon of instrumen- 
tally conditioned behaviors, and (b) there ~s a transfer of the 
control of instrumental behaviors from the stnatal chohner- 
gtc system to other neurochem~cal systems within or outside 
the caudate nucleus 
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