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b ioelec t r ic  fields a m o n g  o the r  t h i n g s  for p r ey  de tec t ion .  
On t he  o the r  h a n d ,  t he  hydroe lec t r i c  fields could be  of 
s ignif icance in o r i en ta t ion .  

To t e s t  t he  f i r s t  suppos i t ion  we i nves t i ga t ed  how 
ca t f i sh  r eac ted  to  a n  ar t i f ic ia l  p las t i c  p r e y  w i t h  i m i t a t e d  
electr ic  field. Fo r  t h i s  pu rpose  4 ca t f i sh  were fed da i ly  
w i t h  4 l a rvae  of Xenopus laevis, t h e  c lawed toad .  Two 
o the r  ca t f i sh  were fed da i ly  w i t h  4 pieces of mea t .  Af te r  
1 week  2 p las t i c  d u m m i e s  were s i m u l t aneous l y  i n t r o d u c e d  
in t he  f ish t a n k  d u r i n g  feeding.  One of these  d u m m i e s  
gene ra t ed  an  ar t i f ic ia l  electr ic  f ield t h a t  co r responded  
w i t h  t he  n a t u r a l  electr ic  field of a Xenopus l a rva .  These  
n a t u r a l  e lectr ic  fields, w h i c h  showed  a s t rong  dipole 
c h a r a c t e r  ( m o u t h - - w i t h  respec t  to  gill slits), were ear l ier  
recorded  on  m a g n e t i c  t a p e  a n d  could be  r ep roduced  b y  
feeding t h e  t a p e d  s ignal  v ia  an  i sola t ion  un i t  and  a vo l tage-  
t o - c u r r e n t - c o n v e r t e r  to  2 s i lver  t h r e a d  e lect rodes  f ixed a t  
those  s i tes  of t he  p las t ic  d u m m i e s  where  m o u t h  and  gill 
s l i ts  were supposed  to be. Tile electr ic  field so r ep roduced  
cor responded  suf f ic ien t ly  well  to  t he  or ig inal  field of t h e  
rea l  Xenopus l a rva .  The  responses  of t he  ca t f i sh  to  each  
of these  p las t ic  l a rvae  w i t h  (X N) a n d  w i t h o u t  (Xo) elec- 
t r ic  field were pro tocol led  as 1. Swallowing, w h e n  t he  f ish 
a f t e r  h a v i n g  a p p r o a c h e d  t h e  d u m m y  to a b o u t  5 cm jer-  
ked  i ts  m o u t h  heav i l y  in  t h e  d i rec t ion  of t he  p r e y  a n d  
t r i ed  to  d e v o u r  i t ;  2. Interest, w h e n  t h e  f ish n i bb l ed  
qu ie t ly  a t  t h e  i m i t a t e d  p rey ;  3. No reaction, w h e n  i t  
n e i t h e r  swal lowed no r  n ibb l ed ;  4. Flight, w h e n  t he  f ish 
increased  i ts  s w i m m i n g  speed in t he  d i rec t ion  of t h e  
b o t t o m ,  a f t e r  h a v i n g  reached  t he  v i c in i ty  of t he  d u m m y .  
The  reac t ions  of f ish fed w i t h  Xenopus are r ep r e s en t ed  
in Tab le  I ; t hose  of f ish fed w i t h  m e a t  ill Tab le  I I .  

The  ch i - square  t e s t  appl ied  to  t he  m a t e r i a l  of Tab le  I 
g a v e  a s ignif icance smal ler  t h a n  ~/2~o ( X2 = 55, n = 3) 
for d i f ferences  be tween  responses  to  X ~ a n d  Xo, i.e. 
electr ic  a n d  non-e lec t r i c  dummies .  Cat f i sh  fed w i t h  m e a t  
showed  no t  t h a t  g rea t  difference.  Fo r  these  an ima l s  t h e  

ch i - square  t e s t  gave  no s ign i f ican t  differences  b e t w e e n  
responses  to  X N a n d  Xo  (X ~ = 4.0, n = 3, p > 5%).  
No s ta t i s t i cs  are needed  to  see t h a t  t h e  ' swal lowing ' -  
r eac t ions  of these  f ish to  X ~ are  less f r e q u e n t  t h a n  those  
of f ish fed w i t h  Xenopus la rvae .  These  resu l t s  show clear ly  
t h a t  Ictalurus can  d e t e c t  such  d u m m i e s  - if i t  recognizes  
t h e m  as food - b y  m e a n s  of t h e i r  i m i t a t e d  b ioelec t r ic  
fields. This  is a s t rong  i n d i c a t i o n  for t he  use of electr ic  
fields in  p r e y  de tec t ion .  

To t e s t  t he  second hypothes i s ,  o r i e n t a t i o n  in electr ic  
fields, ca t f i sh  were p laced  in d i f fe ren t  electr ic  s t imu lus  
s i tua t ions ,  i.e. electr ic  f ields of d i f fe ren t  forms,  d imen-  
sions, s t r e n g t h s  and  dura t ions .  As t h e  resul t s  are r a t h e r  
i ncomple t e  yet ,  we will m e n t i o n  on ly  t h e  mos t  conspicuous  
t r a i t s  in  t he  s p o n t a n e o u s  b e h a v i o u r  of t he  fish. I n  DC- 
fields w i t h  s t r e n g t h s  co r r e spond ing  w i t h  t he  n a t u r a l  
hydroe lec t r i c  fields, Ictalurus p r o v e d  to o r i e n t a t e  i tself  
para l le l  w i t h  t he  field lines. F u r t h e r  t h e  f ish m o s t l y  
dwel led in those  areas  where  c u r r e n t  dens i t y  was lowest.  

B o t h  k inds  of e x p e r i m e n t s  m e n t i o n e d  above  ind ica t e  
t he  i m p o r t a n c e  of n a t u r a l  b ioelec t r ic  a n d  hydroe lec t r i c  
f ields to  t h e  e lec t rosens i t ive  catf ish .  O t h e r  e x p e r i m e n t s  
are in progress.  

Zusammen/assung. Verha l t ensve r suche ,  bet  denen  die 
R e a k t i o n e n  des Zwergwelses (Ictalurus nebulosus LeS.) 
auf  k i ins t l i ch  wiedergegebene  pseudo-b ioe lek t r i sche  u n d  
-hydroe lek t r i sche  Fe lder  reg i s t r i e r t  wurden ,  ergaben,  dass  
Ictalurus b r i m  B e u t e f a n g  die yon  der  B r u t e  he rvorge -  
b r a c h t e n  e l ek t r i schen  Fe lde r  ben i i t zen  k a n n  u n d  dass  in  
h y d r o e l e k t r i s c h e n  Fe lde rn  s p o n t a n  Or i en t i e rungsve rha l -  
t e n  au f t r i t t .  
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Interaction Between fl-Adrenergic St imulant and Phosphodiesterase Inhibiting Drugs on the Bron-  
chial Muscle 

R e c e n t  r epor t s  show t h a t  b r o n c h o d i l a t o r  effects can  be  
ach ieved  b y  adenylcyc lase  s t imula t ion ,  phosphod ie s t e r a se  
i n h i b i t i o n  and  even  b y  d i rec t  in j ec t ion  of 3 ' 5 ' A M P  1, 2. W e  
the re fore  cons idered  i t  would  be  of in te res t ,  b o t h  f rom a 
theo re t i ca l  and  a p r a c t i c a l  p o i n t  of view, to  i nves t i ga t e  
t h e  types  of i n t e r ac t i on  ex i s t ing  be t w een  sa lbu tamol ,  a 
selective,  long-ac t ing  f l - s t imulan t  agen t  a-5, theoph i l l ine  
a n d  d i b u t y r r i l - 3 ' 5 ' A M P ,  a l ipophi l ic  d e r i v a t i v e  of t h e  
cyclic nucleot ide .  

Assuming  t h a t  s a l b u t a m o l  ac ted  t h r o u g h  adenylcyc lase  
s t imu la t ion ,  synerg i sm could be  expec ted  b e t w e e n  t h i s  
d rug  a n d  theophi l l ine ,  k n o w n  to  i n h i b i t  phosphod ies t e r -  
ases, or d i b u t y r r i l - 3 ' 5 ' A M P  which  is n o t  a s u b s t r a t e  for 
these  enzymes  6 a n d  even  inh ib i t s  t h e m  a t  c o n c e n t r a t i o n s  
as low as 100 ~.ML 

E x p e r i m e n t s  were car r ied  ou t  on u r e t h a n e - a n a e s t h e t i z -  
ed  guinea-pigs,  accord ing  to  t h e  s l igh t ly  modi f ied  2 
m e t h o d  of KONZETT a n d  ROSSLXR*, a n d  on  gu inea-p ig  
t r a c h e a l  chain,  set  up  accord ing  to AKASU% I n  b o t h  
e x p e r i m e n t a l  condi t ions ,  h i s t a m i n e  was chosen  as t he  
b r o n c h o c o n s t r i e t o r  agent .  I t s  dose/effect  curves  were 
d e t e r m i n e d  before  and  in t he  presence  of t h e  3 d rugs  g iven  
a t  d i f fe ren t  dosage. 

The  ra t io  be tween  h i s t a m i n e  equ iac t ive  doses before  and  
a f t e r  t r e a t m e n t  was ca lcu la ted ;  th i s  va lue  • 100, re fer red  

to  as % responsiveness ,  was  inverse ly  r e l a t ed  to d rug  
dosage a n d  al lowed us to  ca lcu la te  IDs0 or ICs0 (i.e., d rug  
doses or concen t r a t i ons  able  to  ha lve  t h e  respons iveness  of 
t he  p r e p a r a t i o n s  to  t he  agonist) .  The  resu l t s  are s u m m a r i z -  
ed in Tab les  I and  I I .  The  p o t e n c y  of s a l b u t a m o l  was 
m a n y  t imes  g rea te r  t h a n  t h a t  of t heophy l l i ne  and  d ibu-  
t y r r i l - 3 ' 5 'AMP,  b u t  a def in i te  p o t e n c y  ra t io  could no t  be  
ca lcu la ted  because  of t he  d i f fe ren t  slopes of the  dose/effect  
curves.  
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Table I. Antagonism exerted by salbutamoI, theophylline, dibutyrril-Y5' AMP and their associations (i.v. injection) against histamine 
bronehospasm in the guinea-pig 

Treatment Dose/Kg No. of Responsiveness EDso b 
experiments 4- S.E. (%) 

Salbutamol 1 ~zg 5 81 4- 3.6 
3~g 6 59 ~ 6.1 7.7 ~zg/kg --31 

10 ~zg 5 47 • 6.8 
30 ~zg 6 33 4- 2.5 

Theophylline 5 mg 9 80 :L 5.0 
10 mg 5 65 4- 7.0 17.4 mg/kg --57 
50 mg 5 27 4- 3.0 

Dibutyrril-3'5' AMP 5 mg 5 87 q- 5.4 
10 mg 5 68 4- 5.0 32 mg/kg --42.2 
30 mg 5 54 4- 3.1 

Theophylline 10 mg 
plus 6 45 ~ 2.0 - -  - -  

salbutamol 2 ~zg 

Dibutyrril-Y5' AMP 10 rag' 
plus 6 49 4- 7.0 -- -- 

salbutamol 2 ~zg 

I n  o rde r  to  a s c e r t a i n  t h e  t y p e  of i n t e r a c t i o n  in vivo,  
b e t w e e n  a f l -adrenergic  s t i m u l a n t  a n d  a p h o s p h o d i e s t e r a s e  
i n h i b i t i n g  d r u g  a n d  Y 5 ' A M P ,  s a l b u t a m o l  2 ~g /kg  w a s  
a d m i n i s t e r e d  i.v. i m m e d i a t e l y  a f t e r  a n e a r l y  e q u i a c t i v e  
i.v. dose  of t h e o p h y l l i n e  (10 m g / k g )  or  of d i b u t y r r i l -  
Y S ' A M P  (10 mg /kg ) .  

T h e  r e d u c t i o n  in t h e  b r o n c h i a l  r e s p o n s e  to  h i s t a m i n e  
c a u s e d  b y  t h e  2 p a i r s  of d r u g s  w a s  g r e a t e r  t h a n  t h a t  
e x p e c t e d  f r o m  s imp le  s u m m a t i o n  of t h e  effects.  I n  fact ,  t h e  
dose /e f fec t  c u r v e s  (Table  I) s h o w e d  t h a t  s a l b u t a m o l ,  
t h e o p h y l l i n e  a n d  d i b u t y r r i l - Y 5 ' A M P ,  g iven  s e p a r a t e l y  a t  
d o u b l e  dosage ,  c aused  a r e s p o n s i v e n e s s  of 60,49 a n d  59% 
respec t ive ly .  T h e  % r e s p o n s i v e n e s s  p r e d i c t a b l e  f r o m  s im-  
ple s u m m a t i o n  w a s  a b o u t  55% for  s a l b u t a m o l  p lu s  t heo -  

p h y l l i n e  a n d  a b o u t  60~o for  s a l b u t a m o l  p l u s  d i b u t y r r i l -  
3 ' 5 'AMP,  h i g h e r  t h a n  t h a t  a c t u a l l y  found .  I n t e r a c t i o n  w a s  
also e x a m i n e d  in v i t r o  b y  d e t e r m i n i n g  t h e  ICs0 of s a l b u t a -  
m o l  in t h e  p r e se nc e  of  t h e o p h y l l i n e  5 ~ g / m l  or  d i b u t y r r i l -  
3 ' 5 ' A M P  50 ~xg/ml. I n  t h i s  case, t h e  s e n s i t i v i t y  of h i s t a m i n e  
s h o w n  b y  t h e o p h y l l i n e  or  d i b u t y r r i l - Y 5 ' A M P  t r e a t e d  
p r e p a r a t i o n s  w a s  t a k e n  as 100~o. As  s u m m a r i z e d  in T a b l e  
I I ,  t h e o p h y l l i n e  a n d  d i b u t y r r i l - Y 5 ' A M P  s ign i f i can t ly  
r e duce d  t h e  IC50 of s a l b u t a m o l ,  as  c o m p a r e d  w i t h  t h e  IC50 

f o u n d  in n o r m a l  p r e p a r a t i o n s .  
Conc lud ing ,  ev idence  w a s  r e a c h e d  t h a t  b o t h  d r u g s  

p o t e n t i a t e d  t h e  a n t i b r o n c h o s p a s t i c  effect  of t h e  s y m p a t h o -  
m i m e t i c  amine ,  in  v ivo  a n d  in v i t ro .  T h e  s y n e r g i s m  can  
be  a c c o u n t e d  for  b y  an  inc rease  of 3 '51AMP in t r ace l lu l a r  

Table II. Antagonism exerted by salbutamol, theophylline, dibutyrril-Y5' AMP and their associations against histamine in the guinea-pig 
tracheal chain 

Treatment Concentration No. of Responsiveness EDh0 (g/mI) b 
(g/ml) experiments 4- S.-E. (%) 

Salbutamol 3 X 10 -1~ 4 86 4- 8.0 
1 • 10 -9 6 54  4-  4.5 1.21 • 10 -9 --58 
3X10 9 6 2 8 •  
1X10 s 6 124-2.0 

Theophylline 5 • 10 -6 5 95 4- 5.0 
1 • 10 -5 5 61 -b 7.2 1.35 X 10 -5 --103 
2 • 10 -5 5 32 4- 7.7 
5 • 10 .5 5 11 4- 2.7 

Dibutyrril-3'5' AMP 5 • 10 -~ 5 80 4- 10 
1 • 10 -4 6 46 4- 9.5 9.32 • 10 -5 --99.8 
2 • 10 -4 5 19 ~: 2.7 

Salbutamoiin the presenee 3 • 10 -1~ 5 57 4- 8.1 
of theophylline 1 X 10 " 7 39 -4- 4.2 4.6 x 10 -1~ --37.9 
(5 X 10 e g/m1) 3 • 10 0 8 19 4- 2.5 

Salbntamol in the presence 3 • 10 -1~ 5 51 4- 6.0 
of dibutyrriI-Y5' AMP 1 • 10 -9 6 30 J= 4.4 3.2 x 10-1 ~ ~ --38 
(5 x 10 5g/mI) 3 • 10 -9 5 15 i 3.7 

Statistically different from the control group, salbutamoI alone, P 0.02. 
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levels b rough t  abou t  by  di f ferent  mechanisms.  Previous  
exper imen t s  carr ied out  on adipose t issue a n d  hea r t  ~~ ~ 
s t a t ed  t h a t  drugs able to  s t imula te  adenylcyclases  act  
synergical ly  w i th  phosphod ies te rase  inhibi tors .  The 
po ten t i a t ion  found by  us be tween  sa lbu tamol  and  theo-  
phyl l ine  ex tends  sudh a s t a t e m e n t  to  the  bronchia l  smoo t h  
muscle and  indirec t ly  conf i rms t h a t  sa lbu tamol  behaves  
as an adenylcyclase  s t imula t ing  agent.  
On tile o ther  hand,  the  f inding t h a t  po ten t i a t i on  also 
exists  be tween  sa lbu tamol  and  d ibu ty r r i l -3 ' 5 'AMP 
suggests  t h a t  the  phosphodies te rase  inh ib i t ing  proper t ies  
of the  la t t e r  com pound  p lay  an i m p o r t a n t  role, Thus,  the  
assumpt ion  t h a t  i t  acts  only as an easily pe rmeable  
Y5 'AMP m u s t  be regarded  wi th  some crit icism. 

Riassunto. ~, s t a t o  d imos t ra to  che la con t emporan ea  
s t imolazione delle adenilciclasi,  real izzata  con sa lbuta-  
molo, e la inibizione delle fosfodiesterasi  p r o d o t t a  da 

teofil l ina eserci tano effet t i  b roncodi la ta tor i  sinergici. Ii 
po t enz i amen to  osservato  anche Ira sa lbu tamolo  e dibu- 
t i r r i l -3 '5 'AMP ~ s ta to  r iferi to alia inibizione delle fosfo- 
diesterasi  d e t e r m i n a t a  da ques t ' u l t ima  sostanza.  

A. BERTELLI, C. BIANCHI and L. BEANI 

f stituto di Farmacologia dell' UniversitY, Scuola Medica, 
Via Roma 55; 1-46009 Pisa ([taly), 21 August  1972. 

~0 G. A. RoBIso~r R. W. BUTCHER and E. W. SUTHERLAND, Cyclic 
A M P  (Academic Press, New York 1971). 

11 p. GREENGARD and E. COSTA, Role o/Cyclic A M P  in Cell Function 
(Raven Press, New York 1970). 

12 Acknowledgments: We thank Mr. A. GIACOMELLI for the technical 
assistance. 

S a t u r a b l e  T r a n s p o r t  o f  A m p h e t a m i n e  A c r o s s  t h e  B l o o d - B r a i n  B a r r i e r  ~ 

The rap id  onset  of CNS s t imula t ion  af ter  a m p h e t a m i n e  
admin i s t r a t ion  is usually ascribed to free diffusion of its 
nonionized,  l ipophil ic form across the  b lood-bra in  barr ier  
(BBB) 2. However ,  a m p h e t a m i n e  has a p K a  of 9.98; a t  an 
ar ter ial  p H  of 7.4, abou t  99.7~o of the  p lasma  amphe t -  
amine  concen t ra t ion  would be p ro tona t ed  and  l ipophobic.  
This  d i spar i ty  be tween  pred ic ted  effects (slow ra te  of 
barr ier  permeabi l i ty)  and observed effects (abrupt  
p s y c h o m o t o r  changes  and s t e reo typed  behavior)  suggests  
t h a t  some por t ion  of the  p r e d o m i n a n t l y  ionized form of 
a m p h e t a m i n e  enters  the  bra in  f rom the  circulat ion by  a 
t r a n s p o r t  mechanism.  This  in vivo s tudy  describes some 
aspects  of D-amphe tamine  up take  across the  B B B  which  
migh t  expla in  the  onset  d iscrepancy,  and  demons t r a t e s  
for a m p h e t a m i n e  up take  two ha l lmarks  of carrier- 
med ia ted  t r anspor t :  sa turab i l i ty  and  compet i t ive  inhibi-  
t ion. 

Melhods. The pene t r a t i on  of 14C-D-amphetamine sulfate 
into bra in  was s tudied  wi th  the  in ternal  t r i t i a t ed  wa te r  
technique  descr ibed by  OLDENDORF 4. Male Sprague-  
Dawley  rats ,  350-400 g, were  anes the t ized  wi th  45 mg/kg  
i.p. pen toba rb i t a l  sod ium and p repared  for in t raca ro t id  
injection.  A single b o h s  (constant  volume of 0.2 m l) was 
in jec ted  in to  the  co mmo n  carot id  of each r a t  w i thou t  imp-  
eding the  ar ter ial  b lood flow. The solut ion consis ted of 
0.25 FCi 14C-D-amphetamine sulfate (s.a. 15.5 mC/ mM,  
Schwarz/Mann) ,  0.25 FCi ~H-water  (s.a. 0.25 mC/g, New 

1 Supported in part by USPHS Research Grant No. NSO8884, 
NINDS. 
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Fig. 1. The effects of increasing concentrations of various compounds 
on the uptake of t4C-D-ampbetamine sulfate into rat brain. All 
compounds were injected as a bolus (0.2 ml) into the carotid artery. 
Standard errors of the means are given ior those values which 
represent 3 or more animals; other points are from individual rat 
brains. 
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Fig. 2. Lineweaver-Burk plot of the effects of increasing concentra- 
tions of unlabelled D-amphetamine and methylphenidate on the 
uptake of a small dose (1 ~xg/kg) of l~C-n-ampbetamine into rat brain. 
Abscissa: reciprocal of the concentration of unlabelled drug (D). 
Ordinate: reciprocal of the differences in uptake of labelled amphet- 
amine in the presence of specific concentrations of D. 


