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According to current concepts, memory can be disrupted by administration of protein synthesis
inhibitors over a relatively short time period before and after learning. However, data have been
obtained indicating that protein synthesis inhibitors can induce amnesia when given long after learn-
ing if administration is performed in reminder conditions, i.e., when the animal is presented with one
of the environmental components which previously formed the learning situation. The aim of the
present work was to confirm the possibility of inducing memory disruption in chicks at late
post-learning stages by administering the protein synthesis inhibitor cycloheximide in association
with a reminder procedure. Day-old chicks were trained to perform a standard passive avoidance
task. Chicks were given cycloheximide (2@, intracerebrally) 5 min before the reminder procedure,
which was performed 2, 24, or 48 h after training. Testing was conducted 0.5, 1, 3, 24, and 48 h after
the reminder. Administration of cycloheximide in association with the reminder procedure induced
the development of temporary amnesia, whose duration gradually decreased as the interval between
training and reminding increased. These data led to the hypothesis that a memory reactivated by a
reminder undergoes a process of reorganization and reconsolidation, which depends on the synthe-
sis of new proteins. The quenching of the ability of protein synthesis inhibition during the reminder
to disrupt memory demonstrates the existence of a gradual process resulting in consolidation of
memory between 2 and 48 h of learning.

It is now generally accepted that the formation of the passive avoidance model in chicks, which was used in
memory occurs in a number of sequential stages, makinghe present studies. The elements of this cascade are acti-
up the process of memory consolidation, i.e., the transfervation of synaptic receptors, especially glutamate NMDA
of information acquired during learning from short-term receptors [35], followed by activation of second messen-
forms of storage into long-term forms [3, 15, 19, 43, 45]. ger systems, especially €a[12] and cyclic adenosine
Many of the mechanisms making up the memory consol-monophosphate [7], activation of enzymes, especially
idation process are regarded as having been decipheregyotein kinases A and C [56, 57], which phosphorylate
and the data obtained have been used to propose a cagroteins (transcription factors such as CREB [16]), which
cade scheme of the molecular processes underlying th@ turn trigger the expression of early genes such as the
formation of long-term memory [22, 24, 36, 40]. It has c-fosgene [8]; some of the early genes encode effector
been demonstrated that the molecular mechanisms oproteins [6], while other early genes also encode tran-
memory consolidation in various species of animals havescription factors such as tlkeFosandc-Junproteins [6],
essentially similar features (though they differ in detail); which trigger the expression of late genes which encode
thus, for brevity, we will restrict ourselves to a description structural proteins and other molecules required for mod-
of those stages of the consolidation cascade involved infying synapses [42, 43]; in addition, a number of effector

proteins undergo glycosylation [32, 42]. The need for

these processes for memory formation has been demon-
P. K. Anokhin Institute of Normal Physiology, Russian strated in studies using specific inhibitors of each stage
Academy of Medical Sciences, Moscow. [4,9, 33, 44, 55, and others]. The duration of this cascade
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of molecular pocesses within cells is belied to be lim
ited to peiods of up to seeral hous after leaming, after
which memoy traces become dite and cannot be dis
rupted ly the Bockers of ary of the dove stges of mem
ory consolidaion [5, 22, 40].

However, there ae dda poviding evidence tha
expeiimental disuptions to memagr can be prduced &
time points signitantly greder than the dation of this
cascade mémnism.Thus, studies on ats have demon
strated tha electocorvulsive sho&s and lpothemia,
applied 24 h after &ining can disupt memoy when these
actions vere gplied shotly before pesenttion of one of
the components of the leémg situdion [18, 30, 34]. This
procedue of pesenting one of the components of g
has been tened eminding; gplicaion of electocorvul-
sive sho&s and lgpothemia without eminding did not
produce this amnesiacfett. Efectve reminder poce
dures indude electical skin stinulation (used as rggtive
reinforcement athe moment of leaing) [18], placing the
animals in the &ining dvamber ér a shar peiod of timeg
and pesenting soundshich made up parwof the leaning
situdion [30, 34]. In adlition, daa hare been obtained
shaving tha memoy in mice can be dispted ly the po-
tein synthesis inhibitor anisgm@in gven 3 h after &ining
[25], and tha memoy in fish is sensitie to disuption ky
the potein synthesis inhibitor acedgcycloheximide gven
24 h after taining [13]. In both casete inhibitor induced
amnestic dects ony on the bakground of a eminder po-
cedue (consisting of placing the animal in thairting
appastus for a sharpeiod), but not without aplication of
this piocedue [13,25].

These dm sugest tha the eminder pocedue
induces aeoiganizdion of memoy during which mem
ory once gain becomes sengié to infuences viich can
disrupt its consolidaon. A hypothesis has beenqposed
tha integration of nev informdion to an alead/-func-
tioning memoy system can occut the moment ofeac
tivation, this neav informaion requiing its avn fixation
time [28]; it has also been sygsted thtreactvation
results in the tggering of a second p&d of memoy
consoliddion [47],i.e., so-called memgrreconsolidéon
[39, 46]. However, the questions of hich of the knavn
memoy consolidéion processes ar involved in these
“reconsolidéon” processes and thetent to vhich this
phenomenon &dcts diferent dasses of animalsemain
in need of futher stug. Thus,the aim of the psent work
was to stug the irvolvement of one component of the
memoy consolidéion cascade protein synthesis,in
memoy reoiganizdion processes occring in response
to a eminder We selected pas&@ aoidance in bicks
[10] as the gpeiimental modelas the sequence of bio
chemical ®ents unddying memoy consolidéion has
been studied in detail in this mod#de dustions of eah
of the stages ae knavn, and d&a on their disuption by
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specifc inhibitors hare been obtained [3386,37,40,and
othess]. In adlition, recent studies e yielded d&a on
the possibility of disupting memoy in this model alate
time points after &ining by administetion of Hockers of
shot-term memoy: sodium glutamie, lantharum dlo-
ride, and the glutanta NMDA recetor Hocker AP5
[52-54], when these &d@ments a@ gven in associon
with a reminder pocedue.

METHODS

Pairs of male Lomon-Bwn one-dg-old chicks
were placed in a metal Baf sizz 20x 25 x 20 cm. Chiks
had free access to standaeed and ater thioughout the
expetiment. lllumindion was povided by a dalight lamp
from 09:00 to 21:00 and the temgere was maintained
a 28-30C. A standad model of one-sessioratning to
passie avoidance vas used (see [23]). Expments vere
performed between 10:00 and 18:00. Chi& were
pre-trained &the beinning of the gpeliments:they were
given thee oppaunities to pek a white bead (2 mm in
diameter) iiked to a barThe inteval between pesenta
tions of the vhite bead \as 5 min. Because of the iriea
tendeng to pe& small,round objectsmost of the hicks
(85-95%) peked the bead Subsequent xpeiments
included ony those bicks which peked the vhite bead
on & least one of the tee oppawunities. In the tining
which took place 5 min after the lastegentton of the
white bead chicks were invited to pe& a red bead
(3.2 mm in diameter) wtted with the caustic substance
mettylanthranilae (MA). Having peded this beacdthicks
demonstated typical behdor induced ly the caustic taste
of MA: they shook their headsyiped their beaks on the
floor, gave out cies,closed their ges,and covered davn.
On testingi.e., repeded pesentton of the ed beadthis
time diy, most of the hicks (80—-100%)wided it,beha-
ior which in this model indidgs an acquéd aoidance
habit. At the same timgesting using beads of other calor
shaved tha the dicks contiued to pek them.Verifica
tion of the specitity of the acquied hait in these eper
iments vas perbrmed using a grwhite beadas useddr
pre-training and (klater testing points)a diy blue bead
(3.2 mm in diameter)yvhich had not paviously been pe-
sented to thehicks. The di blue bead \as useddr test
ing in oder to confm the &ility of the dicks to pek a
new bead not associd with the wersive expeiience at
reldively long peiods of time after hahing (moe than
48 h) — déa have been obtained inditag tha sponta
neous peking by chicks of nev beads deeases with ge
[12,17].

The eminder pocedue was perbrmed 2,24,48 h
after training The eminder consisted of the tesbope
dure [52],i.e., 10-sec pesentdons of a dy red bead of
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Fig. 1. Disuption of the pasge avoidance hbit by administetion of
cycloheximide 2 h after @ining in conditions ofeminding Testing vas
at 0.5,1, 3, 24,and 48 h after theeminder (horzontal axis). Squas
shav administetion of gycloheximide bebre the eminder (= 11,13,
17,20 and 11l espectiely for the test time points). Cobtrgroups:cir-
cles shav administetion of ptysiological saline befre the eminder
(n=12,19,12,15,and 14); tiangles sha administetion of g/clohex-
imide without the eminder i = 12,11, 20, and 15); the ettical axis
shavs the popotion of avoidances (%)p < 0.05,)(2 criterion. For
explandion see tet.

the same sz and color as usedrftraining Chidks were
given intiaceebral doses of the ptein synthesis inhibitor
cycloheximide (10pg per hemisphe) 5 min bebre the
reminder pocedue; previous studies hae shavn thd this
agent poduces amnesiahen gven 5 min beadre training
when ecall is tested 24 and 48 h aftexiting [2,31]; the
injection wlume was 5pul per hemispher Cydohex-
imide was gven bilaerally using a miopinjector into the
intermedide medial entral hyperstiatum, a brain aea
playing a citical role in forming memoy in the passe
avoidance model intdcks [38,41]. Two types of contl
group were formed:1) animals gren injections of pysi-
ological saline 5 min befre the eminder pocedue, and
2) animals ¢ven gcloheximide injections 1 h 55 min,
23h 55 min,or 47 h 55 min after &ining as in dicks of
the peiimental goup hut differing in tha they were not
subjected to theeminder pocedue.

Testing using theed bead ws conducted 0.8, 3,
24,and 48 h afteraminding testing using the hite bead
was perbrmed 15 min after testing with thed beadand
testing using thelbe bead \as perbrmed 15 min after
testing with the \mite bead Chidks which did not pek
the white bead in these testemw excluded fom anaysis;
the popottion of chicks in this céegory did not usuayf
exceed 10-15%. Quantitae assessment odproduction
of the h&it was based on measunents of the peentae
level of avoidance calculaed for eat group as the um-
ber of dicks avoiding pe&ing the ed bed on testing
divided ly the total mmber of hicks which pedked the
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red bead dumg training multiplied by 100%. Diferences
between goups vere assessed sistically using the)(2
criterion [1].

RESULTS

The aim of theifst seres of epeiiments vas to con
firm the possibility of dismpting the acqued passie
avoidance hhit by giving ¢ycloheximide 1 h 55 min after
training in conditions ofeminder pesentton and with
out the eminder These gpeiiments used 202hicks;
animals vere dvided into 14 goups of 11-20ticks.The
results of thesexpeliments ae shavn in FHg. 1. Chiks
given injections of ycloheximide 1 h 55 min after &in-
ing without use of theeminder shaved gbod eproduc
tion of the hait when tested 0.3,, 3,and 24 h after injec
tions (91%.90%, 75%,and 80% woidance espectiely).
Chicks gven injections of pysiological saline 5 min
before remindes also shewed god eproduction of the
habit when tested 0.9, 3, 24,and 48 h after theeminder
(100%, 78%, 83%, 86%, and 78% waoidance espectie-
ly). However, chicks gven injections of ycloheximide
5 min bebre the eminder demonstted gpod eproduc
tion of the hait only when testedta0.5 h (81% woid-
ance) and 48 h (54%e@idance) after theeminder In the
test perbrmed 48 h after theemindey reproduction vas
somevha reduced compad with eproduction in the
corresponding condl group gven injections of pysio-
logical saline 5 min befre the eminder (78%eoidance),
though thee was no sttistically significant diference
On testing 13, and 24 h after theeminder reproduction
of the hdit was signiicantly disupted (23%.29%, and
30% avoidance espectiely), and these alues vere sta
tistically significantly different fom the pecentaje
avoidance lgels in the caresponding contil groups:
chicks injected with pisiological saline andlicks gven
injections of gcloheximide without emindes (p < 0.05).
Thus,injections of gcloheximide gven 1 h 55 min after
training accompaniedybthe eminder pocedue led to
disruption of memoy in the time inteval 1-24 h after the
reminder but not 0.5 or 48 h after theminder

The aim of the second $es of epeliments vas to
confirm the possibility of disrpting the acqued passie
avoidance hhit by injecting g/cloheximide 23 h 55 min
after tiaining with and without theeminderThese gper
iments used 185hicks; the animals ere divided into 12
groups of 9-25The esults ag& shavn in FHg. 2. Chiks
given injections of gcloheximide 23 h 55 min afterain-
ing without emindes shaved god reproduction of the
habit when tested 0.3, 3,and 24 h after injections (93%,
91%, 77% and 83% \@idance espectiely). Chicks
given injections of pysiological saline 5 min beire
remindes also demonsited god eproduction of the
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Fig. 2. Disuption of the pasge avoidance hhit by administetion of
cycloheximide 24 h after &ining in conditions ofeminding Testing
was & 0.5,1, 3, and 24 h after theeminder Squaes sha administe-
tion of gycloheximide bebre the eminder (= 10,25,14,11). Contol
groups:circles shav administetion of physiological saline bedre the
reminder ( = 15,24, 14, and 11); light tiangles sho administetion
of cycloheximide without the eminder = 15,23,9, and 12); dd tri-
angles shw testing with the ne bead For explandion see tet; axes
as in kg. 1.

habit when tested 0.5, 3, and 24 h after theeminder
(93%, 91%, 81%, and 72% espectiely). Chiks gven
injections of gcloheximide 5 min befre the eminder
demonstated good reproduction of the hait when tested
0.5 h after theaminder (100%w&idance) and deeased
albeit not signitantly in compaison with the contl
group, reproduction of the Hait when tested 3 and 24 h
after the eminder (50% and 63%vaidance espectre-
ly); however, when tested 1 h after theminder repro-
duction of the hiit was disupted (40% @oidance) to an
extent which was stéistically significantly different fom
the level of avoidance in the corf groups:chicks inject
ed with plysiological saline and ticks injected with
cycloheximide without the eminder p < 0.05). Chi&s
given g/cloheximide injections 5 min befe the eminder
and passing tests 24 h after teenmder vere adlitionat
ly tested with the lne bead These bhicks demonsated
an dsence ofwidance (0%)which was stéistically sig-
nificantly different fom the leel of asoidance of theed
bead (63%p < 0.05) and sheed tha 48 h after taining
chicks were perectly able to pe& a nav bead It refused
to pedk the knavn bead vhich had peviously been asso
ciated with aersive piopeties.

Thus, doses of ygcloheximide gven 23 h 55 min
after training accompanied Yo the eminder led to dis
ruption of memoy which was gpaent 1 h,but not 0.5,
3, or 24 h after theeminder (see if. 2), and conse
guenty, to shoter-tem loss of the Hait than th&induced
by injections of gcloheximide bebre the eminderi.e.,
2 h after taining (see k. 1).
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Fig. 3. Disuption of the pasge aoidance hhkit by administetion of
cycloheximide 48 h after &ining in eminder conditionsTesting vas &
0.5,1, and 3 h after theeminder Dak squaes shw/ administetion of
cycloheximide bebre the eminder ( = 11,27, and 12). Conbl groups:
light circles shav administetion of physiological saline befre the
reminder = 12,28,and 9); light tiangles she administetion of g/clo-
heximide without the eminder fi= 12,18,and 9); the d&rtriangle shais
testing with the n@ bead; the hdzontal axis shars time after theaminder
(h); the \ettical axis shwis avoidance (%). br explandion see tet.

The aim of the that seres of expeiments vas to
confrm the possibility of dismpting the acqued passie
avoidance hhbit by giving cycloheximide 47 h 55 min
after tiaining with and without the e@minder These
expeiiments used 138hacks, divided into nine goups
9-28 ticks.The results ag shavn in Hg. 3. Chiks gven
injections of gcloheximide 47 h 55 min after &mning
without the eminder demonstted good eproduction of
the hait 0.5,1, and 3 h afterycloheximide doses (100%,
77%, and 66% woidance espectiely). Chidks gven
injections of plysiological saline 5 min befre the
reminder also demonsted god reproduction of the
habit when tested 0.3,, and 3 h after theeminder (83%,
75%, and 77% woidance espectiely). Chidks gven
injections of gcloheximide 5 min befre the eminder
demonstated good eproduction of the hait when tested
0.5 and 3 h after theminder (100% and 83%@idance
respectiely), though vhen tested 1 h after theminder
habit reproduction vas disupted (48% woidance),the
difference being stastically significantly different from
the pecentge avoidance lgel in contol groups consist
ing of dicks injected with pisiological saline and
chicks injected with gcloheximide without the eminder
(p < 0.05). Chiks gven injections of ycloheximide
5 min bebre the eminder and subjected to testing 3 h
after the eminder vere again tested with thelbe bead
These bicks demonsated no &oidance (0%)which was
stdistically significantly different from the leel of avoid-
ance of thead bead (83%p < 0.05) and \as @idence tha
chicks were perectly cgpable of peking the n&v bead
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51 h after taining, but avoided peking the knevn bead
which had peviously had aersive piopeties.
Thus,injections of gcloheximide gven 47 h 55 min
after tmining accompaniedypthe eminderled to mem
ory distuption gpasent on testingtal h ut not @ 0.5 or
3 h after the eminder (see i§. 3) and consequenyi

habit loss was &en shoter-lasting than after injections of

cycloheximide gven bebre the eminder aplied 24 h
after taining (see K. 2), as in the lder case the plot
shaving recovery of habit reproduction vas less stge
(see the Hait reproduction cuves in kgs. 2 and 3).

DISCUSSION

The results of the msent gpetiments demonsdte
that intraceebral administation of the potein synthesis
inhibitor ¢ycloheximide 1 h 55 min23 h 55 minand 47
h 55 min after @ining to a pasege a/oidance eflex with-
out the eminder pocedue failed to disupt the acquid
habit. This is in complete gteement with cuent con
cepts tha protein synthesis inhibiter can disupt
acquied behsioral havits only when gven 1-1.5 h after
training [20, 26, 31, 37, and othes]. The gneslly
accepted intepretaion of thesedcts is thaprotein syn
thesis is imolved in orming memaoy over a deihed pei-
od of time immeditely after leaning [14,19, 31]. How-
ever, our expeliments shw tha intraceebral administe-
tion of the potein synthesis inhibitorycloheximide to
chicks in associgon with a eminder pocedue 2,24,and
48 h after taining leads to disiption of subsequengpro-
duction of the hhit. This efect is the esult of the action
of cycloheximide in associgon with the eminder poce
dure, because injection of gkiological saline in associa
tion with the eminder pocedue did not poduce the
effect. The eminder pocedue used her (presenttion of
a diy red bead wich, during training had a hotgcaustic
taste) with a signi€ant stinulus for chicks (when thg
sav the bead tathe moment of theeminder they made
anxious soundshook their headgjosed their ges,and
wiped their beaks on théobr of the diamber in just the
same vay as duing training). Therefore, the daa
obtained heg, indicating tha memoy could be disupted
by the ppotein synthesis inhibitortdhis time pointsug
gest tha a biolaggically significant stimulus (the shae of
an object vhich previously had aersive popeties) rac
tivates a peviously consolidéed memoy in sud a way
as to cause the menyoto undego consolidéion again
(to be“reconsolidéed”) [39,46,48], this piocess deend
ing on potein synthesis.

It is impottant to emphaseztha the deelopment of
amnesia as asult of administtion of a pptein synthe
sis inhibitor 5 min bejre the eminder occued not
immediaely, but ony 1 h after the eminder pocedue
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(see kgs. 1-3).Testing 0.5 h after theeminder demon
strated the gistence of undismpted eproduction of the
habit (Figs. 1-3).These d& ae e/idence thamemoy
was maintained Yo some other mémnism dung the
time inteval between the eminder and theppeaance of
signs of amnesiahis metanism being indeendent of
protein synthesis.

The d/namics of the deelopment of amnesia asso
ciated with administtion of ¢/cloheximide bebre the
reminder seen in our xpetiments, are similar to the
dynamics of the deslopment of amnesia assdeid with
administation of protein synthesis inhibitsrbebre train-
ing [20,55]: when potein synthesis inhibitsrwere gven
before training amnesia deeloped weer time and
appeaed d 60 min (lut not @ 30 min) after @ining using
the passie aszoidance model inhicks, when gclohex-
imide [55] or anisorycin [20] was dven 5 min befre
training These d&a cannot bexglained in tems of the
slow onset of action ofycloheximide as a prtein syn
thesis inhibitorit is known tha the level of incoporation
of labeled leucine into ptein deceases ¥ 74.32% with
in 30 min of intaceebral doses of ycloheximide to
chicks [21]; by 1 h after gcloheximide dosesthis mea
sure is still essentiafl the same — it slweed a 75.3%
decease [21],while thee ae signifcant behsioral
changes (amnesia)tahis time as compad with the lgel
of reproduction of the Hait 30 min after dogge with
cycloheximide [20,55]. The delged disuption of héit
reproduction is gplained on the basis thanemoy is
maintained dung the time betwen teining and the
appeaance of amnesiaytmedanisms of shawterm and
intermedide memoy [19, 20]. Considegtion of dda
obtained ly Summes et al. on the possibility of digpt-
ing reactvated memoy using the shatterm memoy
blocker sodium glutanta (the disuption is detected in
tests peidrmed & late perods — up to 24 h afteemind
ing — and consequemnyi cannot be xplained ony by the
blockade of the mdmnisms of long-ten memoy) [52]
led us to sugest tha duing memoy “reconsolidéon,
the initial st@e is aain one of actiation of shot-term
memoky medanisms (andtahis time pointreproduction
of the h#it is maintained ¥ these mdtanisms)which
subsequenyltrigger long-tem memoy, which is deen
dent on potein synthesis (andgproduction of the hait
disgopeas in conditions of mtein synthesis inhibition).

It follows from our &peiiments thathe sensitiity
of memoy traces to dismption ly protein synthesis
inhibitors in conditions ofeminding deazases dimg the
interval from 2 to 48 h after &ining (Fgs. 1-3).When
memoy is disupted ly administation of ¢ycloheximide
1 h 55 min after &ining (5 min badre the eminder) the
“time windon” during which the hait is signifcantly
disrupted is the inteal between 1 and 24 h after the
reminder (kg. 1); when dven @ 23 h 55 minthe “win-
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dow” is narower — signifcant disuption occus & 1 h
and thee is some deease in eproduction 3 h after the
reminder (kg. 2); finally, when doses argven a4 47 h
55 min, reproduction is disupted ony 1 h after the
reminder while the hait is completef restoed by 3 h
after the eminder (kg. 3).

These esults a in good areement with da
obtained ly Summes et al. [52-54]which demonsated
that the peiod duing which memoy can be disrpted ly
administation of shot-tetm memoy blockers in condi
tions of eminding was quite longamounting to bout
48 h after taining Summes et al. [51] adanced the
hypothesis thiacompletion of memagr consolidéion in
the passie a/oidance task infdcks needsfaout 48 h and
not the 1-1.5 h sygsted peviously, because of théime
window” during which protein synthesis inhibitsr ae
effective when dven without theeminder [1420,31,37,
and othes].

In addition, Summes et al.Jike ousehes (this epott),
found tha the possibility of disipting alead/-formed
memoies in the pasge avoidance model intdcks using
sodium glutami andAP5 in eminder conditions also
deceased wer the time péod between 7.5min and 48 h
after taining [52,54]. These d&a sugest thathe poposed
process of memgrconsolidéion, occuring & up to 48 h
after taining is gradual in ngure.

Which biochemical and molecular pcesses undig
the poposed consolidmn of memoy in the passie
avoidance task inhicks duing the 48 h after &ining cur
rently remains unknen. However, it is impotant to note
tha in the dsence of theeminder pocedue, as our d&a
shaved, administetion of ¢ycloheximide 1 h 55 min23 h
55 min,and 47 h 55 minand and as shen by Summes
et al., administetion of sodium glutama, lanthamum

chloride, andAP5 7.5. 40 and 120 min and 24 and 48 h

after taining [52-54] did not disipt these mcesses.
Sud a long pepd of memoy consolidéon (up to
48 h after taining) is not in accarwith curent concpts
of the dustion of moleculafgenetic pocesses unditing
long-tem memoy [6, 20, 22, 40]. Hovever, studies of
memol consolidéion processes in mammals ‘e
demonstated tha there ae two forms of consolidaon
[6]. The irst of these is assotgl with the molecular cas
cade and isasticted to the éw hours after taining Con
cepts of the seconfm of consolidéion were developed
from studies of hippocampusendent ddarative
memoy in mammals; consolid@n in this caseefers to
transér from the shdrterm memoy store, the hip
pocampusijnto the pemanent sta, the neocdex [51].
This transkr can tak polonged perods of time:about
1-2 weeks in odents [2750], 2-12 weeks in mon&ys
[58], and seeral (sometimes up to 25)gs in humans
[49, 51] (the eact time dpends on the leaing condi
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of disrupting memaoy). Abel et al. temed this polonged
consoliddéion “late transbrmation” to disciminate
between consolid#on & the molecular kel and consel
idation associted with the tanser of memoy traces
from the hippocampus to the nederi{3]. Our dda sug
gest tha birds mg also hae the second type of menyor
consolidaion, similar to the polonged consoliddon of
dedarative memoy in mammals.

Thus, these pulished d#a led us to suggest tha
deceases in the &dctiveness of theeminder pocedue
over the peod from 2 to 48 h after &ining is assoctad
with the fact tha reactvation of memoy is accompanied
by its “reconsoliddon” only when the memar trace is
relaively new. In the case of our leaing modelthe pei-
od of “relaive novelty” of memoy traces is no gaer
than 48 h after &ining

It follows from our d#a tha disuption of the hhit
due to administtion of gycloheximide in associgon
with a reminder 224, and 48 after &ining is tempaary
— the hait recorers spontaneouglby 3—48 h after the
reminder (kgs. 1-3).

Recaoety following disuption of an akad/-formed
memoy has also been demoratéd peviously: thus,dis-
ruption of a brmed h&it in mice using the ptein syn
thesis inhibitor anisogrtin, given 3 h after &ining on the
badground of a eminder shaved th& memoy recor-
ered spontaneouslby three dgs after taining [25].A
habit disupted in ets by hypothemia gplied 24 h after
training on a baaround of a eminder vas estoed ty
the following day [29, 30]. In adlition, studies inolving
the disuption of an akad/-formed passie aoidance
habit in chicks using sodium glutane and the NMB
receptor antgonistAPS in conditions of agminder also
yielded d#a shaving spontaneousecovery of memoy
by 24-48 h after theeminder [5254]. Use of lanthamm
chloride as the amnesia-inducingeat esulted in een
eatier recovery of the disupted hait — by 10-15 min
after the eminder [53].

Previous studies hae shavn tha memores disupt
ed in dicks by administetion of a potein synthesis
inhibitor duing training did not ecoser spontaneougl
[2, 31,37]. It is also knwn tha amnesia induced irats
and mice with potein synthesis inhibitsrgven dumng
training lasts seeral days and gen a veek after taining
[14]. It is theefore gpaent tha the naure of memoy
disruption ty protein synthesis inhibitsr is diferent
when these gents ae gven duing training and emind
ing. Judge and Qudemain [25] sugested thathe phe
nomenon of spontaneouscovery was assoctad with
the typothesis thianot all the newns actiated dumg
training ae actvated dumg the eminder pocedue;
rather, only a popottion of these newns ae actvated
and this parof the neual network and ony this pat is

tions and the type of action used to detect the possibilitysubject to diarption of memoy. Thus, the efects of
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amnesia-inducinggents orf‘old” memores nust be less
effective than their éécts or'new” memores [25]. Mae
tutus et al. [29] putdrward another gplandion, based on
the sugestion thaduiing reminding the initial memoy
trace stoe is intactwhile exposue to an amnesia-induc
ing agent danges ony the“retrievable propeties’ Sub
sequent|, after iepeded testsaccess to the memocan
become inaasingy possille because of the undigpted
initial memowy store [29]. A similar point of viev has
been sugested lpy Summes et al. [52-54] — thathe
gradual ecovery of memoy distupted ly administation
of sodium glutami@ on a bakground of eminding might
be eidence thathe fundamental memprtrace is not
activated dilectly during retieval and is inaccesdi to
disruption [52]. Havever, the hypothesis of ddge and
Quatemain [25] does noteplain the basis on kich the
“significantly disupted” habit, which is not detected on
testing can be estoed while the &plandion proposed
by Summes et al. thows no light on hw, if the funda
mental memor trace emains intactwe could detect
amnesia on testing@ hus,daa obtained Y oursehes and
other autha on the spontaneou®corery of habits
which had been dispted long peods of time after &in-
ing raise a question lch is pooty explained fom the
points of viev of existing concets of the meganisms
maintaining memar a times when the memgris not
evident in behegior and the mdtanisms undéying spon
taneouse&corery and leading to the possibility oftriev-
ing the memor after it has been in sh@a“latent stae”

The fact tha similar daa on the disIption of
alread/-formed memaes on the bdground of a
reminder pocedue hare been obtained @riously in
studies of otherlasses of animals — mice [25] andldy
fish [13] — in other models of la@ng, and in ticks
using the same model of leamg [52-54] lut using dif
ferent amnesia-inducinggants,is evidence thathe phe
nomenon desilyed dove reflects some common funda
mental mebanisms \kich opeste duing the eoganiza
tion of long-tem memoy.

CONCLUSIONS

1. Pesent#on of a biolgically significant compe
nent of leaning (a eminder) 224, and 48 h after &in-
ing leads to@omanizdion (“reconsolidéon”) of memo
ry, which is dgpendent on mtein synthesis.

2.The decease in the possibility of digpting mem
ory by protein synthesis inhibitsr gven on the bde
ground of a eminder demonsites the gistence of a
gradual pocess of memgr consolidéion occuring
between 2 and 48 h afteraining These d&a sugest tha
birds ma have the second type of menyaronsolidéion
(the so-called f@ transbrmation), which is similar to the
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prolonged consolidaon of detarative memoy in mam
mals.

3. Memortes disupted ly administation of ¢yclo-
heximide in conditions ofeminding 224,and 48 h after
training lecovered with time The dda obtained herraise
the question of the possthmedhanisms of thisecovely,
as vell as the question of the ntemisms maintaining
memoy in the “latent form” during the time pdod in
which it is not eident in behwgior.

This stug was suppded ty the Russian Fundf
Basic Reseah (grant No. 97-04-49828).
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