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ABSTRACT 

The effects of corticosterone, hydrocortisone and dexamethasone on re-

tention of active and passive avoidance training we~e studied .in male mice. 

Post-training administration of any of the hormones facilitated subsequent 

retention test performance of poorly trained mice when tested one week after 

training and drug administration. The optimum dos~ of dexamethasone was 

4 mg/kg, while corticosterone and hydrocortisone were effective at 30 Jnd 

40mg/kg respectively. Dexamethasone significantly f ac i 1 ita ted reter:t ion · ... t~cn 

administered up to 150 min but not at 210 min after training. It was further 

determined that dexamethasone blocked the amnesic effect of two but not four 

successive injections of anisomycin in both active and passive avoidance 

tasks. Corticosterone and dexamethasone when administered to anisomycin·-

injected mice caused only a small, tra~sient. increase in the protein synthes·is 

inhibition. In saline-injected 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 
I 

saline. Plasma corticosterone levels were reduced 43% by anisomycin 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 control 

levels at 120 and 180 min after the inhibitor injection. The results are 

discussed in terms of the effect of central stimulant action of corticosteroids 

on memory formation. 

.. 
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Since the early 1960's a great deal of research has been done on the role 
~ .. . . 

of the pituitary-adrenocortical axis in animal learning where footshock has 
. ;'• ,·. 

been the main reinforcement (de Wied, 1969). Recently attention has turned 

to the effect of ACTH and related compounds on retrieval of stored information 

through studies,of the effect of ACTH peptides on extinction of an avoidance 

habit (Bohus and de Wied, 1966; Bohus, Gispen and de Wied, 1973; de Wied, 

1974; Greve.n and de Wied, 1973 and Wimersma Greidanu·s and de Wied, 1971). 

In most cases, it was found.that ACTH pept1des delay the extinction of an 

avoidance habit. This is believed to reflect increased arousal and improved 

recall of the learning task. Evidence of effects of ACTH peptide frag~ents 

on memory formation was reported by Flood, Jarvik, Bennett and Orrne (1976). 

They showed that the post-training injection of ACTH4_10-L-Phe7 facilitated 

retention when tested one week after training and drug administration. 

Corticosteroids are normally released in response to ACTH secretion. 

It is surprising given the work done on ACTH and its fragments that cortico­

steroids have received little attention as to their possible function in memory 

processing. Bohus (1970) reported that daily administration of cortisol 

accelerated the rate of extinction of a shock avoidance habit. Wimersma 

Greidanus (1970) reported that corticosterone, dex~methasone, progesterone, 

pregnenolone but not cholesterol, testosterone or estradiol accelerated the 

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

this research was that ACTH and corticosteroids have opposing effect on retention. 

However, two reports of improved retention as the result of corticosterone 

and hydrocortisone administration question this generalization. Barondes · 

and Cohen (1968) reported that a mixture of corticosterone and hydrocortisone 

blocked 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 

' ·' ' I 
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cycloheximide induced amnesia when administered after passive avoidance train­

ing. It was also found that intra~hippocampal injections of hydrocortisone 

blocked cycloheximide induced amnesia (Nakajima, 1976). If corticosteroids 

interfere with memory processing as suggested by the extinction studies, then. 

one would not expect them to have anti-amnesic effects. This seems particu­

larly strange since drugs like d-amphetamine, strychnine and picrotoxin act 

as anti-amnesics in mice given protein synthesis inhibitors (Barondes and 

Cohen, 1968; Gibbs, 1976; Flood, Jarvik, Bennett, Orme and Rosenzweig, 1977) 

and also improve retention of non-inh,bited subjects (McGaugh and Petrinovich, 

1965; Breen and McGaugh, 1961; Andry and Luttges, 1971; McGaugh and Krivanek, 

1970; Krivanek and McGaugh, 1969; Del Rio, 1971; Castellano, 1974). 

The purpose of our research was to determine if corticosteroids would 

improve retention in poorly trained mice as well as block amnesia in mice 

treated with another protein synthesis inhibitor--anisomycin. Biochemical 

determinations were also made of the effects of corticosteroid administration 

on protein synthesis and also of training and protein synthesis inhibition 

on plasma corticosterone levels. 

' 
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MATERIALS AND METHODS 

Behavioral Experiments 

For the behavioral experiments, CO-l male mice from Charles River Breeding 

Laboratories, Wilmington, MA were obtained at 6 weeks of age. After 1 week 

in the laboratory, the mice were individually caged until trained 1 week 

later on a T-maze active avoidance task or on a one-trial, step-through passive 

avoidance task. Mice were trained between 0800 and 1400 hrs. 

T-Maze Active Avoidance 

The T-maze apparatus and training have been previously described (Flood, Bennet 

Orme and Rosenzweig, 1975). The apparatus consisted of .a black Plexiglass 

alley with a start box at one end and two goal box~s at the other. A brass 

floor grid ran throughout the entire maze. Each goal box was fitted with 

a clear Plexigla~s liner, the bottom of which went below the shock grid. 

This was used to remove the animal from the goal box. The start box was 

separated fro~ the start alley by a black plastic guillotine door which pre-

vented the mouse from moving down the alley until the trial sta~ted. Mice 

were not per.mitted to explore the maze prior to training. The conditioned 

stimulus was a door bell-type buzzer. The intertrial interval was ·about· 40 sec; 

0.36 ma footshock was used in all active avoidance experiments. 

A training trial consisted of placing the mouse in the start box, then 

raising the guillotine door and simultaneously sounding the buzzer. Mice 

not moving to the correct goal box within 5 sec were shocked until they did 

so. The side preference was determined on the first training trial by forcing 

all mice to go to the side opposite to their first response. On subsequent 

trials, the correct goal box was th~ non-preferred side 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 Jnto the mouse cage. As the training proeeeded 

... 
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a mouse could makeone of two types of responses: (a) a response latency less 

than or equal to 5 sec was an avoidance, (b) a response latency longer than 

5 sec was an escape. The retention test given 1 week after training consisted 

of retraining to a criterion of 1 avoidance response. Mice requiring more 

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

Passive Avoidance 

The passive av.oidance training and apparatus have been described previ­

ously (Flood, Bennett, Rosenzweig and Orme, 1972). ·In brief, th~ apparatus 

consists of a 44 em long alley divided into a small, black start box and a 

longer white shock compartment. The two compartments are separated by a panel 

which contains a mouse hole. Ent~y into the white compartment was prevented 

until the ~ppropriate time by a translucent guillotine door. ·The shock was 

administered by a high voltage, constant current 18 pole shock scrambler 

through a brass f1oor grid in the white box. The footshock intensity was 

0.33 rna. 

The training trial consisted of placing the 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 guillotine door was removed while the mouse 

was facing away from it. The latency-to-enter was determined from the time 

the mouse oriented toward the mouse hole until it entered completely the white 

compartment. The ·shock was turned on when the mouse was half-way down the 

alley (about 5 sec after entry), and was left on unti 1 the mouse escaped 

from the white compartment {latency-to-escape) and was then returned to itS 

own cage. 

The retention test followed the same procedure as for training except 

that no footshock was given. Mice not entering into the white compartment 

within 180 sec were removed and given a score of 180 sec. Amnesia was defined 

as entering into the white shock compartment in 20 sec or less. Retention 
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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 !!·' 1977). 

Drugs and Injections 

All drugs were administered subcutaneously in the following doses:· aniso­

mycin (ANI) at 20 mg/kg; hydrocortisone succinate or hydrocortisone phosphate 

at 42 mg/kg equivalent to 30 mg/kg of hormone. Hydrocortisone and corticosterone 

were suspended in 5% Tween-80 and used at a dose of 30mg/kg. O~xa~1ethasor e 

(DEX) was prepared in saline and administered at doses of 0.5 to 8.0 mg/kg. 

When ANI or saline was administered prior to training, the subject was lightl~ 

anesthetized with ether. 

To dissolve ANI, an approximately equal molar amount of 3N HCl, \vas 

added to a suspension of ANI in saline, and the pH was 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 commercially through Pfizer 

Diagnostics, Clifton, N.J. 07012. Corticosterone and all the hydrocortisonEs 

were obtained commercially from Sigma Chemical Co. Dexamethasone was generously 

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

Experiment 1: Effects of Corticosteroids on Retention of T-Maze Avoidance 

The purpo~e of this experiment ~as to determi~e if dexamethasone, 

hydrocortisone and corticosterone had any effect on retention when administered 

after T-maze active avoidance conditioning. All subjects were given 4 training 

trials with the buzzer muffled so that control subjects would shovJ poor retention. 

Immediately after training subjects were administered either saline 5%, Tween 80, 

dexamethasone (doses of 0.5, 1.0, 2.0, 4.0 8.0 mg/kg), hydrocortisone phosphate 

(4~ mg/kg), hydrocortisone-succinate {42 mg/kg), hydro~ortisone (30 mg/kg) 

in 5% Tween-80 or corticosterone {30 mg/kg) in 5% Tween-8p. The retention 

test was give~ one week after training and drug treatment. The N per group 

was 20. 

Results 

Post-training injections of DEX at 4.0 or 8.0 mg/kg significantly decreased 

the percentage of subjects classed as forgetting {DEX 4 mg/kg vs. saline, 

P <;005, x2 = 10. DEX 8 mg/kg vs. saline, P <.001, x2 - 12.3). Lower doses 

of dexamethasone were found not to significantly effect retention (Table 1). 

All of the hydrocortisone groups and the corticosterone group had significantly 

fewer subjects classed as forgetting than either the saline or Tween-80 control 

groups (Table 1). 

Table 1 about here 
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Experiment 2: Time Dependency of OEX on T-Maze Avoidance 

The purpose of this experiment was to determine if dexamethasone (4 mg/kg) 

facilitated retention in a time dependent manner. Mice were administered 

dexamethasone either 0, 30, 90, 150, or 210 min after training and saline 

was administered at either 0 or 210 min after training. The other experimental 

conditions were the same as in Exp. 1. The N per group was 20. Subjects 

were tested one ~~'teek after training. 

Results 

Dexamethasone significantly improved retentioh test performance when 

administered 0 to 150 min after training, but did rtot improve retention when 

administered 210 min after training (Table 2). The DEX-150 min group differed 

2 from the combined saline control at P< .05, x = 5.98. Thus the results of 

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

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

Table 2 about here 
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Experiment 3: Anti-amnesic Effect of Dexamethasone for T-Maze Avoidance 

The purpose of this experiment was to determine if dexamethasone would 

block amnesia induced by a series of anisomycin (ANI) injections. So that 

control subjects would now remember and we could demonstrate ANI-induced amnesia, 

the training conditions were thanged as follows: the number of training trials 

was 5 instead of 4, and the buzzer was loud instead of muffled. ln addition, 

sensitivity to footshock was increased by the pretraining injection of ANI or 

saline in this experiment. Other conditions of training and testing were 

described above. ANI was administered either 2, 3, or 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 

after training. Saline was administered to control groups at the same time. 

Dexamethasone was administered immediately after training at 4 mg/kg. Saline 

was administered to control for stress of the dexamethasone injection. The 

N was 20 per group. 

Results 

Two, three, or four successive injections of ANI caused significantly· 

poorer retention than four successive injections of saline (Table 3); P values 
2 

are all greater than .OOl,X test. When dexamethasone was administered to 

mice receiving two successive injections of ANI, the percentage of mice c1assed 

as forgetting was significantly reduced [Ani(saline)Ani = 70% forgetting vs 

'ANI{OEX)ANI = 10% forgetting; x2 Test, P <.001]. The administration of dexametha-

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

three ANI injections (Table 3, P <.05, i = 6.6). Dexamethasone did not reduce 

the forgetting of mice given four successive injections of ANI. Thus, additional 

injection~ 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 

' 
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Experiment 4: Anti-Amnesic effect of Dexamethasone for Passive Avoidance 

The purpose of this experiment was to determine if dexamethasone would 

have the same effect on ANI-induced forgetting in a passive avoidance situation 

as it had in an active avoidance situation (Exp. l). The training was as 

described above. The subjects received ANI (2 to 4 times) according to the 

injection times given in Exp. 3. DEX (4 mg/kg} or a control saline 

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

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

Results 

Two, three, or four successive injections of ANI caused significantly 

more forgetting than four successive injections of ~aline (Table 4; x2 Test, 

P <.001}. DEX significantly reduced forgetting when mice were given 
2 two injections (P <.001; X = 14.5), but not when given three or four successive 

injections of ANI. This decreased ability of DEX to reduce forgetting in 

this experiment is probably due to the administration of DEX 30 min rathe1· 

than immediately after training so that the injection procedure itself did 

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

injection of ANI at this level of training and this dose does not cause signifi­

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

Table 4 about here 

' 



-10-

BIOCHEMICAL EXPERIMENTS 

In order to interpret the behavioral results, it is essential to deter­

mine what effect the corticosteroids had on protein synthesis and on protein 

synthesis inhibit ion induced by ANI. If the steroids ,blocked inhibit ion of 

protein synthesis, then one could readily account for the results under the 

hypott.esis that protein synthesis is required for long-term memory trace forma­

tion. If this i~ not the case, then we must seek an explanation of the phenomenon 

in terms of.other possible mechanisms of action of the steroids. 

A second question studied was the degree to which ANI inhibits the expected 

increases in plasma corticosterone levels following training. The consistency, 

degree and time ·course of corticosterone levels was determined. 

PROCEDURES 

Animals 

The mice used for the biochemical experiments on protein synthesis were 

male Swiss Webster mice; they were from the first or second generation of 

a stock obt,ained from the Ch.arles River Breeding Laboratories and raised at 
and biochemical 

Lawrence Berkeley Laboratory. Recent behavioral /comparisons of Swiss Webster 

mice b.red tl'l our laboratory and those obtained directly from Charles River 

showed no significant differences. The mice used in determining the plasma 

corticosterone levels were obtained from Charles River and housed and trained 

in the behavioral laboratory. At the time of the experiments mice were 60-

80 days of age and weighed about 35g. 

Determination of Protein Synthesis 

Radioatthe [u- 14c]-L-valine was injected subcutaneously 20 min prior t . 
. , 

to sacrifi~. Protein synthesis was determined by the ratio of (a) radioactivity 

resulting from incorporation of the label into the trichloracetic acid insoluble 

fractions to.' {b) the total radioactivity in the brain sample. The percent 

: •.. >; ,, 
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inhibition or stimulation was determined by comparison of this ratio in the 

control and experimental mice. The experimental procedures have been described 

in detail,(Flood et !.!.·~ 1972). Three or 4 mice were used for each data point, 

5 or 6 mice were used for the saline or ANI reference controls. Duplicate 
t: 

fractions and determinations of radioactivity were made for each mouse brain. 

DEX, corticosterone and ANI were obtained from the same sources and administered 

in the same manner as described in the behavioral Experiments. 14 The [U- C ]-L-

valine was obtained from New England Nuclear Corp. 

Results 

In the first experiment the effects of corticosterone {30 mg/kg) and 

dexarnethqsone (4.0 mg/kg) on protein synthesis were determined at 20 or 60 

min after the drug or Tween-80 was administered. The·results shov;ed tllat 

an injection of Tween-80 inhibited protein synthesis 9.6% twenty minutes after 
'· 

administration but by 60 min there was no effect {0.6% inhibition). Corticosterone 

inhibited prot~in synthesis 18% at 20 min after administration but it declined 

to 2.3% by 60 min after training. DEX inhibited protein synthesis by 6.6% 

and this decli~ed to 1.6% by 60 min after administration. Thus the vehicle, 

corticosterone, and DEX caused only small, short-term reductions in protein 

synthesis which did not last even 60 min after drug administration. 

In ,the second experiment the effect of corticosterone and DEX on ANI-

induced .·inhibit ion of protein synthesis was determined. ANI was administered 

at the ti.me 0 min with corticosterone or DEX being administered at either 

15 or 4S·'inin later (times correspond to those in Exp. 3 and 4 of the behavioral 

studies). Subjects were sacrificed at 180 min after the ANI injection. ANI 

alone resulted in 40% inhibition of protein synthesis 3 hrs after its administration 

Corticos.t.~rone plus ANI resulted in a slightly higher level of inhibition 

(57% for.~oth·the 15 min and the 45 min group). DEX plus ANI also caused a 
\; 

slightly,htgher level of inhibition (51% for the ~5 min group and 50% for 

the 45 riri.~.· group) . 
' 
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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 stimulants and ACTH peptide fragments (Flood, et .!!_., 1976, l977a,b). 

Determination of Plasma Corticosterone 

Plasma corticosterone levels were determined in trained and drug injected 

mice. Mice received either an injection of ANI (20 mg/kg) or cycloheximide 

(CYCLO) (100 mg/kg) 15 ~in prior to receiving 5 trainirig trials in the T-maze. 

Subjectswere sacrificed immediate.ly, 60, 120, 140, 180 min after training. 

After decapitation, blood was collected from the head and the trunk and treated 

with heparin in saline. In order to obtain sufficient plasma, the blood from 

two mice given the same treatment was pooled, stored, centrifuged and the 

plasma frozen and.stored until assayed. The assay used was a microadaption 

of a fluorescence procedure described by Silber et .!!_. (1958} modified by 

Guillemin ~ !!· (1959). In brief, frozen mouse plasma samples were thawed 

and 0.1 ml of plasma was added to 2.4 ml of distilled w~ter. The samples 

and cortfcosteroid standards were washed briefly with petroleum ether and 

extracted i.nto methy.lene chloride. Corticosterone was then extracted from 

the methylene chloride into a solution of sulfuric acid with ethanol. Fluore­

scence was allowed to develop for 1 hr and determined in an Aminco Spectra..; 

photofluorometer with excitation and emission wavelengths of 463 and 525 mu. 

The apparatus was set with the sensitivity at 70, the high voltage at 0.7, 

and the slit at 5 mm. The standard corticosterone curve was linear in the 

concentration range of 5-60 ~g/lOOml plasma. 

' 
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Results 

The plasma corticosterone levels were studied most closely immediately 

after training; 5 determinations for 5 pairs of trained mice were made. The 

data showed that ANI and CYCLO prevented increases in corticosterone level 

relative to the saline controls. ANI reduced corticosterone levels by 43%. 

and CYCLO by 89%. The mean percent ~g (~g/lOOml plasma) was 13.0 for saline, 

7.4 for ANI and 1.5 for CYCLO. 

A few determinations were made at 60, 120, 140 and 180 min after training. 

The saline controls showed a rapid decrease in plasma corticosterone level 

up to 120 min; thereafter the level ~as stable. The ANI and CYCLO groups 

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

·level 2.5 times greater than saline while the CYCLO group was 6.3 times 

greater. An additional injection of ANI given 2 hrs after the first (ANI+ANI) 

did not d~press corticosterone levels measured at 140 or 180 min. In fact, 

corticosterone levels remained elevated at 2.4 times greater than saline. 

The results showed that the inhibitors of protein synth~sis~ ANI and 

CYCLO, c,aused a transient depression of plasma corticosterone level which 

was followed by an increase in corticosterone level for about 180 min after 

the first ANI or CYCLO injection. The recovery of protein synthesis did 

not appear to .trigger this large increase in corticosterone level since 

this increase occurred when protein synthesis inhibition was maintained 

by an additiona,l .inj~Ction of ANI (ANI+ANI yielding 240 min of inhibition 

of protein synthesis of 80% or greater). 

•, 
. ' 

' ' 
' 



Summary of Findings . 

-14-
DISCUSSION 

Post training administration of dexamethasome facilitated retention 

test performance in a dose response and time dependent manner. Hydrocortisone 

and corticosterone facilitated retention at appropriately higher doses. 

A dose of d~x~methasone that facilitated retention in poorly trained mice 

also blocked amnesia in ANI injected mice. The anti-amnesic effect was not 

task dependent since it was demonstrated to occur in both active and passive 

avoidance· situations. The anti-amnesic effect was blocked by giving addHionJl 

injections of ANI which resulted in increased durations of protein synthesis 

inhibit ion. 

The administration of corticosterone or dexamethasone caused a slight 

but transient inhibition of protein synthesis in sa~ine-injected mice and 

slightly higher levels of protein synthesis inhibition in 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 ob~erved effect on 

retenti6n test performance.. ANI and CYCLO caused only a transient depress ion 

on plasma corticosterone levels of less than 40 min followed by an increase 

in its level to above the saline control level. 

Related fi~dings 

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 

make a pole jump response over several daily sessions. Cortisol was implanted~ 

~followed by -retraining ~~d 
then 7 daily extinction sessions; the rats were under the influence of cortisol 

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 about 4 hrs apart. Corticosterone, dexamethasone, progesterone, 

or pregnenolone were administered after the first extinction session and 

it was found that these hormones resulted in a more rapid extinction. 

Cholesterol, testosterone or estradiol did not affect extinction. Both 

the chronic .and acute studies were interpreted as showing that cart icosteroids 

impaired memory functioning. 

It should be pointed out that extinction of a previously learned 

response habit involves the acquisition of new information (i.e., learning). 

In this case, the animal must learn that the conditioned stimulus is no 

longer followed by footshock for failing to make an avoidance r·esponse. 

Several interpretations of the results of the extinction studies are 

possible. First, corticosteroids might have impaired retrieval of memory 

for the active avoidance conditioning. Thus the subjects are less moti'Jateu 

to make avoidance responses and extinguish more quickly. This seems unlikely 

since if mem01~y retrieval were impaired it would be more likely to affect 

the more recent memory for extinction and thus result in a slower, rather· 

than at~e1erated extinction. Second, corticosteroids might have enhanced 

acqui's·~tion of extinction, thus a decreased rate of responding would result. 

We trained 20 naive mice on the T-maze active avoidance task and found that 

4 mg/kg of DEX given 1 hr prior to training did not affect the rate of 

acquisition (DEX = 5.1 trials to 1st CR and Saline = 5.3). Thus there was 

no indi.cation of a general improvement of acquisition; in fact, there is 

some in(iication that corticosteroids can impair acquisition (McEwen 
~· ' 

and·Weis's, 1970). Third, corticosteroid administration could have altered 

perfc;~rmance· variables such as arousal level, mobility or perception. While 

no imp~.irment was observed when we were training DEX injected mice, it is 

. ~· : 

.. 



-16-

possible that in the non-shock extinction situation subtler changes in 

performance variables could affect the rate of extinction. Fourth, 

corticosteroids~might have enhanced memory formation and thereby have 

led to .a more rapid extinction. In this connection, Bohus (1970) found 

that cortisol implants in the reticular formation at the thalamic and 

mesencephalic levels were particularly effective in ~nhancing extinction. 

Increased excitability of the CNS with stimulants has been reported frequently 

to enhance memory processing (McGaugh, 1973; Dawson and McGaugl1, 1973 ~or 

recent reviews). 

While it is tempting to consider pituitary hormones (ACTH) and adreno-

corticosteroid hormones as having opposing effects on retention because 

they have regulating influences on each other, it presents a logical problen' 

in that it is difficult to understand why corticosteroids would be secreted 

shortly after training at a time when memory processing is thought to be 

occurring. We suggest that the regulatory mechanisms of the pituitary-adrenal 

axis are independent of their effect on memory formation and that both ACTH 

and cortic9sterone, to the extent that they can affect retention under normal 

circulatin.g 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 f~rther showed that extending the duration of inhibition prevented the 

anti-amnesic effect of DEX. Nakajima suggested that the anti-amnesic effect 

of corticosteroids showed that inhibitors of protein synthesis might cause 

amnesia byJ~reventing,steroid synthesis or release. This hypothesis seems. 
· ...... , 

unlikely since it places the mechanism of action of the inhibitors peripheral 

to the CNS~ Studies have shown that CYCLO and ANI cause amnesia when admini-
.'···· 

stered directly into the brain. The doses used were too low to cause significant 

amnesia when given peripherally (Eichenbaum, 1975; Flood et ~., unpublished 

' 
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observations). In addition, it was reported that aminoglutethimide depleted 

corticosterone as much as CYCLO but did not inhibit protein synthesis and did 

not cause amnesia (Squire, St. John and Davis, 1976). Squire et ~· (1976) 

also showed that when a sufficient amount of cor'ticosterone (1.2 mg/kg) 

was administered to compensate for the loss caused by CYCLO, ~nnesia still 

occurred. It should be stressed that the 30 mg/kg dose of corti~osterone 

used to block amnesia elevated plasma corticosterone levels in CYCLO-treated 

mice about 7 times higher than normal (Squire et ~· (1976). 

Nakajima (1976) found that corticosterone levels were suppress~d 1n 

CYCLO-injected mice 10 and 30 but not 60 min after training. Over the 30 to 

60 min period corticosterone levels more than doubled in CYCLO-injected 

mice suggesting delay, rather than a complete blocking of training-induct:d 

increases in plasma corticosterone levels. 

The present study provides additional evidence that does not support 

the hypothesis that protein synthesis inhibitors ~ause amnesia by blocking 

adrenocorticosteroid function. The retention of poorly trained mice, not 

given a protein synthesis inhibitor, was improved by a post-training injection 

of dexamethasone, corticosterone or hydrocortisone. Therefore, improvemt>nt of 

retention with these hormones need not involve inhibitor-depressed plasma 

corticosterone levels. With respect to the inhibitor studies, corticosterone 

levels were found to be depressed by CYCLO or ANI but the effect was only 

temporary (lasted less than 40 min). If the critical period of corticosterone 

depression was that immediately following training, then a single injection 

of ANI should have been sufficient to cause amnesia.- It has been reported 

previously that a single injection of ANI at 20 mg/kg given prior to active 

avoidance does not induce amnesia (Flood et al., 1975; 1976, Exp. 8 and 

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

avoidance training (Flood et ~., 1973). Neither can the anti.,amnesic effect 
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of the steroids be explained on the basis of altered protein synthesis since 

it was found that hormone administration only altered inhibition of protein 

synthesis slightly and then in the wrong direction (i. e., increasing inhi­

bition}. 

More recently Nakajima has carried the steroid hypothesis into the central 

nervc.,us system. He has reported that intra-hippocampal injectiuns of hydro­

cotisone block CYCLO-induced amnesia from occurring, while septal and hypoth­

alamic injections were ineffective. Nakajima suggests that protein synth:.:sis 

suppression of corticosteroid release prevents the ~teroids from reacl1ing 

steroid-receptors in the hippocampus. The hypothesis still fails to accou;·Jt 

for the f~llowing findings: (~) peripheral protein synthesis inhibitors do not 

cause amnesia (Dunn, Gray and Iuvone, 1977), (b) suppression of steroidogc·r:csis 

without protein synthesis inhibition does not cause amnesia (c) the anti-Jnt•:;(,ic 

effect of steroids can be blocked by additional injections of ANI b~t steroid 

levels are not depressed, (d) one injection of ANI suptesses steroid increases 

but is not usually found to cause amnesia and (e) steroid administration 

improved memory of non-inhibited but poorly trained subjects. 

Interpretation 

We propose as an alternative explanation that the retention improving 

effects of corticosteroids can be explained on the basis of their stimulant 

action on the CNS (Feldman and Dafny, 1970). Stimulants may affect long term 

memory storage by maintaining the life of the short term memory trace upon 

which long term memory is dependent. Our findings with dexamethasone show a 

strong similarity with experiments in which CNS excitabi 1 ity was increased by 

post training administration of stimulants (e.g., d-amphetamine, strychnine, 

picrotoxin~ caff~ine, nicotine) .. All of these stimulants had anti-amnesic 
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effects against ANI-induced amnesia (Food et al, 1977a,b). An additional 

similarity between stimulant, ACTH and corticosteroids is that the anti-amnesic 

effect could be blotked by giving additional injections of ANI which lengthens 

the duration of inhibition. We believe that these stimulants increase the 

life of the short term memory trace by effecting a greater interaction between 

the neurotransmitter and its receptor. Assuming that long term 1Jemory traer 

formation depends upon the presence of the short-term memory trace at a time 

when protein synthesis is possible, then with a gfven duration of inhibition, 

amnesia does not occur because stimulants have increased the life of the sr,'Jrt­

term memory beyond the inhibitior; period (ANI-DEX-ANI in Exp. 3 and 4). Incre,\~)­

ing the duration of inhibition re-establishes conditions which result in am~esia 

because the duration of inhibition is again longer than the stimulont-extend('d 

life of the short term memory trace (ANI-DEX-ANI+ANI+ANI in Exp. 3 and 4). 

Cor~icoster0id release, well known for its association with stress, may 

modulate arousal and thus provide an optimal level of CNS excitability for' long 

term memory trace formation. 

' 
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Table 1 

Effect of Corticosteroids Retention of T-Maze Avoidance 

Drug Forgetting Drug Forget t i r;9 

Saline 70% Tween-80 75% 
., 

Dexamethasone (mg/kg) Hydroccwt i sone-
phosphate ?q·;·~ 

0.5 75% 
Hydrocortisone-

1.0 60% succinate 2C% 

2.0 50% Hydrocortisone-
in T1veen-80 25% 

4.0 20% 
Corticosterone 

8.0 15% in T\'JC:cn-80 2~% 

.. 
I 
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Table 2 

Time Dependent Effect of Dexamethasone 

(N. = 20/group} 

Treatment Time Forgetting 
~ after training (min) (%} 

Saline 

0 75 

210 70 

Dexamethasone 

0 20 

30 20 

90 35 

150 45 (P <.05, x2=4.43) 

210 70 

' 
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Table 3 

Anti-Amnesic Effect of Dexamethasone: T-Maze Avoidance 

(N = 20/group) 

Treatment Group Forge i', t i n 9 
(%) 

Ani ( Sa 1 ) Ani 70 

Ani ( DEX) Ani 10 

Ani(Sal)Ani+Ani 80 

Ani ( DEX) J\n i +Ani 40 

Ani(Sal)Ani+Ani+Ani 80 

Ani(DEX)Ani+Ani+Ani 70 

Sal(Sal)Sal+Sal+Sal 5 

( 
' 

_, 
; 

i 
"I 
I 
! 
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Table 4 

Anti-Amnesic Effect of Dexamethasone: Passive Avoidance 

(N = 20/group) 

Treatment Group Forgetl. i ny 
(%) 

An i ( Sal) An i 85 

An i ( 0 EX ) An i 25 

Ani(Sal)Ani+Ani 85 

Ani(DEX)Ani+Ani 60 

Ani (Sa 1) Ani +Ar1 i +Ani 85 

Ani(DEX)Ani+Ani+Ani 80 

Sa.(Sal)Sal+Sal+Sal 10 
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