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Plasma DBH activity, urinary eatecholamine excretion, blood pressure and pulse rate before and during illsulin-indllced hypoglycemia 

Insulin Plasma DBH activity Adrenalin Noradrenalin Pulse rate Blood pressure 
(U/kg) (~zmoles/min]l plasma) (~zg/3 b) (~zg/3 h) (min) (mm Hg) 

Before After Before After Before After Before After Before After 
insulin insuIin ~ insulin insulin insulin insulin insulin insulin ~ insulin insulin 

0.1 22.44-3.1 b 23.64-2.8 2.74-0.1 12.7~_1.7 ~ 11.94-1.5 10.9::t=1.2 60.24-3.2 72.44-3.5 ~ 129.24-4.5 144.84-5.7 
(5) 

0.15 16.84-1.6 26.54-1.3 e 2.24-0.3 12.3-1-0.5 ~ 10.2~ 1.6 11.94-1.7 53.34-3.3 70.74-5.8 c 110.04-1.2 137.0~=7.6 a 
(6) 

~Highest level obtained during hypoglycemia, b Figures are given as mean i standard error with number of specimens shown in parenthesis. 
The statistical significance of differences between the mean values of before alld after insulin administration was certified by Student's t-test. 
~ p < 0.05; a p < 0.01; e p < 0.001. 

w i th  a larger dose of insulin, m a y  suggest  t h a t  the  
adrena l  glands reac t  more  p r o m p t l y  and ex tens ive ly  to g 
milder  s tress t h a n  do the  s y m p a t h e t i c  nerves.  

The. p resen t  da t a  ind ica te  a close corre la t ion be tween  
the  p l a sma  D B H  ac t iv i ty  and  the  s y m p a t h e t i c  nervous  
func t ion  dur ing  severe stress.  The e s t ima t ion  of p la sma  
D B H  ac t iv i ty  is h ighly  useful in research and  clinical 
pract ice  to assess the  s y m p a t h e t i c  nervous  ac t iv i ty ,  since 
it is of s impler  procedure ,  less t ime -consuming  and  
yields more  s table  and  accura te  values  t h a n  the  de te rmina -  
t ion of p l a sma  or u r ina ry  noradrena l in .  

Rdsumd. Nous avons  6tudi6 l ' ac t iv i t6  de la dopamine-f i -  
hyd roxy la se  du p l a sma  humain .  Elle a 6% remarquab le -  
m e n t  accrue par  l ' admin i s t r a t i on  de grandes  quant i t6s  

d ' insul ine.  Les corr61ations en t re  ce t te  act ivi t6 et  celle des 
syst~mes ne rveux  s y m p a t h i q u e s  sont  6galement  discut6es. 
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Renal Blood Flow Changes During Aversive Conditioning in the Dog 

In  m a n  and  o ther  animals,  m a n y  avers ive s t imul i  which  
elicit a r ter ia l  h y p e r t e n s i o n  also increase renal  vascular  
res is tance  1-3. These and  o ther  observa t ions  ~ suppor t  
the  hypo thes i s  t h a t  a causal  re la t ionsh ip  m a y  exis t  
be tween  emot ion- re la ted  renal  vasocons t r i c t ion  and  
hyper tens ion .  The f requency  of occurrence of discrete  
aversive st imuli ,  under  normal  env i ronmen ta l  condi t ions ,  
migh t  appear  to  be too low to account  for sus ta ined  or 
f requen t  decreases in renal  blood flow. An etiological 
m e c h a n i s m  for ar ter ia l  hype r t ens ion  migh t  exist ,  however ,  
if p rev ious ly  neutral ,  env i ronmen ta l  cues became  asso- 
c ia ted wi th  avers ive s t imul i  so t h a t  occurrence of e i ther  
the  avers ive s t imulus  or t he  associated cues elici ted renal  
vasoconst r ic t ion .  

The resul ts  of the  p resen t  s tudy  indica te  t h a t  a previ-  
ously neu t ra l  env i ronmen ta l  cue, once associa ted wi th  an 
avers ive s t imulus  (using classical condi t ion ing  techniques)  
can, by  itself, lead to neural ly  med i a t ed  renal  vaso- 
constr ic t ions .  

E a c h  of four  adult ,  male mongrel  dogs (12-16 kg) 
u n d e r w e n t  several  1-hour h a b i t u a t i o n  sessions in a 
res t ra in t  harness  located  wi th in  a specia l ly-designed 
exper imen ta l  c h a m b e r  5. Then,  dur ing  asept ic  surgery,  
an e lec t romagnet ic  f low t r ansduce r  of appropr i a t e  
d i ame te r  and  an inf la table  occlusion cuff (for de te rmin ing  
zero blood flow) were f i t t ed  a round  the  left renal  ar tery .  
Care was t aken  to  avoid  in jury  to  the  renal  nerves.  In  
addi t ion,  an 18 gauge po lyv iny l  ca the t e r  was inser ted  

in to  the  aor ta  via a carot id  ar tery.  Af ter  recovery  f rom 
surgery  and  s tabi l iza t ion  of f low basel ines (5 to 10 days) 
each dog was again placed in t he  ch amb e r  where  cont in-  
uous records of renal  blood flow and ar ter ia l  pressure  
were recorded.  

The or ient ing  reflex to  the  nonsys t ema t i c  p re sen ta t ion  
of a 10-sec tone  was hab i tua t ed .  Then  each dog was 
exposed to a series of Pav lov ian  condi t ion ing  trials.  
A 10-see tone  (CS) was pa i red  at  t e r m i n a t i o n  wi th  the  
occurrence of an unavoidable  electric shock of 3-6 m A  
in t ens i ty  and 0.5 see du ra t ion  (US) p re sen ted  by  a con- 
s t a n t  cur ren t  source to the  h ind  legs. 10 pai r ings  were 
m a d e  dur ing  a 40 min  period.  Levels  of m e a n  ar ter ia l  
pressure,  m e a n  renal  blood flow and renal  vascular  
res is tance  were calcula ted f rom the  po lyg raph  t rac ings  
for each 2-see in te rva l  beg inn ing  6 sec before t he  CS 
onset  and  ending  10 see af ter  US  onset.  
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P a n e l  A of the  F igure  i I lns t ra tes  a r e p r e s e n t a t i v e  
ca rd iovascu la r  record  d u r i n g  t he  5 th  pa i r ing  of tone  and  
shock  in 1 dog. W i t h i n  2 sec of the  onse t  of t he  CS, r ena l  
b lood flow began  to decrease  and  a r t e r i a l  p ressure  
began  to rise. 8 sec a f te r  the  onse t  of t he  CS t h e  p e a k  rena l  
vascu la r  res i s tance  of 215% of con t ro l  was  a t t a ined .  
The  m a x i m u m  level  of res i s tance  was no t  sus ta ined .  
6 sec a f te r  p r e s e n t a t i o n  of the  shock, r ena l  res i s tance  h a d  
r e t u r n e d  to  w i t h i n  17% of control .  

P a n e l  13 of t he  F igure  i l lus t ra tes  t he  ave raged  condi-  
t ioned  responses  for 4 dogs d u r i n g  avers ive  cond i t ion ing  
t r ia ls  6-10. R e n a l  b lood f low decreased  a n d  a r t e r i a l  
pressure  increased  w i t h i n  2 sec of t he  onse t  of t he  CS. 
M a x i m u m  res i s tance  was a t t a i n e d  w i t h i n  10 sec. 4 sec 
a f te r  p r e s e n t a t i o n  of t he  shock, r ena l  res i s tance  h a d  
b e g u n  to fall. However ,  rena l  res i s tance  of ten  r e m a i n e d  
e leva ted  b y  15% for as long as 1 m i n  a f te r  t he  US.  

The  resu l t s  of th i s  s t u d y  show t h a t  a s t r ik ing  e l emen t  
of the  conditioned response  to avers ive  s t imu l i  in  dogs is a 
p r o m p t  decrease  in r ena l  b lood  f low accom pan i ed  b y  a n  
increase  in a r t e r i a l  pressure .  Thus ,  r ena l  va s ocons t r i c t i on  
can  be  el ici ted n o t  on ly  b y  avers ive  s t imul i  b u t  b y  
discre te  e n v i r o n m e n t a l  cues (CS's) wh ich  suggest  p o t e n t i a l  
occurrences  of avers ive  s t imul i .  T he  resu l t s  conf i rm 
earl ier  s tudies  in m a n  and  o the r  an ima l s  wh ich  sugges ted  
t h a t  a n x i e t y - p r o d u c i n g  e n v i r o n m e n t s  resu l ted  in de- 
creased rena l  b lood flow 1-3. I n  these  ear l ier  b e h a v i o r a l  
s tudies ,  however ,  t he  necessa ry  use of i nd i r ec t  measure-  
m e n t s  of rena l  b lood flow prec luded  an  accu ra t e  eva lua-  
t i on  of e i the r  t h e  m a g n i t u d e  or t ime-course  of flow 
changes .  One recen t  s t u d y  us ing  e l ec t romagne t i c  flow- 
me te r s  6 has  d e m o n s t r a t e d  on ly  unconditioned r ena l  
vasocons t r i c t ions  in  dogs sub jec ted  to  nox ious  s t imul i .  
These  vasocons t r i c t ions  r e sembled  those  observed  in t h e  
p re sen t  s t u d y  in b o t h  a m p l i t u d e  a n d  t i m e  course. 

The  c o n t i n u o u s  record ings  of r ena l  b lood flow o b t a i n e d  
in the  p r e sen t  s t u d y  p e r m i t  t h e  fol lowing observa t ions .  
Firs t ,  t h e  r ap id  onse t  (2 sec onse t  and  10 sec p e a k  la tency)  
of cond i t ioned  rena l  va socons t r i c t i on  fol lowing p resen ta -  
t i on  of t he  CS suggests  t h a t  t he  ear l ies t  and  la rges t  
vasocons t r i c t i ons  were neu ra l l y  med ia ted .  The  more  
p ro longed  c o m p o n e n t  of t he  cond i t ioned  rena l  vaso-  
cons t r i c t ions  m a y  h a v e  been  m e d i a t e d  b y  a c o m b i n a t i o n  
of increased  rena l  s y m p a t h e t i c  tone  a n d  c i rcu la t ing  
h u m o r a l  agents .  Second, t he  s t r i k ing  re semblence  b e t w e e n  
t he  cond i t ioned  ca rd iovascu la r  responses  a n d  responses  
el ici ted b y  e lectr ical  s t i m u l a t i o n  of h y p o t h a l a m i c  or 
mesencepha l ic  regions  wh ich  organize  'defense '  b e h a v i o r  7, 
suggests  t h a t  t he  e n v i r o n m e n t a l  cues (CS's) m a y  h a v e  
ac ted  b y  mobi l i z ing  the  classical  'defense  response ' .  
The  shor t  d u r a t i o n  of t he  neurogenic  r ena l  vasocons t r i c -  
t i on  m a y  h a v e  been  re l a t ed  to t he  shor t  d u r a t i o n  of t h e  
CS (10 sec). However ,  r ena l  va socons t r i c t i ons  a n d  
increases  in  r ena l  ne rve  a c t i v i t y  el ic i ted b y  p ro longed  
'defense a rea '  s t i m u l a t i o n  e x h i b i t  a s imi la r ly  shor t  
d u r a t i o n  a l t h o u g h  severa l  o the r  ca rd iovascu la r  compo-  
nen t s  of 'defense '  b e h a v i o r  e x h i b i t  sus t a ined  responses  to  
s t i m u l a t i o n  ~. 

I t  is un l ike ly  t h a t  uncond i t ioned ,  neurogen ic  vaso-  
cons t r i c t ions  could, in themse lves ,  p l ay  a n y  l ong - t e rm  
h e m o d y n a m i c  role in  t he  e t io logy of hype r t ens ion .  
Ye t  even  t r a n s i e n t  increases  in  r ena l  s y m p a t h e t i c  t one  or 
in r ena l  vascu la r  r es i s t ance  can  elici t  p ro longed  hemo-  

6 ]~. CARAFFA-BRAGA, L. GRANATA and O. PlNOTTI, Pfl/igers Arch. 
ges. Physiol. 339, 203 (1973). 
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429 (1964). 
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Panel A) physiological record of the response of a dog to the 5th pairing of a 10 sec tone with a shock to the leg. Panel B) mean changes 
(-t- SE) in renal arterial pressure, flow and vascular resistance elicited by the 6th through 10th pairings of tone and shock in 4 dogs. 
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dynamic  pe r tuba t ions  by  ac t ing  t h rough  the  renin- 
angiotens in  sys tem.  I t  has  been  repea ted ly  shown t h a t  
increased renal  s y m p a t h e t i c  tone  and /o r  decreased renal  
blood flow are powerful  s t imul i  for increased renal  renin 
production4,8.  Due to  the  long half  life of ren in  (recent 
es t imates  range be tween  2 and 4 h) even occasional,  
t r ans i en t  'puffs '  of renin  could s u m m a t e  to  chronical ly  
e levate  p l a sm a  or cent ra l  ne rvous  sys t em (CNS) levels 
of angio tens in  II.  An e levated  level of angio tens in  I I  could, 
in turn ,  increase arterial  pressure  by  its d i rect  cons t r ic tor  

s A. J. VANDER, Am. J~ Physiol. 209, 659 (1965). 
I. H. PAGE, J. W. MeCUBBIN, H. SCHWARTZ and F. M. BVM~US, 
Circulation Res. 5, 552 (1957). 

10 L. VOLIC~R and C. G. LowE, Neuropharmacology 10, 631 (1971). 
11 R. P. FORSYTH, B. I. HOFFBRAND and K. L. lV[~LMON, Circulat ion 

44, 119 (1971). 
i2 j .  \u  McCuBBIN and I. H. PAGE, Circulat ion Res. 12, 553 (1963). 
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effect  on s m o o t h  muscle  9, by  its pressor  effects  oll the  
CNS ~~ or by  po t en t i a t i on  of the  release of catechol-  
amines  11,12. 

The resul ts  of th is  s tudy  suggest  a mechan i sm whereby  
even occasional  aversive s t imul i  migh t  become associated 
wi th  discrete  env i ronmen ta l  cues ; then,  the  mere  exis tence 
of the  cues, only occasional ly reinforced wi th  t he  aversive 
st imuli ,  could elicit t he  comple te  conste l la t ion of cardio- 
vascular  and humora l  responses.  

Rdsumd. Des chiens ont  6t6 conditionn@s 5 a t t end re  un 
choc 61ectrique 10 sec apr~s le dGbut d ' u n  s t imulus  
audit if .  Ils ont  pr@sent6 une consid@rable ~r 
rGnale, t rans i to i re  e t  d 'or ig ine  nerveuse,  fa isant  pa t t i e  
de la rGponse conditionn@e cardiovasculaire.  
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Lanthanides and Amphibian Epithelia: Block of the 
Sodium and Water Transport  

Previous  work  f rom this  l abora to ry  has  shown t h a t  
l an than ides  increase the  pe rmeab i l i t y  to  sod ium of frog 
skin when  added  to the  ex te rna l  sur tace of t he  ep i the l ium 1. 
An in te rac t ion  be tween  La  3+ and Ca 2+, p red ic t ed  by  
I.ETTVlI~ et  al. 2 and  verif ied in m a n y  biological sys tems  3, 
is the  mos t  l ikely exp lana t ion  of the  changes  in perme-  
abi l i ty  observed  in frog skin1. A large body  of evidence 
suggests  t h a t  Ca 2+ plays  a key role in the  cell processes 
t r iggered by  ho rmone  act ion 4. I t  t hus  seemed jus t i f ied  
to  inves t iga te  if l an than ides  a l ter  t he  s t imulus-ef fec t  
coupl ing of ho rmones  act ive  on a m p h i b i a n  epithelia.  
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The resul ts  repor ted  here do show t h a t  lan thanides ,  
added  to  t he  m e d i u m  b a t h i n g  the  in te rna l  surface of frog 
skin, block the  s t imula t ion  of sodium and  wa te r  t r a n s p o r t  
induced by  oxy toc in  and norep inephr ine .  

The bulk  of our s tudies  on sodium t r a n s p o r t  was 
pe r fo rmed  wi th  the  ven t ra l  skin of frogs Rana ridibunda. 
S t a n d a r d  techniques  were uged to measure  shor t  circuit  
cur ren t  (SCC), t aken  as a measure  of ne t  sod ium flux s. 
Since b o t h  basal  wa te r  flows and  hyd rosmot i c  responses  
to  hormones  are qui te  var iable  in frog skin, the  skin of 
toads,  Bu/o bu/o, was used in the  wa te r  f low studies.  
W a t e r  flow measu remen t s  were pe r fo rmed  wi th  an 
au tomat ic ,  opt ical  technique ,  in which  the  m o v e m e n t  of 
the  meniscus  inside a p ipe t t e  a t t a ch ed  to  the  flow 
c h a m b e r  is followed con t inuous ly  ~. 

Add i t ion  of La a+ (5 mM)  to the  in te rna l  side of frog skin 
resul ted  in a ma rk ed  inhib i t ion  of the  increase in SCC 
elicited by  s u p r a m a x i m a l  concen t ra t ions  of oxytocin .  
In  a series of 21 pa i red  exper iments ,  t he  average inc remen t  

1 R. C. DE SOUSA, J. ~iARGUERAT and A. GROSSO, Exper i en t i a  29, 
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5 R. C. DE SO~SA and A. GROSSO, Experientia 29, 1097 (1973). 
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Fig. 1. Inh ib i t ion  of the natr i fer ic  effect of oxy toc in  (50 mU/ml)  by  
Yb 3+ added to the solut ion ba th ing  the i n t e rna l  surface of frog skin.  
Exper imen t s  were performed wi th  a luci te  double  chamber  fil led 
with aerated Tris-Ringer solutions. SCC, short circuit current. O -- O, 
control tissue; 0 - -0 ,  tissue exposed to Yb 3+. To rule out an osmotic 
effect of the lanthanide solution on SCC, the concentration of NaC1 
in the internal medium bathing the control tissue was raised by 10 raM. 


