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room for 48 h. At  th is  t ime t h e y  were placed on mois t  
b lo t t e r  paper  and  the  pe rcen tage  h a t c h  subsequen t ly  de- 
t e rmined .  E a c h  e x p e r i m e n t  consis ted  of 6 repl icates  of 10 
eggs per  repl icate ,  and the  e x p e r i m e n t  was dupl icated.  
The t e m p e r a t u r e  was m a i n t a i n e d  a t  25 + 0.1 ~ 
Results. The figure summar izes  t he  p a t t e r n  of loss of 
weigh t  (weight  loss equals  wa te r  loss 1) of eggs exposed  to 
48% R H  af ter  96 h in wa te r  vapor  or on mois t  paper .  Eggs 
p recond i t ioned  in wa te r  vapor  d i d  no t  lose a s ignif icant  
a m o u n t  of weigh t  unti l  the  weighing at  24 h;  those  pre-  
condi t ioned  on mois t  pape r  lost  s ignif icant  weigh t  (5% 
level) in the  f i rs t  15 min.  Eggs  f rom mois t  pape r  weighed 
85.3 ~g (SD = 3.3 Ezg) a t  the  f i rs t  weighing and  37.4 ~zg 
(SD = 7.7 [~g) af ter  48 h ;  those  f rom wate r  vapor  weighed 
74.8 [zg (SD = 6.4 ~g) a t  the  s t a r t  and  52.7 ~g (SD = 6.6 
[~g) a t  48 h. Thus  eggs f rom mois t  pape r  weighed signifi- 
can t ly  more  (0.5% level) a t  the  ou t se t  of the  exper iment ,  
b u t  t h e y  weighed s ignif icant ly  less (0.5% level) a t  the  
finish. This  could be in t e rp re t ed  to  mean  t h a t  t h e  mea-  
sured loss was s imply  evapora t ion  of wa te r  f rom the  out-  
side surface of t he  eggs, b u t  i t  has  been d e m o n s t r a t e d  
tha t ,  given the  weighing procedure  used, superficial  wa te r  
does no t  con t r ibu te  to changes  in weigh t  1. Fu r the rmore ,  
the  weigh t  a t  the  end of 48 h was s ignif icant ly  lower in the  
eggs acc l imated  on mois t  pape r  so t h e y  had  lost  more  
weight .  
W h e n  b o t h  sets  were placed on mois t  paper  and  subse- 
q u e n t  h a t c h  was de te rmined ,  h a t c h  was s ignif icant ly  
h igher  (70% SD = 13%) for the  eggs acc l imated  a t  100% 
R H  t h a n  for eggs acc l imated  on mois t  paper  (10% SD = 
10%). 

I conclude therefore  t h a t  eggs acc l imated  in t he  wa te r  
vapor  sys t em are less suscept ible  to  wa te r  loss t h a n  are 
those  acc l imated  on mois t  paper .  Fu r the rmore ,  th is  dif- 
ference in wa te r  loss was paral lel led b y  higher  mor t a l i t y  
in the  group  t h a t  lost  more  water .  
For  purposes  of descr ipt ion,  I have  referred to wa te r  
s ta tes  as ' vapor '  and  'mois t  paper ' .  The mois t  paper  
s y s t em is easy to  describe : microscopic examina t ion  of the  
eggs and  paper  showed w a t e r  on the  pape r  f ibres on which  
the  eggs rested.  The precise condi t ion  of wa te r  in the  so- 
called vapor  s ta te  is unknown.  The diff icul ty  of knowing  
the  ac tua l  s ta te  of wa te r  in a h y g r o s t a t  t h a t  p u rp o r t s  to be 
a t  100% R H  has been  reviewed~, 4. As E d n e y  3 po in ted  
out,  it  is p ro b ab l y  no t  possible to have  a h y g r o s t a t  wi th  
100% R H  w i t h o u t  some drople ts  of l iquid wa te r  some 
place there in .  I did no t  see wa te r  d rople t s  on eggs or in 
con ta iners  nor  on the  walls of the  hygros ta t .  
I assume therefore  t h a t  wa te r  was more  readi ly  avai lable 
to  eggs on mois t  pape r  t h a n  to those  in the  h y g r o s t a t  b u t  
m y  observa t ions  do no t  p e rmi t  precise def ini t ion of the  
s ta te  of the  wa te r  in th is  wa te r  vapor  system.  I conclude 
t h a t  in th is  species, the  wa te r  conserva t ion  mechan i sm 
of t he  egg is adap tab le .  The in fo rma t ion  has  obvious  
significance for l abo ra to ry  s tudies  of egg shell permeabi l i -  
t y  and  also for eva lua t ion  of wa te r  avai labi l i ty  as a 
mor t a l i t y  factor  in field popula t ions .  

3 E. ]3. Edney, in: Water relations of terrestrial arthropods, p. 55. 
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Fluid secretion by isolated cockroach salivary glands 
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Summary. An isolated p repa ra t ion  of the  i nne rva t ed  cockroach sa l ivary  gland has been  developed to s t u d y  secretion.  
This gland secretes  a fluid r ich in Na and  Ct in response  to nerve  s t imula t ion  or b a t h  appl ica t ion  of dopamine .  

The sa l ivary  glands  of a n u m b e r  of insects  receivo an 
inne rva t ion  which  is p r o b a b l y  dopaminerg ic  ~-4. Micro- 
e lec t rode  recording f rom acinar  cells in the  cockroach 
sa l ivary  gland has  revealed t h a t  nerve  s t imula t ion  causes 
a hype rpo la r i sa t ion  5 t h a t  can be mimicked  by  b a t h  
appl ica t ions  of several  biogenic amines,  t he  mos t  p o t e n t  
being dopamine  ~. In  order  to s t u d y  fluid secre t ion evoked 
by  nerve  s t imula t ion  and dopamine  in th is  t issue we have  
a d a p t e d  the  t echn ique  originally used by  R a m s a y  ~ for 
ur ine collection f rom insect  Malpighian tubules .  I t  is not -  
able t h a t  p rev ious  repor t s  of the  compos i t ion  of insect  
sal ivas  have  shown t h a t  the  pr inc ipal  ca t ion is po tas -  
siumS, 9 while t h a t  in ve r t eb ra t e s  is sodium. Our resul ts  
d e m o n s t r a t e  t h a t  cockroach  saliva is sodium rich and 
resembles  more  closely t h a t  of cer ta in  m a m m a l s  t h a n  of 
the  insects  s tud ied  so far. 
Materials and methods. Whole  pa i red  glands,  consis t ing of 
reservoirs ,  reservoir  ducts ,  acini and  acinar  ducts ,  were 
d issec ted  f rom adu l t  cockroaches  (Nauphoe ta  cinerea) of 
e i ther  sex, a l lowed free access to  food and  water .  Dissec- 
t ion  was  carr ied ou t  unde r  the  perfus ion m e d i u m  (pH 7.6) 
which  had  the  following compos i t ion  (mM): NaC1, 160; 
KC1, 10; NaH2PO4, 1; NaHCOa, 1; CaCI~, 5; Tris, 5; 
HC1, 4; glucose, 20. E a c h  main  acinar  duc t  was freed 

f rom its ad h e ren t  reservoir  duc t  and  the  glands  were 
placed in a pe r spex  c h a m b e r  (volume 1.5 ml). One of the  
acinar  duc ts  was l iga tured  near  its cu t  end wi th  enamel led  
Ag wire and pulled in to  a pool of l iquid paraff in ,  sepa- 
r a ted  f rom the  perfus ion ch amb e r  by  a pe r fo ra ted  cel- 
luloid barrier .  The t issue was anchored  in the  ch ambe r  
b y  a l igature round  the  reservoirs  (figure 1). The ch ambe r  
was perfused  a t  a ra te  of 2.5 ml /min  by  a W a t s on -  
Marlowe flow inducer  ( M H R E  200); the  ra te  was in- 
creased to  10 ml /min  when  solut ions were changed.  
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Ionic composition of saliva 

Species Ionic concentration (mmoles/1) 
Na K C1 HCO 3 

Cockroach (Nauphoeta)* 140.9:E4.5 25.7~1.5 151.7=E6.5 - 
Moth (Antherea) 8 1 190 19 180 
Blowfly (Calliphora) ~, 10 20 160 160 - 
Human  parotid n 90 20 50 60 
Horse parotid TM 56 15 50 52 
Sheep parotid TM 170 13 11 112 

* Values given are means • SE. 

Anchor Suction electrode 
ligature with reservoir duct 

Reservoir \ ~ /  ./  c,n, / /  

duct 
Fig. 1. Plan view of experimental arrangement for investigating 
fluid secretion in isolated cockroach salivary glands. Tissues were 
st imulated either by delivering electrical pulses to the salivary nerve 
held in the suction electrode or by perfusing the chamber with 
dopamine solutions. 

F o r  e l e c t r i c a l  s t i m u l a t i o n ,  t h e  r e s e r v o i r  d u c t  ( b e a r i n g  t h e  
s a l i v a r y  n e r v e )  o n  t h e  s a m e  s ide  a s  t h e  l i g a t u r e d  a c i n a r  
d u c t  w a s  d r a w n  i n t o  a s u c t i o n  e l ec t rode .  S q u a r e - w a v e  
s t i m u l i  (0.5 m s  d u r a t i o n )  w e r e  d e l i v e r e d  e i t h e r  b y  a G r a s s  
s t i m u l a t o r  (SD 5) o r  b y  i s o l a t e d  s t i m u l a t o r  (Dev i c e s  
T y p e  2533) d r i v e n  b y  a g a t e d  p u l s e  g e n e r a t o r  ( D e v i c e s  
T y p e  2521) a n d  a D i g i t i m e r .  
C h e m i c a l  s e c r e t a g o g u e s  we re  m a d e  u p  a s  c o n c e n t r a t e d  
(1 m g / m l )  s t o c k  s o l u t i o n s  k e p t  a t  4 ~  a n d  d i l u t e d  i n t o  
t h e  p e r f u s i o n  m e d i u m  i m m e d i a t e l y  b e f o r e  use .  T h e  sec re -  
t o r y  r a t e  w a s  d e t e r m i n e d  b y  r e m o v i n g  s e c r e t e d  f lu id  a t  
s u i t a b l e  i n t e r v a l s  t o  a s e c o n d  p a r a f f i n  poo l  w i t h  s i l i cone-  
t r e a t e d  m i c r o p i p e t t e s  w h e r e  t h e  d i a m e t e r  of  t h e  d r o p l e t  
w a s  m e a s u r e d  o p t i c a l l y .  U n s t i m u l a t e d  t i s s u e s  w e r e  f o u n d  
to  s e c r e t e  a t  0 - 3  n l / m i n .  S e c r e t o r y  r e s p o n s e s  to  n e r v e  
s t i m u l i  a n d  d o p a m i n e  we re  o b s e r v e d  for  a t  l e a s t  5 h a f t e r  
i s o l a t i o n .  S o d i u m  a n d  p o t a s s i u m  c o n c e n t r a t i o n s  i n  t h e  
s e c r e t e d  f l u id  w e r e  e s t i m a t e d  b y  a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t r y  ( P y e  U n i c a m  S P 9 0 A )  a n d  c h l o r i d e  b y  
c o u l o m b o m e t r i c  t i t r a t i o n  ( R a d i o m e t e r  CMT10) .  
Results and discussion. F i g u r e  2 s h o w s  t y p i c a l  s e c r e t o r y  
r e s p o n s e s  to  n e r v e  s t i m u l a t i o n  ( u p p e r  p a n e l )  a n d  d o p a -  
m i n e  ( lower) .  W i t h  e l ec t r i c a l  s t i m u l i  t h e  s e c r e t o r y  r a t e  
r o se  to  a m a x i m u m  w i t h i n  3 -5  m i n  a n d  a f t e r  1 0 - 1 5  m i n  
d e c l i n e d  t o w a r d  t h e  b a s a l  v a l u e .  T h e  m a g n i t u d e  of  t h e  
r e s p o n s e  i n c r e a s e d  w i t h  s t i m u l u s  v o l t a g e  o v e r  t h e  r a n g e  
2 - 6 0  V. U s u a l l y  s t i m u l i  of  30 V were  u s e d  s i nce  t h e s e  g a v e  
n e a r  m a x i m a l  r e s p o n s e s  a n d  w e r e  t h o u g h t  l ess  l i ke ly  to  
e x h a u s t  t h e  t i s s u e .  D o p a m i n e  a l so  i n c r e a s e d  t h e  r a t e  of  
s e c r e t i o n .  A b o v e  a t h r e s h o l d  of  a b o u t  3 • 10 .9 M d o p a -  
m i n e  p r o d u c e d  s e c r e t o r y  r e s p o n s e s  g r a d e d  w i t h  c o n c e n -  
t r a t i o n  u p  to  a m a x i m u m  a t  10 .6 M. E a c h  s e c r e t o r y  re-  

10 W . T .  Prince and M. J. Berridge, J. exp. Biol. 58, 367 (1973). 
11 J . H .  Thaysen, N. A. Thorn and I. L. Schwartz, Am. J. Physiol. 

178, 155 (1954). 
12 F. Alexander, J. Physiol., Lond. 784, 646 (1966). 
13 R . N . B .  Kay, J.  Physiol., Lond. 750, 515 (1960). 
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Fig. 2. Typical secretory responses 
evoked by nerve stimulation and 
dopamine. Periods of stimulation 
are indicated by horizontal bars. 
Electrical stimuli (50 V, 0.5 ms) 
were delivered at a frequency of 
10 Hz. After the secretory respon- 
ses to nerve stimulation dopamine 
solutions (2 • 10-~ M) were passed 
through the chamber for 10 min 
and subsequently for 25 min. Pro- 
longed nerve stimulation (upper 
right) was accompanied by a fall 
in the secretory rate whereas pro- 
longed exposure  to dopamine  
(lower right) was not. 
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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 .  

The effects of e~metinl]~ydrochloride on!brain/proteLn ~ynthesis and on dark avoidance 
response in the/goldfish 

S. Ohi  z'z 

Department o] Psychology, Faculty o/ Education, Tokyo University o/ Education, Ohtsuka, Bunkyo-ku, Tokyo 7 72 (Japan), 
28 January 7977 

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 .  

o= f 
0-20[ 

* 0.16 

0.12 

008 i 

00~ 

(6) 

l,s, , , ,  
f & 2 ~ L _ . r  = r  
t i I 

0 3 ~ 2'4 A 72 
Hours between emetine and 3H-leucine injections 

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-  


