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FLOOD, J. F., M. E. JARVIK, E. l.. BENNETT AND A. E. ORMI'I. Eyfi.'cts o/ .,t('771 pcpttdc .fragments un memory 
fi)rmation. PttARMA('. BIO('I[EM. BI-ItAV. 5: SUPPL. t. 41 51, 1976. The effects of peptides dcri,.ed from A('TII 
on  the formation or" hmg-term memory have been investigated in male mice. Post-training administration of A(*I'H 
4-10-L-Phe-7 (A('Ttt-L) improved retention for both passive and active avoidance tasks. Administration of ACTtl 
4-10-D-Phe-7 (ACTH-D) impaired retention for both tasks. The optimum dose for ACTtI-L was about 0.3 mg/kg; the 
optimum dose for A('TII-D was in the range of 1.0 3.0 mg/kg. Using the passive avoidance task, it was shown that either 
drug had to be administered within 6(1 min of training to be highly effective. Amnesia produced by anisomycin (An|l, an 
inhibitor of protein synthesis, was lessened by ACfH-L and increased by AC'FH-I). ACTH-I) opposed the memory- 
facilitating effects of A(?TII-L. Using intact mice, ACTH-L or ACTH-D did not significantb' change the incorporation of 
valine into protein, nor did these peptides influence the inhibition of protein synthesis caused by anisomycin. The results 
show that ACTII may play a major role in memory processing, perhaps by facilitatin.e essential protein synthesis at sites 
slYecific for the memory being established. 
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SlNCE the early lg60"s a great deal of  research has been 
done on the role of  the p i tu i ta ry-adrenocor t ica l  axis in 
animal learning where foo t shock  was the main mot ivat ion .  
More recently a t t en t ion  has turned to the effects  o f  A( 'TH 
and related c o m p o u n d s  on retrieval of s tored in format ion  
through studies of  the effect  of A("l ' t l  pept ides  on 
ex t inc t ion  of a habit .  

De Wied and his co-workers  have suggested thal A ( T t t  
4-10-L-Phe-7 (ACI 'H-L) is the por t ion  of  A( 'Ti t  which 
affects  behavior  and that  this por t ion  has no adreno-  
cor t i co t rop ic  activity. In addi t ion A( 'TIt  4-10-D-Phe-7 
( A C r H - D )  opposes  the activity of  A("FH-L [1] and 
increases the rate of ex t inc t ion  for shu t t l ebox  training [ 1 ]. 
Greven and l)e Wied [1c)] studied d i f ferent  pept ide  
f ragments  of ACTH to de te rmine  the shortes t  possible 
seqt, ence of amino acids that would have the same effect  on 
ex t inc t ion  as the full sequence  of A( 'TH. A( 'TH-L was 
repor ted  to be as effective as the naturally occurr ing ACTIt 
in delaying ex t inc t ion  of shut t lebox per formance ,  jump-  
pole response,  and passive avoidance.  A( 'TII-D facili tated 
shu t t l ebox  and jump-po le  e x t m c t i o n  but delayed ex t inc t ion  
for passive avoidance.  The A('TII 4-10 pept ides  possess 
almost none of  the ad renocor t i co l rop ic  effects  of  the 
parent molecule  A(TTH [3] .  Consis tent  with the above 
findings it has been repor led  [24J thal ACTH-L adminis-  
tered prior to the re ten t ion  test could alleviate the anmesia 
caused by CO2 or e lectroconvuls ive shock.  

Greven and de Wied [ l t ,  ~] suggested that the ACTH 
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9eptide acts on membranes  of specific target cells and by 
reducing c(mformat ional  changes,  s t imulates  cyclic.' AMP 
product ion .  This in turn st imulates protein synthesis  and 
leads to the es tabl ishment  of new synapt ic  junct ions .  
Gispen et al. [16] and Walter [30] have out l ined rather 
similar pos tula ted  mechanisnls  for act ions of A( 'TH pep- 
tides on receptors  leading to n lembrane  changes through 
the cyclic nucleot ide  system. Greengaard [ t 8 ]  has recently 
discussed tile mult iple roles that cyclic nucleot ides  may 
pk, y m synapt ic  funct ion .  

The research thal we have under taken  focuses on the 
effects  of the A("l '[t pept ides  on memo ry  format ion  as 
opposed  to the exper imenta l  designs used to s tudy its 
effects  on learning and retrieval. For this reason, we have 
investigated the effects  of  A( 'Tt l  4-10-L-Phe-7 and A("I'tl 
4-10-D-Phe-7 ei ther  alone or in combina t ion  wilh aniso- 
mycin,  a protein synthesis  inhibi tor ,  on re ten t ion  and 
protein synthesis .  A number  of studies have now shown 
that an i somycm is an effective inhibi tor  of memory  
format ion  [9. 10, 12- 14, 27, 28] .  In all of  the expe r imen t s  
in this repor t ,  the A('TH pept ide  f ragments  were injected 
within 4 hr after training and thus 1 week prior to tile 
re ten t ion  test. This makes it unlikely that the effecls  of the 
peptides on re tent ion  are due to influences on the 
acquisit ion of the habit or on retrieval. Both active and 
passive avoidance lasks were used. 

The effects  of A( 'Tl l  and derivative peplides have been 
studied in many laboratories  under a variety of condi t ions .  
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Macromolecular  effects  of A('TII and its analogues in the 
brain including effects  on prote in  synthesis  have recent ly  
been reviewed or repor ted  [4, 7, 8, 21 ]. Most of the studies 
cited investigated tile ef fec ts  o f  ei ther ACTII or its 
analogues using either h y p o p h y s e c t o m i z e d  or adrenalec- 
tomizcd mice or rats, or have used in vitro systems.  
However,  no s tudy was noted in which the c o m p o u n d s ,  
mode of inject ion,  and time parameters  appeared to bc 
relevant for our behavioral studies.  The main objectives of  
our biochemical  expe r imen t s  were twofold :  (1) to deter-  
mine any gross effects  of A( 'Tt l  4-10 pcpt ides  on cerebral 
protein synthesis  within hours  after a single subcu taneous  
adminis t ra t ion ,  and (2) to de te rmine  if some unant ic ipa ted  
interact ion occurred be tween  an isomycin  and e i ther  pep- 
tide to greatly modi fy  the inhibi t ion of protein synthesis .  

MAI I. RIAI,S AND PRO('IzI)I.iRES 

BEHAVIOI¢AL EXPERIMENTS 

For tile behavioral exper iments ,  ( 'D-I male mice from 
( 'harles Rivers Breeding l .aboratories ,  Wilmington,  MA were 
obta ined at 6 weeks of  age. After  1 week in the labora tory ,  
the mice were individually housed in small cages 24 hr prior 
to training. After  training the mice were re turned to 
individual cages until the re ten t ion  test was given one week 
later, l h e  mice were trained on a one-trial  s tep- through 
passive avoidance or on a T-maze active avoidance task. 
Mice ,,','ere tes ted anti trained be tween 0800 and 1400 hr. 

Pas.~'i ve .4 co idan (e  

The passive aw)idance training and apparatus  have been 
described previously [ 11 ]. The appara tus  consists of a 44 
cm long alley divided into a small, black start box and a 
longer white shock c o m p a r t m e n t .  The two c o m p a r l m e n t s  
are separated by a panel which conta ins  a mouse hole. 
Entry into the white c o m p a r t m e n t  was prevented until the 
appropr ia te  t ime by a t ranslucent  guillotine door.  The 
shock was adminis tered by a high voltage, cons tan t  current  
18 pole shock scrambler  through a brass f loor grid in the 
white box. The footshock intensi ty is given in each 
exper imenta l  descr ipt ion.  

The training trial consisted of placing a mouse in the 
black start box for 20 sec, then i l luminating the white  
shock box and the mouse hole for an addit ional  20 sec. 
Next,  the guillotine door  was removed while the mouse was 
facing away from it. The la tency- to-enter  was de te rmined  
from the t ime the mouse or iented toward tile mouse hole 
until it had entered  comple te ly  the white  c o m p a r t m e n t .  
The shock was turned on when the mouse was half-v.'ay 
down the alley (about  5 sec after entry) ,  and was left on 
until the mouse escaped from the shock box and was 
re turned to its own cage. 

The re ten t ion  lest fol lowed the same procedure  as for 
training except  that no foo t shock  was given. Mice not 
enter ing inlo the white c o m p a r t m e n t  within lg0  sec were 
removed and given a score of 180 sec. Amnesia was def ined 
as enter ing into the white shock c o m p a r t m e n t  in 20 sec or 
less. Re ten t ion  was defined as not enter ing the shock 
c o m p a r t m e n t  within 20 sec. l h e  t ime f rom shock onset 
until the animal re turned to the black start box was called 
the latency-t o-escape. 

F-.,llaze el c l ive  A voidanct" 

The l - m a z e  training and apparatus  have been previously 

described [~1]. The training apparatus  consisted of a black 
Plexiglas start alley with a start box at one end anti two  
goal boxes at the other .  A brass floor grid ran throughout  
the entire maze. Each goal box was f i t ted with a clear 
Plexiglas liner, the b o t t o m of which went  below the shock 
grid. This liner was used to remove the animal from the goal 
box. The start box was separated l'rom the resl of the start 
alley by a black Plexiglas guillotine door  which prevented 
the animal from moving down the slart alley until the Irial 
started.  Animals were not permi t ted  to explore the maze 
prior to training. The condi t ioned  st imulus (( 'S) was a door  
hell type buzzer.  The intertrial interval was about  40 sec: 
0.37 mA shock was used in all active avoidance tasks. 

A training trial consisted of placing the inouse in lhe 
start box, then raising tile guillotine door  and simul- 
taneously sounding the buzzer.  Mice not moving to the 
correct  goal box within 5 sec were shocked until  they did 
so. The side preference was de te rmined  on the first training 
trial by forcing all mice to go to the side opposi te  to their 
first response.  On subsequent  tri~,ls, the correct  goal box 
was the non-prefer red  side for each mouse. At the end ot  
each trial, the mouse was removed to its hon3e cage by 
carefully renloving the liner and placing il into the mouse 
cage. As training proceeded a mouse could make one of two 
types of responses:  (a) a response latency longer than 5 sec 
was ;.tn escape, (b) a response latency less than or equal to 5 
sec was an avoidance.  The re ten t ion  lest given 1 week after 
training consisted of retraining Io a cri terion of I avoidance 
response.  Mice requiring more than 3 trials to make the first 
avoidance response were scored as anlllesic. 

I n j e c t i o n s  

When pretraining injectio,ls of saline or anisomycin  
1 .2-p-methoxyphenyl -3-ace toxy-4-hydroxy-pyrro l id ine)  (20 
mglkg) wcrc employed ,  they were adminis tered under  very 
light e ther  anesthesia.  All ACTH pcpt ide  or control  
injections were given without  ether .  All injections were 
given subcutaneous ly  in a volume of about  0.35 ml. 
Solut ions of the A('TH fragments  used for the behavioral 
studies were prepared m saline after first dissolving in a 
small quan t i ty  of 0.01 M H ( I .  

BIOCIIt.IM IUAI. I..X PEI{IMI-N IS 

The effects  of the A('TH peptides,  ei ther  alone or in 
combina t ion  with anisomycin ,  on protein synthesis  was 
de termined by measuring the incorpora t ion  or [ l a ( ' ( U ) ]  - 
L-valine into the t r ichloracet ic  acid fract ion of either whole 
brain in the first exper iment ,  or into brain stern and rest of 
brain separately in the second.  For  the first exper iment ,  
mice were sacrificed 75. 100, ~,nd 135 rain after subcu- 
taneous adminis t ra t ion of 0.5 mg of anisomycin.  A("II t -D.  
AC'III-L, or saline was adminis tered 45 mm afler the 
anisomycin  as had been done  in the behavioral exper iments .  
[14(.]_L_valine was adminis tered 15 mm prior to sacrifice. 
The design of Exper iment  2 was similar except  mice were 
sacrificed 135 or 180 rain after an i somycm injection. In the 
biochemical  exper iments  (but not in the behavioral experi- 
ments) ,  manni tol  had been used to stabilize the pepl ide  
solutions. Therefore ,  in addi t ion to the usual saline con- 
trois, some mice were adminis tered mannitol ,  lSxperimental 
procedures  for deternl ining prolein synthesis  have been 
described in fur ther  detail [11] .  l)uplicale f rac t ionat ions  
and dc te rmina t ions  of raditx, ciivity ,,,,'ere de te rmined  for 
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each brain sample. Four  intact male Swiss mice, which were 
offspring of mice obta ined from Charles River Breeding 
Laboratories ,  were used for each data point  in the first 
exper iment  and 2 mice per data point  in the second 
exper iment .  

EFFECTS OF DOSE OF ACTH-L ON RETENTION 
PASSIVE AVOIDANCE TRAINING 

I 0 0 -  

B E H A V I O R A L  EXI 'ERIMt!NTS AND RESULTS 

I,It.I.'I,X"IS (.)t. ACTH 4-10-1,-Phe-7 ON RI,TrENTION ~0 
t£XPERIMI,;NTS l-- 3 

t:'w~erimen t l : DrISf  R e.'~'pOHS¢' 

The purpose  of the expe r imen t  was to de te rmine  the 
dose range that  might facilitate re tent ion .  ACTIt 

6 O  4-10-L-Phe-7 (ACTII-L) was adminis tered  30 rain after Z 
passive avoidance training. ,4. low shock level of 0.30 m A  0 
',,,'as chosen so that  cont ro ls  would show poor  per fo rmance  I-..- 

z and thus improvement  of re ten t ion  could be measured.  As a ta 
fur ther  means of  set t ing the proper  level of  training, we I-- 

ta 4 0  retained only those mice with la tencies- to-enter  by laten- ee 
c i e s - t o - e s c a p e o f 2 s e c  x 1 see, 2 x 2 , 2  x 3 , 3  x l , o r 3  x 2 
(values rounded  to the nearest second) .  These la tency o'~ 
values are very impor tan t  since they de te rmine  the degree 
of learning ] 111. A( 'TH-L was adminis tered  at 0, 0.1. 0.3. 
1.0 anti 3.0 mg/kg. The 0.1 anti 0.3 mg/kg doses are values 20  
similar to those used by de Wied and his associates. 

Resul ts  

The results summar ized  in Fig. 1 show that for this 
passive avoidance task, the 0.1, 0.3 and 1.0 mg/kg doses of  
A( 'TH-L facil i tated re ten t ion  significantly and equally, that  
is, these groups had all showed about  80% re ten t ion ,  
whereas the group receiving no ACTH-L showed only 275; 
(Fig. 1). There is some indicat ion that  too much of the 
pept ide produces  less than opt imal  facil i tat ion of  memo ry  
format ion  since the 3.0 mg/kg showed 50(:; re tent ion .  

k~rperirncnt 2: In terac t ion  o /  Dose and  7¥me o f  Admin&-  
tralio/z 

The purpose  of  this exper iment  was to de te rmine  if (a) 
ACTH-L could produce  a be t te r  dose response curve with a 
decrease in training s t rength  f rom that used in Exper iment  
I, and (b) if th.e effect  of  A( 'TtI -L was dependen t  on the 
time of drug adrninistrat ion after training. The mice were 
trained (shock intensi ty  0.30 mA) and injected in the same 
manner  as in I ' .xperiment 1 except  that  the la tency- to-enter  
had to be 2 sec and the latencies-to-escape 1 or 2 sec. This 
shifted the dis t r ibut ion  o f  training values toward those 
producing somewha t  poorer  re ten t ion;  that  is the cont ro ls  
were amnesic.  Thus the test should be more  sensitive to the 
effects  of  A ( T H - I . .  / 'he  N per group was 20. 

Resul ts  

The dose response por t ion  of the ACTH-L curve over 
which re ten t ion  improved was be tween 0.03 and 0.1 mg/kg. 
The dose of 0.3 mg/kg seemed to produce  the opt imal  level 
of improvement  in re ten t ion  Cl'able 1). l lowever ,  the 
effective dose range was still 0.1 to 1.0 mg/kg. The effect  of 
A( 'TH-L on re ten t ion  was dependen t  on the t ime  of its 
adminis t ra t ion.  Adnt in is t ra t ion  of  the pept ide  at 30 or 60 
rain after training had similar effects  on re ten t ion .  But 
A('TH-L ',,,'as less effect ive in improving re ten t ion  when 
adminis tered 90 rain after training and an addi t ional  loss of 
effect iveness was observed when adminis t ra t ion  occurred 
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FIG. 1. The effects of dose of ACTH-L on retention for passive 
avoidance training. The ACTII Was administered 30 rain after 
training. Retention was lested one week later. N/group was between 

23 and 28. 

240 rain after training ( ] ab l e  11. l h e  decrease in effective- 
ness of the higher ACIH-L  doses was found ~,gain. In 
addi t ion,  this modif ied  training procedure  was an improve- 
ment  over the procedure  previously tlscd s ince  it m a d e  it 
possible to demons t ra t e  that a dose of 0.3 mg/kg was 
optimal.  

E x p e r i m e n t  3. ..IC'TII-I, on R e t e n t i o n  using T-31azc Act ive  
Avo idance  

l ' he  purpose of this exper iment  was to test if A('TII-I.  
would have tile same effect  on memo ry  format ion  for :,n 
active avoidance task as it did in lhe passive avoidance lask. 
The mice were given 4 training trials on the T-maze using a 
muffled door  bell buzzer as (S .  A("T}I-I. was adminis tered 
within 1 rain after training at doses of 0.3 or 3.0 mg/kg. A 
saline-injected group served as control .  The N per group was 
I O. 

Resul t s  

Adminis t ra t ion  of  A("I'tt-I. immedia te ly  after active 
avoidance training improved re ten t ion  scores both  as 
measured by the percentage of mice requiring more than 3 
trials to make the first avoidance response i.e., amnesic 
mice (Fig. 2B), and by the number  of trials for the firsl 
avoidance (Fig. 2A). Again as in the passive avoidance task. 
the higher dose was less effective than the lower dose ol 
A('TH- L. 
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" I A B I , E  I 

AMNESIA AS A FUNCTION or" "t'IME AND DOSt" OF AC'FH.[. 
PASSIVE AVOIDANCE TASK 

Time of Injection 
after training 
(mini 

Dosage in mglkg 

0.0 0.03 0. I 0.3 1.0 3.0 

30 
60 
90 

240 

% Amnesic  Mice* 
80 60 30 15 35 55 
80 60 25 20 50 6t) 
85 75 50 40 50 75 

80 80 75 65 75 75 

*N - 2t)/group. 

t't. Et.:("FS Ot. ACTH 4-10-t)-Phe-7 ON Rt.:tt.:N'tl()N 
F:X Pt.:P, IMt.:NTS 4 -  5 

l','vperiment 4: Interaction o f  Dose and Time o f  Admini.s- 
tration o.l elCTH-I) 

T h e  p u r p o s e  o f  t he  e x p e r i m e n t  was  t w o f o l d :  11) to  
d e t e r m i n e  w h a t  d o s e s  o f  A t ' T i t  4 - 1 0 - D - P h e - 7  (A(TI 'H-D)  
w o u l d  a f f ec l  r e t e n t i o n  tes t  s co re s  a n d  (2 )  to  d e t e r m i n e  t he  
i n f l u e n c e  o f  t i m e  o f  a d m i n i s t r a t i o n  on  t he  e f f e c t .  T h e  m i c e  
were t r a i n e d  on one - t r i a l  pass ive  a v o i d a n c e .  In E x p e r i m e n t  
' it was  n e c e s s a r y  t ha t  t h e  c o n t r o l  a n i m a l s  w o u l d  be o n l y  
m i n i m a l l y  t r a i n e d  so  tha t  f a c i l i t a t i o n  o f  m e m o r y  c o u l d  be  

d e m o n s t r a t e d .  111 th i s  e x p e r i m e n t  c o n t r o l  a n i m a l s  n eed  to 
he ,,,,'ell t r a i n e d  so  t ha t  i m p a i r m e n t  o f  i n e m o r y  f o r m a t i o n  
by A ( ' T H - D  c o u l d  be s h o w n .  O n e  w a y  of  i n c r e a s i n g  t r a i n in g  
s t r e n g t h  is to  raise t h e  level o f  s h o c k  i n t e n s i t y .  Fo r  Ibis 
r e a son  s h o c k  i n t e n s i t y  was  0 .33  m A  r a t h e r  t h a n  0 . 3 0  m A  as 
m E x p e r i m e n t  2. A("I ' I I - I )  was  a d m i n i s t e r e d  30 .  00 ,  t)0, or  
240  rain a f t e r  t r a i n i n g  at d o s e s  o f  0 .3 ,  1.0 o r  3 .0  m g / k g .  
Sal ine  was  a d m i n i s t e r e d  as a c o n t r o l  for  the  s t ress  o f  the  
i n j ec t i on .  We r e t a i n e d  o n l y  a n i m a l s  w i th  l a t e n c i e s - t o - e n t c r  
o f  2 sec  a n d  l a t e n c i e s - t o - e s c a p e  o f  2 sec  ( w h e n  r o u n d e d  oft  
to the  nea r e s t  s e c o n d ) .  T h e  N pe r  g r o u p  was  20.  
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FIG. 2. Effect of dose of A(~I'H-L on active avoidartce training. A('TH-L Was adminiqered immediately after training. A, (tort) Mean nmnbcr  
of  trials to first avoidance; B, (right) Percentage of mice requiring more than 3 trials to make first active avoidance resFm~c. 
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Results 

All three doses of ACTH-I) were effect ive at reducing 
re tent ion scores and thus increasing amnesia when adminis- 
tered 30 or 60 min after  training. There  is a t rend under  
these cond i t ions  of training for the high dose of  ACTtt-D to 
be more effect ive than the low dose (Table 2). As was 
found with A( 'TII-L in Expe r imen t  2, A( 'Tl t - I )  exer ted a 
greater effect  when injected 30 or 00 rain than when 
injected 90 or 240 min after training. 

T A B L E  2 

AMNESIA AS A FUNCTION O|. TIME AND DOSE O|: ACfH-F) 
PASSIVE AVOIDANCE fASK 

Time of lnjeclion Dosage in mg/kg 
• af ter  training 
(min) 0.0 0.3 1.0 3.0 

Amnesic Mice* 
3O 2O 55 65 75 
60 15 55 70 70 

90 15 30 35 40 
240 20 I 0 30 45 

*N = 20/group. 

Exper iment  5." A CTtt-D t:TJect on T-Maze Act ive  el voidance 

The purpose  of the exper iment  was to de te rmine  if 
ACfH-I )  would have the same effect  on re ten t ion  for an 
active avoidance task as it did in a passive avoidance task. In 
Exper iment  3 we examined the facilitating effect  of 
A( 'TH-L on an active avoidance task, therefore  it was 
necessary for cont ro ls  to be minimally trained so only 4 
training trials were given. [n this expe r imen t  we arc looking 
for impai rment  of memory ,  therefore  well-trained cont ro ls  
were needed.  For  this reason the mice were given 5 training 
trials with a loud door  bell buzzer as (S .  In order  to cont ro l  
the degree of learning a training pe r fo rmance  cri terion was 
imposed.  Animals  were not included if they made an 
avoidance response during original training or if they failed 
to make one correct  escape response.  A( 'TH-D was adminis-  
tered within 1 r a in  after training at doses of 0.0, 0.3. 1.0 or 
3.0 mg/kg. The re ten t ion  test,  as in all expe r imen t s  of this 
series, was one week after  training. The N was 20 per group. 

Results 

A C f t l - l )  at 1.0 or 3.0 mg/kg significantly impaired 
re tent ion:  that is the percentage of  amnesic  mice increased 
(Table 3). As with Exper iment  4, a significant d i f ference  
was not found be tween  1.0 and 3.0 mg/kg doses a l though 
there is indicat ion of greater  effect  with the larger dose 
(compare  Tables 2 and 3). 

The mice which made avoidance responses during the 
original training were analyzed separately to see if A( 'TII-D 
would still have an effect  (Table 4L Interest ingly,  this 
seems to have brought  out the dif ferences  in close response.  
A( 'TH-I)  at 3.0 mg/kg caused more amnesia.  ()wing to the 
small N's no di f ferences  were significant but the group 
given 3.0 mg/kg differed from the cont ro l  group at 
approx imate ly  p< 0.06. 

T A B L E  3 

AMNESIA AS A FUNCTION OF DOSE OF ACTH-D 
ACTIVE AVO[DANCF TASK 

Dose in mg/kg 0.(| 0.3 1.0 3.0 

% amnesic mice* 20c~ 4()% 6(1'?,/( 65(:~ 
p value from 
0.0 N S (|.05 0.02 

*N = 20/group. Mice not making the firs| avoidance response in 3 
trials or less were scored as amnesic. 

T A BI .E  4 

AMNESIA AS A FUNCI-ION OF DOS|{ OF AC-i'H-I) 
S|:I.[-CfEI) ANIMAI.S*--ACTIVE AVOll)ANCE IASK 

Dose in mg/kg 1).(| 0.3 1.0 3.0 

N 10 8 7 8 
%A mnesia I 0~ 12~ 14% 50¢.~ 

*Only those animals which made an avoidance during the original 
training were used. Amnesic mice defined as in Table 3. 

H-I.E('TS Ot: ACIH ON AMNESIA PI",()I)LI('I.II) BY ANIS()- 
MYCIN: I(XPI- RIM}.]N fS 6-9  

l:'vperiment 6: F,(/?cts o f  A C771-L 

Protein synthesis  inhibit ion by : ,nisomycin (Ani~ was 
used to cause amnesia in this exper iment .  In some of the 
mice ACFH-L was adminis tered short ly  after training (30 
min) to de te rmine  if the ACf l I - I .  would block the amnesia.  
Other  groups received more inject ions of Ani to test if 
longer dura t ions  of inhibi t ion of prote in  synthesis  wouht 
block the ant i -amnesic  effect of ACf t I - I . .  

Mice were trained on passive avoidance at a foo tshock  of 
0.36 mA. This is a relatively high footshock and produces  
strong training. Ani was adminis tered 15 rain prior to 
training and again at 1-3/4 hr after training. Some groups 
received a third injection of Ani 3-3.'4 hr ;,fter t ra in ing  
Saline-injected mice served as controls .  Saline. 0.3 or 3.0 
mg/kg of ACf I I -L  was adminis tered 30 rain :filer training. 
N per group wt, s 20. 

Results 

As expec ted ,  two or three successive injections of Ani 
caused significantly greater amnesia than was found in the 
saline contro l  (80 and 855 vs 15';'). An injection of 
A( 'TH-L at tile dose of 3.0 mg/kg significantly reduced this 
amnesia in mice given 2 successive injections of  Ani but not 
in those given 3 successive inject ions of Ani (Fig. 3). The 
effect of 0.3 mg/kg A('TIt-I_, while significant,  did not 
cause such a large drop in the percent  amnesia. A( 'T t | -L  did 
block the amnest ic  effect  of two successuve inject ions of 
Ani but increasing the number  of injections {and thus the 
durat ion of inhibi l ion)  blocked the ant i -amnest ic  effects  of 
the ACFH-I,.  

The high dose of A('TII was more effective at reducing 
the level of amnesia than the lower dose. I towever,  an 
addit ional  injection of Ani which prolongs inhibi t ion ot 
protein synthesis  by 2 hr at 80q  or more blocked the 
ant i -amnest ic  effect  of the A('TII-L. 
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E F F E C T S  OF A N I S O M Y C I N  A N D  A C T H - L  

P A S S I V E  A V O I D A N C E  T R A I N I N G  
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t.1(;. 3. Effects of  Anisomysin (A) and Dose of  A('TH-L o,I 
retention for a passive avoidance task. A was administered 15 m m  
prior to training and subsequently at 2 hr intervals as indicated. 
A("Ttt or saline (S) was administered 30 min after training. A('TH-L 
overcame tile amnest ic  cffet.-ts of  2 doses of  A, but not O|" 3 doses. 

The 3.0 m,e/kg dose of A('TI! was more effective than (1.3 mg/kg. 

Exper imen t  7. l:']l~'cts o./ N u m b e r  o f  ln/ection.s o f  A ('TII-I. 

T h e  p u r p o s e  o f  th i s  e x p e r i m e n t  was  to:, d e t e r m i n e  if 
a d d i t i o n a l  i n j e c t i o n s  o l  A ( ' T H - I .  v, 'ould b l ock  t he  e f f ec t  o f  
a d d i l i o n a l  i n j e c t i o n s  o f  Ani  as o b s e r v e d  in E x p e r i m e n t  6. 
T h e  c c m d i t i o n s  o f  t r a i n i n g  were  t he  s a m e  as in E x p e r i m e n t  
6. " lhc  i n j ec t i on  grot ,  ps are  g iven  in Fig. 4. Ani  o r  sa l ine  
were a d m i n i s t e r e d  15 rain  p r io r  I o  t r a i n i n g  and  1-3/4 h r  
a f t e r  t r a in ing .  S o m e  g r o u p s  r ece ived  a 3rd  i n j e c t i o n  3 - 3 / 4  h r  
a f t e r  t r a in ing .  A ( " I I I - L  or  i ts  c o n t r o l  in. iecl ion ( sa l ine )  was  
a d m i n i s t e r e d  1/2 h r  or  1/2 h and  2 -1 /2  hr  a f t e r  
t r a i n ing ,  A ( ' T I I - I .  was  a d m i n i s t e r e d  at a d o s e  o f  3 / )  m g / k g .  
N per  g r o u p  was  10. 

As in e x p e r i m e n t  (~, tw'o i n j e c t i o n s  o1 Ani  c a u s e d  
s i g n i f i c a n t l y  m o r e  a m n e s i a  t h a n  did  i n j e c t i o n s  o f  sa l ine .  
A ( ' T H - L  b l o c k e d  the  a m n e s i a  in g r o u p s  r ece iv ing  o n l y  t w o  
s u c c e s s i v e  i n j e c t i o n s  o f  Ani .  N e i t h e r  a s ingle  or  d o u b l e  
i n j ec t i on  o f  A ( T H - L  b l o c k e d  tile a m n e s i a  i n d u c e d  by  t h r e e  
succe~;sive i n j e c t i o n s  o f  Ani  (Fig .  4).  T h e s e  da ta .  like t he  
t i m e  d e p e n d e n t  r e su l t s  o f  E x p e r i m e n t  2. sugges t  t ha t  
A("I ' I I -L  a l t e r s  m e m o r y  f o r m a t i o n  o n l y  w h e n  a d m i n i s t e r e d  
w i t h i n  the  f irst  h o u r  a f t e r  t r a in ing .  

l:'xperim en t ,~'. I;]fe cts o.l A ("T/l-I) 

U n d e r  a p p r o p r i a t e l y  h igh  c o n d i t i o n s  o f  t r a i n i n g  tire 
a m n e s t i c  e f f ec t  o f  h igh  levels  o f  p r o t e i n  s y n t h e s i s  i n h i b i t i o n  

EFFECT OF ACTH-L  ON AMNESIA  
CAUSED BY ANISOMYCIN 

PASSIVE AVOIDANCE TRAINING 
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HG. 4. Eft'cot of  number  of  injections of ACIt I -L  on amnesia 
prodt, ccd by anisomycin:  An immyc in  ( A ) ~ a s  administered 15 rain 
prior to training on a passive aw~idancc task and subsequent[y at 2 
hr intervals. A("I'H-L or saline (S) was administered 3(1 rain after 
training and suhseqt,ently at 2 hr intervals as shown. A("I ' t l-I  did 
not overcome tile allllleSia produced by 6 hr o f  high inhil)ilh)n o l  

p ro te in  synthesis f rom 3 in ject ions o f  anisom.vcin. 

by a n i s o l n y c i n  can  be r e d u c e d  so  tha t  one  carl lcsl  it 
a n o t h e r  s u b s t a n c e  will incre~,se a m n e s i a .  

A n i m a l s  were  t r a i n e d  on l}le pass ive  a v o i d a n c e  task .  
T h e y  rece ived  t w o  i n j e c t i o n s  o f  e i t h e r  Ani  or  sa l ine  15 rain 
pr ior  to  I r a in ing  :,nd 1-3;4 hr  a f t e r  t r a in ing .  A ( " I H - D  was 
a d m i n i s t e r e d  30  rain  a f t e r  l r a i n i n g  at (].0. 0 .3 .  0.1 or  3 .0  
m g / k g ,  l h e  l a t e n c y - t o - e n t e r  and  e scape  was  2 sec h y  2 sec. 
T h e  f o o l s h o c k  i n l e n s i l y  was  0 .34  m A .  l h e  N per  g r o u p  was  
20.  

Resul ts  

T w o  s u c c e s s i v e  i n j c c l i o n s  o f  Ani  a h m e  did no t  c au se  
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ACTH-I. facili tated memo ry  format ion  while A("I ' t t-D 
impaired m e m o r y  format ion .  As a fur ther  test of the 
opposing ef fec ts  of  these pept ide  f ragments ,  we adminis- 
tered ACTH-I. at its opt imal  dose {0.3 mg/kg) and 
combined  this with various doses of A("fH-D (0.3 to 6.0 
mg/kg) to de te rmine  how much A( 'Tt[-I)  is reqttired to 
block the facili tating effects  of  A( 'TIt-L.  

The mice were trained on passive avoidance at a 
foo tshock  intensi ty of 0.30 mA. Animals had to have 
latencies- to-enter  of 2 sec and latencies-to-escape of  2 sec Io 
be retained.  The ACTI[-I., A("FH-I. + A( 'TI[-D (combined  
in one injection),  or saline were adminis tered 30 nfin af ter  
training. The doses of  the peptktes  and the N's per group 
are given in Fig. 6A. 

Results 

A c r t I - L  given alone significantly enhanced  re ten t ion  
when compared  with the saline controls  (Fig. 6A). A dose 
of ACTII-D at 3.0 or 6.0 mg/kg was sufficient  to block the 
effect  of A('TII-L. [t appeared that 6.0 mg/kg of A('TtI-I)  
contplete ly  hlocked the effect  of A( 'TH-L 10.3 mg/kg). 

Experiment 9B 

As a fur ther  check on whe the r  such a high dose of 
ACTH-D was required to block the A( 'TtI-L effect  on 
re tent ion,  Exper iment  0A was repel, ted except  that the 
footshock was reduced slightly to 0.28 mA. "rhis was done 
to increase the percentage of amnesic  mice in the contro l  
group. The groups used are shown in Fig. 6/3. Other  
condi t ions  were as in expe r imen t  %\.  

FIG. 5. Effect o f  ACTH-I) and anisomycin on amnesia. With strong 
training, for a passive avoidance task, anisomycin administered 15 
rain prior and 1-¼ hr after training caused only a low percentage of 
amnesic mice. ACTH-I) increased the amnesia; high doses were more 

effective than low doses. 

significant amnesia.  The groups receiving A('TII-D all differ 
significantly from the group receiving only [ A I A C f l I - D  
0)A] (Fig. 5). The 3.0 and 1.0 mg/kg doses differ  at 
p < 0 . 0 0 1 .  The groups receiving ACTH-D did not differ  
significantly from each o ther  but a s trong indicat ion of  the 
weaker effect  of  the low A C r H - D  dose versus the high is 
present.  The doses 1.0 and 3.0 mg/kg in combina t ion  with 
Ant induced the greatest  re ten t ion  deficit  or amnesia.  

OPP()SIN{; EI.I.I.X.'TS OF A('TH 4-10-I.- AND-I)-Phe-7 ON 
P, I.:'I'1,: N T I ( )N 

Evperiment 9,4 

The results of Exper imen t s  1 through 8 indicated that 

Results 

A('TH-L again enhanced  re tent ion.  In fact the percent  
di f ference wt, s similar under  the two training condi t ions  (a 
di f ference of 45";; for Exper iment  ~)A, 58",: f o r l ! x p e r i m e n t  
OB: A C f t t - L  versus Saline). l. lnder less vigorous training 
only the 6.0 mg/kg dose of A('T[[-I)  comple te ly  blocked 
the effect  of ACTH-L (Fig. 6B). 

l'.'xperiment 9C 

Exper iments  0A anti 9B showed that large doses ol 
ACTH-D blocked the re ten t ion-enhanc ing  effect  of the 
A( ' IH-L .  The results were in terpreted to indicate that 
A(."rH-I. and ACTH-D have the same site of action for 
effect ing memo ry  fo rmat ion  but have opposing action.  An 
al ternate  suggestion made at this ( ' on fe rence  was that the 
apparent  oppos ing  effects  of A( 'TH-D and A('TII-L were 
due to the increasing total  dose of A(TI I .  It may bc 

T A B I . E  5 

EFFECT OF ACTH-I.. ACTH-D, AND ANISOMYCIN ON [~4C]-VALINE INCORPORATIf)N IN WHOI.E BRAIN 
INHIBITION OF VAI..INE INCORPORATION 

Sal or Ant time (min) 75 I00 135 
Total ACTH (rain) 30 55 ~) 
Valine Incorporation (min) 15 15 15 

Sal Ant  Sal Ant  Sal Ant  

ACTH none 0 90 0 85 0 73 
ACTH-L 2.0 mg/kg 5 00 13 85 10 76 
ACTH-I) 0.5 mg/kg 7 ~)0 6 88 -3  69 
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OPPOSING E F F E C T S  OF A C T H - L  AND A C T H - D  

P A S S I V E  AVOIDANCE T R A I N I N G  
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H(; .  6. lnterraction of  ACTtt-D and ACTH-L on retention for a passive avoidance task. Under either condit ion of  strong training (high 
footshock) (left) or weak training fright), ACTH-D blocked the enhanced retention produced by' A(.'TI-I-L. Drugs were administered 18 sec 

after training. N's/group and significance of  difference from the control groups arc shown above the data hars. 

r eca l l ed  t ha t  in E x p e r i m e n t  1, h i g h e r  d o s a g e s  o f  A ( ' T H - L  
were less e f f e c t i v e  t h a n  lower  dose s .  T h e  p u r p o s e  o f  th i s  
e x p e r i m e n t  was  to  d e t e r m i n e  if i n c r e a s i n g  t he  to t a l  a m o u n t  
of  A C T H  n e c e s s a r i l y  r e s u l t e d  in i nc r ea sed  o r  s u s t a i n e d  h igh  
levels o f  a m n e s i a .  T h e  mi ce  were  w e l l - t r a i n e d  on  pass ive  
a v o i d a n c e  u s i n g  0 .33  m A  as in E x p e r i m e n t  4. T h e  e x p e r i -  
m e n t a l  g r o u p s  o f  m i ce  are  g iven  in T ab l e  7. T h e  A ( ' T H  or  
sa l ine  was  a d m i n i s t e r e d  30 ra in  a f t e r  pass ive  a v o i d a n c e  

t r a in ing .  T e s t i n g  was  o n e  w e e k  a f t e r  t r a in ing .  T h e  N per  
g r o u p  was  10. 

Resul t s  

T h e  r e su l t s  s h o w  tha t  s i m p l y  i n c r e a s i n g  t he  lo t a l  a m o u n t  
of  A ( ' T H  did no t  resul t  in a m n e s i a .  A h igh  p e r c e n l a g e  o f  
a m n e s i a  r e su l t ed  o n l y  w h e n  A ( ' T H - D  was  a d m i n i s t e r e d  at 

T A B L E  6 

EFFECT OF ACTlt-L, ACTII-D AND ANISOMYCIN ON [~'C]-VALINE INCORPORATION 
~ INHIBITION OF" VALIN|- INCORPORATION 

Sal or Ani time (min) 
Total ACTH time (min) 
Valine Incorporation (rain) 

Rest of Brain 
135 180 
90 135 
15 15 

Sal Ani Sal Ani Sal 

Bnlin Stem 
135 180 
9 0  135 
15 15 

Ani Sal Ani 

ACTH added 
none  

ACTH-L  0.5 mg/kg 
2.0 mg/kg 
ACq'H-I) 0.5 mg/kg 
Mannitol 333.3 mg/kg 

0 68 t) 53 0 53 0 38 
13 71 - 1 3  61 2 64 - I  43 
- 1  68 - 1 0  58 

- I I  76 4 63 - 21) 61 8 44 
- 1 1  12 63 5 49 

( - )  deno te s  st imulation.  
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T A B L E  7 

AMNESIA AS A FUNCTION OF DOSE OF ACTH-D ANt) ACTH-L 
PASSIVE AVOIDANCE TASK 

ACTH-D ACIH-L %Amnesic 
(mg/kg) (mg/kg) Mice* 

9.0 0 80% 
7.0 0 9~% 
6.0 0 80% 
6.0 1.0 50% 
6.0 3.0 30% 

0 0 30% 

*N = 10/group. 

dosages of 6.0 to t).0 mg/kg  and in the  absence  of  A C T H - L  
When A( 'TH-L was added  to the ACTH-D. amnesia  was 
reduced or b locked  (Table  7"1. For  example ,  those  mice 
receiving ACTH-D, 6.0 mg/kg plus ACTH-I. ,  3.0 mg /kg  
received as much  to ta l  pept ide  as mice admin i s t e red  
ACTII-D, 9.0 mg/kg.  C o m b i n i n g  the  pept ides  resul ted  in 
only 30% amnesia ,  while ~.~.0 mg/kg  ACTH-I)  a lone  yielded 
80% amnesia .  When c o m p a r e d  to the  group given 7.0 mg/kg  
of ACTH-D, the g roup  given 6.0 mg/kg  of A( 'T t I -D plus 1 
mg/kg of ACTH-L also showed  decreased amnes ia  (t)09; vs 
50~) .  The resul ts  show tha t  with  respect  to m e m o r y  
fo rma t ion ,  the ac t ion  of A( 'TH-L and ACTH-D are oppos-  
ing ra the r  than  addi t ive,  in add i t ion ,  it is l ikely tha t  they  
have the same site of ac t ion .  

BIOCHEMICAl .  RE SU L T S 

The results  of Biochemical  E x p e r i m e n t s  1 and 2 indicate  
that  ACTI t -L  or ACTII-D.  when  admin i s t e red  subct,- 
t aneous ly  to in tac t  mice,  did not al ter  cerebral  p ro te in  
synthes is  by  more  than  10% wi th in  2-1/4 hr I l a b l e s  5 and 
6"1. F u r t h e r m o r e ,  these pept ides  did not  s ignif icant ly  
modi fy  the inh ib i t ion  caused by an i somyc in .  Manni to l ,  
which had been used to solubil ize the ACTH pept ides  for  
the b iochemica l  expe r imen t s ,  by itself  caused a slight 
increase of  valine i nco rpo ra t i on .  It should  be emphas ized  
thal  m a n n i t o l  was not  used in the behaviora l  e x p e r i m e n t s  
since it i n t r o d u c e d  side effects  there  also. 

DISCUSSION 

A C T t l  kTfects on Memory  Formation 

The f inding of p r imary  i m p o r t a n c e  in these  e x p e r i m e n t s  
was tha t  A C T H - L  a pept ide  f r agment  of ACTt l ,  adminis -  
tered shor t ly  a f te r  t ra in ing  can inf luence  subsequen t  re ten-  
t ion test p e r f o r m a n c e  and  thus  aid m e m o r y  f o r m a t i o n  

{Exper imen t s  1 - 3 ) .  ACTII-D, con ta in ing  the unna tu ra l  
isomer of pheny la l an ine ,  impairs  m e m o r y  f o r m a t i o n  
{Exper imen t s  4 - 5 ) .  These  effects  do not  appea r  to he 
proact ive since it was found  that  the  effect  of the  ACTH 
pept ides  was t ime d e p e n d e n t .  Such pept ides  can have an 
effect  on r e t en t i on  test  p e r f o r m a n c e  when  admin i s t e red  
shor t ly  pr ior  to  tes t ing  [2, 5, 6, 19, 29] and for the mos t  part  
these effects  are cons i s ten t  wi th  those  found  in our  studies.  

The results  conf i rm previous  repor t s  tha t  ACTH 
4-10-L-Phe-7 and A( 'TH 4-10-1)-Phe-7 have oppos i te  effects  
on r e t e n t i o n  for an active avoidance  task [1, 19,291 and for 
an appe t i t ive  task [ 15 ]. ( ; ray  and Garrud  [ 17 ] have repor ted  
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thal  ACTH-L and AC'FII-I) given dur ing  acquis i t ion  had 
oppos i te  ef fec ts  dur ing  the  non- rewarded  e x l e n l i o n  test ;  
the L-pept ide  b locked  the  ef fec t  of  the non-reward ,  tile 
D-pept ide  accelera ted  the ex t inc t ion .  ACTl l -L  cons i s ten t ly  
enhanced  r e t en t i on  in active and passive avoidance  tasks 
( E x p e r i m e n t s  I,_,'~ 3). A ( " l ' H - D i m p a i r e d  r e t en t i on  in active 
and passive avoidance  ( Expe r imen t s  4, 5 ). l towever ,  Greven 
and de Wied [19]  repor ted  tha t  A(TTtl 1-10-1.,-l'he-7 did 
not show the an t i c ipa ted  reversal of  the  effects  of A( 'TH 
l- lO-L-Phe-7 for a passive avoidance  task. Cons i s ten t  with 
the oppos ing  ac t ions  of the  two pept ides  was the f inding 
that  AC'FH-L acted as an an t i -amnes t i c  agent  ~Exper iment  
6) and A( 'T l l -D  p o t e n t i a t e d  amnesia  caused by brain 
pro te in  synthes is  inh ib i t ion  ( E x p e r i m e n t  8). 

l:'JJ~'ctive Dose Range o.! the .4 ("/71 Peptides 

The effect ive  dose range of  the pept ides  was similar to that  
repor ted  for  e x t i n c t i o n  test s tudies  I1% 24. 2t~]. A( 'TII-I .  
was effect ive over a dose range of 0.1 to 1 . 0 m g / k g o r 3  to 
30 /./g per 35 gm mouse.  The op t imal  dose was 0.3 mg/kg or 
10 /.tg per mouse.  The ACTII-D effect ive  dose range was 
somewha t  higher  than repor ted  for e x t i n c t i o n  stt, dies. 
Doses f rom 0.3 to 3.0 mg/kg were effect ive and 1.0 ing/kg 
or 30 u g / m o u s e  seemed to be the most  e t fec t ivc  dose. 
Ex t inc t i on  s tudies  have shown  that  the effect ive dose range 
of  the L- and D-ACTH pept ide  f ragments  is abou t  the same. 
l iowever ,  when  admin i s t e red  d i f fe rent  ra t ios  of  the pept ides  
af ter  t ra ining,  AC' I i I -D seemed to have s ignif icant ly  less 
af f in i ty  for tile recep tor  site than  the L form, since it t ook  
a rat io  of  A('TII-D to  A( 'TH-L of at least 1 0 t o  1 to block 
A( 'TH-L fac i l i ta t ion  ( E x p e r i m e n t  t)A and 9B). It is also 
possible d i f fe rent  recep tors  are involved with the A( 'TII- I )  
r ecep tor  being less active.  A thi rd  possibi l i ty  wot, ld bc 
d i f ferences  in effect ive c o n c e n t r a t i o n  of the two drugs at 
the active sites. De Wied has presented  evidence that  
d i f ferent  r ecep to r  sites exist for the two forms  of tile 
pept ide  [61.  

A nit-am nestic Studies 

We have shown tha t  an i somys in  admin i s t e red  at 2 hr 
intervals  will ma in t a in  a high level of  inh ib i t ion  of pro te in  
synthes is  [ 12] .  There  is an in te rac t ion  be tween  the s t rength  
of t ra in ing  as d e t e r m i n e d  by several fac tors  including tile 
shock in tens i ty ,  du ra t ion  of shock,  etc., anti the du ra t i on  of 
inh ib i t ion  required to p roduce  amnesia  I 11- 131. We have 
recent ly  shown that  a n u m b e r  of s t in luhmts  and depres- 
sants,  which  act by a var iety of mechan i sms ,  can modi fy  
the amnesia  p roduced  by an i somys in  (F lood  el al., sub- 
mi t ted  to Behavioral Biologvl.  Ill tile present  series oI 
expe r imen t s ,  it was found  that  A ( T H - L  and A( 'T[ t -D can 
a l s o  m o d i f y  a n i s o m y  t in - induced  amnesia .  A("I'II 
4-10-L-Phe-7 was found  to block an i somyc in - induced  am- 
nesia when  the pept ide  was injected 30 rain af ter  t raining.  
l towever ,  e x t e n d i n g  the du ra t ion  of inh ib i t ion  by an 
add i t iona l  2 hr by a 3rd in jec t ion of  Ant re-established the 
amnesia  ( E x p e r i m e n t  6L An add i t iona l  in jec t ion  of  the 
pept ide  was not  able to block amnesia  v/hen three  
successive an i somyc in  in jec t ions  were used (Expe r imen t  7). 

ACTH-D increased a part ial  amnes ia  caused by aniso- 
mycin  af ter  s t rong training.  We would like to cau t ion  
against an i n t e r p r e t a t i o n  that  the an t i -amnes t i c  effect  ot  
A( 'TH-L suggests tha t  an i somyc in  causes amnesia  by 
in ter fer ing wi th  A( 'TH func t i on  or vice versa. In this series 
of expe r imen t s ,  we were unable  to show that  A ( T H - I .  or 
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ACTH-D had more  than a slight generalized effect  on 
protein synthesis  as measured in large brain areas. In 
addi t ion,  nei ther  ACTH-L nor  ACI'II-D appeared to change 
significantly the overall inhibi t ion of prote in  synthesis  
produced by anisomycin .  In in terpre t ing the effects  o f  
ACI' t l  pept idcs  on memory  o ther  results that  we have 
obta ined should also be considercd:  ~a) A( 'TtI-L improves 
re ten t ion  in poor ly  trained m i c e  (b) s t imulants  including 
d -amphe tamine ,  s t rychnine ,  p ic ro toxin ,  caffeine,  nicot ine,  
and bicuculine all blocked amnesia induced by ,misomycin 
and the amnesia could be regained by ex tend ing  the 
durat ion of inhibi t ion of prote in  synthesis  (F lood et  al.,  
ibid, and unpubl ished observat ions) :  (c) dexamc thasone  and 
hydrocor t i sonc  could block amnesia induced by inhibi t ion 
of prote in  synthesis;  (d) depressants ,  including sodium 
phenobarbi ta l ,  chloral hydra te ,  ch lo ropromaz ine ,  meproba-  
mate. po ten t i a t ed  an isomycin- induced  amnesia l Flood et 
al.. ibid). 

Previous work with the pept ides  and the ques t ion  of  
permanence  of amnesia has employed  pretes t ing inject ions 
of ACI'II-I,  1o alleviate amnesia 123,241. We have at- 
t empted  to obla in  similar effects  using anisomycin  to 
impair re ten t ion ,  but as yet we have not  yet been successful 
in overcoming amnesia. A possible reason for the di f ference 
in resulls is that  many studies compare  trained treated and 
unt rea ted  animals. This compar i son ,  while showing a loss of 
re tent ion due t o  some amnest ic  t r ea tment ,  does not 
necessarily imply that the loss of memory  was comple te  or 
even substantial .  In our studies,  t reated and unt rea ted  mice 
were contpared against a pe r fo rmance  cr i ter ion that  repre- 
senls the performs, nee of  naive mice. T rea tmen t s  that  can 
alleviate amnesia using pretes t ing inject ions may only be 
successful if the degree of memory  loss is substantial ly less 
than comple te .  We recently repor ted  that  d -amphe tamine  
reversed amnesia in an isomycin- in jec ted  mice which had 
long amnesic  latencies in a passive avoidance task but had 
no effect  on mice thal originally had very short  test 
latencies { 14]. Presumably the amnesia was more  severe in 
the case of  those mice with very short  test latencies and 
increased arousal was not an aid to recall. In addi t ion,  
amphe tamine  had the same effect  of  improving recall in 
poorly trained saline-injected mice. Thus ant i -amnest ic  
effects  are not necessarily restr icted to animals receiving 
amnest ic  t rea tments .  It might  be said that anl i -amnest ic  
t r ea tments  have the ability to improve the recall of s tored 
memories  that  are poorly stored ei ther  because of  drug 
in ter ference  with consol ida t ion  or because of  weak training 
as in the case of poorly trained undrugged animals. 

B i o c h e m i c a l  k,7]('cts o f  A CTI I  P e p t i d e s  

While it is generally staled that  ACI'H and selected 
analogues s t imulate  protein synthesis ,  the clearest evidence 
for this s t imulat ion comes from studies of  hypophysec-  
tomized animals. In this system,  either single or chronic 
injections have been shown to produce  large increases in 

protein synthesis  [20, 25, 26] .  11 should be noted thal 
protein synthesis  is depressed in these animals, and the 
effect  of the pept ides  has been to restore protein synthesis  
to a more normal value. Ano the r  con tmonly  used system to 
investigate the effects  of A("IH analogues has been tissue 
slices of brain derived lrom both  normal and opera ted  
animals. Itere also st i tnulation of  prote in  synthesis  to a 
normal value was observed in the opera ted  animal by in 
vitro addi t ion of AC'III [22] .  A surprising paucity of data 
appears to exist on the acute ef fec ts  of A('TII and its 
analogues on cerebral protein synthesis .  Rees ct al. [211 
have recently shown that A('TH pept ides  adminis tered 
intraccrcbrally causes a slight s t imulat ion of cerebral 
protein synthesis  within 90 rain ¢,fter adminis t ra t ion ,  i )unn 
et  al. [81 have repor ted  that  a small but significant 
increased incorpora t ion  of lysine into brain prote in  within 
15 25 rain after adminis t ra t ion of A("I'It-L. Our studies 
arc in general agreement  with those of  Recs et  al. 1211 in 
that any effects  wc found were small. It is cleat- that fur ther  
research needs to be done  to de te rmine  the effects  of 
A(?TII derivatives on protein synthesis  at specific sites 
(micro effects) .  

In our exper iments  A('TH pepl ides  had the ability to 
modify memory  processing. A("IH-L facilitated memory  
processing and A(" i I t -D impaired processing. The effects  
were t ime-dependen t  and were observed in both  passive and 
active avoidance tests, t towever ,  until more is known of the 
mechanics  of act ion of these A("I'II pept ides ,  their role in 
memory  processing will be uncertain.  

A('KNOWI.EI)(II':M EN'I S 

We wish to express our appreciation to N. Belcher ~1 Pfizer 
Pharlnaceuticals for their generous gift of anisomycin, to l)r. 11. Van 
Riezen of Organon International, Science development group. 
Holland for all AC'I'II peptides, and to Gary I-. Smith and 1)aniel 
Vidal for skilled assistance lor the behavioral experiments. The 
behavioral research wax supported by NIMH grant NH 26608411 to 
M.E. Jarvik. M.I)., and the biochemical research by the U. S. Energy 
Research and Development Administration through the Laboratory 
of Chemical Biodynarnics, l.awrence Berkeley Laboratory. 

REFERENCES 

1. Bohus, B. and 1). de Wied. Inhibitory and facilitatory effect of 
two related peptides on extinction of avoidance behavior. 
Science 153: 318-320, 1966. 

2. Bohus, B., W. H. Gispen and 1). de Wied. t.lffect of lysine 
vasopressin and ACT|I 4_ I 0 on conditioned avoidance behavior 
of hypophysec tomized  rats. A:euroendocrinology I1: 
137 143,1973. 

3. De Wied, 1). i';ffeets of pcptidc hormones on behavior. In: 
Frontiers in Nettroendocrinology, edited by W. F. Ganong and 
I,. Martini. London: Oxford University Press, 1969, pp. 
97 14(I. 

4. De Wied, I). Pituitary-adrenal system hormones and behavior. 
In: lTw :\.'eurosciences Third S tudy  Program, edited hy F. O. 
Schmitt and F. G. Wordcn. Cambridge, Mass.: MIT Press, 1974, 
pp. 653 666. 

5. De Wied, D. and W. de Jong. Drug effects and hypothalanfic- 
anterior pituitary function. /1. Rer. Pharmae. 14: 389-412, 
[974. 

6. lye Wied, D., A. Wilier and 11. M. Grevcn. Behaviorally active 
analo,eucs. Biochem. Pharmac. 24:1463-1468,  1975. 

7. Dunn, A. J. Biodmmical correlates of training experiences: A 
discussion of tile evidence. In: Neural Mechanisms o lLearning 
and Memor)', edited by M. R. Rosenzweig and E. I,. 
Bennett. ('ambridge, Mass.: MIT Press, 1976, pp. 316 -320. 

8. Dunn, A. J., P. luw)nc and I). 11. Rees. Neurt)chemical 
responses of mice to A('III and lysine vas~pressin. Pharmac. 
Biochem. Behar. 5: Suppl. I. 139 145, 1976. 

9. Flood, J. F., E. L. Bennett, A. E. Ormc and M. R. Rosenzweig. 
Effects of protein synthesis inhibition on memory for active 
avoidancctraining. Ph)'sio/. Behar. 14:177 184, 1975. 



A C T H  P E P T I D E S  O N M E M O R Y  F O R M A T I O N  51 

10. Hood ,  J. F., E. L. Bennett ,  A. E. Orme and M. R. Rosenzweig. 
Relation of  memory  format ion to controlled a m o u n t s  o f  brain 
protein synthesis.  Physiol. Behav. 15: 97--102,  1975. 

11. t.lood, J. F., I-. L. Bennet t ,  M. R. Rosenzweig and A. E. Orme. 
Influence of  training strength on amnesia induced by pre- 
training injections of  cycloheximide.  PhvsioL Behar. 9: 
5 8 9 - 6 0 0 ,  1972. 

12. I"lood, J. F., E. L. Bennett ,  M. R. Rosenzweig and A. E. Ormc. 
The influence of duration of protein synthesis  inhibition on 
memory.  Physiol. Behav. 10:555  - 5 6 2 ,  1973. 

13. Flood, J. t;., E. L. Bennett ,  M. R. Rosenzsveig and A. E. Ormc. 
Comparison of tile effects of  anisomycin  on memory  across six 
strains of  mice. Behar. Biol. 10 :147  160, 1974. 

14. Flood, J. F. and M. E. Jarvik. Drug inlluenccs on learning and 
memory .  In: Neural Mechanisms o] Learning and Memory ,  
edited hy M. R. Rosenzweig and E. !.. Bennett .  Cambridge, 
Mass.: MIT Press, 1976, pp. 4 8 3 - 5 0 7 .  

15. Garrud, P., J. A. Gray and 1). de Wied. Pituitary-adrcnal 
hormones  and ext inct ion of  rewarded behavior in the rat. 
Ph.vsioL Behar. 1 2 : 1 0 9 - 1 1 9 ,  1974. 

16. Gispen, W. I!., M. E. A. Reith, P. Schotman,  V. M. Wiegant, It. 
Zwiers and D. de Wied. The CNS and ACTH-Iike peptidcs: 
Neurochemical responses and interaction with opiates. In: 
Neuropeptide ln]hwnce.~ on Brain and Beharior Meehanisn~, 
edited by L. It. Miller, C. A. Sandman and A. J. Kastin. New 
York: Raven Press, in press. 

17. ( , ray,  J. A. and P. Garrud. Adreno-pitui tary hormones  and 
frustrative non-reward. In: :Veuropeptide In)htences on Brain 
attd Beharior Mechanisms, edited by L. H. Miller, ('. A. 
Sandman and A. J. Kastin. New York: Raven Press, in press. 

18. Greengaard, P. Possible role lk~r cyclic nucleotides and phos- 
phorylated membrane  proteins in postsynapt ic  act ions of  
neuro t ransmi t te r s . :Vature260:  lt) l 108, 1976. 

19. Greven, tt. M. and D. de Wied. The inlluence of  peplides 
derived from cort icotrophin (A('TIII on perlk~rmance: Struc- 
ture activity studies. In: Progress itt Brain Research I'. .¢9. 
"'Drug l'~fI'ects on Neuroendocrine Regulat ion,"  edited by F. 
Z immermann ,  W. H. Gispen, B. II. Marks and D. de Wied. 
Amsterdam:  Elsevier Scientific Puhlishine ( 'o., 1973. pp. 
429 442.  

20. Reading, H. W. and A. J. l)ewar, lTfects of  A( 'TI t4_IO on 
cerebral RNA and protein metabolisnl in the rat. Abst. 3rd 
Intern. Meeting of the Intern. Soc. fi'~r Neurochemistry ,  
Budapest,  1971. p. 199. 

21. Rees, H., A. Dunn and P. M. luvone. Behavior~,l and bio- 
chemical responses of  mice to the intravcntricular adminis- 
tration of A('TII analo,e,~ and lysine vasopressin, l,(t~' Sci. 18: 
1 3 3 3  1341L 1976. 

22. Reith, M. t:., P. Schotman and W. II. (;ispen. l lypophyscc-  
foray, A( 'Tll  1_10  anti in vitro protein synlhesis in rat brain 
stem slices. Brain Re~. 81 :571  575, 1974. 

23. Rigter. I1. and H. van Riezen. The anti-amnesic effect of  
ACTH4_IO:  Its independence of the nature of  the amnesic 
agent and the bchavicmd test. t~hvsiol. Behar. 1 4 : 5 6 3  566, 
1975. 

24. Rigter, It., It. van Riezen and D. de Wicd. The effects of  
ACTtt-  and vasoprcssin-analogucs on ( 'O: - induced  rctrogrz, de 
amnesia in rats. I~h.vsiol. Behar. 1 3 : 3 8 1  388, 1974. 

25. Schotman,  P. and W. It. (;ispen. Analogues of  A( 'TH, 
conditi tmed awfidance behavior and met: l l~lism in brain of rat. 
In: Central .\'erl'<ms Sys tem.  Studic~" on Metabolic Regulati(m 
and t-'tttlction, edited by 1.i. (;enazzani and It. Hcrkin. New 
York: Springcr-Verla,e, 1974, pp. 231 235. 

26. Sch{~tman, P., W. It. ( , ispcn, tl. S. Jansz and D. de Wied. t'iffect 
of  A('TIt an:dogues on macronlolecule metahol ism in the brain 
stern of  hypophysec tomized  rats. Brain Res. 4 6 : 3 4 9  362, 
1972. 

27. Squire, 1,. R. and S. tt. Barondes. Anisomycin,  like other 
inhibitors of  cerebral protein synthesis,  impairs "'long-term'" 
memory  o f  a discrimination task. Brain Res. 6 6 : 3 0 1  308, 
1974. 

28. Squire, 1.. R. and II. t'. Davis. Cerebral prolein synthesis 
inhibition and discrimination training: Effects of  extent  and 
duration of inhibition, llehar. Bir+L 13:49  57, 1975. 

29. van Winlersnla (;reidanus, " l j .B.  and t). tic ~VJed. ['ft'ect:., ,hi 
%sremic Jntracerehral adnlillJslrali~lll of  lV,'o oppt}silc acling 
A('TII-rclaled pcplides on c'.,tincliol] of  c~mtlJlJolled avoidance 
behavior..\. 'eur~emlocrin~dogy 7 :291 3(11. 197 I. 

30. Walter, R. I';i~chemistry of the neuropeptides.  In: .Veuro- 
peptide ln]h¢encex on Brain aml Behavior Mechanisms. edited 
by L. I1. Miller, ('. A. Sandman and A..I .  Kastin. New York: 
Raven Press, in press. 


