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Tlme dependent retr(ésade fa01lltatlon of retentlon w1th strychnlne_z
e :
’(,sulfate can be 1nterpretedA%1ther in. terms Spear S (1971 1973)
PR . 5 K {/,. ) o
at;jfbute retrleval model of anlmal mqmory or 1n terms of Dawsonrand g
;:' McCaugh's (1973) memory consolldatlon hypothe51s An experlment was.

conducted as%a dlrect test between tﬁbse explanatlons In'tﬁo prellmi—'

wi

sulfate was a’fac1lltatdve dose for male Sprégue—Dawley rats and (b)

rats Wers. eapable’ﬁf\ggrformlng a ddscrlmlnatlve ch01ce task in a f’

u\'.; i

T maze on the ba51s of cues prov1ded by.pretr1al 1n3ectlons of strych—

R . R

‘b‘
nlne sulfate or sallne.a m@perlment TIL revealed that an 1mmediately

L] . LN : - '9'

posttrlal 1ngect10n of strychnlne sulfate fa01lltated retentlon on a

3

oy ¥ :
relnstated at the tlme of test ThlS flndLng 15 con51stent wlth at
o . s

v

retrleval 1nterpretatlon of.the fac1lltat1ve effect of posttrlal 1n3ec~.
3 . 4’

+

A v ¢ g .
tlons of strychnmne sulfate—and 1ncdn51stent w1th a consolldatlon 1nter-'

w

; pretatlon It was concluded that (a) & retrleval account Has best able
L to explaln tlme dependent retrograde fac1lltatlon with stryghnlne

ca sulfate and (b) no study hastunambrguously demonstr ted that strychnlne

- nary experlments 1t was found that (a) a 1. 50-mg/kg dose of Strychnlne .%,du

test glven seven days later only when the’ strychnlng sulfate state w&s-iﬂﬁf{'
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\K*_. : Derformance Fa01lltatlon w1th Posttrral

R otrychnlne Sulfate Ingectlons' _baCllltation _
L o of Consolldation‘or Retrieval?l o
, o P _ , :
Since Lashley s (1917) rlvlnal demonstratlon " Aume= ous studles

' have found that performanCe by rats on a. wide varlety of tas»s ‘can be:‘

enhanced by 1n"

~

Greenough & ]

”'ons of strychnine sulfate (tooper & Krass 1963,

i 1965 Hud -'1964 hrlvanek & Hunt, 1967,

Jthaugh & Thom

4962
's‘system stlmu\‘\

'lants_(See ﬁcGaugh_& Petr1nov1ch, 1965{ MeG augh & Dawson 1971; and

ol

, 1962¥‘MCGaugh 'Thomson

qibroow & Audspeth_
~:Petrinovich, 1963, 1967) as well‘as other centr eﬁ

-

Dawson;&\McGaugh,.1973). Posttrlal injectlons were.suggested (Breen :
:& Mchhgn: 1961) .as an 1mprovement on the deslgn of'earller studles rn

| whlch subgects were 1n3ected prlor to learnlnrr trlals :losttrlal 1nJec—'
tlons,'lt mas ar%ued ellmlnated pos51ble drug effects on sensory, motor
and/or motlvatlonal processes thereby maklng more plau51ble an 1nter—-

' pretatlon sugéﬁstlng a drug effect on memory consolldatlon o:ocesses

) The posttrlal procedure was held to result 1n subgects who nelﬁher'
learned nor were tested under the dlrect 1nfluence of the drug

In the flrst publlshed success at produ01ng performance fa01llta—

tlon w1th posttrlal anthlons of strychnlne sulfate 'McGaugh Thomson
Westbroox ‘and Hudspeth (1962) studled the effect of varlatlons in the
tralnlng drug 1n3ectlon 1nterval on/the degree of fa01lltatlon produced

- by the drug. Appetltlvely motlvated male and female rats tralned in a.
Lashley 111 ﬁaze for elght consecutlve days were given 1ntraper1toneal

injections of " 1 0 mg/kg of . strychnlne sulfate or . sallne elther 6 mlnutes

before 1 mlnute after fj mlnutes after or 90 mlnutes after each dally
: S .
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‘trial . The pretrlal and. the'1 and 15 minate posttrlal but n@t the 90
vfmlnute posttrlal 1nJectlons of strychnlne sulfate 51gn1f1cantly re—b'

[y
)

: duced ;he-mean number of errors cbmmltted by the rats.. The authors
'vconcluded that the study prov1ded ev1dence that strychnlne sul?ateb
.enhanced performance by fa0111tat1ng perseveratlng neural Drocesses “7‘7*
that‘result in the establlshment of permanent memorles ' |
.A baSlC assumptlon in- the quauéh et al, (1902) experlment as’ well
:as ln most of the more. recent 1nvest1gatlons of thesfa01lltat1ve ef fect <i
'.of posttrlal 1n3ectlons of strychnlne sulfate has been that the typlcal
24 = hour 1ntertr1al and retentlon 1ntervals allow fora reductlon of bhe '
1druébs effect that frees the subJect from the dlrect 1nfluence OI the R
'drug durlng subsequent trlals. ThlS assumptlon was challenged by
icooper and'Krass (bgééllfho admlnlsteredva s1ngle 1ntraper1toneal 1n—3:ﬂ
;:Jectlon of 1. 25 mg/kg of strychnlne sulfate to female rats elther 2@ or
'172 hours prlor to testlng on the Hebb WllllaﬂS maze pxeblem . oubgects
" had recelved two weeks of tralnlng ln.the maze on practlce problems of
tbe debb W1lllams test in order. to enable Dretest Class1flcatlon of
',subgects 1nto three areas oﬁ\adaptatlon prof1c1ency based on tlme scores
‘on the pract1Ce runs No traitlng was prov1ded between 1nJectlon and
'5'.test1ng. The 51ngle 1nJectlon faCLlltated test performance even though\_
hadminlstered one ot three days prlor to the test of 1ts’effect Thls
'ffindlng suggests that a 24 hour 1ntertr1al or retentlon interval does
ijinot ellmlnate the poss1blllty that the drug 1n3ected posttrlal may stlll
A'be actrye at “the tlme of test Therefore the_notlon that any fa0111-

: tatlon resultlng from a posttrlal 1nJect10n must necessarlly reflect



the actlon of the drug on neural correlates of the consolldatlon process

s open to serlous questlon 'f‘@: ST
‘l

'tlhg explanatlons of the fa01lltat1Ve effect of posttrlal strychnlne

.i_ :sulfate 1nJectlons." McGaugh et al 1962) had argued that the test per*:

.lformance fa01lltatlon obtalned w1tn posttrlal 1nJectlons neceSsltated :;ia
the concluslon that memory consolldatlon processes were facllltated
:Cooper and Vrass (1963) had argued that 51nce the effects Of strychnlne
;sulfate 1nJectlons are stlll present up to 72 hours after the r/gectlon,
- ;any test performance fa01lltatlon present 24 hours after a posttrlal
'anPCtlon may be 1nterpreted as reflectlng the effect of the drug on-, | »
fperformance factors such as sensory,:motor and/or motlvatlonal processes\v
atdurlng the test 1tself In an attempt to obtaln unamblguous eV1dence
"{that posttr1a1 1nJectlons of strychnlne sulfate fac1lltate memory COn—.“

‘ solldatlon Greenough and\McGaugh (1965) gave rats two tralnlng trlals

followed one wee& later by flve retentlon trlals in a maze 1dent1cal to.

‘.j'that used by McGaugh et al (1962) ;‘olnce ) one week 1nterval should

"have allowed for complete metabollsm of the drug, any fa01lltatlon of .
‘retentlon could not be attrlbuted to fa0111tatlon of performance factors

‘resultlng from a - carryover of the drug effect to test Intraperltoneal

(J.

' '1n3ectlons of 1, O mg/kgcﬁ‘strychnlne sulfate were glven,elther two days"
v v

f.before the tralnlng trlals (to test for a L8- hour proactlve fa01lltatlon C
.of learnlng) 1mmed1ately after the tralnlng tr1als (to test for fa01ll—
'tatlon of memory consolldatlon processes) or two days prlor to test (tov.'

'evaluate L8 hour proactlve facilltation of performance factors)

Greenough and'WcGaugh (1965) attempted to evaluate these confllc—».}fﬂ'f
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Female rats 1n3ected 1mmed1ately after tralnlng performedobetter than

,;.controls and other experlmental groups but the dlfﬁerence reached

B

"'-Slgnlf1CanCe only'when Just the flrSt three of flve test trlals were f,"”"

o 3 v .
”'1nvolved in sta’}stlcal computatlons. When performance scores on. all

ey

flve test trlals were used in- statlstlcal computatlons there was no L

' c.o‘n'lputati/ons-"inv'ol'\:/ing 'al_i ‘fiv;e 'test .t.'rijals nor 'v';_.i.',t/h.:‘c'o'rﬁpu‘tatidns" Ain- |
volv1ng only the flrst three test trlals.c The fallure to flnd fa0111—jgali
ttatlon in, male rats and the need for post hoc ellmlnatlon Of two test
-.trlals in order to reveal a slgnlflcant fa0111tatlon in female rats
.suggests that Greenough and McGaugH‘(1965) may have commltted a Type I
.error of reJectlng a null hypothes1s when rt 1s Jin faCt correct.

( .

' - Thus there is reason to doubt Greenough and McGaugh s (1965) conclu51on

‘,':that unamblguous ev1dence in support of the consolldatlon 1nterpretatron

was obtalned

[

'However‘ there is. addltlonal evddence that4appears to welgh agalnst
the proactlve fa0111tatlon account of Cooper and Krass (1963) and to
support the . fac111tatlon of " consolldatlon account offered by McGaugh
et al. (1962). McGaugh et a_l (1962). and MCGaugho and KnVanek (1970)

dfound that the magnltude of the retrograde facilltatlon produced by
'prSttrlal 1nJectlons of strychnlne sulfate was 1nuersely related to"the
time 1nterval between tralnlng and treatment _ McGaugh and Kr1Vanek

"v'(1970) found that posttrlal 1nJectlons of elther 1 or 1.0 mg/kg of.

'V'.strychnlne sulfate glven to mice were effectlve 1n produ01ng fa0111ta—;
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tion-only when giveﬁ within one hour after traininggfrials, with the

greatest amount of facilitation produced by immediately posttrial'

. ‘injections.'JMCGaugh and DawSon (1971) and Dawson and cuaugh (1973)

\“a*vue that the notion of proactlve fa01lltatlon cannot explaln tbese

:flndlngs since the proactEge Iacilitation explanation_predicts that;.

later poettrlal injections should produce reater facilitation due to

“the greater temporal proximity to the next day s trials. Tt iz sUg-

gested instead that this inverse relationship between lehgtﬁ of training-

drug injectioh interval and magnitude of test performence facilitatien

o

. indicates that later posttrial injections are.administered after memory

k]

caneolidation has been completed, Earlier injeetions’are séid to
occer at a time when neural Cofrelates of memory consolidation are
still susoeptlble to the p051t1ve influence o? exogeno 13 agents.
It is’ p0551ble to suggest vet another account of all the flndlngs<
of the effects of posttrlal 1nJectlons of strychnlne sulfate This
ccount does not postulate that posttrial injeetions facilitate-memory
ansoliﬁation‘preceSses, but iﬁétead explains‘the phehoﬁenon ih terms

f 3Spear's (1971, 1973) attrlbute -retrieval model of animal memory In

model, a memory is Concepteallzed as a collectlon of attrlbutes
esenting the events noticed by the organism durlng memory formation.
/ or more of tbese attributes is selectedjby‘the experihenter as the
tAarget meﬁdry. éetention is indicated by perfermanee_at test coneistent
ith retrieval of the target memnry. Retrieval.of_the.targef memery‘is
ependent»ﬁpon the arousal of_an adequafe nuﬁber'or kied of fhe other

attributes belonging to the same memory. The arousal of attributes .is



- said to occur WYhen the animal ”notices-a'cue ‘external or internal,

sufficiently simil to the event represented by that attrlbute,".

(Spear, 1973, p. 163). Forgettlng occurs when .an insufficient number
.or kind of attributes assocCliated with the target memory are aroused
tduring‘the testing situation. Tt follows, then, that the»probability

wf target memory retrleval is a monotonlcally 1ncrea51ng iunctlan of

the devree wf >1m11ar1ty between the condltlonb Drevalent at trelnlng
~and th~;q.at testing.
<

The adtribute-retrieval model can, when combined with assumptions

supportesl by Cooper and Krass' (1963) finding of long term proactive

facilitation, expiain time-dependent retrograde fecilitation. Speci—
fically, if ztrychnine sulfate is given at a short training-drug
injectioh Lnterval,'the.physiological consequences of the injection may
become an attribute of the memory of the immediately preéeAing trial.

" The carryover of the drug effect to the next day's test trials enables
these physiological consequetices to act as'retrieval cues to increase
the probability that the target memory associeted with the strychnine [
sulfate injection will be retrieved. The temporal.jurtaposition of the
training experlence and the physiological consequences of the strychnlne.

. sulfate 1n3ectlon may result In_these consequemces becomlng a partlcu—

larly powerful aid to val of the memory of- that tralnlng experl—

-ence. Also, since thenidjection of strychnine sulfate is, expected to
produce a novel and intensely unueual physiological state in the'rat, it

can be expected that the physiological consequences may become a parti-

cularly salient attribute of the target memory.




”ilme dependent nature of the retrograde fa0111tatlon

strychnine sulfate.

intervals occur at a time when the memorylof the trai

no longer susceptible to the influence of exogenous agents.

physiological consequences of the 5

becmne an attribute of the memory o1

3

quences of the drug carryover to test would t

2t the
immediately posttrial and at teet.

prevmuslv entelscain

must

‘memory 1f the previous
»Irlght (1973) and Wright and Chute (1973) that a posttrlqj adnlnletra—

s

upear £ (1971 19?3) model can also prov1de an explanation: of the
of performance with i
i

InJectlonc glven at longer training- drug 1n3ectlon \

1n1ng experlence “is .

Thus the ‘ }

strychnine sulfate 1n1ectlon da n
preceding trial. The co

hen act to hinder retrizval

! s Ky . -
target memory because of the. differences 1in c~nditiosnz prevalling
[

One posolble reafon why such a retrieval'ACCaunt haz nat been [
ed ig the common assumptionn that a dfng 1nject10n [
'sccur pretrial in order for the drug effect to become an attrlbute
1973). Bupport.for the /

97

cGaugh,

of the memory ef that trial ( Dawson & M
- /

f

scome an attribute of the |
1

notion ‘that a poottrial drug injection may b
trlal is provided by the finding of chute and

tion of sodium pentobarbltol can resulg in a state dependent *etrlevdl
fifty naive, male,:
ing trial followed |

[

‘deficit In Chute and wright (1973), Sprague- j
Dawley rats were given one pa551ve av01dan0e traln
within 11 to 13 seconds by elther a 12. % mg/ke injection of sodium
ipentobarbitol or an equivalent volume of $saline Injections were a%f
mlnlstered 1ntravenously thrOUgh a Jugular catheter A retention’test
was admlnlstered 24 hours later, preceded by admlnlstratlon of elt‘ef
voOdlum pentobarbitol or saline immediately prior te test. Thus, there



were four expefiment;i‘groups (drug--drug, drug--no doug; no drug——orué.
“and no‘drugr—oo drug) and;alcohtrol group which received neitoer foot-
soock during ﬁhe passive a&oidaﬂoe traioing'dor injeotions posttrial

or pretest. ‘i% was found‘thét grours experiencing'the same drug imme-
diately posttrial and prior‘to”tost-(grouos drug-—drug and no drug——no'
"rug) ilsplayed greater retention as 1nd1cated by 1onger latericies than
controls »r those exper;mental/‘hLJeots experlen01ng a chande in :tate
(groups druge—no drug and no drug--drug). Wright and Chute (1973)
replicated the abov% experiment with minor prooedural’chahges anolving
intrétﬁoracic rather than infraveoous injections\ond increasing tge
sodium pentobarbitol dose from 12.5 to 15.0 mﬁvkg.. Again it wes fouodv
that subJects experiencing the same utate 1mmed1ately after tralnlng
Aand at test showed superlor oerformance compared to those =ub3ects ex-~
periencing a change in state,. To the extent that similar findings would
obtaio with strychnine'sulfate} theSe findings lend credeoCQ to the
notibn‘toat theﬁphysiologioal'Consequences of a posttrial injection.of,
strychnine‘sulfate:may.become'ah'attribute of the memory of the im-

‘medlately precedlng tralnlng expernonoe o °

u
o~

 The purpose of the present experlments was to test the aooount of

)

the effects of posttr1al strychnine sulfate aneCthﬂS developed above
The crltlcal test of this hypothe51: was conducted in nxperlment ITI.

In that experiment all animals were given two'massed tralnlng trials in
a Lashley III maze followed by a retention test seveanays'latgi. In

the two groups of most concern, all animals received an injection of

strychnine sulfate immediately after the final training trial. Prior



~to the retentionltesth nalf of these subjects recelved”an injection‘of'
saline (group DS—Déi'garug'withfn 5:minutes posttrlal—faifferentfstate
at té3?>-?ﬁd-the remainder receiveo én.%njéétlon of strycnnine sulfate
(group D.-33;" drug within 5 minittes v"posttrlal—.—s‘ame state at test). To
t'be‘e‘xtent that the physiololéica‘l‘: Sonsequences o.'f.a_posttrial"_strychnine
: sulfate lnjection,becomes an‘attribute of the memory of the preceoing
trlal; tne.phySiological conSequences of the pretest strychnine sulfate
injectlon should act as retriemal cues fac1lltat1ng retrleval of the
.target memorj as5001ated with the tralnlng trials. ‘ Group D5—SS ubgecte
enouldj-then engoy a presumably powerful addltlon to the aids to re-
trieval whlch all subJects experience as.a/result of pretest events

_ . S "/ : .
such as handling and transport to . the testing areas~'Tberefore, it is
expected'that:group“D5—SS will be~superiér to_controls giyen either‘
saline after tralnlng and prlor to test (group_N—Sslnor:salfne aftery
'tralnlng and strychnlne sulfate prlor to test (gronp N—DS);-.SinceIthe>
seven day retentdon 1nterVal should allow for metabolism of the post—

trial strychnlne sulfate 1n3ectlon and complete dlSSlpatlon of" the
: drug S effect and since the pretest 1n3ectlon of saline . should resultA
-1in a physlologlcal state dlfferent from that prevalent 1mmed1ately
posttrial, it is‘expected,that group D5—DS will suffer a state depen—
‘.dent’retrieval'deficiti Therefore, it 1s expected that group D5 DS
subgects w1ll be 1nfer1or in performance at test compared to group
N s\\subjects On the other hand the fac111tatlon of memory consoll—

datlonghypothe51s predlcts that both groups D.-3S. and D.-DS w1ll .be

5 5

\superlor togroups N-38 and N—DS. This is “the case since ‘processes of




D

smemory consolldatlon should be fa0111tated in both D5—S ~and D5~DS as a l

result of the:. 1mmed1ately posttrlal 1n3ect10ns of strychnlne sulfate

‘); . \x

J : .
The flrst two: experlments were necessary prellmlnaribs to Experl— .
mentilIIq Experlment I was de51gned to determlne the fa?&litatlve

Aeffect of 1 50 mg/xg of strychnlne sulfate in male Spragueﬂaawley rats

o \‘.

. @Q'
Fxperlment II was de51gned to determlne whether strychnlne sul ate Can

'.act as a:dlscrlmlnatlve cue in a cho1ce task. The suspecteg,role of

- . . 3.

strychnlne sulfate as a contextual cue aldlng retrleval seemed to neCes—

a . -
-

PULE

--51tate an experlnental 1nvest1gatlon of the rat's ablllty to d1 ere n

.,.

.

'vtlate the phys1ologlcal/consequences of a strychnlne'sulfate 1nJectlon4
‘(a drug state) from the phys1ologlcal.consequences‘of a:sallne lﬁJeC— “
tion (a nonearug.state),f | : :. ' : B ;:" o ,.C |
: CEXPERDNENT I . RN
'The.uresent experlment'wasldeslgned to detefmine Qhethef 1.5Q
'mg/kg of strychniue sulfate represents’avfacilitativerdose in male.jj'
Spfague;bawley rats. A 1. 50 mg/kg dose of strychnlne sulfate was tested
kbecause it is the largest dose found effectlve ln produ01ng fac1lltatlon
1n_other studles involving male Sptague-Dawley’rats_(GQrdon, 19?7;,_ |
‘éordon & Spear, 1973). Since. the influenees ef‘erugs en retrieval are
most'probabl§ dose dependent (Ove:ten, 1974),_thezdesireAt0'use as
lafge a'dose'of strycuulhe;sulfate as pOSsible in Experiment'III-neces—”
51tates the present test . | ‘. .
Greenough and McGaugh (1965) while ebtaining factlitation after a
‘seven day rgtention 1nterval from an. 1mmed1ate1y posttrlal 1n3ect1en in

female rats falled to obtaln the effect with the male Sprague Dawley



1

ratspused in the exper{ment Ib expl in. this fallure the authors sug;
gested that the 1, O mg/kg dose of st chnine_sulfate‘used'hay have?been.

too hlgh to produce the fa01lltat1ve efifect, The authors referred to

Y
. .ﬁ .

two personal communlcatlons suggestrng that the proper fa01lltat1ve

dose for male oprague—Dawley rats wa's between 10 and 20 mng/ke. of

strychnlne sulfate The uccessful use: of 1.0. and 1.5 ng/?v of strych—'f

i S,

.nrne sulfate‘ln other s dies of retrograde.fa01lltatlon ? rdon, 1977;_I
\“_"éordonﬂ& Spéar ?1973) and the fact that Greenough and mcGaugh (1955)
requlred the post-hoc ellmlnatlon of the last two test trials to obtalnl
S a slgnlflcant fa0111tatlon wrth female rats, prov1des ev1dence that
Greenough and‘McGaugh (1965) commltted a Type I.grror Qf course, a
negatlve result in Greenough and McGaugh (1965) for" subJects 1nJected
'1mmed1ately posttrlal w1th strychnlne sulfate would be expected within
the framewor& of the explanatlon of retrograde fa01lltatlon developed_;nv:
the 1ntroductlon ‘since the experlmental group of most 1nterest in
Greenough and McGaugh (1965) corresponds to group D5 -D3 of mxperlment
III.. . . :
Hethod )

bll,g.«'fs : §hbject . The SubJeCtS were 10 male oprague Dawley rats, approx1—<

@/,ately 90 days old wrth prev1ous experlence in an operant condltlonlng

i exper1ment Subgects were malntalned at 850 of ad Lib. welght, and ~

L

‘were 1nd1v1dually housed w1th access to water ad 11b

éPE__étUS- i\ LaShley III maze was used for tralnlng and’ testlng fIfT -

Lo

31nce the apparatus Waﬁ~%§$d in some. preV1ous stu“"

e Hh

es of facllltatl“

w1th strychnlne sulfate (e g.; Greenough & McGaugh 1965 McGaugh et al
Y N ‘-\"3& ’:}";’Rﬂ s e o R S ek . . .



1962) Pretralnlng occured in a- btralght.all@y. The'alley'was—lO cm
wide' 23 cm deep and 160 cm long wlth pbotoelectrlc cells at hlgh and
Alow levels at each end of the alley. The start and goal boxes werevlosﬁzisv
cm by 23 cm by 20 cm. and were each fitted w1th a guill otiﬁe doorl A-’
'four—unlt '8 cul; uashley II11 maze. was ueed ’or theé actqal.experlwent
‘ uach unlt Was 10 cm by 13, cm by 120 cm.” Ioorways ln the alleys were
l}Q cm from the ends of the culs.. The fleor was warfed Mlth narfow thtp
‘lihes 5 cm from both siees'of eacSAdoorway. The start and zoal uQXeS‘

)

were'each 10 cm by 13 €m by 30 cm. The doorways of the start and ‘gnal -

boxes were‘fitted Wi th guillotipne doors. Both apparatus wers painted
grey and were covered by:wire mesh. The alley and the Lashley lII maze
are depicted in.Figures 1 and 2, fespecti?ely.

SR : "Pfééé&ure.. Subjeets were first’pretrained to run a straight alley

-for a relnforcer con51st1ng of four 45 mg food pelleta '?ivewepaced
trials,were Tun daily for.seven days.' Unly those rat aéhiev;ng an
average‘déily runnlhg speed of 45 seeends or less by_the‘eeQenth day
were idcluded in the remaiﬁder‘of the experimeﬁt.' All.lO subjects. satis-

5]
fied this criterion and, therefore, partieipated throUghout the'remeinder
ef the experiment. ~N04train@ng was given on Day 8; and 48 hours after )
the last session of prellmlnary tralnlng the subgects recelved two massed
lea:nlng trials in the Lashley III maze with food pellet reward at the
‘Completion of each trial. An error was recorded each time a rat's head
crossed a white line two iﬁches past the ehoiCe boimt ina bllnd'alley.

. 7 st Retracing in the alleys was not considered an*érror; “ther thelleaining
I ] hall Sy
trials, subjects were randomly a551gned to one .of two groups and recelved

e
T
A
7

'
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e

1ﬂm@d1atm posttrlal 1nJectlono of 1. 50 mg/kg of atrychnlnc sulfate or

%.,O ng ke of aallne Twenty—four hours aIter the lea nlng trlal each

subject rpcelved five massed test trials in the Lashley’ III maze with

J
food pellet reward., Errors were rpcorded in a nmanner identical t> that
. . o )

used- during learning trials in the Lashley ITI naze.

The ressults are presented in Table 1 in terns of the mean number

of errors on the two training trials and the five retentisn irials. The

two groums 1id 1ot diffeﬂ.hh terms of the number »f errors committed on
n' c .

the fl 12l training. trlal (t ), inaicating that differencaes in reten-
4
tﬂon werse not conloundpd Dy dlfforence% in degrpe T 103r" ng. rewer

errors were committed on_the'first test trial_by subjects injected with

strychnaneléulfate than‘by those injected with saline. Mofeovef,'the‘

'worst perfofﬁér in the strychnine sulfate treated‘grdup committed fewer

“errors than eveﬁ the best performef in the saline treéted gfoupi The

diffefehce in;first trial errors‘befweén the twb gfoups~wés Iound to be .
statistically significant (t (8) = 4. 13 p<. Ol oné—tailed).'.Examina—A
tion of all five rotentlon test trials revealOd that subjects Injected '

po;ttrlal wlth atrychnlne sulfate performed better oXer trials than

)-.

subjects 1n3ected wlth,saline.. There was a general tefdency for subjects o

to commit. feWer errors across test trials (that is, relearning was evi-
denced) and the-fate of relearnirg did not differ between the two grdups.

An analysis of variance performed on all five test trials revealed a

significant effect 0f groups (F (1,8).= 32.95, p<.01), a significant

efféct of triais (F (4,32) = 2.76, p <.05) and a nonsighifiéant

|
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difference between- the slapes of the.relearning,curVes of the two groups

(E(u,32)4=1-78f3>.05).‘ - I

Dizcussion. \ v o

e

The results cleatly indicete that 1.50 mg/ké i3 a faeilitative'aose
'of,.'“stryc'hnine sulfate for-male Sp’rague‘—Dawle'y. rats."used ln "th'is'{task.
This reinforces the notlon that the failure to oBtain facilitation ot
retentlon in male :prague Dawley rats in Greenough and McGaugh (1965)

was not due to the 1.0 mg/kg dose of strychnlne sulfate oeihg too nlgh to

axert e'facilitative-effect. The failure to‘dbtain'facilitation was more -

probably due to the fact that the se ven day retentlon 1nterval allowed

for a oomplete metabollsm of the stlychnlne sulfate and a total QlS—

' 31patlon op'lts effects Since subjects in Greenough and IcGauah (1965)

were under the 1nfluence of the drug 1nmed1ately stttrlal but were not

under the 1nfluence of the drug at test there ‘were no cues assoC1ated

.w1th the phy51ologlcal consequences. of strychnlne sulfate to ald re- e

\"

\t\geval :

It should be noted that because a.24—heur‘retention interval was

used in R present exper1ment the fa01lltatlon of retention resultlng
from the posttrtal 1ngectlons of strychnlne sulfate could be explalned

in terms of elther\megory consolldatlon or retrleval processes The
: . ‘ ~ N .
lack of difference betQEen\groups in;the,slopes Of the relearn;ng curves

.

suggests that an incremental facilitation of sensory, mqtorfand/or moti-
vational processes did not OCCur.‘,Such a facilitation of performance

factors would most probably have resulted in a &Eeper drop in errors

over.the five retention‘trials for the.group under the'influence of the
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strychnlne sulfate carryover at test 1 However it 1s poss1ble that a
‘fac111tatlon of performance factors may have.occured ‘on the flrst test
tr1al and malntalned the.same level across. the remalnlng test %rials
_such an effect would summate with fa01lltat1on of memory consolldatlon :
or w1th a fac111tatlon ofﬂretrleval J The.notlon of a 51ngle level‘of
‘facalltatlon Of oerformance factors maintained across trials is consis-

tent w1th the lack of dlfference in the slopes of the relearnlng Curves_

of the tio groups. .. : R
EXPERIWENT 11

The purpose of thls experlment was to determine whether strychnlne

sulfate can act as a dlscrlmlnatrve cue 1n a»choxce task The retrleval o

hypothesls of fa01lltatlon of” retentlon suggests ‘that the physlologlcal
vconsequences of the posttrlal strychnine sulfate 1nJectlon carrj over to
‘test and act to\ald retrleval. Slnce Spear S (1971 1973) model holds
that attr;butes of a memory con51st of those events to wthh ‘the an1mal~7‘
attends it seemed essentlal to test whether the rat can. attend to, and;:_
basé a dlscr;mlnatlve.choice on, a strychnine‘sulfatebinjectlon;A |
Method.‘

éubjects;\'The'subjects were lOdnaive male.Sprague—Dawley?rats‘

Y

maintained at 85% of ad 1ib. welght 1nd1v1dually housed w1th access to B
| water.ad.lib. Al subJects.;ere approx1nately 90 days, old at the startg-‘T
of- dlscrlmlnatlon tralnlng ,

Egaratu The apparatus was .a standard T-maze. yfhedT—maZevcoh—_ a

_s15ted of a siart box and alley w1th an arm at a-rlght angle on each sldeg

of the alley s end. The start box was- 1o.cm by 13 cm by 26 cm and was

e



: fitted“wiﬁh‘a éuillefiﬁe”door The alley was 10" .cm by 13 em: by h8 cm B

with gulllotlne aoors at the cholce p01nts whlch 1ed to ‘the' arms.‘ Each

garm was 10 cm. by 1@ cm bj b8 5 cm and was equlpoed w1tn a 9 5 cm by 13 cm,i

;bj 12 cm goal box The. ﬂoal boxes were placed at a rlgnt angle to the
arms of tbe maze S0, that the cengents_could not be_seen by squects at -
bhe ch01ce p01nt.w The T maze'used 1n tﬂe egperlnent is deplcted 1n'a“ o<
bhigure 3. ‘ Y |

| Pfdcedure.. uubJects/recel\/ed three Qallj Lamlllarlaatlen =es51ons
of fi&e;miﬁutes;each.; Food pellets were scattered throuohout all paytsb~
Y of'the_T-maée and‘SUPjects werevallowed unimpeded expioration of. the maze
Zaidurinv the~Sessiens;; Follow1né famlllarlzatlon sessions “the»subjéets‘

. C .

began rece1v1nc drug dlscrlmlnatlon learnlng trlals every otﬂer day 'ﬁAi
'dose of 1. 50 mg/kg of. strychnlne sulfate or 1 50 mg/Kg of sallne Was- 1n—"
.Jected 1ntraper1toneally 15 mlnutes prlor to the 1earn1ng trlals Inltl—
'ally, the two groups of subJects were ‘run. on alternate days (a 48 hour |
'1ntertr1al 1nterVal) to allow for metabolasm ef the d*ug LO 1ess~s1gn1—:£
filcant 1evels Casual observatlon suggested that concern ior drug cafry—?,
avef‘was uﬁfdunded ;and therefore‘ after all subgects had recelved three
learnlné trlals under each drug state. the experlmental Drocedure was .
modlfled to allow dally learnlng sess1ons‘ The‘contents of the'pretriai
1n3ectlons,were determlnsg 19 a_qua51—random fasﬁion £Q insufe.discrimi—
‘nation_en thejbasis‘of déﬁg<state ratbef tﬁaﬁ.a sessioﬁjfolsession aiter;s'
nation.ef respense. Group A subJects were reéulred to tu;n rlght ;n.the 1'

strychnlne sulfate condltlon and left in the sallne condltlon.' Group B

: subJects were requlred to turn left in the strychnlne sulfate condltlon



. day s Contlngencles

:L'aubgects recelved 18 days of learnlng SeSSlOHS 1n three. blocks of. slx
"vdays each Performance on the flrst trlal was: recorded as, a measure of
-Zthe dlscrlmlnablllty of the strychnlne sulfate Condltlon versus the

L . N

jsallne condltlon oubJects Were sald to have 1earned the dlscrlmlnatlon

" wWwhen lt was clear that the responSe on the flrst trlal of each sesslon .

was under cantrol of the presesslon 1nJectlon rather\than the preVious ”;',i

L

N

t?esult's and ulscusslon -

R RN : 3 ;
rertormance on the - flrst trlal of each dally ses51on 1s expressed

in ~1eure 4 as a functlon of the drug state 1nduced prlor to the sesslon

“Inltlally, flrst trlal performance Was mo re dependent on the contlngen01es
\fprevalent durlng the subJect s most recent session: than on the contlngen— )

'.i'c1es relevant to the subJect s drug state ' rerformance on the first:

;trial crradually came under the control of the presesslon drug 1nJectlon

iuntll flnally flrst trlal responses were under Complete control of the

a2 .

] presess1on 1nJectlons rather than under the contrOl of the contlngenc1es d_

relevant to the prev1ous day s tralnlng. Thls experlment clearly demon-

Joo

'strates that rats can dlscrlmlnate between«the phys1olog1cal Consequences

J‘of a strychnlne sulfate anectlon and the physlologlcal consequences of

a sallne 1n3ectlon‘ Thls fact suggests that the phy51ologlcal COnse—:
_ quences of strychnlne sulfate may, 1ndeed act as: contextual cues in the

common retrograde fa0111tat10n paradlgm utlllzlng a 24 hour retentlon

H
P

flnterval




’E‘XPP'R IMEN'T hiss S

ThlS experlment was prlmarlly a test between*the account of time- -
itdependent retrograde fa0111tat;on based on Spearws (1971 19?3)

attr1bute retrleval model of anlmal nenory’and the account of the pheno—<

r:..

menon based on the fa0111tatlon of memory consolldatlon hypothe51s

"The experlment was 51mllar to Greenough and McGaugh (1965) in that the.'

S

-

'-'J'-same apparatus ‘Was. used and a seven day retentlon 1nterval was, employed

D"' S

o~

2 .
The seven day retentlon 1nterval was des1gned to 1nsure that o carry—

over of the phy51ologlcal Consequences of the posttralnlng 1nJectlons

a

o occured ~To enable a comparlson of the two explanatlons of retrograde

: ffacilitatlon, half of the subJects from each posttralnlng treatment

group uere inJected w1th strychnlne sulfate prlor to test whlle the ¢

remalnlng half recelved an equlvalent 1nJectlon of sallne ”he retrleval

hypothe31s predlcts that among subJects 1nJected 1mmed1ately.posttrlal

.w1th strychnlne sulfate, only those reanected with- strychnlne sulfate'-

' prlor to test w1ll reveal a. fac111tatlon of" retentlon Moreover the

A

'?retrleval hypothes1s predlcts that within each posttralnlng treatment .

a

. group, those sub ects experlenc1ng the same state posttralnlng and at ;
P

test w1ll perform better than those exper1enc1ng a change in state. ”he '

T

"memory consolldatlon hypothesrs, on the other hand predlcts that all.‘

‘SubJeCtS 1n3ected w1th strychnlne sulfate 1mmed1ately posttrLal will

‘ ~ show fa0111tatlon of retentlon rsf?rdless of the nature of the pretest

"‘Zilngectlon. Moreover the memory consolldatlon hypothesrs makes no pre—

‘dlotlons of dlfferences w1th1n posttralning groups dependent on the

elmllarrty of conditlons preValent posttralnlng and 4t test

A
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siethode,

Subjects. The subjects were 65 n;ive; male Sprague;Dawley rats,
approximately 90 days old. Jubjects were maintainéd at 857 of ad lib.
welght, were,individually houso£ and had access fo Qafor ad 1lib.

Apparatus. The stx alght alley and Lashley IIT naze used in “xperi-
ment [ were again employed.

Irocedure,  3Subjects were first pretraincd to run a straight alley

Tor fn)f pellét reinforcement. Five spaced triais Qére run daily for
seven days. vnly thosé.rats acglnv1ng an average da¢lx running speed
>T 45 seconds or less by the seventh day were included in the remainder
of the experiment; Only one subject falled to meet this criterion and
that subject was, therefore dro pped from the remainder of the experi-
ment. Following the preliminary tfainidg (on the eigth day) subjects
received two rassed learning trial- in the Lashley I11 maze with food
pellet reward at the trials' end. Ah ETTOY was recbrded each time a
rat's-head’CfOSSed a white line two inches past the chdice point in a
blind alley. 1irinr to the learning trials, subjpvfs Were rnnﬁnm]y
assigned to six groups; D5'DS in which subjects were'given strychnine
sulfate immediately posttrial and saline 15 minutes prior to test 2D ;35' “““

. - : L '7",‘5,:

in which strychnine sulfate was given immediately posttrial and agéih

LS

prior to test, Dle—SS in which strychnine sulfate was given 120

minutes‘posttrial and saline prior.to test, D 120 -DS in which strychnine

sulfate was glven 120. m;ﬂﬁtes posttrial and agaln prior to test, N-3S3 in

wthh szilne was glven 1mmed1ate1y posttrlal‘and prlor to te%t and N- DS

“ oo in Mthh sallne was glven 1mmed1ately posttrlal and stryhhnlne su]fate

oAy
B

Ry
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prior to test. All injections consisted of 1.50 mg/kg of strychniné
‘ sulfate or saline and were a&ﬁinistéred intraperitoneally. A seven day
rétenfigh iéferval interveéedjbéfweén trainihg'and tééting. Testing
.bbnsisted.of five massed trials in éhe‘Lashley ITT maze with food pellet
reward. Errors were recorded in a manner identical to that used dufipg ’

the learning trials in the Lashley III ‘maze.

4

Reéults. . )

The results are presented in Table 2 in terms of the mean number-

of errors on the two training trials and the five retention trials. The

_ S e ' .
groups did not differ in terms of the mean number of errors committed on

the final training trial (F (5,58) = 1.47, p>.05), indicating that dif—.
_ ferences in retention were not confounded by aifferences in degree of
learning. Examination of errors on the fifst fetention trialrsbows‘that
gfoup‘DS—SS demonstrated enhanced getention while group'Dé—DSlﬁemonstra—
ted a retrieval deficit. A NeumaﬁfKeul's test revealeé'fﬂat‘gfoﬁﬁ D;—SS'
committed significéntly fewer errors than'any other group (p<.01l). and

tpat no further comparisons were signifiicant, , A significant posttraining . . ..
‘ ALa Signililcant postirainling, . -

treatment effect was obtained (F (2,%8) = 4.29, p < .05). The results . *

.‘f’éffthe~Néuman¥ked1:§;€e§%tszéééétﬁthaﬁitﬁgzsiéﬁifidaﬁt,pdsftraining
treatment effect feéﬁitéd‘ffom.fhe_superiorfperformanbé ofigrbuP Dé—SSi N
‘CGroups éXperiencing‘fhg'same sﬁatejimﬁgdia£é1y~posttrial and at test -

demonstrated significantly superior first trial retentioﬁ when compared - -

to groups experiencing a change in state (F (1,58) = 23.69, p<.001).
The corresponding means for the same state and different state groups

were 3.42 and 4,68, respectively. The difference between the same state

N
-
" e—

PRI



and different state -groups was larger within the D% posttraining group

than within the D12d and N posttraining -grouvs, as indicated by a signi-

ficant posttraining treatment X state similarity interaction (F (2,58) =
3.25, p £.05). Finally, groups experiencing the drug pretelst (groups
D,—SS,.P150—DS and N-D3) made only slightly fewer errors than thoze

S .
” ¥

. ! { =
experiancing saline pretest (groups T.-D3, Piog735 and N—SF), X = 3.98
. - Ll

5
X . ﬂﬁ . !
and 4.12, respectively. 3Since ml”O D5 and N-D& committed jmore SYTOTS3

~than [y ,,-33 and .N-33, respectively, the apparent facilitdtion of per-
formance by the pretest injeetion of strychnine sulfate wpas due solely

to the zuperior performance of group D5—SS-compared to D/-D3.

Uxamination of the error data for all five test trials reveals a
’
pattern of findihgé‘stﬁiiar‘td those found using eﬁlf'tz%‘fifst‘reteﬁtioﬁt

test trial. A Neuman-¥eul's test aFaln rovealea that oup D,.-35 com-

.mitted ~1gn1f1Cant1y fewer errors than any. other group (£1< 01) and

© that o turther COmnarlaons were nghlflcant Groups Jeated under the

- s - wom - R kl ‘

are state as that - prevalent 1mmedaately poottrlal per?ormed clgn;ll—-vﬂ.‘ .

cantly better than groups experlenclng & Chanee 1n,state (£ ( )

flelCl p (KQflji  The correspondiné meansvfor the samq tate'verouﬁ dif-
‘ N
i

nfiferthw:tate.groups;were'Z.Ql and 3.85, reépectivel The po ttralnlnv

!

~treatment X -state similarity interaction was again 51gn1f1cant (E (2,58)_
:“3p§8,>pn(.05), due to the greater dlfference"betweeq the same state

and different state con&itibns within the D5 posttraiﬁing treatment

group than w1th1n the D1°O ‘and- N posttralnlng treatment groups r.Fiﬂaiiy,

'grmups 1nJected pretest w1th strychnlne sulfate commltted only éllghtly

fewer errors than those 1nJected pretest with sallne = 3,09 and 3.17,



o

e

respectively. This difference was again‘entirely due to the superioxr
performance of group}D5—SS over group 'D.-DS rather than a facilitatioh

of performance factors in all subjects given strychnine sulfate‘prior to

test. Examination of the error data for all five test trials also re-

vealed that there was a general tendency ‘or all groups.to commit fewer
eTrors across trials (that is, relcarning was evidenced). & significant
effect of trials was found (F (b,240) = 65;61, pﬁ(lQOl), but trials did
not 1nteract with any treatment factor or comblnatlon of treat ent

~

faC‘tO rs,

Mzcussion.

These results clearly support the attributeeretrieval interpreta-

dtlon of time- dependent retrograde“fac1lltatlon of retention oy strych-
'nlne sulfate Moreover the data prov1de no. support for the notion that
S P 0sttr1al admlnlstration of strychnrne sullate enhances processes of

- memBry consolldatlon or that pertormance factors such as seneory, motor

Coe

land/or motlvatlonal processes are fa01lltated at test JubJects re—'7
' Lce1v1ng an 1n3ect1on of strychnlnc sulfate 1mmeu1ately posttrial denon~ "~
'Nstrated enhanced retentlon dnly when the contextual cues of the phy51o—
"loglcal consequences of strychnlne sulfate were. relnstated prior to test,

b_thuc prov1d1ng an additional powerful aid to retrieval of the target

memory. Vurther support for the attribute-retrieval model was provided

by the flndlng that groups experlen01ng no change of state from immedi-

"{ately posttrlal to test commltted fewer errors than groups exper1enc1ng

- FoS

cany

a change in state The fact that group D120 DS performed more poorly

than grouplDfQO“SS'suggestsithat_the 120 minute posttrial injection



occured too late for fhe'physiologieél'coneequences of the strychnine
sulfatefinjecfion_to have become an attribute of the memory.of the
9 T ‘

preceding training.

General Discussion

The results of these ekperimeﬁts pfoVided no suppori for the
nemory conznlidation hypothesis'of time—dependent'retrograde faeiliﬁation
nf retentisn nor did they 5upport'ah‘exﬁlana£ion in terms,of‘faciiitaf}oﬁ 
ofvperfofmaﬁee chtdrs such ae'sensory, ﬁoter aﬁdkor:motivatiogal pro-
ceeees[‘.ASfpredicted, the experiments Were censietent with'assumptieﬁs‘
.based'en the finding of_iong term proéetivé‘facilitatien by e}ryehniﬁe
- sul fate (Cooper & ¥rass, 1963) and the-aseuﬁptionS'of Spear's.(1971,

19?3) attribute—retrievél mo del of animal mehorj.

The»feeults of these experiments make itepossible.to proyide an
.alternatevexplanation for all studies demoestrating‘retrograde faeili£a—
.tlon of retentlon which were preV1ously thought to be expllcable only in
nterms of La0111tatlon of memory consolldatlon procesees ‘ In McGaugh et

(1962) and icGaugh and <r1vanek (1970) rats and mice, respectlvely,
were ‘given posttrlal ln]ectlons of strychnine sul$ate or saline at Varl—
ous training—drug injection intervals. When tested 24 hours later,
subjects 1n3ected.w1th strychnine sulfate posttrial revealed greater
retentidn. Furthermore, the degree of fa01lltatlonvwas inversely related
to “the length of the tralnlng—drug 1nJectlon interval and llttle or no
facilitation occured with a training-drug 1nJectlon 1nterval greater than
- one heur. These results were interpreted‘by the apthors as evidence

that the posttrial strychnine sulfate injection had fac;}itated.memory ”



24 . ‘."."['.'f

cOnsO;idation_processes;‘ Fallnre to obtain, fa0111tatlon at greater than e
'0he hour tralnlng drug 1nJectlon 1ntervals was the authors claimed due

to the fact that ‘the 1n3ectlons occured at a tlme when the neural Core‘
relates of memory consolldatlon were Completed thus ellmlnatlng the’ sus— -
,ceptlblllty of the memory to the p051t1me 1nf1uence of exogenous agentc
Dawson and FcGaugh (1973) have emphatlcally denied that an 1nterpretatlon
.such as that- advanced in the 1ntroductlon of the‘giesent paper could ex-
i' plain the results of | ﬂcGaugh et al. (1962) and McGaugh and Krivanek
| (1970) since "the drug is not present in the animal either at the tlme

of traanlng or at the tlmeof retestlng, (Dawsoni& McGaugh 1973, p;,83){

| The..assumpt ion that subJects in. McGaugh et al. (1962) and . ﬁcGaugh

and Krlvanek (1970) were not under the 1nf1uence of the drug durlnv. the
jretentlontest given 24 hours plsttralnlng is not supported by Cooper and

{rass (1963) who * ﬁound that strychnlne sulfate could ‘exert a pOSlthe
hproactlve effect on performance up to 72 hours after'a 51ng1eg1n3ectlon‘

Moreover, the present experlments prgz%de ev1dence that a posttrlal 1n—
'aJectlon of strychnlne sulfate can become an attrlbute of the memoxry of

the precedlng trial, even though the anlmal is not under the 1nf1uence

of the drug dur1ng tralnlng Thus, the fac111tatlon at short training-

dru; 1nJections found in McGaugh'et al. (1962) and McGaugh' and’ Krivanek

(19?0) can be explalned from the fact that the physlologlcal ‘consequences . -

of the posttr1a1 strychnine sulfate 1n3ectlon became .an attrlbute of the

e . .-

memo Ty of- the preV1ous trial and from the fact that the phy31ologlcal ﬁﬁ'*ﬂ*

o ConSEQUéHCeS of the drug carryover acrosa the 24-hour retentlon 1nterwalf NINSOREN

vean »
*

"f, acted as a retrleval cue to?allev1ate the retention decrement’found 1n

,‘_.,_‘ i LR e e wee




) ai;;<;» Controls due to the passage of tlme Thls 1nterpretatlon 1s suppozted

e L N X Lo B

'bey the results of uxperlment III 1n whlch the 1mmed1ate posttrial aneC—

ilethn of strychnlne sulfate was effectlve 1n produ01ng a fa01lltatlon of

PN .
— > FIRSN
. i ,,,_”_4_ .
- --.

;l:ffretentlon only when the phy51ologlcal consequences of strychnlne sulfate
© were- relnstated prlor to the test glven after a seven day retentlon in-

...terval (that 1sl group D5—SS_subJects were sUperibr o+ contrbleaand grUUp weow o

'7"D5 DS subgects) The fallure to obtaln a faCLlltatlon of retentlon in.

vfsubgects who dld not have‘thevphy51ologlcal consequehces of strychnlne -;ﬁ.
sulfate relnstated prlor to the test (group D5 Db) suggests strongly o
that: the ta01lltatlon of retentlon found 1n McGaugh et al (1962) and
McGaugh and levanek (1970) was a result of the fa01lltatlon of processes

< of retrleval rather than a result of fa01lltatlon of memo ry consolldatlon

. H -
processes,

!

" The results of "Experiment ITL alSO enable an. alternate explanatlon

of the time- dependent nature of, the retrograde fa01lltatlon phenomenon

-

The super1or performance of subgects exper1enc1ng the same state post—

.trlal and at test compared to those experlen01ng a change in state sug~

gests that the 1nJectlon glven at a longer tralnlng drug 1nJectlon 1nter-.

val occurs too late for the phy51olog1cal consequences of strychnlne_

R

sulfate to become an attr1bute of the memory of~the preced1ng~tr1al

rather than occurlng too . late to facmlltate the perseveratlve neural;w;
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b o ',

‘strychnlne sulfate (nudspeth 1964;‘Krimanek-& Hunt, 1967“ ﬁoss 1964)
.;In each of these experlments subJects experlen01ng dall/ posttrial in-
“Jectlons of strychnlne sulfate performed: 51gn1flcantly better acros
" trials tnan controls glven sallne posttr1al : While the authors attrl—
huted the results to a fa01lltatlon of memory consolldatlon processes} it

p0551ble tq eXDlaln the results in terms of facllltatlan of retrieval..
- ‘)._ _}. . .

> e
& e o

. 7

'._;sach aay s:po ttrlal 1nJectlon of strychnlne Sulfabe became an attrloute“ .

;ﬂof the memory'of the precedlng trlal Due to the 2u nour lntertrial

:Mlnterval emplOJed in these multlple 1n3ectlon‘stud1es, the phySlﬁngICali

chonsequences of the posttr1al strychnlne sulfate‘lnjectlons carried over’

to the next day's trlals and acted as atds to retraeval Because injec—' -

tions .of strychnlne sulfate occured af ter every dally session, strychnine

'sulfate treated subJects enJoyed enhanced retrleval durlng all sessions -

follow1ng the flrst posttrlal 1nJectlon
Finally, there remalns the flndlng of the IaCllltatlon oflreactl—
';uated}menories a phenomenon expllcable by opear s model but alfilcult
to reconc1le with the fa01lltatlon of memry consolldatlan hypothesls.
Gordon and Spear (1973 ‘Experiment 2) tralned half of 80 male aprague—
Dawley rats 1n a pass1ve av01dance (PA) tasP to a crlterlon of five con-
secutlve ‘avoidances within elght trlals The remalnlng 40 subJects were
controls who experlenced the Same amount of t1me as experlmental subJects

«

,11n the holdlng cages and the trainlng apparatus. These controls drd not

;tralnlng apparatus lSeventy two hours after tralnlng, most 6 the- sub— e

‘Jecis were placed 1n the'brainlng apparatus fqr 60 second§ wnlle the Cuh‘; »l‘.;ﬁw

I R
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used in PA'training was.on,  This treatment is nne which had been demon-
strated to be effective in reactivating the memory of preVious training
o experience in an apparatus (spear 1973) . . Immediately apter the re-

‘ activation_treatment subJeCts were ingected with eitner 1 50 ng,«g of'

~_strychnine sulfate or saline : Jight of. the subJects »ho,n d received rA

‘e
. .~ Lol e -
L A A o -~

traininv did not undergo the reactivatlon treatment but- 4id receive an

equivalent LnJection of otrychnine Sultate 72 hours after +A training

- e o - e e e

All UDJPCto were tested on. an~active avoidance (AA)'tasf;f+ hour> after

<
Ctke injections The authors expeoted ‘that the FA bralPlFE would result

- . LRI

.f in negitive transfer to the AA test Since the response req 1rei on the
TAR test was diametrically opposed to that requrred ddring :A trainine
7’herefore any faCilitation of Lthe memory of the PA traininp would result
in‘grea*er._ ative transfer indicated by decrements in periartance onA
the AA test 3ince the period of memory,Consolidation is Uenerally
defined as occuring-pithin one hour pOSttrial (rawson & Vcﬁaugh 19?3>fh
any faoilitation of retention of subSects given the strjchnine sdliate i
injection 72 hours posttraining (that is, Iollowing the,reactivationb
treatment)’would‘argue against a strict memory consolidetion hypothesis
of facilitation of retention by posttrialistrychnine sulfate injectionst

As expected, subjects given strychnine sulfate after the reactiva-
tion treatment performed significantly'worse on the AA test than all
sther groups, this indicating that the 72 hour posttrial injection fa-

_eiliteted.retention of‘thevPAftraining. This resultlis inconsistent with

the nemory consolidation hypothesis which prédicted that the 72 hour



trainin?. While'a su porter of the memory cOHSOlLdatlon hypothes1s _
could suggest that the reactlvatlon treatment relnltlated the procéssx - ~vf-
'of memory consolldatlon thlS would COnstltute an: unacceptable Change

<H1n'the way COnsolldatlon has been prev1ously dellned by. such researchersi'

as Wawson and Mcuaugh (1973) Gordon and opear (1973) note the facili- .

K [ o - .

N tat;on af retentrjn produced by the 79 hour posttraal 1nJectlon DL :
strychnlne sulIate‘suggested that .the usual failure to -ac111tate ‘
.';;f;retentlon with an 1nJectlon given at a greater than-one he‘u:.r tralnlnv»
‘drug 1nJect1on interval ( cbaugh et al.. 1062 ﬂcGaugh “rivanei 1970)
f:(“‘could not be ‘due - solely to the fact that the memory 5f the precedlng
| trlal ‘had already been consolldated
Lewis-(1909) has noted that a memory can often be dlsruoted when-
ever it is going from a stored to’ actlve state or v1ce-versa Gordon
and 3pear (19?3) suggested that g memory may be susceotlble to fa0111ta—‘
: fﬂlil,i"”l*“tlon at. such tlmes also ppear 3¢ (1971 1973) modelvnrov1des a means, of
e ‘explalnlng now-" fa61lltatlon ofua reactlvatcd memory (a memory Dresumably;ig~'
_going- from a stored to actlve state)_could sccur. _ If it is. as sumed that-A'
the reactlvatlon of a menory‘results 1n a susceptlblllty to addltlonal
1nfluences during the tlme the memory is re- actlve then it is likely
“that the postreactivation strychnine sulfate injection resulted'in theA
phy51olog1cal consequences of strychnine sulfate beconlng an attrlbute
of the reactlvated memory The 24 hour retentlon 1nterval of Gordon and ..
apear (1973 mxperlment 2) enabled the carryover of the phy51ologlcal
consequences of- strychnlne sulfate to act as retrleval cues to . faC111tate

N

the memory of the FA training and depress performance on the AA test




("

P o In a. ﬁurther study of. the effects of postreactlvatlon 1n3ectrgns L~ =

- . _".g

Pretel

e ﬁflof atryfhnlne sulfatev(Gordon 197? Ekperlment 1) 1nvest1gated the .- 1?5f1

- .-av'.

tvme aenendent nature of the pbenomenon A The d051gn of. uordon (1977
_~xper1ment 1) confbrmed closely to that of Gordon and bpear (1977 sx-z

P crlment °),except that' ubJects were'glven 1n3ect10ns of strychnlne:»”*ﬁ“

"””1 ate or 3a11ne at 95 2 5 15 or 30 mlnutes after the reactrvatlon

I

—treatment. Inly suogects 1nJected at 25 and 2 minutes aIter ﬁ§”7§7’
?‘our nostreactrvat&on treatment performed slgnlrlcantly more poorly on
the AA test than controls, showlng that faCllltatlon of retention we-

»ultlng from a postreactlvatlon 1nJectlon of strychnlne sulfate was a.

time- dependent phenomenon.} Whlle the results of bordon (1977 _rxperrment

13 cannot be explalned in terms of the memory consolldatlon hypothesrs

- -

-any more ca511y than .¢an.. the‘resulis of Gordon and spear (197} Ekperiﬁ

Tt 'ment 2) the use of a 24 hour retentlon 1nterval suggests that spear 5

T

_ model Can 1ga1n explaln the fac111tatlon of retentlon, The tlm€—~g“:i.:?"

K

"uependent nature ofF the fac111tatlon can be dealt wlth by suggestihg_ff

tnat 1ngectlons given at- 5 Oor more mlnutes posttrlal occur too late to'

BN « - n‘.’

' cnable the DhjsiologlCal consequences of the strychnlne sulrate 1njectlon
to become an attribute of the menory of the’ PA tralnlng rurther re-
search is requlred to. explaln the different fa0111tatlon gradlents for o
newly consolldatlng and reactlvated menorles (Gordonh 1977LHEXPeriment$5’«*‘

) In‘conclu51on the results of the present experlments nrov1de an.

alternate explanatlon in terms of spear s (1971 1973) attrlbute—

' retrieyal nodel of animal memory and long_term‘drug carryover effects
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- | 5
.!’ :A Chd :" ! | . :
(oooper & {ras 1963) for all studles oF time -~ dependent retrograde fa—_

c111tat13n Wluh strychnlne sulfate prev1ously thoupht to be expllcable

only 1n terms of . the memorj consolldatlon hypoth hi

. (u

expre sed by Dawson

w"arnd cGa"é ’(f973) In addlthﬂﬂ-DPQarﬂe model ~dan~ accOunt ?or fa01r1—j*:.:"

e

tatlon OL reactlvated memorles. a phenomenon not easlly explalned by the

memoryvconsolidation.hypothesis. Therefore, whlle the posslblllty that
S

pozttrial: injections >f strjchnlne sulfate may fa0111tate memory consoll-
. ) ‘/‘

.dation proCessesicannot.be entirely ruled out, 1t must be allowed that

there has not yet been .a study. Wthh has unamblguousﬁj aewonstrated that

' retrovrade Ia0111tatlon w1th strychnlne sulfate is’ the result of fa0111—

.,

SRR tatrinWvamemory consoli&at ot processes ratber tnan a,result of*druéﬁ"
'i,'ézzf/”éarryover and'a'facilitati@n of “retrieval.” T TR s
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