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Elevation of Plasma Dopamine-fl-Hydroxylase Activity during Insulin-Induced 
Hypoglycemia in Man 

Dopamine - f i -hydroxy lase  (DBH),  t he  e n z y m e  t h a t  
conve r t s  d o p a m i n e  to  no rad rena l i n ,  is p r e s en t  in  t he  
synap t i c  vesicles of pos tgang l ion ic  s y m p a t h e t i c  neu rons  1,~. 
The  release of n o r a d r e n a l i n  f rom t h e  ne rve  t e r m i n a l  appea r s  
to  occur  v ia  exocytosis .  The  soluble  po r t i on  of D B H  is 
also re leased s i m u l t a n e o u s l y  8-~. Therefore,  i t  h a s  been  
p o s t u l a t e d  t h a t  p l a s m a  D B H  a c t i v i t y  m a y  serve as an  
i ndex  of t he  a c t i v i t y  of t he  s y m p a t h e t i c  n e r v o u s  s y t e m  ~, 7. 
Th i s  e n z y m e  a c t i v i t y  is increased  in  t he  b lood  of m a n  
u n d e r  stresses such  as cold pressor  t e s t  a n d  exercise 8. 
B u t  no s ign i f ican t  change  occurs  d u r i n g  t i l t i ng  8. I n  
a n o t h e r  repor t ,  phys ica l  exercise for 20 m i n  on  bicycle  
e rgomete r  does no t  change  t h e  p l a s m a  ac t iv i ty ,  no r  does 
e lec t roshock  t r e a t m e n t  9. I n  t he  p r e s en t  s tudy ,  we wish  to  
d e t e r m i n e  changes  of th i s  e n z y m e  a c t i v i t y  d u r i n g  
insu l in - induced  hypoglycemia ,  one of t he  s t ronges t  
s t resses  k n o w n  to increase  s y m p a t h e t i c  ne rve  a c t i v i t y  1~ 

The  sub jec t s  cons is ted  of 11 h e a l t h y  medica l  s tuden t s ,  
all  males,  f rom 21 to  26 years  of age. T h e y  were fas ted  in 
t h e  m o r n i n g  a n d  r e c u m b e n t  for 1 h p r io r  to  tes t ing.  
I n su l i n  was a d m i n i s t e r e d  i.v. a t  09.00 h in a single dose of 
0.1 or 0.15 I U / k g  b o d y  weight .  

Blood samples  for t h e  d e t e r m i n a t i o n  of p l a s m a  D B H  
a c t i v i t y  a n d  b lood sugar  level  were d r a w n  i m m e d i a t e l y  
before  t he  insu l in  and  a t  i n t e rva l s  of 15-30 mil l  for t he  
n e x t  3 h. Blood pressure  a n d  pulse  r a t e  were m e a s u r e d  a t  
t h e  same  t i m e  in te rva l s .  D B H  a c t i v i t y  was m e a s u r e d  
accord ing  to t he  p rocedure  of NAGATSU a n d  UDENFRIEND 11 
and  expressed  as ~moles of o c t o p a m i n e  fo rmed  pe r  1 1 of 
p l a s m a  pe r  1 m i n  of i n c u b a t i o n  a t  37 ~ 

I n  o rder  to  follow t he  c a t e c h o l a m i n e  p roduc t ion ,  u r ine  
was col lected d u r i n g  t he  con t ro l  pe r iod :  b e t w e e n  06.00 h 
a n d  09.00 h, a n d  d u r i n g  t he  insu l in  t e s t ;  09.00 h a n d  
12.00 h. The  u r i n a r y  a d r e n a l i n  a n d  n o r a d r e n a l i n  were 
e s t i m a t e d  accord ing  to  t h e  m e t h o d  of TAKAHASHI a n d  
GJESSING 12. 
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The  F igure  i l lus t ra tes  t h e  responses  of t he  m e a n  p l a s m a  
D B H  a c t i v i t y  and  b lood sugar  level  fol lowing insu l in  
in jec t ion .  D B H  a c t i v i t y  a n d  b lood  sugar  were r ep re sen t ed  
in t he  p e r c e n t  changes  f rom t h e i r  r e spec t ive  con t ro l  values .  
The  m e a n  b lood  sugar  level  fell m a r k e d l y  30 m i n  a f t e r  
insu l in  in j ec t ion  in b o t h  doses of 0.1 a n d  0.15 IU/kg .  
Then ,  g r adua l  recover ies  f rom h y p o g l y c e m i a  occur red  
t o w a r d  t h e  end  of tes t ings ,  t h e  r ecove ry  a f t e r  a dose of 
0.15 I U / k g  of insu l in  be ing  s lower  t h a n  t h a t  a f te r  0.1. 

B y  t he  a d m i n i s t r a t i o n  of 0.1 I U / k g  of insul in,  t h e r e  
was no  s ign i f i can t  increase  of D B H  ac t iv i ty ,  a l t h o u g h  a 
smal l  p e a k  was obse rved  60 m i n  a f t e r  in jec t ion .  On t he  
o t h e r  h a n d ,  a s t r i k ing  e l eva t ion  of t h i s  e n z y m e  a c t i v i t y  
was seen b y  a dose of 0.15 f rom 30 ra in  to  90 m i n  a f t e r  
in jec t ion .  

The  m e a n  va lues  of t he  u r i n a r y  ca t echo l amines  a n d  
c i r cu la to ry  va r i ab l e s  are  shown  in t he  Table .  

The  a d r e n a l i n  exc re t ion  for 3 h a f te r  t h e  a d m i n i s t r a t i o n  
of insu l in  increased  on an  ave rage  4.7 or 5.6 t i m e s  w i t h  a 
dose of 0.1 or 0.15 IU/kg ,  respect ive ly .  The  increases  are  
h igh ly  s ign i f ican t  as c o m p a r e d  w i t h  t he  con t ro l  values.  
B u t  no  s ign i f ican t  di f ference was n o t e d  b e t w e e n  t h e  two  
dose levels, a l t h o u g h  t he  sub jec t s  g iven  a larger  dose of 
insu l in  showed  more  t yp i ca l  a n d  m a r k e d  s y m p t o m s  of 
hypog lycemia .  

The re  were no  s ign i f ican t  changes  in t h e  exc re t ion  of 
n o r a d r e n a l i n  a t  e i the r  dosage level.  However ,  t h i s  does 
n o t  p rec lude  t he  poss ib i l i ty  t h a t  n o r a d r e n a l i n  is a c tua l l y  
re leased in la rger  q u a n t i t y ,  s ince a d m i t t e d l y  i t  is qu ick ly  
t a k e n  up  aga in  a t  t h e  s y m p a t h e t i c  n e r v e  endings,  s m o o t h  
muscle  a n d  g l andu la r  tissue13 d u r i n g  stress,  before  be ing  
excre ted  in ur ine.  

D u r i n g  a per iod  of hypog lycemia ,  t h e r e  was a s ign i f i can t  
increase  in pulse  r a t e  a t  b o t h  dose levels,  b u t  b lood  pres-  
sure rose s ign i f i can t ly  on ly  in sub jec t s  rece iv ing  a dose of 
0.15 IU/kg .  

I t  is we l l -known t h a t  t he  e x t r a  o u t p u t  of a d r e n a l i n  in 
u r ine  der ives  chief ly  f rom t h e  adrenals ,  a n d  n o r a d r e n a l i n  
f rom the  adrenerg ic  ne rves  1~ D B H  is m a i n l y  p re sen t  in 
t he  s y n a p t i c  vesicles of pos t -gang l ion ic  s y m p a t h e t i c  
neurons ,  a n d  is re leased s i m u l t a n e o u s l y  w i t h  n o r a d r e n -  
a l in  1-5. Therefore ,  t h e  a b o v e  f indings ,  t h a t  u r i n a r y  
a d r e n a l i n  a n d  pulse  r a t e  increase  s ign i f i can t ly  on  ad-  
m i n i s t r a t i o n  of even  a smal l  a m o u n t  of insul in,  whereas  
p l a s m a  DBI-[ level  a n d  systol ic  b lood  pressure  r ise on ly  
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The changes of plasma DBH activity during insulin-induced hypo- 
glycemia. Open circles, mean values obtained in 5 males administered 
with a dose of insulin 0.1 IU/kg body weight; solid circles, mean 
values obtained in 6 males administered with a dose of insulin 
0.15 IU/kg body weight. DBH activity and blood sugar expressed in 
percent changes from their respective control values. ~ Significantly 
different (p < 0.05) from control, b Significantly different (p < 0.01) 
from control, o Significantly different between the value of a dose of 
0.1 IU/kg and that of 0.15 IU/kg. 
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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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