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sponse  r eached  a p e a k  w i t h i n  a b o u t  5 m i n  a n d  d u r i n g  
p ro longed  exposure  to  d o p a m i n e  t he  sec re to ry  r a t e  fell 
u sua l ly  to  a m a i n t a i n e d  lower va lue  a f te r  a b o u t  10 rain.  
I n  t h e  same  p r e p a r a t i o n  t h e  a m p l i t u d e s  of t h e  m a x i m a l  
responses  to  d o p a m i n e  a n d  ne rve  s t i m u l a t i o n  were 
iden t ica l  (figure 2) a n d  in t i le r ange  60-100 n l /min .  
Glands  were  s t i m u l a t e d  for 20-30 m i n  per iods  w i t h  dopa-  
mine  (10-7-10 -" M) a n d  t h e  secre ted f luid col lected for 
e i t he r  chlor ide  (14 samples)  or sod ium and  p o t a s s i u m  
a n a l y s i s  (9 Samples).  The  resu l t s  g iven  in t ab l e  i nd i ca t e  
t h a t  t he  m a j o r  ca t ion  in t h e  sa l iva  is sod ium a n d  t h a t  

ch lor ide  is p r e s e n t  a t  a c o n c e n t r a t i o n  a l m o s t  equa l  to  t h e  
c o m b i n e d  c o n c e n t r a t i o n s  of sod ium a n d  po ta s s ium.  The  
compos i t i on  of ce r t a in  o t h e r  sa l ivas  is also s h o w n  in t i le  
t a b l e  for compar i son .  I t  c an  be  seen t h a t  cockroach  sa l iva  
is d i f fe ren t  f rom b o t h  insec t  sa l ivas  a n d  is s o m e w h a t  
s imi la r  to  t h e  m a m m a l i a n  ones.  O t h e r  e x p e r i m e n t s  h a v e  
s h o w n  t h a t  s a l i va ry  secre t ion  evoked  b y  d o p a m i n e  in 
N a u p h o e t a  g lands  is r e v e r s i b l y  abo l i shed  in sod ium-f ree  
med ium.  Coupled  w i t h  t he  a n a l y t i c a l  resu l t s  th i s  sugges ts  
t h a t  f luid secre t ion  in t h i s  t i ssue  is d r iven  b y  ac t ive  
sod ium t r a n s p o r t .  
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Summary. E m e t i n e  h y d r o c h l o r i d e  a t  100 txg in jec ted  i n t r a c r a n i a l l y  b locked  more  t h a n  80% of p ro t e in  syn thes i s  of t h e  
b r a i n  in  t h e  goldf ish for a t  l eas t  4 days ,  b u t  was  n o t  le tha l .  Tes t ing  t h e  effect  of eme t ine  h y d r o c h l o r i d e  on  d a r k  a v o i d a n c e  
go-no go learning,  t h e  f ish in jec ted  w i t h  em e t i ne  h y d r o c h l o r i d e  showed  poore r  p e r f o r m a n c e  t h a n  those  in j ec t ed  dis- 
t i l led w a t e r  t h r o u g h o u t  t h e  expe r imen t ,  excep t  on  t h e  1st day,  sugges t ing  po ten t i a l i t i e s  of eme t ine  as a new b lock ing  
a g e n t  of m e m o r y  conso l ida t ion .  

I t  is genera l ly  be l i eved  t h a t  m e m o r y  conso l ida t ion  is 
i n h i b i t e d  b y  t he  b lockage  of p r o t e i n  syn thes i s  in  an ima l s  3. 
The  m e c h a n i s m s  of chemica l  ac t ions  of p r o t e i n  syn thes i s  
b lockers ,  however ,  are  n e i t h e r  s imple  nor  y e t  c o m p l e t e l y  
clarif ied.  Cyc lohex imide  4-~ a n d  ace toxycyc lohex imide  s - n ,  
for example ,  h a v e  been  said to  b lock  d i rec t ly  m e m o r y  
conso l ida t ion  t h r o u g h  t he  i n t e r r u p t i o n  of p r o t e i n  syn-  
thesis ,  whereas  t he  i n h i b i t o r y  ac t ions  of p u r o m y c i n  z2, la 
are less c lear  t h a n  t h a t  of o the r  an t ib io t ics .  Thus ,  t h e  
r e l a t i on  b e t w e e n  p r o t e i n  syn thes i s  a n d  m e m o r y  consoli-  
d a t i o n  h a s  been  sugges ted  b y  m e a n s  of on ly  a few specif ic  
drugs,  b u t  is n o t  genera l ized  up  to now. So, in  t he  p r e s e n t  
expe r imen t s ,  eme t in e  h y d r o c h l o r i d e  (E-HC1), wh ich  is a n  
ipecac  a lka lo id  a n d  is r epo r t ed  to  b lock  ti le p r o t e i n  syn-  
thes i s  for  long d u r a t i o n  z4, was  used for t i le  f i rs t  successful  
a t t e m p t  to  c la r i fy  r e l a t ions  be t w een  i ts  i n h i b i t o r y  effects  
on  p r o t e i n  syn thes i s  a n d  b lock ing  ac t ions  on  m e m o r y  
consol ida t ion .  
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Fig. 1. The time course of protein inhibition in goldfish brain re- 
sulting from an intracranial injection of emetine hydrochloride (100 
~.g]10 ~1). Abscissa 0 is the control injection of 5 ~tCi of aH-leucine. 
Number of fish for each point is shown in parentt/eses. Dots and bars 
represent, respectively, means and standard errors of P/(P+S). 

Materials and methods. The  sub jec t s  used  were goldfish,  
9 .5-11.0 cm long, in these  expe r imen t s .  T ime course  of 
i n h i b i t i o n  of p ro t e in  syn thes i s  caused  b y  100 txg/10 tzl of 
E-HC1 was d e t e r m i n e d  in  goldf ish  b ra in .  A t  1, 3, 24, 48 
or  72 h a f t e r  t he  in j ec t ion  of E-HC1, 5 ~Ci/5 ~xl of L-  
leucine-4,  5-3H (specific a c t i v i t y  58 Ci /mmole,  The  Rad io -  
chemica l  Center ,  A m e r s h a m ,  E n g l a n d :  aH-leucine) was  
in jec ted .  F i sh  were d e c a p i t a t e d  30 m i n  later ,  t h e  whole  
b r a i n  was qu ick ly  r e m o v e d  a n d  p r o t e i n  was i so la ted  as 
the  t r i ch lo roace t i c  acid (TCA) p rec ip i t a t e  f ract ion.  The  
degree  of p r o t e i n  syn thes i s  was  d e t e r m i n e d  b y  t he  fol- 
lowing fo rmu la  : 

cpm in TCA precipitate (P) 
P/(P+ S) epm in TCA precipitate (P) + epm in TCA supernate (S) 

W h e n  3H-leucine was in j ec t ed  in t r ac ran ia l ly ,  t he  t e m p e r -  
a t u r e  of t he  w a t e r  in  t he  h o m e  t a n k  was  18~ 
Goldf i sh  were g iven  d a r k  avo idance  go-no go t r a i n i n g  f o r  
3 days .  Fo r  i n t r a c r a n i a l  in jec t ions ,  a smal l  hole  was  
dr i l led  in t he  cen t re  of t h e  skul l  b e t w e e n  t he  2 eyes, 
3 days  before  t he  b e g i n n i n g  of t r a i n i n g  t r ia l s  1~. F i sh  were  
n o t  fed. On t h e  p rev ious  d a y  of t r a in ing ,  f ish were d iv ided  
r a n d o m l y  in to  e x p e r i m e n t a l  a n d  con t ro l  groups,  a n d  t h e  
e x p e r i m e n t a l  g roup  was in j ec t ed  w i t h  E-HC1 100 ~g/10 txl 
in  dis t i l led  wate r ,  whi le  t h e  con t ro l  g roup  was  g iven  10 ixl 
of d is t i l led  water .  
Fo r  3 days  of t r a in ing ,  a f ish was g iven  2 sessions of 20 
t r ia l s  of d a r k  avo idance  go-no g o ' t r a i n i n g  in each  d a y  
wh ich  cons is ted  of 10 go t r a i n i n g  t i r a l s  and  10 no-go 
t r a i n i n g  t r ia ls ,  r a n d o m l y  ordered .  In te r sess ion  i n t e r v a l  
was  2 min.  
The  a p p a r a t u s  used was a g r a y  p las t ic  s h u t t l e  box  w i t h  a 
trapezoidal barrier Is. The temperature of water in both 
apparatus and home tanks was 16.0-18.0~ An electric 
light bulb (20 W/100 V a.c.) was placed over each com- 
partment at 20 cm from surface of the water. These bulbs 
were ordinarily lighted and the CS was to put off either 
of t h e  2 b u l b s  for  10 sec. W h i c h  b u l b  was  p u t  off was  
d e t e r m i n e d  in accordance  w i t h  b o t h  t h e  sequence of go 
and  no-go t r ia l s  a n d  where  t h e  f ish was,  a n d  i t  was  con-  
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sidered to be a cor rec t  response  if the  fish avoided shock 
by  leaving the  da rk  c o m p a r t m e n t  dur ing  the  10 sec of CS. 
If  i t  failed to  r e spond  correct ly ,  it  was given an uncon-  
d i t ioned  s t imulus  of 4 V a.c. electric shock, for 5 sec a t  the  
longest .  
Results  and discussion. The biochemical  results  of E-HC1 
are shown in figure 1. In  compar i son  wi th  the  cont ro l  
value a t  t ime '0',  t he  degree of inhib i t ion  of p ro te in  syn-  
thes is  was abou t  90% at  1, 3 and 24 h, and abou t  80% at  
48 h (3rd day) and  72 h (4th day) f rom the  t ime of injec- 
t ion.  The resul ts  ind ica ted  t h a t  100 vg of th is  agen t  
in jec ted  in t rac ran ia l ly  caused a rapid  and long-las t ing 
blockage of p ro te in  syn thes i s  in the  bra in  of goldfish. 
But ,  E-HC1 at  100 ~xg was no t  le thal  for a t  least  a mon th .  
F r o m  these  results ,  it  appeared  t h a t  the  in t rac ran ia l  
in jec t ion  of 100 ~g of E-HC1 inhibi ts  more  t h a n  80% of 
b ra in  p ro te in  syn thes i s  in the  goldfish for a t  least  4 days,  
b u t  i t  m a y  no t  be noxious  enough  to be lethal.  
Our previous  repor t s  on ac t inomycin  D I~, 1~ sugges ted  
t h a t  if a drug shows a long-last ing effect,  the  act ions  of 
the  d rug  on m e m o r y  migh t  appear  more  clearly af ter  
several  days  of t ra ining.  Therefore,  in t he  p resen t  exper i -  
men t ,  the  subjec ts  were t ra ined  for 3 days  f rom the  day  
a f te r  in jec t ion  of E-HC1. 
The behaviora l  resul ts  are shown in figure 2. Mean num-  
bers  of correc t  responses  are p lo t t ed  agains t  sessions and  
days.  The analysis  of var iance  was appl ied to these  data .  
In  t he  go pe r fo rmance  (C), the  correct  responses  of b o t h  
groups  were increased d a y  by  day  (exper imenta l  group:  
F =  28.36, df = 2/30, p < 0.01; control  group:  F =  109.30, 
df  = 2/30, p < 0.01). Whereas ,  in the  no-go pe r fo rmance  
(B), the  responses  were k e p t  a t  h igh level t h r o u g h o u t  the  
expe r imen t .  On the  1st day,  fish did no t  go to the  o the r  
c o m p a r t m e n t  of b o t h  procedures ,  ind ica t ing  t h a t  f ish do 
usual ly  no t  cross t he  barr ier  of th is  appara tus .  As the  
e x p e r i m e n t  proceeded,  the  go correc t  responses  increased 
day  by  day  b u t  no-go correc t  responses  did no t  decrease.  
These resul ts  showed t h a t  fish had  acquired the  discr imi-  
na t ion  learning of the  go-no go avoidance.  
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Fig. 2. Mean number of correct responses in each session of 20 trials 
in dark avoidance training as a function of sessions and days. Solid 
circles, experimental group (n = 16); open circles, control group 
(n = 16). Curves in A, B and C represent total, no-go and go correct 
responses, respectively. 

F r o m  curve A in figure 2, however ,  the  expe r imen ta l  
group showed lower scores (F = 4.30, df  = 1/30, p < 0.05) 
and  lower inc rements  of scores day  by  day  (group X day  
in te rac t ion :  F = 3.45, df = 2/60, p < 0.05) t h a n  the  con- 
t ro l  group. B u t  the  scores of b o t h  groups  increased in the  
same degree session by  session wi th in  day. On the  o the r  
hand ,  our p repa red  da t a  appeared  t h a t  in ject ion of 
E-HC1 af ter  hav ing  learned this  t a sk  does no t  inhibi t  the  
pe r fo rmance  of the  es tab l i shed  learning in tes t s  for 3 days  
f rom the  day  af ter  inject ion.  Thus,  the  above  resul ts  in 
p resen t  expe r imen t  ind ica ted  t h a t  E-HC1 blocked the  
fo rmat ion  of m e m o r y  be tween  days  b u t  did no t  inh ib i t  
the  acquisi t ion of learning wi th in  the  day.  
The act ions  of E-HC1 in cent ra l  ne rvous  sys tem,  however ,  
have  ha rd ly  been clarified wi th  the  except ion  of its effect  
on pro te in  synthesis .  As it has  appeared  t h a t  some inhibi-  
tors  of pro te in  synthes is  also decrease t empora r i l y  the  
syn the t i c  ra tes  of ca techo lamine  17, fu r the r  research is 
necessary  to clarify the  in te rac t ion  b e t w een  the  act ions  of 
E-HC1 and the  me tabo l i sm of ca techolamine .  However ,  
the  fact  t h a t  the  t ime course of inhib i t ion  of p ro te in  syn-  
thesis  and the  blockage of the  fo rma t ion  of m e m o r y  be- 
tween  days  by  E-HC1 are paral lel  p h e n o m e n a  migh t  sug- 
gest  potent ia l i t ies  of E-HC1 as a new blocking agent  of 
m e m o r y  consol idat ion.  
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