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Puromyc in  Inhibition of Changes in Glucose-  
Evoked Potential  Recorded in Goldfish Intestine 

after Periods  of Temperature  Accl imatizat ion 

The  goldfish in te s t ine  resembles  t h a t  of m a m m a l s  in  i ts  
ab i l i ty  to  m a i n t a i n  a t r a n s m u r a l  e lectr ical  p o t e n t i a l  w h i c h  
is d e p e n d e n t  p a r t l y  u p o n  t he  presence  of glucosel .  Addi -  
t i on  of glucose to m e d i u m  b a t h i n g  the  mucosa  causes  an  
i m m e d i a t e  increase  in  t he  t r a n s m u r a l  p o t e n t i a l  a n d  i t  is 
th i s  ' g lucose-evoked '  p o t e n t i a l  wh ich  ha s  been  t a k e n  to 
r e p r e s e n t  t he  in i t i a l  c o m b i n a t i o n  of glucose a n d  sod ium 
w i t h  a ca r r i e r  in  t he  b r u s h  b o r d e r  m e m b r a n e  of goldf ish 
mucosa l  cells  2. S imi la r  i n t e r ac t i ons  are t h o u g h t  to  occur  
in  the  h a m s t e r  a n d  r a b b i t  sma l l  i n t e s t ine  a,4. Acc l imat iza -  
t i o n  of t h e  goldf ish to  a h i g h  e n v i r o n m e n t a l  t e m p e r a t u r e  
reduces  t he  g lucose-evoked p o t e n t i a l  m e a s u r e d  a t  differ-  
e n t  i n c u b a t i o n  t e m p e r a t u r e s  S, and  i t  has  been  sugges ted  
t h a t  th i s  change  is caused  b y  the  syn thes i s  of car r ie r  
molecules  t h a t  differ  in  some qua l i t a t i ve  w ay  f rom the  
or ig ina l  ones  e. The  p r e s en t  e x p e r i m e n t s  were des igned to 
t e s t  t h i s  suggest ion.  

Goldfish,  fu l ly  acc l imat ized  to 8~ were d e c a p i t a t e d  
a n d  the  a n t e r i o r  i n t e s t ine  removed ,  eve r t ed  and  t i ed  to a 
p o l y t h e n e  cannula .  The  o the r  end  of the  in t e s t ine  was t i ed  
w i t h  t h r e a d  to fo rm an  open-ended  sac and  0.1 ml  of 
b i c a r b o n a t e  sal ine 7 p laced  inside. The  c a n n u l a t e d  sac was 
t h e n  i m m e r s e d  in o x y g e n a t e d  b i c a r b o n a t e  sal ine a t  r oom 
t e m p e r a t u r e ,  a n d  t he  t r a n s m u r a l  p o t e n t i a l  was  r ecorded  
w i t h  a V i b r o n  e l ec t r om e t e r  t h r o u g h  aga r  br idges  and  
ca lomel  electrodes.  The  o u t p u t  vo l tage  f rom t he  e lectro-  
m e t e r  was  led to  a ' X a c t r o l '  pen  recorder  to  o b t a i n  a per-  
m a n e n t  record  of changes  in po ten t ia l .  Af te r  15-30 m i n  
a t  r oom t e m p e r a t u r e ,  d u r i n g  which  t ime  t he  t r a n s m u r a l  
p o t e n t i a l  increased  to a s t e a d y  value,  t he  sac, e lec t rodes  
and  o x y g e n a t o r  were t r an s f e r r ed  to an  a p p a r a t u s  con ta in -  
ing f resh b i c a r b o n a t e  sal ine equ i l ib ra t ed  a t  a n u m b e r  of 
d i t f e ren t  t e m p e r a t u r e s  (for full  desc r ip t ion  see SMITHS). 
S t e a d y  t r a n s m u r a l  p o t e n t i a l s  were recorded,  w i t h  a n d  
w i t h o u t  glucose (5 mg/ml)  in  c o n t a c t  w i t h  t he  mucosa ,  
a n d  t he  g lucose-evoked p o t e n t i a l s  were m e a s u r e d  a t  t e n  
d i f f e ren t  i n c u b a t i o n  t e m p e r a t u r e s .  

The  g lucose-evoked p o t e n t i a l  increased  r ap i d l y  as the  
i n c u b a t i o n  t e m p e r a t u r e  was ra ised  f rom 7.5-13~ a n d  
t h e n  more  s lowly as the  i n c u b a t i o n  t e m p e r a t u r e  was fur-  
t h e r  increased  f rom 13-30 ~ (Figure 1). The  lower  r ange  
of i n c u b a t i o n  t e m p e r a t u r e s ,  where  the  g lucose-evoked  
p o t e n t i a l s  were s h o w n  to  be  h igh ly  t e m p e r a t u r e  depen-  
den t ,  ha s  been  cal led phase I a n d  the  h ighe r  r ange  of incu-  
b a t i o n  t e m p e r a t u r e  phase 2. The  ene rgy  of a c t i v a t i o n  for 
t he  c o m b i n a t i o n  of sod ium w i t h  i ts  carrier ,  a s suming  th i s  
to  be  a n  enzymic  e v e n t  and  t h a t  t he  g lucose-evoked 
p o t e n t i a l  is a measu re  of t he  in i t ia l  r a t e  of r eac t ion  of 
sod ium w i t h  t he  carrier ,  was  30,700 cals d u r i n g  phase  1 
a n d  14,200 cals d u r i n g  p h a s e  2 (mean  of 19 expe r imen t s ) .  
The  i n t r a p e r i t o n e a l  i n j ec t ion  of 0.05 ml, 0.9% w / v  NaC1, 
21 h before  ki l l ing the  fish, d id  no t  change  th i s  p a t t e r n .  
N e i t h e r  d id  t he  in j ec t ion  of p u r o m y c i n  (Nu t r i t i ona l  Bio- 
chemica ls  Co.) d issolved in 0.9% w / v  NaC1 so lu t ion  
(7.9-11.9 #g /g  goldfish) a l t h o u g h  in th i s  case t he  glucose- 
evoked  p o t e n t i a l s  were smal le r  t h a n  the  co r re spond ing  
con t ro l  values.  Th i s  a m o u n t  of p u r o m y c i n  p r o d u c e d  no  
no t i ceab le  toxic  effects in  t he  goldfish up  to  21 h a f t e r  
t h e  in jec t ion .  C h a n g i n g  t h e  e n v i r o n m e n t a l  t e m p e r a t u r e  
of goldf ish f rom 8-25 ~ reduced  t he  g lucose-evoked po-  
t en t i a l s  m e a s u r e d  20 h later .  The  range  of phase  1 was now 
7 .5-23~ i n s t ead  of 7 .5-13~ (Figure 2). I n t r a p e r i t o n e a l  
i n j ec t ion  of p u r o m y c i n ,  8 .2-11.4/~g/g goldfish,  1 h before  
t he  e n v i r o n m e n t a l  t e m p e r a t u r e  was raised,  s t opped  th i s  
ex tens ion  of phase  1, the  t e m p e r a t u r e  a t  wh ich  p h a s e  1 

changed  to phase  2 r e m a i n i n g  a t  a b o u t  13~ The  glucose- 
evoked  po ten t i a l s ,  seen a f t e r  i n j ec t ion  of pu romyc in ,  
were smal l  c o m p a r e d  to  those  o b t a i n e d  w i th  in t e s t ines  
f rom con t ro l  non - in j ec t ed  f ish acc l imat ized  to 8 ~ a n d  
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Fig. 1. Glucose-evoked potentials of goldfish intestine measured at 
different incubation temperatures. The environmental temperature 
of the goldfish was maintained at 8 ~ for at least 14 days prior to 
the experiment. - -o-- ,  control experiments (19 determinations); 
- - e  --, 21 h after the i.p. injection of 0.05 ml, 0.9% w/v NaC1 solu- 
tion (1 experiment); - - + - - ,  21 h after the i.p. injection of 0.05 ml, 
0.9% w/v NaC1 solution containing 500 #g puromyein (5 experi- 
ments). 1/T is the reciprocal of the incubation temperature measured 

in degrees absolute. 
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Fig. 2. Glucose-evoked potentials of goldfish intestine measured at 
different incubation temperatures. Goldfish were fully acclimatized 
to 8 ~ and then either used 20 h after changing the environmental 
temperature to 25~ ( - - e - - ,  4 experiments); 21 h after the in- 
jection of 500 #g puromycin, the environmental temperature being 
maintained at 8 ~ ( - - + - - ,  5 experiments); 21 h after the injection 
of 500 #g puromyein, the first h after injection being spent in water 
at 8~ and the following 20 h at 25~ (--o--,  5 experiments). 
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s imi lar  to  p rev ious  va lues  d e t e r m i n e d  on in te s t ines  f rom 
fish acc l imat ized  to  8 ~ t a k e n  21 h a f te r  i n j ec t ion  of t he  
same q u a n t i t y  of p u r o m y c i n  (Figure 2). 

A n o t h e r  way  of obse rv ing  the  effect  o1 t e m p e r a t u r e  
acc l ima t i za t i on  on  electr ical  p a r a m e t e r s  of t he  goldfish 
in t e s t ine  is to  measure  the  i n c u b a t i o n  t e m p e r a t u r e  a t  
wh ich  glucose f i rs t  causes a p e r m a n e n t  increase  in the  
s t e a d y  t r a n s m u r a l  po ten t ia l .  This  t e m p e r a t u r e  has  been  
found  to be a p p r o x i m a t e l y  equa l  to  t h a t  a t  wh ich  glucose- 
evoked  po t en t i a l s  change  f rom a phase  1 to  a phase  2 t y p e  
of behav iour% Thi s  t e m p e r a t u r e  is no t  changed  b y  injec-  
t i on  of p u r o m y c i n  w h e n  t he  e n v i r o n m e n t a l  t e m p e r a t u r e  
is k e p t  c o n s t a n t  a t  8~ (12.5~ for con t ro l  i n t e s t i ne s ;  
13.1 ~ w h e n  in jec ted  21 h p rev ious ly  w i t h  pu romyc in ) .  
H o w e v e r  p u r o m y c i n  does r e t a r d  t he  change  in  th i s  t e m -  
p e r a t u r e  which  occurs  when  f ish acc l imat ized  to 8 ~ are 
sub jec t ed  to 25~ for 20 h (26.6~ for goldf ish a t  25~ 
for  20 h ;  18.4 ~ for s imi lar  f ish in jec ted  w i t h  p u r o m y c i n  
1 h before c h a n g i n g  the  e n v i r o n m e n t a l  t e m p e r a t u r e ) .  
These  va lues  are each  the  m e a n  of five d e t e r m i n a t i o n s  and  
t he  difference be twee n  the  two p o p u l a t i o n s  is s ign i f ican t  
(t - 3.62; P < 0.01). 

I t  is there fore  sugges ted  t h a t  a car r ie r  for sod ium ions, 
a c t i v a t e d  b y  glucose and  t h o u g h t  to  be s i t u a t e d  in  the  

l u m i n a l  m e m b r a n e  of t he  goldf ish mucosa,  is r ep laced  b y  
a d i f fe ren t  ca r r i e r  u n d e r  the  s t imulus  of a c h a n g e d  b o d y  
t e m p e r a t u r e  a n d  t h a t ,  s ince p u r o m y c i n  s tops  t h i s  sub-  
s t i t u t ion ,  the  ca r r ie r  is e i the r  a. p ro t e in  or else d e p e n d e n t  
on  t he  presence  of p r o t e i n  molecules  for i ts  n o r m a l  
opera t ion .  

Rdsumd. Le p o t e n t i e l  t r a n s m u r a l  de l ' i n t e s t i n  du  pois- 
son rouge,  incub6  in vi t ro,  d6pend  p a r t i e l l e m e n t  de la  
pr6sence de la glucose. Ce potent ie l ,  dfl ~ la glucose, es t  
d6 te rmin6  p a r  la t e m p 6 r a t u r e  d ' a c c l i m a t a t i o n ,  e t  se r6du i t  
darts la mesure  que ce t te  t e m p 6 r a t u r e  augmen te .  Cet  as- 
pec t  de l ' a c c l i m a t a t i o n  es t  comple t  20 h apr6s q u ' o n  a 
61ev6 la t e m p 6 r a t u r e  du milieu du  poisson, e t  le p u r o m y c i n  
e n t r a v e  ces va r i a t ions .  Ces r6su l ta t s  sugg6ren t  l ' id6e que  
les v a r i a t i o n s  dans  les propr i6 t6s  des m e m b r a n e s  de l 'epi-  
th61ium i n t e s t i n a l  i m p l i q u e n t  la syn th6se  des mol6cules  
de prot6ine .  

M. W.  SMITH 

Department o/ Physiology, A.R.C. Institute of Animal 
Physiology, Cambridge (England), 
December 21, 7965. 

Effect of T h y m e c t o m y  on I m m u n e  R e s p o n s e  in 
Adult  Rats  

M~LLER ~ observed  in 1962 t h a t  t o t a l  b o d y  i r r a d i a t i o n  
cons ide rab ly  decreased t he  i m m u n e  response  and  in- 
creased t he  to le rance  of skin graf ts  in t h y m e c t o m i z e d  
young  adu l t  mice. He conc luded  t h a t  the  t h y m u s  was 
immunolog ica l ly  i m p o r t a n t ,  even  in a d u l t  age. M a n y  
au tho r s  s u p p o r t e d  these  results ,  b u t  the re  were a lo t  of 
c o n t r a d i c t o r y  d a t a  2 5. We observed  in ear l ier  experi-  
m e n t s  6 a s ign i f ican t  rise of the  i m m u n e  response  in r a t s  
a long t ime  a f te r  t h e y  h a d  been  t h y m e c t o m i z e d .  I t  was  
in v iew of such  c o n t r a d i c t o r y  resul t s  t h a t  the  p re sen t  ex- 
p e r i m e n t s  were des igned w i th  t he  ob jec t  of a sce r t a in ing  
t he  effect  of age and  t h a t  of t ime  e lapsed since t h y m e c -  
t omy .  

62 r a t s  of the  W i s t a r  s t r a i n  were used. T h e y  be longed  
to th ree  age classes: r 9 a n d  13 m o n t h s .  The  4 - m o n t h  
group  c o n t a i n e d  on ly  an ima l s  t h a t  h a d  been  t h y m e c t o -  
mized  a week before  the  f i r s t  i m m u n i z a t i o n ,  while  a p a r t  
of the  an ima l s  in  the  o the r  two groups  h a d  also been  t h y -  
mec tomized  a week  before,  a n o t h e r  p a r t  6 m o n t h s  and  
st i l l  a n o t h e r  p a r t  10 m o n t h s  before  the  b e g i n n i n g  of im-  
mun iza t i on .  I n t a c t  an ima l s  of co r re spond ing  ages se rved  
as controls .  The  p l an  of the  e x p e r i m e n t s  is t a b u l a t e d  in 
Tab le  1. (See t he  e x p e r i m e n t a l  and  m a t h e m a t i c a l  
m e t h o d s  in %) 

M a t h e m a t i c a l - s t a t i s t i c a l  resu l t s  (Table  I I ) :  As regards  
p r i m a r y  response,  the  difference be t w een  cont ro l s  and  
long t h y m e c t o m i z e d  an i m a l s  was  s o m e w h a t  above  the  
level  of s ignif icance in the  9 - m o n t h  group,  and  s o m e w h a t  
be low signif icance in the  1 3 - m o n t h  group.  Since t he  
d e v i a t i o n  of a b o u t  one t u b e  in f a v o u r  of t h y m e c t o m i z e d  
animals ,  obse rved  in b o t h  groups,  is in good h a r m o n y  
w i t h  ear l ier  obse rva t ions  6, i m m u n e  response  p r o m o t i n g  
t e n d e n c y  can  be  r ega rded  as p r o v e d  for b o t h  groups.  

As regards  seconda ry  response,  no s ign i f ican t  dev i a t i on  
was regis tered  in a n y  group.  Th i s  s i t ua t i on  was found  un-  

changed  2 weeks a f t e r  the  i r r ad i a t i on  w i t h o u t  r enewed  
an t igen ic  s t imu la t ion .  

As regards  t e r t i a r y  i m m u n e  response,  a s ign i f ican t  
decrease  was reg i s te red  in compar i son  to  t he  con t ro l s  in  
the  f reshly  t h y m e c t o m i z e d  m e m b e r s  of the  4- a n d  13- 
m o n t h  groups,  a resu l t  in good a g r e e m e n t  w i t h  those  

Table I. Plan of the experiments 

Time in Experiments 
weeks 

0 Immunization with sheep red cells (SRC) intravenously 
100 - 106[100 g body weight 

1 Hemagglutination 
2 
3 Immunization with SRC 150 �9 106[100 g 
4 Hemagglutination b 
5 350 r total body X-ray irradiation 
6 
7 Hemagglutination" 
8 hnmunization with SRC 100 �9 106/100 g 
9 Hemagglutination a 

10 Hemagglutination~ 

The superior letters indicate the identical groups in Table II. 
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