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sal iva readi ly  in these exper iments ,  bu t  could be made to 
do so by  inject ion of 100 ~g pi locarpine n i t ra te  in i ~1 
saline. The  secretion induced in this  way  also lacked de- 
tec table  peroxidase.  

W h e n  Eumecopus was injected wi th  pi locarpine and 
100 vg horseradish peroxidase (Koch-Light ,  U.K.) ,  wa te ry  
sal iva collected 1-2 rain af ter  the in iec t ion  gave a s t rong 
react ion for the  enzyme ; and, on dissection, a short  length  
of the  long, tubular ,  accessory sa l ivary  gland x stained 
deeply wi th  the  benzidine reagent .  Shea th  mater ia l  
secreted wi th in  12 h of inject ion of horseradish peroxidase,  
e i ther  wi th  or wi thou t  pilocarpine, also reac ted  with  the  
reagent.  These reactions were inhibi ted by  0 .005M KCN 
or phenyl th iourea .  The  inject ions were made  in such a 
way  1 tha t  accidental  in iury  of the  sa l ivary  appara tus  
would not  have  occurred, and exper iments  wi th  50 indivi-  
duals gave  consistent  results. Insects  injected wi th  bovine  
blood a lbumin  instead of horseradish peroxidase showed 
no react ion for the  enzyme in haemolymph ,  sa l ivary  
secretions, or sa l ivary  glands. 

Plant-bugs,  including Eumecopus, secrete a polyphenol  
oxidase in thei r  saliva, and tests were made  using D O P A  
as a substra te  5 to de te rmine  whether  this enzyme had  
interfered in tests for peroxidase.  A posi t ive  react ion for 
polyphenol  oxidase was found in the  haemolymph,  sheath  
mater ia l ,  and par ts  of the  accessory sa l ivary  gland of 
Eumecopus i r respect ive  of the  react ion for peroxidase,  
which occurred as indicated above only af ter  in ject ion of 
horseradish peroxidase.  

These exper iments  did not  indicate  how the  horse- 
radish peroxidase  passed into the  sa l ivary  glands. I t  is 

conceivable  tha t  the  apoenzyme and prosthet ic  group e 
could enter  independent ly  and recombine  in the  sal iva;  
but,  in the absence of evidence tha t  the  apoenzyme can be 
reduced in size and still  re ta in  its ac t iv i ty ,  i t  m a y  be 
assumed tha t  pro te in  molecules of about  40,000 mol. wt.  
are t ransferable  via  the  accessory gland direct ly  f rom the  
h a e m o l y m p h  to  sal iva of Eumecopus. The insect  belongs 
to a family  tha t  is no t  known to t r ansmi t  virus diseases to 
plants ;  bu t  there  are sufficient similari t ies in the  physio- 
logy of feeding and sal ivat ion th roughout  the  Hetero-  
p te ra :  P e n t a t o m o r p h a  and H o m o p t e r a  to pe rmi t  analo- 
gies to be drawn 5. The  results presented here indicate  t ha t  
re la t ive ly  large colloidal part icles m a y  pass unchanged 
direct ly  th rough  cellular barriers in these insects. 

Zusammenfassung. Es wird nachgewiesen, dass grosse 
Prote inmolekt i le  mi t  e inem Molekulargewicht  yon 40 000 
unver~indert aus der H / imo lymphe  yon Eumecopus in 
deren Speichel gelangen und dami t  ausgeschieden werden. 

P. W. MILES and DANUTA SLOVIAK 

Waite Agricultural Research Institute, 
Department o/Entomology, University o/ Adelaide, 
Glen Osmond (South Australia), 23 December 1969. 

e K.G. PAUL, in The Enzymes (Eds. P. D. BOYER, H. LARDY and K. 
MYRB~CK; Academic Press, New York 1963), vol. 8, p. 227. 

Transmembrane  Secretory Potentials in the Cat Submandibular Gland During Perfusion with 
Potass ium-Free  and Low Sodium Locke Solutions 

I t  was recent ly  shown tha t  the  type  I secretory 
potent ia l ,  i.e. the  hyperpolar iza t ion  of the  basal  acinar  
cell m e m b r a n e  occurr ing dur ing s t imula t ion  of the  cat  
submandibu la r  gland, was unaffected when all extra-  
cellular chloride was subs t i tu ted  by  sulphate  1,~. I t  is 
therefore  l ikely t h a t  the  ion t ranspor t  producing the  
secretory po ten t ia l  is a cat ion t ranspor t  f rom the  acinar  
cells to the  ext racel lu lar  fluid. The  po tass ium equi l ibr ium 
po ten t ia l  across the  basal  acinar  cell membrane  is 
greater  t han  the  membrane  po ten t ia l  dur ing s t imula t ion  
of the  gland. The  sodium equi l ibr ium poten t ia l  is, how~ 
ever, much  smaller  t han  the  rest ing membrane  potent ia l  3. 
An ou tward  po tass ium current  being pa r t ly  short-  
circuited by an inward sodium current  could thus  expla in  
the  secretory po ten t ia l  on the  basis of passive m o v e m e n t s  
of ions down thei r  e lectrochemical  gradients.  I f  this were 
true,  the  size of the  secretory po ten t ia l  should increase 
dur ing perfusion wi th  potass ium-free  solutions and solu- 
t ions in which most  of the sodium was subs t i tu ted  by  a 
bu lky  non-permea t ing  cation. The exper imenta l  results 
were in accordance wi th  th is  expecta t ion.  

Methods. Cats (2.4-3.6 kg) anaes thet ized  wi th  chloralose 
(80 mg /kg  i.p.) were used.. The  exper iments  were carried 
ou t  as described previous ly  1, 4, wi th  the  except ion tha t  the  
impa lemen t  of the  acinar  cells wi th  the  microelect rode 
was done by  using a s tepping motor  mic romanipu la to r  
r emote ly  control led (Transver tex,  Sweden) and tha t  the  
potent ia ls  were recorded on an UV-recorder  (S.E. 3006). 
The  glands were s t imula ted  by close in t ra-ar te r ia l  injec- 
t ions of 1 ~g acetylcholine.  Each  t ime a secretory poten-  

t im had been recorded,  the  number  of drops of saliva 
secreted was counted.  The  control  Locke solut ion con- 
ta ined  (raM): 140 NaC1, 4.0 KCll  2.4 Na2HPO4, 0.6 
NaH2PO v 1.5 CaCI~, 1.0 MgC12, 5.5. glucose. In  the  
potassium-free solut ion all KC1 was subst i tu ted  by  NaC1. 
In  the  t e t r a e t h y l a m m o n i u m  (TEA) solution all NaC1 was 
subs t i tu ted  by TEAC1. The T E A  Locke solution was pre- 
pared freshly for each exper iment .  The  perfusion fluids 
were equi l ibra ted  wi th  pure oxygen.  After  each shift  of 
perfusion fluid at least  5 rain passed before s t imulat ing 
the  gland. 

Results.-Per/usion with TEA Locke solution, In  the  
F igure  the  results f rom 1 exper iment  are shown. I t  is seen 
tha t  the  sa l ivary  secretion was abolished during perfusion 
wi th  T E A  solution, while the  sizes of the  secretory 
potent ia ls  were enhanced.  Table  I shows the da ta  from all 
exper iments .  

Per/usion with potassium-lree Locke solution. Table  I I  
shows the  da t a  f rom all the  exper iments .  The sizes of the 
secretory potent ia ls  recorded dur ing perfusion with  

10.  H. PETERSEN and J. H. POULSEN, Experientia 24, 919 (1968). 
20. H. PETERSEN and J. H. POULSEN, in Exocrine Glands (Eds. 

S. Y. BOTI~LHO, F. P. BROOKS and W. B. SHELLEY; University of 
Pennsylvania Press, Philadelphia 1969)., p. 34. 

3 A. S. V. BURGEN, in Handbook o] Physiology, Section 6 (American 
Physiological Society, Washington 1967), vol. II, p. 574. 
O. H. PETERSEN and J. H. POULSEN, Acta physiol, scand. 70, 293 
(1967). 
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Maximal sizes of secretory potentials (the difference between the 
maximal level of the membrane potential after stimulation and the 
resting membrane potential) and secretion as a function of time after 
start  of perfusion in experiment No. 39. 

Table I. Maximal sizes of secretory potentials in mV during per- 
fusion with control and TEA Locke solutions 

Experiment No. Control (n) TEA (n) t-test 

28 37.6 (3) 39.2 t5) - 
37b 23.2 (6) 31.6 (3) 
38b 31.6 (5) 44.6 (5) - 
39 34.2 (11) 51.6 (6) 
Total 31.4 -L 1.6 (25) 43.3 @ 2.5 (19} p <" 0.00[ 

Table lI. Maximal sizes of secretory potentials in mV during per- 
fusion with control and potassium-free Locke solutions 

Experiment No. Control (n) Potassium- t-test 
free (n) 

p o t a s s i u m - f r e e  s o l u t i o n  w e r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  
t h e  s izes  o f  t h o s e  r e c o r d e d  d u r i n g  p e r f u s i o n  w i t h  c o n t r o l  
L o c k e  s o l u t i o n .  

Discussion. D u r i n g  p e r f u s i o n  w i t h  a 10 m M  ~ o r  a 
20 m M  4 p o t a s s i u m  L o c k e  s o l u t i o n ,  t h e  s izes  o f  t h e  
s e c r e t o r y  p o t e n t i a l s  w e r e  s i g n i f i c a n t l y  d i m i n i s h e d  c o m -  
p a r e d  w i t h  t h o s e  r e c o r d e d  d u r i n g  p e r f u s i o n  w i t h  c o n t r o l  
L o c k e  s o l u t i o n .  T h u s  t h e  s ize  o f  t h e  s e c r e t o r y  p o t e n t i a l  
s e e m s  to  d e p e n d  o n  t h e  s ize  of  t h e  p o t a s s i u m  e q u i l i b r i u m  
p o t e n t i a l  a c r o s s  t h e  b a s a l  a c i n a r  cel l  m e m b r a n e .  T h e  re -  
s u l t s  o b t a i n e d  w i t h  t h e  low s o d i u m  T E A  s o l u t i o n  s u g g e s t  
t h a t  t h e  o u t w a r d  p o t a s s i u m  c u r r e n t  is  n o r m a l l y  f o l l o w e d  
b y  a n  i n w a r d  s o d i u m  c u r r e n t .  I n  t h e  r a t  s u b m a n d i b u l a r  
g l a n d ,  t h e  a c i n a r  s e c r e t o r y  p o t e n t i a l  m a y  e i t h e r  c o n s i s t  
i n  a h y p e r -  o r  d e p o l a r i z a t i o n  6. T h e  d i f f e r e n c e  b e t w e e n  
t h e s e  s e c r e t o r y  p o t e n t i a l s  a n d  t h o s e  f o u n d  in  t h e  c a t  1, 7, 8 
a n d  d o g  ~ m a y  o n l y  be  d u e  to  d i f f e r e n t  s i zes  of  t h e  s o d i u m  
a n d  p o t a s s i u m  c u r r e n t s ,  t h e  s o d i u m  c u r r e n t  b e i n g  t h e  
m o s t  i m p o r t a n t  in  t h e  d e p o l a r i z i n g  cel ls  a n d  t h e  p o t a s s i u m  
c u r r e n t  d o m i n a t i n g  in  t h e  h y p e r p o l a r i z i n g  a c i n a r  cells.  
T h i s  c o n c e p t  a g r e e s  wel l  w i t h  t h e  r e c e n t  f i n d i n g  9 t h a t  
d i n i t r o p h e n o l  in  a c o n c e n t r a t i o n  s u f f i c i e n t  t o  i n h i b i t  
s a l i v a r y  s e c r e t i o n  a n d  a c t i v e  u p t a k e  of  p o t a s s i u m  i n t o  t h e  
g l a n d  h a s  no  e f f ec t  on  t h e  s ize  of  t h e  s e c r e t o r y  p o t e n t i a l s  
if t h e  g l a n d  h a s  n o t  l o s t  t o o  m u c h  p o t a s s i u m .  

Zusammen/assung. W ~ i h r e n d  d e r  P e r f u s i o n  d e r  S u b -  
m a n d i b u l a r d r i i s e  de r  K a t z e  m i t  k a l i u m f r e i e r  L o c k e l 6 s u n g  
o d e r  m i t  e i n e r  L o c k e l 6 s u n g ,  in  d e r  d a s  m e i s t e  K o c h s a l z  
d u r c h  T e t r a e t h y l a m m o n i u m c h l o r i d  e r s e t z t  w u r d e ,  s i n d  
d ie  s e k r e t o r i s c h e n  P o t e n t i a l d i f f e r e n z e n  d e r  b a s a l e n  
A z i n u s z e l l m e m b r a n  v e r g r 6 s s e r t .  E i n  K a l i u m s t r o m  a u s  d e r  
A z i n u s z e l l e ,  d e r  t e i lwe i se  y o n  e i n e m  N a t r i u m s t r o m  in  d ie  
Zel le  k u r z g e s c h l o s s e n  wi rd ,  k 6 n n t e  d ie  s e k r e t o r i s c h e n  
P o t e n t i a l d i f f e r e n z e n  e rk l / t ren .  

O. H .  PETERSEN 10 
University o/ Copenhagen, 
Institute o/Medical Physiology C, 
DK-2200 Copenhagen N (Denmark), 18 December 1969. 

29 27.2 (4) 28.0 (7) - 
35 23.8 (7) 31.0 (7) 
36 23.t) (4) 29.0 (4) - 
37a 21.7 (3) 32.5 (6) 
38a 28.3 (4) 42.0 (4) - 

Total 24.8 j -  1.0 (22) 32.2 • 1.3 (28) p < 0.001 

H. YOSHIMURA and Y. IMAI, Jap. J. Physiol. 17, 280 (1967). 
6 g. H. SCHNE'~'ER and Y. YOSIIIDA, Proe. Soe. exp. Biol. Med. 130, 

192 (1969). 
7 A. LUNDBERG, Acta physiol, seand. 35, 1 (1955). 
8 M. E. FRITZ and S. Y. BOTELHO, Am. J. Physiol. 216, 1392 (1969). 
9 0 .  H. PETERSEN, Aeta physiol, stand.,  in press. 

10 With the technical assistance of G. PEDERSEN. 

A His tamine -Dependent  Increase of 5 -Hydroxytryptamine  in the Rat Brain in vivo 

I n  a p r e v i o u s  r e p o r t  I we  h a v e  p r o d u c e d  e v i d e n c e  s u g -  
g e s t i n g  t h a t  t h e  c e r e b r a l  a c e t y l c h o l i n e ,  r e l e a s e d  d u r i n g  
c e n t r a l  n e r v o u s  s y s t e m  s t i m u l a t i o n ,  is t r i g g e r i n g  a 
m e c h a n i s m  to  i n d u c e  a n  e n h a n c e m e n t  of  t h e  r a t e  of  s y n -  
t h e s i s  of  h i s t a m i n e  in  t h e  r a t  b r a i n .  T h e  p r e s e n t  d a t a  
s h o w  t h a t  t h e  i n c r e a s e  of  c e r e b r a l  h i s t a m i n e  d u r i n g  
c e n t r a l  n e r v o u s  s y s t e m  s t i m u l a t i o n  is in  t u r n  i n d u c i n g  a n  
i n c r e a s e  in  c e r e b r a l  5 - h y d r o x y t r y p t a m i n e .  

Material and method. A l b i n o  r a t s  of  e i t h e r  sex ,  7 0 - 1 2 0  g 
of b o d y  w e i g h t ,  we re  p l a c e d  in  i n d i v i d u a l  w o o d e n  c a g e s  
( 9 • 2 1 5  5 i nches )  p r o v i d e d  w i t h  a c o p p e r  w i r e d  g r i d  
b o t t o m  c o n n e c t e d  to  a n  e l ec t ron i c  s t i m u l a t o r .  E l e c t r i c a l  
s t i m u l a t i o n  w a s  a p p l i e d  to  t h e  p a w s  of  t h e  r a t  o v e r  a 
p e r i o d  of 5 m i n ,  8 c /sec ,  20 m s e c  d u r a t i o n ,  a n d  o v e r  a 
p e r i o d  of  30 m i n ,  4 c /sec ,  20 m s e c  d u r a t i o n .  A v o l t a g e  w a s  

e m p l o y e d  h i g h  e n o u g h  to  c a u s e  a d i s c r e t e  c o n t i n u o u s  
j u m p i n g  of  t h e  a n i m a l .  A t  t h e  e n d  o f  t h e  s t i m u l a t i o n  
p e r i o d ,  t h e  r a t s  we re  s ac r i f i c ed  b y  d e c a p i t a t i o n ,  t h e  b r a i n s  
w e r e  r e m o v e d  as  s o o n  as  p o s s i b l e  ( less  t h a n  3 ra in)  a n d  
t h e  c e r e b r a l  h e m i s p h e r e s  a n d  b r a i n  s t e m  h o m o g e n i z e d  in  
i ce -co ld  ac id  e t h a n o l .  A f t e r  e x t r a c t i o n ,  h i s t a m i n e  a n d  5- 
h y d r o x y t r y p t a m i n e  we re  s e p a r a t e d  b y  d e s c e n d i n g  p a p e r  
c h r o m a t o g r a p h y  u s i n g  \ V h a t m a n  p a p e r  No.  1 a n d  a sol-  
v e n t  s y s t e m  of  i s o p r o p a n o l - O . 1 N  H C I :  7 :3 .  C h r o m a t o -  
g r a m s  w e r e  r u n  for  18 h a t  r o o m  t e m p e r a t u r e  a n d  t h e  
e l u a t e s  a s s a y e d  in  t h e  g u i n e a - p i g  i l e u m  a n d  t h e  r a t  
s t o m a c h  r e s p e c t i v e l y .  Spec i f i c  a n t a g o n i s t s  w e r e  e m p l o y e d .  

l H. A. CAMPOS and H. JURUPE, Experientia, in press. 


