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THE SfI..!DY OF learning and m e m o r y  has been aided hy 
various pharmacolog ica l  agents  tha t  e i the r  facil i tate or 
in terfere  with  learnmg and tnenlory  processes.  I ' r e a i m e n t  of 
animals  wi th  p u r o m y c i n  [ 6 ] ,  ( ' ()z [ 1 2 l ,  e lec t roconvuls ive  
shock [lOI or p e n t y l e n e t e t r a z o l  I I II given in :.lssociatJon 
with t ra in ing  p roduce  amnesic  effects,  l r e a t m e n t  wi th  such 
agents  as a d r e n o c o r t i c o t r o p h i c  h o r n w n e  [ 1 6 ] ,  nmlanocy te  
s t imula t ing  h o r m o n e  [17] and vasopressin [1, 1,'~, 17] 
when  given in c o n j u n c t i o n  with t ra in ing  or testing, m a y  
facil i tate pe r fo rn lancc  at learning and.:or m e m o r y  tasks. 

Ti le inemory  suppressive act ion of  pu ro i l l yc ln  can be 
blocked ill nlice, if the aninlals  are ad rena lec ton l i zed  prior 
to tra in ing  [ 4 1 .  If c o r t i c o t r o p i n  gel is given up to 3 clays 
pr ior  to t ra in ing  or within I o h r  fol lowing t ra in ing the 
p u r o m y c i n  effect  is also b locked [51. These results  sug- 
gested thai  A ( " I l t  may be the effect ive agent  in b locking  
p u r o m y c i n - i n d u c e d  amnesia .  However,  when  highly 
purif ied c o r t i c o t r o p i n  was given, the an t i -amnes ic  effect  
was not  d e m o n s t r a t e d  [8 ] .  Since c o r t i c o t r o p i n  gel con ta ins  
several p i tu i ta ry  pep t idcs  which have been shown to delay 
ex t inc t i on  of  an avoidance  response [ 1 6 ] ,  its an tagon is t i c  
effect  on p u r o m y c i n - i n d u c e d  anlnesia  was pos tu la ted  to be 
due to a vasopressin impur i ty .  This hypo thes i s  was vali- 
da ted  hy the f inding th~,t desglycmamid¢ lysine vasopressin 
( I ) G - [ , V P )  was effect ive in b lock ing  the p u r o m y c i n  
amnesia  [ 8 ]. Similar effects  have been obser~'ed using lysine 
or arginine vasopressin and these ] lorl l lones are SOllle,,vhat 
more effect ive  than I)(; .-L.VP [141.  

More reo. 'nt ly,  it has been t-eported tha i  tilt.' ;. l l l l l leSia 
effects ot +( 'O: can he h locked by c, i lher  A ( " l l l  or I)(;  I VP 
[131. While . ; \ (T I I  reduced tile ('()2 amnesia tm].,, when 
administered before the test tr ial .  I)(;  I .VP reduced the 
all lnesJa whel l  ad l l l inJ s l e rcd  e l t h e f  b e f o f e  [ea ln i l lg  ()r bc t 'o le  
the tes t ing oI all ;.l'.,oidancc resDt)nse. 

We flow report  thal  lysHle vasopressitl t[ \"P) can also 
block pentylet lctetra; , 'ol  ( P I Z )  induced am nesia, the ef lecl  
OCCllrlJllg whe the r  adln in is leIed  pfi()r [(i tile aCqllisJtiOll ~.)r 
test trial of a passive avoidance  response+ 

I ( X P t R I M I ( \ I  I 

"1 h,.." p u r p o s e  o f  t - i xpe lH i l e l l l  J was to  deter111111c" v+hc thc r  
p reac( l / l JsJ t ion  t r e a l i i l c n t  o f  ra ts  v, Jlt l  LVP can cffectJve[) 
b lock anlnt_'sJa prodt lced by l " l Z  in :t passive avoidaI lce I:.isl,. 

MI. I tt()D 

.,I n imal.s 

[ :orty-eight  male Sprague- l )awley d e m e d  rats a t ta ined  
from the Charles River Breeding labora tor ies  in lhrce 
separate  s h i p m e n t s  were used. J h e  rats ,acre (~ 7 ~ e e k s o t  
age and weighed bel,,veerl 1 8 0 . 2 1 0 g  at the start o t  the 
exper iment . . ,% 12 hr day night cycle from 6:OOa.m. to 
6 : 0 0  p .nL was  in e f f ec t  and  roon+ t e l l l p e r a l u r ¢  was  lllaJn- 
rained at 21 ( 23 ( .  Animals  v,er¢ housed in pai l 's  in '.,%ile 
mesh cages <37 :+: 18 ,. 2 3 c m )  wJth food alld water 
availal+~h_ • ad lib. Al l  animals were kept under lhcse 
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52 BOOKIN AND PFEIFER 

condi t ions  for 8 days prior to training. Six hr prior to tile 
acquisi l inn trial, all aninlals were food deprived in an 
al tenlpl  to equali/.e absorp t ion  of PTZ. Training was 
conduc ted  be tween  5:00 p.m. and 9:00 p.m. 

..t p p a  r a /  u.~ 

A nl~dificd s tep- through passive avoidance apparatus  
described by Adcr, Weijnen and Moleman 121 was used. 
Passivc avoidctnce condi t ion ing  took place in a dark room 
with a while noise ~ 10dB) background.  The apparatus  
consisted of a 40 ;, 40 i 40 cnl Plexiglas chamber  with 
black walls and a grid lkn~r. Rats entered  this chamber  
lhrough a ,q :, 15 cm gui l lo t ine-operated door  in tile center  
of a (> ~: 25 cnl mesh covered elevated start box. The 
distance |r(,Ill lhe bo l ton l  of  the door  to the grid floor was 
3 cnl. ()nly the starl box was i lhuninted using,i  25 W lanlp 
Iixed 40 t in  above ils center ,  l"he start box had addit ional  
i lhnninal ion provided by two Archer Exiter relay system 
photocel ls ,  tlsctl to nleasurc latency to enter  tile stlock 
chanlber.  

/ ' )Ol ' ( 'd l l# ' t '  

t 'ach rat \~as given a single passive avoidance training 
tr ial. One minute  t i l le r  t i le animal  was placed in the start 
bt)×, the door  to lhe darkened chanlber was opened, 
autonlcllically start ing a tinier thai nieasured s lep-throt igh 
latent.', lime. During the t ime tile aninlal was in the slarl 
box. a phntt>celI beam was in te r rup ted  hy tile aninial. When 
the rear legs (~1 the rat passed into tile shock chamber ,  
phnlocel l  contact  was made,  aut{imatically s topping the 
tinier. After a I sec' delay ((o allow fur ther  movemen t  rote 
the chanlber i ,  the grid floor was electrif ied.  Scranlbletl 
shock was dclivcred by a ( ; rason-Stadler  Model 700 shock 
genclat(~r sel t(~ deliver a shock of  intensi ty ()t 0.25 Ilia for 
3 sot'. Al l  aninlals were removed f rom tile shock chanlber 
7 set_- af ter the le r in ina t ion  of  ti le shriek. Animals fai lhlg to 
s lep- ihr tmgh w i lh in  f~0 sec in this single acquis i t ion tr ial 
~cre e l in lh la lcd  l l o l l l  the exper ime i l l .  

The to ta l  sanlple was randon i l y  divicted i i l tt) 4 groups o i  
12 :.inimals. In all groups, e i ther  0.5 nil s:.ilhle ISA I . i  or 
0.5 nil synthet ic  lysinc vasnpressin I1 \ "P i  was iniected St" 1 
hr pr ior  Io the acquis i t ion lr ial .  

I V P  (105 I.;.mg Ferr ing halch So. 0857 i  was dissolved 
in a hydroch lo r i c  licid so lut ion e l  p ] l  3.8. l h i s  so lut ion was 
d i lu ted ~ i i h  ac id i f ied saline I p l l  3.b;i i o a  cnncent ra i ion  t)f 

T A  B I.  E 1 

SIEI>-TIIROt:GH I.ATENCIt 'S Felt "11%1 I 'RIAIS IN FiXPERI- 
MEN'I I. 

(h'oup "l reatment N 

MEDIAN RETESI I.ArENCY 
( Interquariilc Rangel 

24 hi 48 hi 

I I.VI>-PTT. 12 165.6 30t1.11 
(43.3 - 258.31 145.4 - 300.111 

2 SAI .- PIZ 12 17.5 27.8 
11'4.3 - 35.2) 118.2- 45.111 

3 I.VP-SAI. 12 3()tl.II 31R).0 
1300.ll - 31RI.II) { 174. I - 3()I.01 

4 SAI.-SAL 12 21 ].4 127.9 
146.6- 3('10.t)l (21.2 - 3(RL(ll 

2 ~glml.  The saline and both  pen ty lene te t razo l  solut ions 
were adjusted to pll  3.8. 

Immedia te ly  on te rminat ion  of the acquisi t ion trial, 
Groups  I ILVP -PI 'Z) and 2 (SAL- PTZ) were given the 
amnesic t r ea tmen t  ( P I Z :  pentylenete i ra / .o l ,  50 nig/kgt. 
( onvu l s ions  from this t r ea tmen t  were observed in a 60 x 
50 x 3 0 c m  stainless steel box for 5 inin. Prior to this 
exper iment ,  pilot studies indicated that I,VP did not reduce 
lhe occurrence  of  convulsions fronl H Z .  

Groups  3 ( L V P - S A L t  and 4 I S A I . . S A t 1  were given 
shcnn-aninesic t rea tment  10.5 ml saline, pH 3.8, IP) and 
placed in the stainless steel box for 5 rain following the 
acquisi t ion trial. 

Twen ty - fou r  and 48 hr af ter  the acquisi t ion trial, each 
animal was again placed in the start box for 1 rain. 
S tep- through latency to en te r  the shock chamber  was 
nleasured as before ,  to a maxin/ulll of 300 sec. Animals 
enter ing the shock chanlber  during the test trials were 
removed af ter  10see.  l)uring the 2 4 h r  test, an)  animal 
reaching lhe maxinlum latency was placed in lhe shock 
chaniber  for 10 sec. Shock was not presented during ei ther  
test. 

I~, F:.SII L 1S 

()ne animal  was e l iminated from lhe experhnent  title to 
an acquisi t ion latency greater ttian 6 0 s e e  and replaced by 
ano the r  animal. Two animals in the S A I . . P T Z  group and 
four z, nimals in the I_.VP PTZ group did not exhibit  
convulsions and were replaced by o ther  animals. 

The median s tep- through latencies for the training trial 
were less than 10.g sec in all groups. ( ; roups 1 and 3, 
pre l rea ted  with LVP. did not differ  in s tep- through latency 
response during the acquisit ion trial from ( ; r eaps  2 and 4, 
pre t rea ted  with saline IU = 25% not significant I. 

Median s tep- lhrough latencies during the test trials are 
presented ill Table I. A Fr iedman 2-way Analysis e l  
Variance indicated that passive avoidance condi t ion ing  
occurred in the placebo group ISAL- SAI.) with a signifi- 
cant increase in response lalency 24 hi  af ter  the presenta-  
tion of shock l )  = = 12.0, p. 0.0()11. A frond showing 
exlincl ioi l  of  the response was observed tin tilt > 48 hr 
re tent ion lest ITable I ). 

Group by group compar i sons  were nlade by nieans of 
Mann-Whitney U tesls. Pre i rea tmenl  with L.VPII . \ /P S A I l  
facilitated tile avoidance response compared  to the SAL 
SAI. group: U = 3 1 ,  p < 0 . 0 2 ,  during tile 2 4 h r  test. 
(Because t)f tile arbitrary cu to f f  point of 300 sec and tile 
large nunlber  of  ties occurring,  we have also analyzed tile 
data using con t ingency  tables anti the (hi-square rests. 
Response latencies were divided into 3 classes: I1) 
0 30.0 sec; (2) 30.1 2t~c.l.9 s e e : t 3 )  300sec .  A 3 classes × 
6 t r ea tment  condi t ions  cont ingency  table analysis was 
significant. Separate 3 response classes ;: 2 l realnlenl  
condi t ions  cont ingency  table analyses were done also. "rhe 
sanle statislically significant results were established by tbe 
(hi-square analyses as with the Mann-Whitney tesis, t 

Convulsions occurred in both  the SAL- H ' Z  and 
LVP PTZ groups. These convulsions consisted of  tonic,  
(Ionic and cataleptic phases. Onset of overt seizures 
occurred be tween 55 sec and 150 sec after injection. No 
dif ferences  were observed be tween the two groups ex- 
hibitirig ((revulsions. 

( 'on lpared  Io lhe SAI. S A t  group, the SAI. H Z  group 
showed amnesia al both  the 24 hr It; = 1{>, p.: 0.0021 and 
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4 8 h r  (U = 37. p < 0 . 0 5 )  re tent ion  tests. Anlnesia m the 
group was almost comple te .  

LVP administration 1 h r  prior to the amnesic  t rea tment  
( [ V P . - P T Z )  led to a reduct ion  of  amnesia on both  
re ten t ion  tests ( compared  to the SAI., PTZ group:  U = 0, 
/ ~ < 0 . 0 0 2 ) .  At the 24 hr text, this reduct ion  of  arnnesia w'a~, 

incomple te  as a compar i son  with the LVP--SAI.  group 
yielded a significant d i f ference  I t ' =  16, p . , 0 .002) .  At the 
2 4 h r  test the L V P - P r Z  grot, p was not significantly 
di f ferent  from the S A I . - S A I .  group (I, T =  60, not signifi- 
cant).  At the 4 8  h r  test,  there was no significant d i f ference  
be tween tile LVP -PTZ group and ei ther  the LVP SAL or 
SAL- SAI, group. 

EXPERIMENT 2 

The restllts o f  Exper iment  1 indicated that LVP sup- 
presses PTZ-induced amnesia when adminis tered  1 hr prior 
t o  the acquis t ion trial. This may indicate that I.VP is able 
to p r o m o t e  m emory  consol ida t ion .  It has been postula ted  
that P rZ- induccd  amnesia may b e ( h e  result of  in ter ference  
with m emory  retrieval [7] and that l , V P n l a y a l s o e x e r t  its 
effect  via a retrieval mechanism [13] .  r h e  purpose of  
Exper iment  2 was to investigate the possibili ty that both  
LVP and P ' rz  inf luence retrieval rather  than the consolida- 
lion of  lnelllory. 

MEFHOI/ 

A n i m a l s  

For ty  male Sprague-1)awley derived rats of  the same 
descr ip t ion  as in Exper iment  1 were used. The animals 
weighed t~etween 2 2 5 - 2 ~ 5  g at the start of the exper iment .  

,4 pparat us and l ' rocedu n' 

The appara tus  and training procedure  were the same :,s 
those in I -xper iment  1 except  that a shock intensi ty  of  
0.3 i l ia  was used due to the heavier body weight of  these 
animals. 

The total sample was randomly divided into 4 groups  of 
10 animals,  h n n l e d i a l e l y  on t e rn i i na t i on  o f  the acqu is i t i on  
tr ia l ,  G r o u p  1 ( P T Z -  I, VP) and 2 I P ' r Z - - S A L )  received the 
amnesic t r ea tmen t  (P] 'Z: pen ty lene te t razo] .  50 mg,'kg). 
G r o u p s 3  (SAI, I.VP) and 4 (SAI. SAI.) were given 
shani-amnesic inject ions (0.5 ml saline). One hr prior to the 
24 hr re ten t ion  test (23 hr af ter  acquisit i(m), ( ; rot lps 1 and 
3 received 0.5 nil LVP (2.ugillll) and ( ;rot lps 2 lind 4 
received 0.5 nil saline. Testing procedures  were identical I() 
th.osc used ill Exper iment  1. 

R i.;,<,g t.; 1 IS 

No statistically significant d i f ferences  were found 
be tween groups for the acquisi t ion trials. The niedian 
s tep- t rhough latencies were less than 9.5 sec in all groups. 

Median s tep- through latencies during the test trials are 
presented  in t a b l e  2. l .aiencies were analyzed m the same 
manner  as in Exper in tent  l. 

A Fr iedman 2-way Analysis of  Variance indicated that 
passive avoidance condi t ion ing  again occurred  in the 
placebo group ( S A L - S A I . )  with a significant increase in 
response la tency 24 hr af ter  the presenta t ion  of  shock (X 2 = 
0.4, p ,  0.02). Ext inc t ion  of  the response was observed at 
48 hr (X 2 = ¢').4, p. :  0 .02) .  

In those animals that iece ivcd I.\.'P 23 hr  a f te r  acqu is i t i on  
( g A l .  LVP) .  a f ac i l i t a t i on  o f  the avo idance responsc was 
observed du r ing  the 24 hr {U = 22.5. p<:0.( )Si  and 4g hr 

"FAB LF, 2 

SIEP-THROU(IFt I.A'I'ENCIKS FOR tEN1 rRIAI.N IN EXPF.RI- 
MENT 2 

( i r o t l p  T r e a t m e n t  N 

MI-DIAN RETEST I.ATI'N('Y 
(Interquarti le Range) 

24 h, 4g hi  

I PTZ-I,VI ) 10 171. I 3(i{).() 
13N.4 - 3(10.(i) 171.5 -- 3()0.(I) 

2 PrZ-SAI. I0 c).O 15.9 
13.0  - 3b:.3) 16.6- 54.2i 

3 SAI.-I.VI > 10 300.0 3(14).0 
( 2 0 2 . ~  - 3ot).o) (9f~.2 - 3()(1.(I) 

4 SAI.-SAI. I(I 152.1 '.~.L 3 
(73.1 - 300.0) (47.N - 21,"4.5) 

(1., w= 20.0, p . : 0 . 0 5 )  re tent ion  tests, compared  t(~ lhe 
S A /  - S A L g r o u p .  

( 'onvuls ions  occurred in both  ihe t)IZ I_VP and 
P f Z - - S A I .  groups. These convulsions ,a.cre sinlilar to thnse 
described in t.xperirrlent 1. l 'he  P r z -  SAI, g n m p  showed 
amnesia at both  tile 24 hr i l l  = 2, 17. 0.002) and 4g hr 
([.7 = 11. p. 0.02) re tent ion texts, compared  to the SAI 
SAt. group. 

I.VP adnlinJslratj tm I hr prior to the 24 hr retcntioH Iesl 
led to reduct ion  of  P l Z - i n d u c e d  anlnesia on bolh lhe 24 hr 
(U = g, l> 0 .002 )  and 48 hr [1: = 10, p, 0 .002 )  re ten t i on  
leSls. The reduc t i on  {)I alnl lesia was co i l l p i e le  dur ing  the 
48 hr test as a s ign i f icant  d i l f e rence  ex is ted between the 
P ' IZ 1 VP g roup  and i t le S A [  ~:\ 1., grot lr l  ( [.I = 23, 
p< 0 .05 l .  ] 'here ~tas i lo  sigililJc:.lnt d i t l e re i l ce  be lween the 
PTZ LVP  g roup  al ld the S A I  I V P  grot lp  dur ing  e i ther  
re tent ion  lest. 

I ) I S ( ' t . S S I ( ) N  

The adminis t ra t ion  of LVP 1 hr prior to the acquisi t ion 
irial or I hr prior to the lest Irial in a passive avoidance 
task, facilitated passive avoidance responding.  I 'revious 
studies have reported a facil i tatory effect  by L\:P, t~ut 
conclus ions  regarding its act ion were con founded  as passive 
avoidance responding wax not clculollslrated ill tilt' COlltrol 
grour, s [ I ,  3. 15{. In thc present i-cport, the facili tatory 
effecl  o f  lhe horlllOne v,.as denlOllStrated; the CoZlllol group 
in both  exper in lcn ts  exhibi ted condilionil lg.  l h ¢  passive 
avoidance responses ii1 these contro l  grour~s were C~)llSiSlelll 
with the findings of Ader c ta / .  [ 21 • 

iknlnesia was produced rising a convu l s i ; , c  dose  o f  

pen ty lene te t razo l  (50 mg/kg).  L\.'I ) adnl in is t ra thm 1 hr 
prior to tile acquisi t ion Irial and anlncsic Ireatlnenl  
p roduced  a reduct ion  of  PTZ-mduced amnesia.  "rhis result 
is consis tent  with el her findings using puronlycin  [g.141 
arid ('O-, [ 13l amnesic  t rcatnlents .  

PTZ has been postula ted  to be exer t ing its amnesic 
effect  by interfer ing with menlory  consol ida t ion  processes. 
The firlding in t-xperinlent  1 lhat I.VP suppresses P r z -  
induced anlnesia when adminis tered prior to the acquisil ion 
trial is consis tent  with the ho rmone  exer t ing ils effect  
through nlemory consol idat ion.  I.VP inay facilitatc the 
consol ida t ion  process itself, or  protec t  the consol idat ion 
process from the disruptive action of PTZ. 

I lowcver,  the restllts of  l{xperinlent 2 make this 
hypo thes i s  untenable .  As LVP wax adminis tered 1 hr prior 
to l'he lest session, a period of  23 hr af ter  training and PFZ 
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t r e a t m e n t ,  it is u n l i k e l y  t h a t  t he  h o r m o n e  c o u l d  a f f ec t  
m e m o r y  c o n s o l i d a t i o n .  11 is a lso  u n l i k e l y  t ha t  t he  r e s u l t s  o f  
F x p e r i m e n t  1 c o u l d  be d u e  to  the  h o r m o n e  a l t e r i n g  t he  
an ima l s "  s e n s i t i v i t y  to  f o o t s h o c k .  It a p p e a r s  t h a t  t h e  
s u p p r e s s i o n  o f  I r l ' Z - i n d u c e d  a m n e s i a  by  I .VP is m e d i a t e d  
via a r e t r i eva l  p r o c e s s ,  e i t h e r  by a f a c i l i t a t i on  o f  the  
retrievt,  l p r o c e s s  o r  by a s u p p r e s s i o n  o f  P T Z - i n d u c e d  
i n t e r f e r e n c e  o f  re t r ieva l .  

l h i s  h y p o t h e s i s  is c o n s i s t e n t  w i t h  t he  i n t e r p r e t a t i o n  tha l  
c o n v u l s i v e  d o s e s  o f  PTZ e f f e c t  re t r ieva l  r a t h e r  t h a n  c o n -  
s o l i d a t i o n  [ 7 [. It is poss ib l e  tha t  t he  p r e a c q u i s i t i o n  
a d m i n i s t r a t i o n  o f  I .VP m a y  i n f l u e n c e  l a te r  re t r ieva l  by  t he  
s a m e  n ~ e c h a n i s m .  

l h c  f i n d i n g s  o f  the  p r e s e n t  s t u d y  and  o t h e r s  t ha t  have  
s h o w n  p e p t i d e  h o r m o n e s  to be  e f f e c t i v e  b l o c k e r s  o f  

a n m e s i c  a g e n t s  w h e n  a d l n i n i s t e r e d  p r i o r  to  t r a i n i n g  or  
t e s t i n g  [8 ,  13, 1 4 ] ,  raise i m p o r t a n t  q u e s t i o n s  n o t  only 
c o n c e r n i n g  t he  m e c h a n i s m s  o f  h o r m o n e s  and  a m n e s i c  
a g e n t s ,  bu t  a lso  r e g a r d i n g  t he  c u r r e n t  d u a l - p r o c e s s  t h e o r y  o f  
m e m o r y  [ 9 ] .  Whi le  we v iew o u r  r e s u l t s  as b e i n g  c o n s i s t e n t  
w i th  a re t r ieva l  h y p o t h e s i s ,  a full  u n d e r s t a n d i n g  o f  t h e  
t h e o r e t i c a l  c o n s t r u c t  a w a i t s  o u r  e l u c i d a t i o n  o f  t he  c o m p l e x  
n e u r o p h y s i o l o g i c a l  a n d  n e u r o c h e m i c a l  e v e n t s  tha t  o c c u r  as 
a f u n c t i o n  o f  t he  l e a r n i n g  task  and  the  p h a r m a c o l o g i c a l  
agen t .  
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