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Effect of eaerulein infusion on glucagon and insulin pancreatico-duodenal venous plasma concentration and on arterial glucose 

Glneagon Insulin Glucose 
(ng/ml) ([xU/ml plasma) (mg/100 ml) 

Physiological saline infusion 0.97 ~ 0.62 1450 • 540 95 q- 15 
P <  0.05 �9 P<0.01~ P >  0.05 �9 

Caerulein infusion (2 ng/kg/min) 3.30 ~ 1.29 3700 ~ 775 110 ~ 20 

Student's t test. Figures are mean values at the maximum effect time. 
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Effects of infusion of caerulein at the rate of 2 ng/kg/min on 
glueagon (@--@) and insulin (O-'-O) concentration in the 
panereaticoduodenal venous plasma and on arterial glucose 
(A-- -A) .  At the first arrow, infusion started, at the second 
arrow, infusion stopped. 

t he  o the r  h a n d ,  insu l in  and  g lucagon  could well  h a v e  
c o u n t e r a c t e d  rec iproca l ly  t he i r  effects on  glycemia.  

P r e s e n t  e x p e r i m e n t s  do no t  c o n t r i b u t e  to  t he  so lu t ion  
of t he  p r o b l e m  w h e t h e r  g lucagon  release is p r i m a r y  or 
s econda ry  to  t he  secre t ion of insul in.  However ,  i t  m a y  
be  obse rved  t h a t  U N G ~  et  a l )  found  t h a t  e n d o p o r t a l  
in fus ion  of cho lecys tok in in  (30 I v y  dog U/ ra in /dog)  
p roduced  a sha rp  i n c r e m e n t  in  insu l in  (840%) as well as, 
a l t h o u g h  to  a less ex ten t ,  in  g lucagon  (80%) and  glucose 
c o n c e n t r a t i o n  (60%);  on  t he  con t ra ry ,  secre t in  in fus ion  
(10 U/ ra in /dog)  s t rong ly  e n h a n c e d  (280%) insu l in  release 
b u t  lef t  unmod i f i ed  p a n c r e a t i c o - d u o d e n a l  venous  g lucagon 
a n d  a r te r ia l  glucose concen t r a t i on .  Also r ap id  e n d o p o r t a l  
in j ec t ion  of ga s t r i n  (60 ~g/dog) increased  insul in  (400 to 
1000%) b u t  n o t  g lucagon a n d  glucose concen t r a t i on .  

As s t a t ed  above,  in  our  p r e s en t  e x p e r i m e n t s  caeru le in  
infus ion e n h a n c e d  insu l in  (155%) as well  as g lucagon 
c o n c e n t r a t i o n  (240%), w i t h  negl igible  changes  in a r te r ia l  

glucose c o n c e n t r a t i o n  (15% increase).  Th i s  m a y  s ignify  
t h a t  a t  leas t  u n d e r  our  e x p e r i m e n t a l  cond i t ions  the re  is 
no  r e l a t ionsh ip  be tween  t he  secre t ion of t he  two hor-  
mones .  Thus ,  b o t h  cho lecys tok in in  a n d  m u c h  more  
caeru le in  are l ikely to possess a p r i m a r y  s t i m u l a n t  ac t ion  
b o t h  on  t he  /5 and  e cells of t he  p a n c r e a t i c  islets. 

Riassunto. L' in fus ione  di cerule ina  (2 ng /kg /min )  pro- 
duce  nel  cane  u n  s igni f ica t ivo  a u m e n t o  della concen t ra -  
zione del glucagone,  o l t re  t h e  della insul ina ,  nel la  vena  
p a n c r e a t i c o - d u o d e n a l e  superiore,  senza  s igni f ica t ive  modi-  
f icazioni  della glicemia.  
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Fai lure  to  S t i m u l a t e  S ign i f i cant  Cort i so l  or  G r o w t h  H o r m o n e  S e c r e t i o n  in M a n  by Ether  In fus ion  

The  tes t s  for assessing p i t u i t a r y  A C T H  reserve  p r e sen t l y  
ava i l ab le  for cl inical  use 1-a are n o t  comple t e ly  sat is-  
fac tory .  The  Metop i rone  t e s t  I endange r s  t he  p a t i e n t  w i t h  
the  possible  crisis of hypocor t i so l i sm.  I t s  p r inc ipa l  fa i l ing 
is t h a t  i t  i nd ica t e s  t h e  ab i l i ty  of t h e  p i t u i t a r y  to secrete  
increased  a m o u n t s  of A C T H  in response  to a depress ion  
of b lood  cort isol  levels b u t  does no t  ref lect  t he  ab i l i ty  
to  increase  A C T H  secre t ion  in response  to stress. These  
2 s t imu l i  (decreased b lood  cor t i so l  a n d  stress) p r o b a b l y  
a c t i v a t e  A C T H  secre t ion  b y  qu i te  d i f fe ren t  m e c h a n i s m s  4. 
The  Metop i rone  t e s t  has  ind ica t ed  a m a r k e d l y  depressed  

A C T H  reserve  in some p a t i e n t s  who  h a v e  s u b s e q u e n t l y  
r e sponded  to surgical  s t ress  w i t h  a n o r m a l  increase  in 
ad r ena l  secre t ion  1. P y r o g e n  5 t e s t s  t he  ab i l i ty  of s tress  
to  increase  A C T H  secretion., b u t  causes  fever  a n d  o the r  
u n p l e a s a n t  side effects. B o t h  tes t s  are t i m e - c o n s u m i n g  
and  requi re  hosp i t a l i za t i on  of t he  pa t i en t .  Insu l in -  
induced  h y p o g l y c e m i a  s is po t en t i a l l y  dange rous  and  is 
a ccompan ied  b y  d isagreeable  s y m p t o m s .  

In  a search  for a more  su i t ab le  d iagnos t i c  tool, we 
s tud ied  t he  effect  of i.v. a d m i n i s t e r e d  e the r  on  t he  
p l a s m a  17-OHCS (17-hT~droxy cor t icos tero ids)L E t h e r  
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was chosen as a s t imulus  since, in the  rat ,  i t  appa ren t l y  
d i rec t ly  ac t iva tes  the  h y p o t h a l a m i c  med ian  eminence  to 
produce  an increased release of ACTH from the  p i t u i t a ry  s. 
I t  is thus  p robab ly  s imilar  to  pyrogen  and  insulin hypo-  
g lycemia  in ac t iva t ing  ACTH secret ion as a ' s t ress ' .  
Surgery  under  e ther  anes thes ia  and e the r  anes thes ia  
alone have  also been shown to produce  a p ronounced  rise 
in p lasma  cortisol levels and  a marked  increase in u r inary  
17-OHCS excre t ion  9. E leva t ed  levels of p la sma  ACTH 10 
and g rowth  ho rmone  n af ter  surgery  and  anes thes ia  have  
also been  demons t r a t ed .  We  therefore  addi t iona l ly  
assayed the  blood samples  in the  volunteers  for g rowth  
ho rmone  12. 

E t h e r  was given i.v. 13 to avoid the  disagreeable  effects  
of inha la t ion  of th is  anes the t ic  on the  resp i ra to ry  t r ac t  
and  to provide  a more  easily s t anda rd ized  t echn ique  for 
calculat ing the  dose. We infused the  e ther  in to  the  ante-  
cubi ta l  vein  as a 5% solut ion in 0.9% NaC1. 2 hea l thy  
young  male  volunteers ,  p r emed ica t ed  only  wi th  0.4 mg 
at ropine ,  and  2 pa t i en t s  scheduled for correct ive  or tho-  
pedic surgery  wi thou t  obvious  endocr ine  disease (pre- 
med ica ted  wi th  0.4 mg atropine,  75 mg meper id ine  and 
100 mg pen toba rb i t a l ;  or 10 mg morphine ,  7 mg scopol- 
amine,  and  25.mg phenergan)  were s tudied.  In  t he  volun-  
teers,  200 ml of t he  e ther-sal ine  solution, and 300 ml in 
a repea t  s t u d y  of one of the  subjects ,  were infused in less 
t h a n  10 min.  This induced  unconsciousness  of 2 to 3 min  
durat ion,  followed by  a quick recovery  to normal  men t a -  
t ion in less t h a n  15 rain. Ne i ther  of t he  volunteers  r epor ted  
unp leasan t  symptoms .  The pa t i en t s  received 100 ml in 5 to 
7 min.  This  marked ly  slowed and  d iminished  the i r  re- 
sponses to  touch,  painful  s t imul i  and  calling the i r  names.  

Hepar in ized  blood was sampled  by  i.v. ca the te r  im- 
med ia t e ly  before infusion and  10, 30, and 60 min  there-  
after.  Addi t iona l  samples  were t aken  f rom the  volunteers  
120 and  210 min  af ter  the  infusion. The volunteers  were 
s tud ied  be tween  13.00 and  17 .00h to t ake  a d v a n t a g e  
of the  low p lasma  cortisol  levels in the  a f t e rnoon  14. We  
f.elt a rise p roduced  by  e ther  would be easier to  de tec t  if 
there  were a low basal  level. The pa t i en t s  were s tud ied  
be tween  9.00 and 13.00 h, since t h e y  were being p repared  
for surgery  and  could no t  be scheduled  for la ter  t imes.  
None of the  subjec ts  had  ea ten  for a t  least  5 h before 
beginning  the  studies.  P l a sma  cortisol was measured  
f luor imetr ical ly  7 and g rowth  ho rmone  by  r ad io immuno-  
assay 1~. Sta t is t ica l  compar i son  of the  levels of p l a sma  
cort isol  a t  the  d i f ferent  t ime  in terva ls  was made  by  the  
NEWMAN-I~EuLS tes t  15 

Changes in plasma cortisol following infusion of 5% ether 

Ether Subject 

solution A B B C D 
infused (ml) 200 200 300 100 100 

Minutes after 
beginning infusion 

0 22.6 17.8 18.9 17.0 14.5 
10 16.9 17.2 21.9 13.5 11.0 
30 13.7 14.4 27.5 11.5 11.0 
60 17.9 14.2 19.2 9.5 18.0 

120 21.2 15.7 20.6 - 
210 26.0 29.6 22.4 - - 

A and B were normal volunteers. C and D were patients prepared 
for surgery. There was no statistically significant increase of plasma 
eortisol above the preinfusion level at any subsequent time interval 
(p > 0.05). 

No s t r ik ing rise in p lasma  17-OHCS which  gave pro-  
mise th is  would be a useful p rovoca t ive  t e s t  was detec ted .  
Growth  ho rmone  levels were unde tec tab le  in all bu t  one 
sample  f rom all subjects .  A value of 6.4 ng /ml  was found  
a t  210 rain when  subjec t  'B '  was infused wi th  200 ml of 
e ther  solution. The m e t h o d  used readi ly  de tec ts  H G H  a t  
concen t ra t ions  of 1.0 ng/ml.  

I t  is unl ikely t h a t  the  pen toba rb i t a l  p r emed ica t ion  to  
the  pa t i en t s  inh ib i ted  the  release of ACTH since HAM- 
MOND et al. 9 found a rise in 17-OHCS serum levels fol- 
lowing e the r  inha la t ion  anes thes ia  in volunteers  pre- 
m e d i t a t e d  in a comparab le  fashion to  our  pa t ien t s .  I t  is 
possible t h a t  larger doses of ether ,  more  t h a n  10-15 ml  
per  individual ,  would have  caused increased 17-OHCS 
levels. However ,  larger doses were no t  t r ied  since we 
hoped  to f ind a rap id  and inexpens ive  t es t  of ACTH 
reserve.  A more  pro longed per iod of unconsciousness  
would be expec ted  f rom larger quant i t i es  of ether .  This 
would necess i ta te  the  presence  of an anes thes iologis t  
dur ing  the  tes t  and make  it p roh ib i t ive ly  expensive.  

We repor t  these negat ive  f indings in a ve ry  small  
series in order  to save o the r  inves t iga tors  f rom a was te  
of effor t  in s tudy ing  the  usefulness of e the r  as a t e s t  for 
e i ther  ACTH or g rowth  ho rmone  ' reserve '  unless a ma jor  
modif ica t ion  of th is  t echn ique  is employed  1,. 

Zusammen/assung. Bet endokr in  gesundei1 Menschen 
wurde  die "Wirkung einer in t raven6sen  &ther-NaC1- 
Infus ion auf den Gehal t  an Cortisol im P l a s ma  un te r -  
sucht .  Es  erfolgte keine S t imula t ion  yon  ACTH, respek-  
rive Cortisol oder  W a c h s t u m s h o r m o n .  
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