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~ ABSTRACT

~ The effects of corticosterone, hydrocorfiéone and'dexamethasohe on re-
tentfon of active and passive avoidance training were studied in male mice.
Post-training administrationvof any of the hormones facilitated subsequent
retention test performancé of podr]y trained mice whén’tested one week after
'training and drﬁg administratjon. Tﬁe optimum dose of dexamethasone was
4 mg/kg, whi]é_corticosterone and hydrotortisone weré.effective at 30 and
40mg/kg respectively. Dexamethasone significant]yﬁfﬁci]itated.retention when
_administered up to 150 min but not at 210 min after:trafning. 1t was further
 determined that'dexamethasone blocked the amnesic éffett,of two but not four
sugcessive injections of anisomyciﬁ in both active and passive avoidance
taéks. Cbrticosterbhe and dexamethasone kheh”admiﬁiStered fo‘éniéomycinQ
injected mice‘caUSed only a'sma]1; transient.ihcreasé in the protein syntinésis
inhibition. In sa]iné-injeéted control mice, the hormones also caused a small
inhibition of protein synthesis which disappeared quickly. Plasma corticosterone
. levels were measured‘in mice trained and‘given anisomycin, cycloheximide or
saline. P]asma qort1costerone levels were reducedl43% by anigomycin and 89%
by cycloheximide; In both cases the corticosterone levels were normal by'60 min
after the.inhibitor injection and elevated by about 2-4 times above contr61 |
levels at 120 énd‘180 min after the inhibitor injeétioh. The results are;
discussed in,térms of the effect of central stimu]aﬁt'action of corticosteroids

on memory formation.



Since the early 1960's a great deal of research has been done Qnathg‘tole'
of the pituitary-adrenocortical axfs in animalbleékning where footghdgg:has
been the‘maih reinforcement (de Wied,‘1969). Recehtiy aftention has furned
to thé effect of ACTH and related compounds on refrféyal of stored information
through studies §f the effect of ACTH beptides on extinction of an avoidance
habit (Bohus and de Wied, 1966; Bohus, Gispen and de Wied, 1973; de Wied,
1974, Greveh“and'de.Wied, 1973 and wimersma'Greidahus and de Wied;'197l).

In most cases, it was found that ACTH pept{des deiay the extinction of an
‘avoidance habit. This is'believéd‘to reflect increaséd arousal and improvéd
recall of the 1é§rning task. Evidence of effects of'AtTH peptide fragments
"on memory'formation was reported by Flood, Jarvik, Behnett and Orme'(]97§}.
They shoWed thgt the post-training ihjection of ACTH4_]O-L-Phe7 facilitatedv

retention wheﬁ'tested one week after training and?drug‘administration.

Cortiéosteroids are normally released in"respdnse to ACTH secretion.

It is surprising.given the work done on ACTH and its fragments thatvcortico;
steroids haVe received little attention as to their po§sib1e function in memory
pfocessing.-'Bohus (1970) reported that daily_admihistratibn 6f cortisol |
vécce]erated thé rate of extinction of a shock avoidahée hébit. “Wimersma -
éreidands (1970)_reported that corticosterone, dexémethasone, progesterone,
prégnenolone but not cholesterol, testosferone or estradiol acceierated the

rate of extinction for a shock avoidance habit. ‘The conclusion reached from

this reseakch;was that ACTH and corticosteroids have opposing effect on rgtention;

However, twd‘reports of improved retention as fhe‘resu]t of corticostérone
and.hydrocorfisone administration question this generé]ization. Barondesif
and Coﬁen.(l968) reported that a mixture of éorticostérone and hydrocortisone
biocked amnesia which would otherwise have occurred in mice treated with a
brain protein synthesis inhibitor--cycloheximide. More recently, Nakajima

(1975) confirmed the findings that corticosterone and hydrocortisone blocked



cyc]oheximide induced amnesia whén admihistefed-aftér passive avoidance traihe
ing. It was also found that 1ntra—h1ppocampa1 injections of hydrocortlsone ‘
blocked cyclohex1m1de induced amnesia (Nakaglma, 1976) If-;ort1costero1ds
interfere with memory processing as suggestgd by_the‘extinction stﬁdiés, theh_
ohe wpuld'not ekpecf tﬁem to have anti-amnesic effects} This seems particq—
lariy stranée since drugs like d-ambhetamine, strychn%ﬁe‘and picrotoxin act.
_asvanti -amnesics 1n mice g1ven prote1n synthes1s 1nh1b1tors (Barondeé'andb
Cohen, 1968 G1bbs, 19765. Flood, Jarv1k Bennett Orme and Rosenzwe1q, ]977)
and also improve retention of non-1nhﬁb1ted subJects (1cGaugn and Pet11n0v1rh
1965; Breen and MéGaugh, 1961; Andry and Luttges, 197] McGaugh and kr1vanek3
19704 Krivanek and.McGaugh 1969; Del R1o, 1971; Caste11ano, 1974). |
The purpose of our research was to determ1ne if cort1costero1ds ‘would »
~improve retentlon in poor]y trained mice as well as block ampesia in mice
treated with another prote1n synthesis inhibitor--anisomycin. Biochemical
determinations’were also made of the effects of cortiéosterdid administratfoh
on protein synthesis and also of training and pfoteih synthesis inhibition  

on plasma corticosterone levels.



'MATERIALS AND METHODS

'BehaVioral Experiments

For‘the Behaviora] experiments, CD-] ma]e_mice’from Chaf]es River Breedfng
Laboratories,}w11mington; MA were obtaihed at 6‘weeks of age. After 1 week |
in the ]aboratory, the mice were 1nd1v1dually caged unt1l tra1ned 1 week
later on a T -maze actlve avoidance task or on a one- tr1a1, step-through pass1ve'
avoydanceltask. M1ce were trained between 0800 and_1400 hrs. |
T-Maze ActiveeAyoidance _

The T-maze apperatus and tfaining have beenvpfevious]y descfibed (Flood, Bennet
Orme and Resehzweig, 1975). The apparatue consisted of .a black P]exig]ass
el1ey‘with a start box at one end and two goal boxes}At the other. A brass
floor grid ran throughout the entife,maze. Each goal box was fitted with
a c]earvPlexiQ}aS$ Viner, the bottom of which went below the shock grid.v
This was used to Eemove the animal from the goal box. The start box was |
separated from'fhe start a]ley by a b]ack'blasticegUilietine door which pre-
vented the moueerfrom moving down the alley unti) the:tfia] started. Mice
were not permitted to explore the maze prior to training. The eonditioned
stimuTus was avdoor bell-type buizer. The_intertriei interval was about 40 sec;
O.36vmavfootshpck was used in.all active avoidance éXperiments. |

A training trial consisted of placing the mouse in the start box, then -
raising the guillotine door and simultaneously eounding the buzzer. Mice
not moving to the correct goal box within 5 sec were shocked until they did -
so.l The side preference was determ1ned on the first tra1n1ng trlal by forc1ng

ll mice to g0 to the side opposite to thelr first response On subsequent
trials, the correct goal box was the non-preferred sqde'for each mouse. At

the end of each trial, the mouse was removed to its home cage by carefully

removing the liner and placing it into the mouse cage. As the training proceeded
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a mouse could make one of two types_of responses:'(a).; kesponse latenty 1éss
than or equal to_5‘set Qas an avoidahte, (b) a responsé 1atencyilongéf than

5 sec was an'eSCApé. The retention fest.given'l week after trainiﬁg consisted
of ketraining to‘a-criterioh'of lvaVoidance”response;j Mice'keqqiring'more |

than 3 -trials to make the first avoidance response. were scored as amnesic.

Passive Avoidance  ;

The passive évbidance training and apparatus have been‘descfibed previ- -
ously (Flood, Bennétt, Rosenzweig and Orme, 1972). -In”brief; fﬁe.apparatﬁs
consists of a 44 cm longballey_qfvided into a small, biack start box and a_
longer white.shbck.compartment. The two compartments are séparated by a panel
which cqntains a mousQ hole. Enthy into the white compértment was prevented'

until thé'appropriate time by a translucent guillotine door. - The shock was

.administeredvby a high voltage, constant current 18 pole shock scrambler

through a brass fﬁoor grid in the white box. The fobtshotk intensity was
0.33 ma. | | B

| The tfaining trial consisted»of p]acingvthe mouse in the black start
box for 20 sec,'then illuminating the white shock box and the mouse hole for
an additional 20 sec. Next, the gui]lotfne door was femo?ed whi]e the mouse.
was facing away froh it. The laténcy-to—enter was detérmined from the-timé
the mouse orientea toward the mouse hole until it entered completely the white

compartment. vThe'shock'was turned on when the mouse was half-way down the .

~alley (abOpt 5 sec after entry), and was left on until the mouse escaped

from the white‘compartment (1atency-to-escape) and waéfthen returned to it§
own cage. | |

The retenfion test followed the same procedure a$ for training exceptfz
that no footshock was given. Micg not ehtering into the white compartment.
within 180 sec were.removed and given a score of 180_Se¢. Amnesia was defined

as entering into the white shock compartment in 20 sec or less. Retention



‘was defined as not entering the shock compartment'within 20 sec. The basis

for choosing this criteria for amnesia and retention have been discussed
(Flood et al., 1977).
Drugs and Injections |

A1 drugs were administered subcutaneously in the following doses: aniso-

mycin (ANI).at 20 mg/kg; hydfocortisone‘succinate_or hydrocortisone phosphate

at 42 mg/kg:equivalent to 30 mg/kg of hormone. -Hydrétortisone and corticosterone

~were suspended in 5% Tween-80 and used at a dose of'30mg/kg. Dexamethasore

-(DEX) was_prépared in saline and administered at doSés of 0.5 to 8.0 mg/kg.

' When ANI or saline was administered prior to training, the subject was 1ight1j

| anesthetizedlwith ether.

To disso]Ve'ANI, an approximately equal molar amount of 3N HC1, was

added to a suspension of ANI in sa]ine; and the pH waé'finally adjusted to

 6-7. The final solution was 2.0 mg/ml in 0.9% NaCl.  ANI was obtained as

a gift from Pfizer Inc. and is now available commerCiaily through Pfizer

Diagnostics, Clifton, N.J. 07012.. Corticosterone and'all the hydrocortisones

" were obtained éommercia]]y from Sigma Chemical Co.'iDexametha§one was generously

supplied by Merck, Sharp & Dohme through D. Brown.
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BEHAVIORAL.EXPERIMENTS AND RESULTS

.Experiment 1: Effects of. Cort1costero1ds on Retent1on of T-Maze Avo1dance

The purpose of th1s exper1ment.was to determ1ne 1f dexamethasone, |
hydrocortlsone and corticosterone had any effect on.retent1on when adm1nistéred
after T-maze activé avoidance'conditibning ” A]] subjects Qere gfvpn'4 tréining
trials with the buzzer muffled so that control subJects wou]d show poor retention.
Immed1ate1y after tra1n1ng subgects were adm1n1stered either saline 5%, Tween 80,
dexamethasone (doses of'O 5, 1.0, 2. O 4.0 8.0 mg/kg), hydrocort1sone phosphaté
(42 mg/kg), hydrocort1sone succ1nate (42 mg/kg), hydfbtoftisone (30 mg/kg)
-in 5% Tween- 80 or. cort1costerone (30 mg/kg) in 5% Twéen-Sp. The retention
test was glven‘one week after training and drug fréétméﬁt. The N per group

was 20.

Results |
Post tra1n1ng 1n3ect10ns of DEX at 4.0 or 8. O mg/kg s1gn1f1cant]y decrearad :
the percentage of subJocts classed as forgettwng (DEX 4 mg/kg vs. saline, |
P <005, X2 = 10. DEX 8 mg/kg vs. saline, P <.001, x?_=-]2.3),v Lower doses -
of dexamethasone Weré found not to sighificant]y efféét retention (Table 1).
A11 of the hydrocbrtisonevgroubs‘and théﬂcorticosterone‘group.had significanﬁ]y
fewer subjeCts.cléSSed as forgetting than either the saline or Tween-80 confrol

groups (Table 1).

Table 1 about here
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Ekberiment 2:‘Time Dependency of DEX on T-Maze Avoidance

The purpoﬁe of this experiment_was fo detefhineVif'qexamethaSOne (4 mg/kg)
faéi]itated Eeténtioh in a timé.dependent mannér.v Mice Weré administeEed
‘dexamethasohe}either 0, 30, 90, ]SO, or 210 hin aftef tréining,and saline
was administeréd at either-o‘or 210 min after trajﬁing.-lrhe»dther experimenth
condition§ We}e”the same as in Exp.\],’,The N per_grpup waé 20. Subjects

were tested one week after tfaining;

Results |

| Dexametﬁaséne significantly improved'retentidn>fest perforhance when
~administered 0 td 150 min after training, but did not impfove refention when
administered 210 min after training (Table 2). - The DEX-150 min group dfffered |

2

“ from the combined saline control at P< .05, x© = 5.98. vThus the results of

Exp. 1 and 2_sﬁow that improved retention from dexamethasone was not due to a

proactive influehce of the drug at the time of the retention test.

Table 2 about here
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Experiment 3:vAﬁti-amnesic Effect of Dexamethasone fﬁr'TQMaze Avdidance'

- The purpose of this experimént‘Was.to determine iffdekémethasoné would
block amnesia induced by a series of anisOmycin (ANI)_ihjectjons, So that
Vcontro] subjeéfs w0u1d now reﬁember and we could demonstrate ANI4ihduced»amnesia,_
the'trajhing cbnditions were changed'as follows: thé number of training trials
was 5 instead of 4, and the buzzer was loud instead of muffled. In addition,
Sensitivity t0'footshock1was increased by the p}etraiﬁihg injection of ANI or
” sa]jne'in'this eXperiment. Other conditions of trajningvénd testing were
_déscribed aboVe. ANI was administefed eﬁther 2, 3,for’4 times as follows:.

15 min prior to training, 1-3/4 hrs, and if given, 3-3/4 and/or 5-3/4 hrs
.affer training. Séfiné wasladministered fo control groups afjthersame time.
Dexamethasone was administered ﬁmmediate]y aftef training at 4 mg/kg. Saline
was administéréd_to control for stress of the dexameﬁhasone injection. The

N was 20 per groupf

Results

| Two,'three,ror four sucéessive}injgctions of ANI'céused significant]y-.
‘poorer‘retentioh than four successive injectioné of sa]ihe (Table 3); P vaiueé
are all greatef than .OO],X2 fest; When dexamethasone wé$ administered to ’ |
mice receiving tWo successive injections of‘ANI, the pertentage of mice c}agsed
as forgetting was significantly reduced [Ani(saline)Ani = 70% forgetting vsv:,

2

ANI(DEX)ANI = 10% forgetting; x° Test, P <.001]. The administration of dexametha-

sone was less effective in reducing the percent forgetting in mice receiving

three ANI injéétions (Table 3, P <.05, x2

= 6.6). Dexaméthasone did not reduce
the forgetting of mice given four successive injectidnéiof ANI. Thus, additioné]_
-injéctions of ANI which increased the duration‘of inhibition of protein synthesis

consistently reduced the anti-amnesic effect of dexamethasone (Table 3).

Table 3 about here



two injectionsv(P <.001; x

Experimeht:4:'fAnti-Amnesic effect of'DexamethasOne for Passive Avoidance
The'pdrpbse of this experiment was to determine if déxamethasone would
have the same effect on ANI-induced forgettingvih:a paésive avoidance situation
as it had in,ah'active avoidance situation‘(Exp. 1); - The training was‘as.
described above; The subjects received ANI (é'tbf4 timeS).according to the

injection times given in Exp. 3. DEX (4 mg/kg) or a tontrq] saline

injection was given 30 min after passive avoidance training. The N per group

was 20. Thé subjects were tested one week after training.

Results -

- Two, fhree‘or four successive injections of ANI caused‘sighificant1y
mbre forgetting than four.éUCCESsive injections ofis§1ine (Table 4; x2 Test,
P <.001). DEX significantlyureduced forggtting'wheh mice were given
2 = 14.5), but not whéh given three or four successive
injectfdns of ANI.- This'deCréased ability of DEX to reduce forgettihg in
this,experfment is probably que to the administration of DEX 30 min rather
than immediateiy after tréinﬁng so that the injection'procedure itself did

not‘affect retention test scores. As has been published previously a sihg1e

. injectioh of ANI at'this Tevel of ‘training and this dose does  not cause signifi-

cant forgetting (Flood et al., 1974, 1975a,b).

Table 4 about here
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_ BIOCHEMICAL EXPERIMENTS

In orﬂer to interpret the behaVioral reso]ts, it is:eSSehtial_to deter- :
mine what Effectythe corticosteroids had on protein synthesis and on'protein‘
synthesis'inhibition. induced by ANI. If the steroids b'locbked inhibition of
prote1n synthes1s, then one could read1]y account for the resu]ts under the
hypotheSIS that protein synthe51s is required for. long term memory trace forma-
t1on If th]S is not the case, then we must seek an exp]anat1on of the phenomenon
in terms of other poss1b]e mechanisms of action of: the ster01ds

A second quest1on studwed was the degree to whtch ANI 1nhxb1ts the expected
increases in p]asma corticosterone levels following training. The consxstency,

degree and time course of cort1costerone levels was determined.

- PROCEDURES
Animals |
The_mice used for the biochemicalrexperiments on1protein synthesis were
male Swissiwebster mice; they were from the first or second generation of
a stock obta1ned from the Charles River Breeding Laboratories and raised at
Lawrence Berke]ey Laboratory. Recent behavwra]/c%'r]ndpat?loscomesmocfa]Sm'ss webster
mfce bred éplourllaboratory and those obtained dtrect]y from Charles River y
showed mo significant differences. The mice used in determining the plasma
corticosterone 1eve1s were obtained trom Charles River and housed and traihedv

in the behavxora] ]aboratory At the time of the exper1ments mice were 60- v"

80 days of age and we1ghed about 35g.

Determination of Protein Synthesis |
Radioattive [U-]4C]-L-valine was injected subcutaneously 20 min prior'
to-Sacrifiéé Protein synthesis was determined by the ratio of (a) rad1oact1v1ty

resulting from 1ncorporat10n of the label into the trtchloracet1c acid 1nsoluble

fracttons to (b) the total radloact1v1ty in the brain sample. The percent
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inhibition of”étimulation was determined by compékisdn of this ratio in the
control'and.éxperimental mice. The expérimenta] procedures have been described
in detai?«(Flodd'gg al., 1972).‘ Three or 4 mice were Used for éach data point,
Soré6 m§ce were used forvthe sa1fne or ANI referencé’controls,‘-Duplicate
fractions éndvdetermiﬁatioﬁs of fadibactivity’were'madé for each mouse brain,.
DEX, corticosteiohe and -ANI were bbtained from thé same sodrces and admihistered
in the samevmanner as described in the behaviora]jExpériments. The [U-]4C]-Lf

valine wés obtained from New England_Nuc]eaerorp.

Resu]ts o '
In the first experiment the effects of cort1costerone (30 mg/kg) and

dexamethqsone (4.0 mg/kg) on prote1n synthesis were determ1ned at 20 or 60»
min aftervthe drug or TWeen480 was administered. The'résults showed thaﬁn
an'injectidn,of‘Tween-BO inhibited pfotein synthesis 9.6% twenty minutes after
administration but by 60 min there was no effect (0.6% inhibition). Corticosterone
v'inhibited'protein synthesis.18%_atv20 min after administration but it declined
tov2.3% by 60'min after training. DEX inhibited protein synthesis by 6.6%
and this dec]iﬁéd to 1.6% by 60 min after administration. Thus the vehiﬁ]é,
~corticosterone, and DEX caused only smai], short-term reductions in protein
synthesiS'which'did not last even 60 min after dru§ administration.

| In the second exper1ment the effect of cort1costerone and DEX on ANI—
| induced 1nh1b1t1on of protein synthesis was determ1ned ANI was adm1n1stered 
at the tjme 0 min with corticosterone or DEX being administered at either
15 or 45ﬁﬁin later (times correspond to those in Exp. 3 and 4 of the behav1ora1
-studies)- SubJects were sacrificed at 180 min after the ANI injection. :ANI
a%one resu]ted in 40% inhibition of protein SynthESIS 3 hrs after its adm1n1strat1on
' Cort1coster0ne p]us ANI resulted in a slightly higher level of 1nh1b1t10n’
(57% for. both the 15 min and the 45 min group). DEX plus ANI also caused a
slightly h\gher level of inhibition (51% for the 15 min group and 50% for
the 45 mﬁn group)




.
The biochemical study showed that the anti-amnesic and retention facili-
tating effects of the corticosteroids was not mediated by directly affecting

protein synthesis. We have observed similar biochemical and behavioral effects

with stimu]ants and ACTH peptide fragments (Flood, gg;gl., 1976, 1977a,b).

Determination'of Plasma Corticosterone
Plasma cort1costerone levels were determined in trained and drug 1nJected

mice. M1ce rece1ved either an 1n3ect10n of ANI (20 mg/kg) or cyc]ohex1u1oe
-(CYCLO) (100 mg/kg) 15 min prior to receiving 5 training trials in the f—maze.
Subjects_Were sacrificed immedfate]y;’GO, 120, 140, 180 min éfter training.
After decapitation, blood was collected from the head and thexfrunk and tréated
with heparin inlsaIine.' In order to obtain sUfficient‘plasma, the blood from
two mice given.thé same treatment was poo]éd, stored, centrifuged and the
plasma frozen éhd‘étored until éssayed. The -assay Qse&'was a microadaption

of a fluorescence procedure described by Silber et al. (]958'-)_‘modf'fied by -
Guillemin Si.il; (1959). In brief, frozen mouse p]aéma Samb]es were thawed
and 0.1 ml of plasma was added to 2.4 ml of distif]ed»watér. _The samples.

and corticosteroid standards were washed briefly with petroleum ether and
extractediinto methylene chloride. Corticosterone was then extracted from
the methylene chloride into a solution of sulfuric écid Qith ethanb]. F]uofe-
scence waslallohed to develop for 1 hr and détermined:fnvan Aminco Spéctro%‘”
photof]uoroﬁeter with excitation and émission wavelengths of 463 and 525 mu.
The apparatus was set with the sensitivity at 70, the high voltage at 0.7,;
and the stit at 5 hm. The standard corticbsterone curve was linear in the

.concéntration range of 5-60 ug/100ml plasma.



ResuTts |
| fhe plasmq corticosterone levels were studied most c]ose]y_immediate]y
after trainihg;'s Qeterminafions for 5 pairs of trained mice Wéfe made. The
data showéd'that'ANI and CYCLO prévented increases ih'cbrticosterone 1e9e1
reTatiVe to the saline controls. ANI reduced ;ortfcosterone leveis by 43%.
and CYCLO by 89%. The mean percent ug (ug/100m1'p1asma) was 13.0 for sé]ine,
7.4 for ANI and 1.5 for CYCLO. |

A few determ1nat1ons were made at 60, 120, 140 and 180 min after training.
The sa11ne controls showed a rap1d decrease in plaqma cort1costeronc Tevel
up to 120 min; thereafter the level was stab]e. The ANI and CYCLO groups

did not differ from saline at 60 min but by 120 min ANI showed a corticosterone

“level 2.5 t1mes,greater than sa]wne while the CYCLO group was 6.3 times

greater. Anlgdditional ihjection of ANI given 2 hrs after the first (ANI+ANI)
did not depressvcorticostérone levels méasured at 140 or 180 mfn. In fact,
cofticosteroné levels remained elevated at 2.4 times gregter than saline.

The results showed that the inhibitbrs'bf pfoteip synfheéis;:ANI and
CYCLO,jcgused a transient depression of plasma cdkticosterone level which-
was fol]owed-ﬁyvan increase in corticosterone level for about 180 min after
the first ANI or CYCLO injettion. The réépverygof_protein synthesis did
not appear to trigger this large increase in corticosterone level since
this incréase occurred. when protein synthesis inhibition was maiﬁtained
by an add1t1onal 1nJect1on of ANI (ANI+ANI y1e1d1ng 240 min of 1nh1b1t1on

of protein synthes1s of 80% or greater)
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DISCUSSION

_ Summary of Findihgs .
Post training administratiddyof deXamethasome fati]itéted retention

test perfdrmance in a dose responée and fime depehdeht”ménner. HydrocoftiSOne
and cortlcosterone facilitated retent1on at approprlately h1gher doses.
A dose of dexamethasone that facilitated retention in poor]y tra1ned mice
a]so blocked amnesia in ANI 1n3ected m1ce. The antn-amnes1c effect was not
task dependeht since it was demonstrated to occur ih'bothlattive and paéSive
avoidance situations. ~The anti-amnesic effect was b]ocked by giving additional
injections of ANI whlch resu]ted 1n increased du'at1ons of protein Sjﬂphhb13 '
inhibition. |

~ The administration of corticosterone or deXameihasdne caused a stight
but transient inhibition of.prqtein'synthesis-in saline-injected mice and
slightly higher levels of prbtein'synthesis inhibffioh fn.ANI injected mice.
In neither case was the magnitude of the effect of the hormones on protein
synthesis regarded as sufficient to account for the observed effect on
retention test.pérformance ANI and CYCLO caused onTy a transient depression
on plasma cort1costerone 1evels of less than 40 min fo]]owed by an increase

'1n its 1eve1 to above the sa11ne control level.

vRelated Findings - -
Extinction Studies: Bohus (1970) and Wimersma Greidanus (1970) reported the

effect of chronic and acute administration of corticosteroids on extinction

of a shock avoidance habit. The chronic studies involved training rats to

g

_ make a pole jump response ovef several daily sessiods}.'Cortisol was implantedify
‘fi;s was followed by retraining and
- then 7 dally ext1nct1on sessions; the rats were under the influence of cortlso]

all the time Cortisol administration resulted in more rapid extinction.
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In the acute study, rats»were trained and then given 2 extinction
Sessions aboot 4 hrs apart. Corticosterone dexamethasone,‘progesterone,
or pregneno]one were adm1n1stered after the f1rst ext1nct1on session and
'1t was found that these hormones resulted in a more rapid ext1nct1on
Cholesterol, testosterone or estradiol did not affect ext1nct1on Both
the chronvc and acute studies were 1nterpreted as show1ng that corticosteroids
impaired memory funct1on1ng | | _'

It shou]d be po1nted out that ext1nct1on of a prev1ous1y learned
response. habit involves the acqu1s1t1on of new 1nformat1on (i.e., 1ea)ning).
In this case, the animal must learn that the cond1t1oned stimulus is no |
'vlonger fo]lowed by footshock for fa1l1ng to make an avowdance response.
Several 1nterpretat1ons of the results of the extinction studmes are
possible. First, corticosteroids might have impaired retrieval of memory
for the active avoidance cond1t1on1ng Thus the subjects are less motivated
- to make avo1dance responses and extwngu1sh more qu1ck1y This seems unlikely
’ since vamemory retrieval were impaired it would be more likely to affect
thevmore;recentimemory'for extinction and thus result in a stower; rather -
Jthan accelerated extinction. Second, corticoSteroids.might have enhanceo"
- acquisition of extinction, thus‘a decreased rate of‘responding wou 1d resUJt.
twe trained 26 naive mice on the T-maze active avoidance task and found that
4 mg/kg of DEX given 1 hr prior to tra1n1ng d1d not affect the rate of - |

acquwsutxon (DEX = 5.1 trials to 1st CR and Saltne = 5.3). Thus there was
ho indicatlon of a general improvement of acqu1s1tlon, in fact, there 1s
some 1n91cetwon that corticosteroids can impair acquisition (McEwen
f‘and}Qeiss, 1970). Third, corticosteroid administration could have altered
'_oerformahce'variables such as arousal leve] mob111ty or perception. while»

no impairment was observed when we were training DEX 1nJected mice, it is



possible thaf in_the nen-shock extinction eituation subtler changes in
performance yeriables could‘affect'the rate 6f extihctﬁon. Fourth,
corticosteroidslhight have enhanced memory formatidn-and-thereby haye
Jed to a more rapid extinctfon In this connection, Bohus (1970) fdund
that cort1so] 1mp1ants in the reticular formation at the ‘thalamic and -
mesencephalic levels were part1cu1ar1y effectlve in enhanc1ng-ext1nct1on.
Increased exeftability of the CNS with stimulants havaeen'reperted frequent1yh
to enhance memory process1ng (MeGaugﬁ, 1973; Dawsen:and Mchugh, 1973 for
recent rev1ews) ' ' | |

~While lt is tempt1ng to cons ider p1tu1tary hormones (ACTH) and adremo;'
corticosteroid hormones as havwng opposing effects-qn retention because
they have regulating inf]uences on each other, ft-preSehts a_]ogiCé] problen
in that it is di%ficuTt to understand why cofticostefoids wou 1d be secreted
shortly after training at a time when memOry processing is.thought to be
boccurring. We suggest that the regu]afory mechanisms-of the pituitary—adrenal
axis are independent of their effect on membry fofmatien and that both ACTH
and corticpsteroﬁe; to the extent that they can“affect'retention under normal

circulating levels, act in a general way to improve memory formation.

Anti-Amnesic Effects: Barondes and Cohen (1968), Nakajima (1975) and our

results showed that corticosteroids can block the amnesic effect of CYCLO. or

ANI. We further showed that extending the duration of inhibition prevented ‘the
anti—amne51c effect of DEX. Nakajima suggested that the anti-amnesic effect |
of corticoéteroids showed that fnhibitors of protein synthesis might cause
amnesia byfbreventing steroid synthesis or release. This hypothesié seems
_un11ke1y since it places the mechanism of actlon of the inhibitors peripheral

to the CNS.ﬁ.Stud1es have shown that CYCLO and ‘ANI ceuse amnesia when admini-
stered directly ﬁnto the brain. The doses used wereftdo Tow to cause significant

amnesia when given peripherally (Eichenbaum, 1975; Flood et al., -unpublished
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-6bservations);' In addition, it was reborted that aminoglutethimide depleted
corticosterone as much as CYCLO but did not inhibit protein synthesis and did
vno‘t cause amne:sia (Squire, St. John and Davis, 1976). Squire et al. (1976)
also showedltﬁat when a sufficient amount of corticosterone (1.2 mg/kg)

was administered to.compensate for the loss Cauged by-CYCLO, amesia still
occurred. it éhou]d be stressed that the 30 mg/kg dose of cortizosterone
used to block amnésia e]evated ‘plasma corticostefbne_ieve]s in CYCLO-treated
mice about 7 t1mes higher than normal (Squire-et a]v (1976)

| Nakajima (1976) found that cortlcosterone 1evels were suppressad in
CYCLO-injectéd mice 10 and 30 but_not 60 min after tra1n1ng. Over the 30 to
60 min period cort1costerone levels more than doub]ed in CYCLO-.nJ»cth

mice suggest1ng delay, rather than a comp]etp b]ock1ng of tra1n1ng 1nducud
increases in p]asma cortwcosterone 1evels

The present study prov1des add1t1ona1 ev1denca that does not support

the hypothe51s that protein synthe51s inhibitors cause amnesia by b]ohkxnj
adrenocort1costero1d function. The retention of poorly trained mice, not
'given a protein synthesis iﬁhibitor, was improved by a post-training injecticn
of»dexamethaéone, corticosterone or hydrocortisonéQ 'Therefore{ improvement of
retehtion’ﬁith these horﬁones need not involve inhfbitor-depressed plasma
cortfcosterohé levels. With respect to the inhibitor studies, corticosterone
llevelsfwere foqhd to be depressed by CYCLO or'ANIvbut the effect was only
temporary (lastéd less than 40 min). If the critical period of corticosterone
._depression was that immediately fq]]owing training, then a single injettion
Qf ANI should have been sufficient to cause amnesia. It has been reporﬁed
breviously’thét a single injettion of ANI at 20 mg/kg given prior to aétive
avoidance does not induce amnesia (Flood et al., 1975; 1976, Exp. 8 and |

1977) nor does a sfingle injection of ANI necessarily cause amnesia for passive

avoidance training (Flood et al., 1973). Neither.can the anti-amnesic effect
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of the steroids. be ekplained on the basis of altered protein synthesis since
1t was found that hormone administration only a]tered inhibition of prote1n
synthesws s]1ght1y and then in the wrong. d1rect10n (i._e., 1ncreas1ng inhi-
bition). , | | |

More recent]y Nakajima has carried the stero1d hypoth951° into the central
nervous system ‘ He has reported that intra- h1ppocampa] 1n3ect1ons of hydro- :
cotisone 91935 CYCLO- 1nduced amnesia from occurr1ng, whw]e septal and hypot h.
alamic 1nqect1ons were 1neffect1ve. Naka31ma suggests that protein synthesws
suppression of,corticosteroid releese prevents the steroids from reaching
steroid-recepfOrs in the‘hippocampus. The hypothesis-stillrfails to account
for the fo]]onﬁng findings:b(a)_peripheral protein synihesis inhibitors dovnot
vcause amnesia (Dunn, Gray and Tuvone, ]977),'(b) suppressjon of steroidogenesis
without protein Synthesis inhibition does not cause_amnesia (¢) the anti-amacsic
effegtvof-steroids can be blocked by additional injections of ANI but steroid
levels are not oepressed (d) one injection of ANI supresses stercid increases

but is not usual]y found-to cause amnesia and ( e)_stero1d administration -

improved memory of non—1nh1b1ted but poorly tra1ned_subjects.

Interpretationv

We propose as an alternative explanation that:the retention improving
effects of corticosteroids can be eXp]ained on the,basis of their stimulant
' action on the‘CNS (Feldman and Dafny, 1970). Stimulents.may affect ]ong_term
ememory storageﬂby maintaining the life of the short term memory trace upon
which long term memory is dependent.‘ Our findingstith dexamethasone sn0w é
strong similarity with experiments in which CNS excitabflity was increased by
post trainwng administration of stimulants (e.g., d- amphetam1ne, strychnine,

plcrotox1n. caffewne, nicotine). . All of these st1mu1ants ‘had anti-amnesic
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effects against ANI-induced amnesia (Food et al, 1977a,b). An addi£ioha1
similarfty between stimulant, ACTH and c0rticoste}oids is that the anti-amnesic
effect could be blocked by giving additional injections of ANI which lengthens
the‘duratidn of inhibition. We bé]ieve-that.these stimulants increase the
life of thé short term’hemory,trace by effecting.a greater interaction bétwcen
the neurotrgﬁsmitter and its receptor. Assuming thatvlong term .iemory trace
formation depends upon the presence Qf the shorthérm memory trace at a time
when protein synthesis is possibie, then with a gfven‘duration of inhibition,
amnesia does not occur because stimulants have_ihcreaéed the Tlife of_thc short-
term memory.beyond the inhibition peridd (ANI;DEX-ANI in Exp. 3 and 4). lncreasuv
ing the duratioﬁ bf_inhibition‘re-estab]iﬁhes conditions which result in amr.esia :
because the duration of inhibition is again Tonger than the stimulant-extended
life of the short term memory trace (ANI-DEX-ANI+ANI+ANI in Exp. 3 and 4).
Cor%icosterofd release, well known for its associétidn.with stress, may
modulate arousal and thus provide an optimal 1evé1‘bvaNS.excitabi1ity fcf long

-~ term memory trace formation.
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Table 1

Effect of Corticosteroids Retention of T-Maze AvoidAnce B

Drug | " Forgetting

Saline

Dexamethasone (mg/kg)

0.5
1.0

2.0

4.0 .
8.0

. 70%

759
60
50%

20%
15%

Drug

Tweenf80‘

HydrocortﬁsOnL-
phosphate

Hydrocortisone-
succinate

Hydrocortisone-
in Tween-80

Corticosterone
in Tween-80

Forgettirg

759
20
20%.
25%

25%

T sy s v me



Table 2

Time Dependent Effect of Déxamethasone

(N.= 20/group) f

- Treatment Time
fafter training (min)
Saline
210
Dexamethasone
0
30
90
150
210

70

20

20
35
45

70

‘f Forgetting

(P <.05, x°=4.43)
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Table 3

Anti-Amnesic Effect of Dexamethasone: T-Maze Avoidance

(N = 20/group)

Treatment Group  Forgeiting

o )
Ani(Sal)Ani s 70
Ani(DEX)Ani ' S [t
Ani(Sal)Ani+Ani SRR ¢
Ani(DEX)Ani+Ani : 40
Ani(Sal)Ani+Ani+Ani | | | 80
Ani(DEX)Ani+Ani+Ani 70
Sal(Sal)Sal+Sal+Sal | 5
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Table 4

Anti-Amnesic Effect of Dexamethasone: Passive Avoidance'

(N = 20/group)

Treatment Group | o Forgetiing
' - (%)
Ani(Sal)Ani | ; 85
Ani(DEX)Ani | s
Ani(Sal)Ani+Ani N 85
Ani (CEX)Ani+Ani - e 60
Ani(Sal)Ani+Ani+Ani | . 85

Ani(DEX)Ani+Ani+Ani 80

Sa.(Sal)Sal+Sal+Sal 10

JRES——R IV SR
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