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LEONARD, B. E. AND H. RIGTER. Changes in brain monoamine metabolism and carbon dioxide induced amnesia in the 
rat. PHARMAC. BIOCHEM. BEHAV. 3(5) 775-780, 1975. - The effect of treatment with carbon dioxide (CO2) on the 
performance of rats 24 hr after receiving a foot shock in a passive avoidance task was studied. Foot shock induced 
avoidance. Carbon dioxide produced retrograde amnesia for the foot shock induced avoidance response. Changes in brain 
monoamine metabolism were studied in groups of rats which had been treated with CO2, foot shock or foot shock + CO2. 
The rats were killed 24 hr after treatment. Changes mainly occurred in the brain stem and hippocampus. In the rats which 
had received foot shock alone, brain stem and hippocampal serotonin concentrations were raised. This rise was not 
observed when the foot shock was followed by CO 2 treatment. Furthermore, it was found that there was an increased 
release of noradrenaline in those rats subjected to foot shock alone but a decreased release of this amine in the group which 
received foot shock followed by CO2. It is suggested that the amnesic effect of CO2 parallels changes in brain serotonin 
and noradrenaline metabolism. 
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THE most  c o m m o n  paradigm for  amnesia studies in rats 
involves (1) a training si tuat ion in which  the animal ac- 
quires an aversive exper ience  (f.e.,  a foo t  shock) ,  (2) fol- 
lowed by an amnesic  t r e a tmen t  and (3) a retrieval test  24 hr 
later. Litt le is k n o w n  about  the role brain m o n o a m i n e s  may 
play in amnesia.  A n u m b e r  of  investigators s tudied the 
effects  of  a f requent ly  used amnesic  agent,  e lec t roconvul-  
sive shock,  on brain monoamine  levels [8, 13, 14, 20] .  
However,  these studies did no t  in tend  to correlate the 
changes in brain amine concen t ra t ions  with amnesia.  Thus,  
e i ther  the training exper ience  was lacking [8, 13, 14] or the 
t ime interval was d i f ferent  f rom the one  used in amnesia  
studies [ 19,20] .  

We repor t  on the very first step in an investigation aimed 
at assessing possible associat ions be tween  brain m o n o a m i n e  
metabols im and amnesia.  Carbon dioxide (CO2), an effec- 
tive amnesic agent [21, 22, 27 ] ,  was used to  p roduce  am- 
nesia for a one-trial  s tep- th rough  passive avoidance re- 
sponse.  In Exper imen t  1, we demons t r a t e  that  amnesia  is 
present  24 hr af ter  amnesic  t r ea tment .  In Expe r imen t  2, we 
fol lowed the same paradigm but  instead of  subject ing the  
animals to  a retr ieval  test ,  the rats were killed 24 hr  af ter  
amnesic  t r ea tmen t  and brain m o n o a m i n e  levels were deter-  
mined.  In fur ther  studies [23 ,31] ,  we a t t empt  to clarify the 
relat ionships  be tween  the changes in brain amine concen-  
t ra t ions  and amnesia.  

EXPERIMENT 1 

ASSESSMENT OF CARBON DIOXIDE AS AN AMNESIC AGENT 

Method 

Animals and Apparatus. F o r t y  male rats o f  an inbred 
Wistar strain weighing 2 3 0 - 2 5 0  g were used. The animals 
were housed  10 per  cage wi th  free access to food and water .  
The animals were t rained in a s tep- th rough  passive avoid- 
ance apparatus  of  the type  descr ibed by Ader,  et al. [ 1 ]. 
This consisted of  a 40 × 40 × 40 cm Lucite chamber  which  
had a grid f loor and black walls. The f ron t  wall was posi- 
t ioned  at the edge of  a table and connec ted  to a 6 cm wide 
and 25 cm long runway which projec ted  over the floor.  The 
runway was i l luminated by means of  a 40 W lamp held 40 
cm above it; the chamber  was in darkness.  When placed on 
the runway,  a rat could enter  the darkened chamber  
th rough  a 6 × 6 cm opening  which could be closed by  
means of  a hand opera ted  guillotine door .  A scrambled foot  
shock (0.5 mA for 3 sec) could be delivered through the 
metal  grid f loor of  the chamber  f rom a 500 V AC source. 

Procedure. The rats were r andomly  divided into 4 groups 
of 10 each. They were given 3 pretraining trials on Day 1 of  
the exper iment .  A pretraining trial consis ted of  placing the 
rat at the end of  the runway facing the ent rance  o f  the 
chamber ;  the t ime taken for the animal to en te r  the cham- 
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ber  was recorded  and  def ined as the  s t ep - th rough  la tency.  
Upon  en te r ing  the  chamber ,  the  door  was closed and  the  
animal  a l lowed to r emain  there  for  10 sec. It was t h e n  
re tu rned  to its h o m e  cage. The  in terval  b e t w e e n  the  3 pre- 
t ra in ing  trials was a p p r o x i m a t e l y  2 hr .  On Day 2, the  ra ts  
were subjec ted  to  a single acquis i t ion  trial.  This  was similar 
to  the  p re t ra in ing  trials wi th  the  excep t ion  t ha t  a foo t  
shock  was given to 2 groups  of  animals  10 sec af ter  they  
had en te red  the  c h a m b e r  (FS groups) .  The  o the r  2 groups  
of  rats did not  receive foo t  shock  (NoFS groups) .  Immedi -  
ately on t e rmina t ing  the  acquis i t ion  trial,  the  rats  were 
r emoved  f rom the  cham be r  and  subjec ted  to e i ther  amnesic  
t r e a t m e n t  (CO2 groups)  or sham amnesic  t r e a t m e n t  
(NoCO2 groups) .  The  amnesic  t r e a t m e n t  consis ted in 
placing an animal  in a closed con ta ine r  t h r o u g h  which  CO2 
was passed un t i l  oxygen  m e a s u r e m e n t s  yielded zero read- 
ings [ 2 2 ] .  The rats  were r emoved  f rom the  box  as soon  as 
resp i ra tory  arrest  occur red  and  were revived b y  artificial  
resp i ra t ion;  the  t ime necessary for  resp i ra to ry  arrest  to  
occur  was 30--35  sec. Rats  receiving sham amnesic  t reat-  
m e n t  were placed in an air filled box  for  35 sec. All animals  
were r e tu rned  to  the i r  h o m e  cages at the  end  of  the  amnesic  
or sham amnes ic  t r e a t m e n t .  Thus  at the  end  of  the  acquisi- 
t ion  trial  the  4 groups  of rats had  been  subjec ted  to the  
fol lowing t r ea tmen t s :  NoFS-NoCO2 - no  foo t  shock,  no  
CO2 t r e a t m e n t ;  NoFS-CO2 - no  foo t  shock ,  bu t  CO2 
given; FS-CO2 foot  shock  fo l lowed by  CO2 t r e a t m e n t ;  
FS-NoCOz foot  shock  but  no  CO2. 

Twen ty - fou r  hours  af ter  the  acquis i t ion  trial,  the  rats 
were subjec ted  to  a single retr ieval  trial.  The  rats were 
placed at the  end  of  the  runway  and  the  t ime  t aken  for  
t h e m  to en t e r  the  da rkened  c h a m b e r  was recorded .  When  a 
rat failed to en t e r  wi th in  300 sec, it was r emoved  f rom the  
r u n w a y  and  a l a tency  score of  300 sec was assigned. The 
retrieval scores were divided in to  3 classes: (1)  latencies of  
0 - 1 0  sec; (2)  la tencies  of  1 0 - 2 9 9  sec; (3) la tencies  of  300 
sec. Rats en te r ing  the  cham be r  wi th in  10 sec were consid-  
ered as no t  showing  passive avoidance;  previous  experi-  
men t s  had  s h o w n  tha t  10 sec r ep resen ted  the  max ima l  
la tency for rats which  had  no t  received a foo t  shock at the  

t ime  of  the  acquis i t ion  trial. Rats  en te r ing  the  chambe r  
wi th in  1 0 - 2 9 9  sec displayed incomple t e  passive avoidance  
while those  t ha t  failed to enter  wi th in  300 sec were re- 
garded to show a comple te  passive avoidance  response.  In 
the  analysis  of the  results,  the  3 classes received a weight ing 
of  0, 1 and  2, respect ively.  The  retr ieval  scores were anal- 
ysed stat is t ical ly using the  Yates  tes t  [ 3 3 ] .  Fo r  the  analysis 
of  the  o the r  data  the  two- ta i led  Mann Whi tney  U test  was 
employed ,  for  compar i sons  b e t w e e n  groups,  and  the  two-  
ta i led sign test ,  for  compar i sons  wi th in  groups.  

Results 

All groups of rats  showed  a r educ t i on  in thei r  step- 
t h r o u g h  latencies dur ing the  course of the  pre t ra in ing  trials. 
This was appa ren t  f rom the  s ignif icant  d i f ferences  be tween  
the  la tencies  at t he  t ime  of  the  first  p re t ra in ing  trial and  
those  at the  t ime of  the  acquis i t ion  trial  (p = 0.001 for each 
group,  sign test) .  The  la tencies  at the  t ime  of the  acquisi- 
t ion  trial  did no t  differ  be tween  the  four  groups  (Table  1). 
In the 2 NoFS groups,  there  was no  s ignif icant  d i f ference 
be tween  the  la tencies  at the  retr ieval  and  those  at the  acqui- 
s i t ion trial  ( p > 0 . 1 0  for  b o t h  groups) .  The la tencies  of  the  
NoFS groups  at the  test  trial did no t  differ  (Table  1). This 
suggests t ha t  the  CO2 t r e a t m e n t  did no t  affect  the step- 
t h r o u g h  response.  

The  la tencies  of the  four  groups  of  animals at the  t ime 
of the  retr ieval  trial are shown  in Fig. 1. Admin i s t r a t i on  of  
CO2 p roduced  amnesia :  the  FS-CO2 group had signif icantly 
shor te r  la tencies  t han  the  FS-NoCO2 group (z = 4 .13;  
p < 0 . 0 0 1 ,  Yates  test) .  Thus  8 ou t  of 10 rats in the FS-CO2 
group had  a l a tency  similar to  those  of  the  NoFS-NoCO2 
group,  while 9 ou t  of 10 of  the  FS-NoCO2 group  showed 
comple te  passive avoidance  and  did no t  en te r  the  chamber .  
The la tencies  of  FS-CO2 rats  did no t  differ  f rom those  of  
NoFS-NoCO2 or NoFS-CO2 rats  (in b o t h  cases: z = 1.49). 
On the  o t h e r  hand ,  the  la tencies  of  the  FS-NoCO2 group 
were longer  t han  those  of the NoFS groups (z = 4 .37;  
p < 0 . 0 0 1  in b o t h  cases). 

T A B L E  1 

EFFECT OF PRETRAINING ON STEP-THROUGH LATENCIES OF GROUPS OF RATS 

Trials 
Pretraining 

Group t* 2* 3* Acquisition* Retrieval* 

NoFS-NoCO~ 9.3 ± 2.0 3.8 + 1.0 2.2 + 0.6 1.4 -+ 0.1 1.5 + 0.2 

NoFS-CO 2 8.1 ± 1.7 3.9 ± 0.9 2.0 ± 0.4 1.1 + 0.3 1.6 ± 0.2 

FS-CO 2 9.2 -+ 1.8 5.4 + 1.2 1.9 ± 0.4 1.5 ± 0.1 t 

FS-NoCO 2 8.5 +- 1.5 5.2 + 1.2 1.3 ± 0.3 1.1 + 0.1 

Step-through latencies (mean number of sec ± standard error of the mean) during pretraining 
trials and the acquisition trial. 

*Differences between groups within column are not significant (two-tailed Mann-Whitney U 
test). 

~Latencies at the test trial are only given for groups which did not receive footshock at the 
acquisition trial. FS: footshock; NoFS: no footshock; CO:: COs-treatment; and NoCO2: no 
CO~-treatment. 
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FIG. l .  Carbon dioxide induced amnesia for a passive avoidance 
response. The latency scores are divided into 3 classes: Class 1 
indicates no avoidance; Class 2 incomplete avoidance; and Class 3 

complete avoidance. 

E X P E R I M E N T  2 

C H A N G E S  IN A M I N E  M E T A B O L I S M  

M e t h o d  

Four  groups of  20 rats were used. The exper iment  was 
run in 5 randomized  blocks. Each b lock  contained 16 rats, 
4 of  each group. They were subjected to the pretraining and 
acquisi t ion trials, as described above,  and killed by decapi- 
ta t ion 24 hr af ter  the acquisi t ion trial; they were no t  sub- 
jected to a retrieval trial before  being killed. The brains 
were placed on ice and dissected within 3 rain into the 
cortex,  mid-brain, brain s tem and hippocampus.  The olfac- 
tory bulbs, cerebel lum and pineal gland were removed.  The 
brain stem was taken as the area poster ior  to  the superior  
colliculi,  i.e., colliculi,  t egmen tum,  pons and medulla.  The 
mid-brain comprised the str iatum, hypotha lamus ,  amygdala 
and septum. The h ippocampal  samples contained the area 
dentata  and the subiculum in addi t ion to the h ippocampus  
proper  dorsal to the rhinal sulcus. The h ippocampus  was 
studied separately,  as a disturbance of  its func t ion  has been 
implicated in the causation of  amnesia in man and animal 
[18,34] .  After  the dissection, the brain areas were f rozen 
on solid carbon dioxide.  Brain areas f rom 4 rats were 
pooled for the b iochemical  determinat ions .  The pooled 
brain areas were homogen ized  in 12 ml of  0.01 N HC1 
containing 1 ml of  10 percent  sodium edate.  Af te r  centri-  
fugation at 800 G for 20 min,  al iquots  of  the clear super- 
natant  were removed for  the f luor imetr ic  de te rmina t ion  of  
noradrenaline and dopamine  [3 ,4] ,  tyrosine [32] ,  normeta-  
nephrine by the me thod  of  An ton  and Sayre [5] as modi-  
fied by Leonard and Tonge [15] ,  homovani l l ic  acid [2] ,  
t ryp tophan  [ 12] and gamma-amino-n-butyr ic  acid (GABA) 
[30] .  The pellet and the remainder  of  the supernatant  frac- 
t ion were ext rac ted  with butanol ;  serotonin was determined 
by the me thod  of Snyder,  et  al. [26] and 5-hydroxyindole-  
acetic acid (5-HIAA) by the me thod  of  Giacolone and Val- 
zelli as modif ied  by Tonge and Leonard [29] .  All fluores- 
cence measurements  were made using a Hitachi-Perkin 

Elmer spec t ropho to f luor imete r  Model 2A. The statistical 
significance of  the results was assessed using a S tudent ' s  
t-test. 

Resu l t s  

The results are given in Figs. 2, 3 and 4. Nei ther  C O : ,  
nor foot  shock or the combina t ion  of  bo th  t rea tments  
induced significant changes in amine metabol ism in the cor- 
tex. In the mid-brain, foot  shock caused an increase in tyro- 
sine in the FS-CO:  as well as the F S - N o C O : ,  group. None 
of  the o ther  parameters  was affected.  

CORTEX MiD BRAIN HIPPOCAMPUS BRAIN STEM 

TYROSINE I (~g/g } 30 

c c02 co 2 s c co 2 c02 s c c02 co 2 s c co 2 c02 s 

I~.g/g ) 1 

. . . . . . . . . . . . .  

1~9/g ~ 300 

200 

0 

FIG. 2. Effect of treatment with foot shock and/or CO 2 at the 
time of the acquisition trial on the concentration of tyrosine, 
tryptophan and gamma-aminobutyric acid (GABA) in different 
brain areas at the time of the retrieval trial. C: control group 
receiving neither foot shock nor CO2; CO2: group subjected to 
CO 2 treatment alone; S: group subjected to foot shock alone; 
S+CO2: group subjected to foot shock followed by CO 2 treat- 
ment.* The significance of the difference between the control 

group and the experimental groups shown by p<0.05. 

All t rea tments  decreased the concent ra t ion  of  dopamine  
in the brain stem. Moreover,  the foot  shock led to increased 
concentra t ions  of  t ryp tophan  and serotonin in this area. 
This increase was not  observed when foot  shock was fol- 
lowed by CO2. 

The most  marked changes in amine metabol ism occurred 
in the hippocampus.  A slight increase in h ippocampal  dopa- 
mine and homovani l l ic  acid concentra t ions  was found in 
bo th  the FS-NoCO2 and the FS-CO2 groups. This could be 
indicative of  an increased dopamine turnover  as a conse- 
quence of  the foot  shock. Dopamine  and homovani l l ic  acid 
metabol ism were unaffec ted  in the NoFS-CO2 group. There 
was a significant decrease of  noradrenal ine in the FS- 
NoCO:  group and a significant increase in the FS-CO2 
group. These changes in noradrenal ine were ref lected in a 
slight decrease and increase respectively in the concentra-  
t ions of  normetanephr ine .  Hippocampal  serotonin was 
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FIG. 3. Effect of treatment with foot shock and/or CO 2 at the time 
of the acquisition trial on the concentration of dopamine, noradren- 
aline and serotonin in different brain areas at the time of the re- 

trieval trial. Details otherwise as given in Fig. 2. 
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FIG. 4. Effect of treatment with foot shock and/or CO2 at the 
time of the acquisition trial on the concentration of homovanillic 
acid, normetanephrine and 5-hydroxyindole acetic acid (5-HIAA) 
in different brain areas at the time of the retrieval trial. Details 

otherwise as given in Fig. 2. 

increased in the  FS-NoCO2 group bu t  did no t  change f rom 
cont ro l  values in the  FS-CO2 group.  Bo th  the  FS-NoCO2 
and the FS-CO2 groups  had reduced  5-HIAA concent ra -  
t ions in the h ippocampus .  

DISCUSSION 

It is appa ren t  f rom the  results  of E x p e r i m e n t  1 tha t  CO2 
is an effect ive amnesic  agent.  Eight  ou t  of  l0  FS-CO2 ani- 
mals did no t  show avoidance  behav iou r  at the  retr ieval  test.  
The  CO2 t r e a t m e n t  did no t  affect  the  s t ep- th rough  la- 
tencies  of  NoFS-CO2 animals.  These f indings do no t  assure, 
however ,  t ha t  CO2 induced  amnes ia  is based on  a distur-  
bance  of some sort  of m e m o r y  process.  Some invest igators  
have suggested t ha t  amnesia  may be due to a d i s rup t ion  of  
pe r fo rmance  [6 ,25 ] .  Addi t iona l  f indings f rom our  labora-  
to ry  argue against  this  possibi l i ty .  Thus ,  it was shown tha t  
as the  interval  be tween  acquis i t ion  and  the  app l ica t ion  of 
CO2 gets longer,  so the  degree of  amnes ia  declines the reby  
resul t ing in an amnes ia  gradient  [ 2 3 ] .  Moreover,  CO2 is 
also able to induce  amnesia  for  an appe t i t e -mot iva ted  
response [22 ] .  Taken  toge ther ,  these data  indicate  tha t  
CO2 induced  amnes ia  is no t  due to an aspecific d i s turbance  
of pe r fo rmance  bu t  results  f rom an in te r fe rence  wi th  some 
m e m o r y  process. 

The  results  of  E x p e r i m e n t  2 show tha t  changes in amine 
me tabo l i sm in foo t  shock  a n d / o r  CO2 t rea ted  animals  main-  
ly occur red  in the  bra in  s t em and the  h ippocampus .  There  
were no changes in the  cor tex.  Pilot  expe r imen t s  also 
d e m o n s t r a t e d  tha t  amine  c o n c e n t r a t i o n s  in the  cerebel lum 
were unchanged .  The  on ly  s ignif icant  change in the  mid- 
bra in  conce rned  a rise in ty ros ine  in FS-CO2 as well as FS- 
NoCO2 rats. 

Dopamine  concen t r a t i ons  were r educed  in the  bra in  
s tem of  foo t  shock  a n d / o r  CO2 t rea ted  rats. There  were no 
co r respond ing  changes in homovan i l l i c  acid. This result  is 
diff icul t  to  explain.  If  th is  ef fec t  was corre la ted  wi th  pos- 
sible s t ress- inducing proper t i es  of CO2 and foo t  shock ,  one 
should  have expec t ed  a greater  fall in d o p a m i n e  concent ra -  
t ion  in the  FS-CO2 group compared  to the  groups  which  
received foot  shock  or CO2 alone. This was no t  the  case. 

Changes  in se ro ton in  me tabo l i sm in the  bra in  s tem and 
h i p p o c a m p u s  parallel led the  behav io r  at the  retr ieval  test.  
In b o t h  areas, the  FS-NoCO2 group showed an increase in 
se ro ton in  whereas such an increase did not  occur  in the  
FS-CO2 group.  In the  h i p p o c a m p u s ,  the  rise in se ro ton in  in 
the  FS-NoCO2 group was corre la ted  wi th  a fall in the 
c o n c e n t r a t i o n  of 5-HIAA. This may be indicat ive of  a 
decreased tu rnove r  of  se ro ton in .  Essman [10] suggested 
tha t  amnesia  is associated wi th  an increased whole-bra in  
c o n c e n t r a t i o n  of  se ro ton in  which  could be  causative of  an 
impai red  p ro te in  synthesis ,  at least in the  case of  e lectro-  
shock- induced  amnesia .  Our  f indings do no t  suppor t  this  
hypothes i s :  we found  a change in the c o n c e n t r a t i o n  of  sero- 
t on in  on ly  in the  rats  which  had  been  subjec ted  to foot  
shock.  In the group of  rats  in which  amnesia  was induced ,  
there  was no s ignif icant  change in the  c o n c e n t r a t i o n  of  this  
amine.  The  use of  CO 2 as the amnesic  agent  may be re- 
sponsible  for the  di f ferences  be tween  our  results  and those  
of  Essman [101.  

Noradrena l ine  concen t r a t i ons  were only  changed  in the  
h ippocampus .  The  decrease in the c o n c e n t r a t i o n  of  nor-  
adrenal ine  was corre la ted  wi th  a fall in the  c o n c e n t r a t i o n  of 
its ex t r aneu rona l  metabo l i t e ,  n o r m e t a n e p h r i n e ,  which  may 
be indicat ive of an increased tu rnover  of the  amine.  In con- 
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t ras t ,  t he re  was a s ignif icant  rise in the  c o n c e n t r a t i o n  of  
no rad rena l ine  in the  FS-CO2 group,  this  e f fec t  be ing  corre- 
la ted w i th  a fall in the  c o n c e n t r a t i o n  of  n o r m e t a n e p h r i n e  
which  is suggestive of  a decreased t u rnove r  of  the  amine.  

It is possible  t ha t  the  observed  changes  in b ra in  amine  
me tabo l i sm are an ind i rec t  consequence  o f  increased 
ad renocor t i ca l  act ivi ty  as a resul t  of  the  stress to  wh ich  the  
animals  were exposed  dur ing  the  acqu i s i t ion  trial.  I t  is n o w  
well  es tabl i shed  t h a t  stress i nduced  changes  in ad renocor t i -  
cos teroid  levels can have a p r o f o u n d  ef fec t  on  b ra in  amine  
metabo l i sm.  This can be due to  a d i rec t  e f fec t  of  stress on  
the  t u r n o v e r  and  release of  b ra in  amines  [ 1 3 , 2 0 ] .  It is also 
possible tha t  a rise in liver t r y p t o p h a n  pyrolase  act ivi ty  can 
occur  as a consequence  of  a s t ress- induced increase in the  
secre t ion  of  ad renoco r t i cos t e ro id s ;  this  could lead to a 
r educ t ion  in b ra in  se ro ton in  m e t a b o l i s m  [ 11 ,24] .  However ,  
in the  present  paradigm it has been  f o u n d  t ha t  24  h r  a f te r  
the  acquis i t ion  trial  NoFS-NoCO2,  NoFS-CO2,  FS-CO2 and  
FS-NoCO2 groups  of  ra ts  do n o t  differ  w i th  respect  to  
plasma co r t i cos t e rone  c o n c e n t r a t i o n  [ 2 2 ] .  

The f inding t ha t  the  mos t  m a r k e d  changes in amine  
me tabo l i sm occur red  in the  h i p p o c a m p u s  is in ag reemen t  
wi th  the  view t h a t  d i s tu rbance  of  the  f u n c t i o n  of  th is  area 
plays an essential  role in the  causa t ion  of  amnes ia .  How- 
ever, it is p r e m a t u r e  to  impl ica te  s e ro ton in  and  n o r a d r e n -  
aline in learning and  m e m o r y .  The  p resen t  resul ts  suggest a 
cor re la t ion  b e t w e e n  changes  in b ra in  s tem and  h i p p o c a m p a l  
amine  me tabo l i sm and  amnes ia  bu t  the  na tu re  of  the  corre- 

la t ion  remains  obscure .  Moreover ,  a cor re la t ion  wi th  am- 
nesia does  no t  necessari ly  mean  an  i nvo lvemen t  in m e m o r y .  
The  theore t i ca l  basis of  amnes ia  is uncer ta in .  McGaugh  and  
Dawson [16]  p roposed  t h a t  amnes ic  agents  d i s rupt  mem-  
ory  conso l ida t ion .  However ,  o the r  inves t igators  have sug- 
gested t h a t  amnes ic  agents  af fec t  the  retr ieval  of  consoli-  
da ted  m e m o r y  ra the r  t han  the  conso l ida t ion  process  i tself  
[ 1 7 , 2 8 ] .  

The  presen t  results  do no t  jus t i fy  the conc lus ion  t ha t  the  
amnes ic  effect  of CO:  is associated wi th  changes  in bra in  
amine  me tabo l i sm.  We may  deal wi th  i n d e p e n d e n t  effects .  
In subsequen t  s tudies ,  we e x a m i n e d  this  possibi l i ty  by  
de t e rmin ing  the  changes in b ra in  amine  m e t a b o l i s m  which  
occur  fo l lowing a l te ra t ions  in the  pa rame te r s  of  the  amnesia  
paradigm.  Thus ,  we found  t ha t  the  amnes ia  gradient  is 
parallel led by  a h i p p o c a m p a l  s e ro ton in  grad ien t  [23 ] .  
F u r t h e r m o r e ,  it appea red  t ha t  amnes ia  deve loped  gradual ly  
over  the  first 4 hr  fo l lowing the  amnes ic  t r e a t m e n t ;  this  was 
parallel led by  a gradual  change in h i p p o c a m p a l  levels of  
s e ro ton in  [ 3 1 ] .  These add i t iona l  data  suppo r t  the  view t h a t  
a cor re la t ion  exists  b e t w e e n  changes  in bra in  amines ,  par- 
t icular ly  se ro ton in ,  me tabo l i sm and  amnesia .  The  na tu re  of  
this cor re la t ion ,  however ,  r e m a i n s  obscure .  
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