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func t ion  of the  decreasing pO,.  O 2 consumpt ion  was t h e n  
re la ted  to  the  d ry  weight  of the  prepara t ion .  

The results  of our  expe r imen t s  (Figure) show t h a t  a t  no 
pO2 be tween  40% and 90% of the  sa tura t ion  po in t  (285--  
642 m m  Hg) i t  is possible to evidence a cri t ical  pO,  level 
in the  incuba t ing  med ium above  t h a t  a t  which O, con- 
sumpt ion  of the  sacs remains  a t  a s t eady  s ta te  : in fact,  O 2 
consumpt ion  a lways var ied  along wi th  pO v 

I t  is therefore  clear t h a t  O 2 requ i rements  of the  pre-  
pa ra t ion  are never  comple te ly  sat isf ied;  the  large a m o u n t  
of lactic acid p roduced  by  the  ever ted  sacs of ra t  small  
in tes t ine  dur ing  incuba t ion  in a med ium conta in ing  glu- 
cose should consequen t ly  be considered,  a t  least  par t ia l ly ,  
as a consequence  of anaerobic  glycolysis resul t ing f rom 
inadequa te  O 2 avai labi l i ty .  

Riassunto. Misurando il consumo di O 2 in funzione 
della pO 2 nel mezzo di incubazione  g s t a to  d imos t ra to  
che i sacchet t i  di in tes t ino  t enue  rovescia to  di r a t t o  si 
t r o v an o  in condizione di parziale  anaerobios i  nel corso 
de l l ' incubazione  in l iquido fisiologico con t enen t e  glucoso. 
Ci6 viene pos to  in relazione con la no tevole  p roduz ione  di 
acido lat t ico da pa r t e  de l l ' in tes t ino  isolato m a n t e n u t o  in 
tal i  condizioni.  

P .  P I E T R A  a n d  V .  C A P P E L L I  

Institute o] General Physiology and 
Institute o[ H u m a n  Physiology, University o[ Pavia, 
1-27700 Pavia (Italy), ~4 November 1969. 

Significance of Cyclic AMP in the Regulation of Exocrine Pancreas Secretion 

Since its d iscoveryL adenos ine -3 ' , 5 ' -monophos p h a t e  
(cAMP) has been impl ica ted  as an i m p o r t a n t  regula tory  
mechan i sm in the  control  of a wide var ie ty  of d ive rgen t  
processes  2 4. Ea r ly  inves t iga tors  have  provided  evidence 
t h a t  cAMP is closely l inked to  the  endocr ine  sys t em:  
ACTH, vasopressin,  luteinizing hormone,  TSH,  MSH,  and 
glucagon act ivi t ies  appear  to  be re la ted to cAMP forma-  
t ionS-~~ More recently,  ques t ions  regarding the  influence 
of cAMP on the  exocrine sys tems  have  been raised. 
ALONSO and HARRIS 11 have  d e m o n s t r a t e d  t h a t  cAMP 
s t imula tes  acid secret ion by  frog gastric mucosa;  KULKA 
and STERNLICHT 12 have  shown t h a t  cAMP s t imula tes  the  
secret ion of amylase  by  mouse  pancreas,  and CASE e t a l .  ~3 
have pos tu la ted  t h a t  cAMP media tes  the  act ion of secret in 
on the  exocrine cat  pancreas .  We have  examined  the  
effects of cAMP on the  secret ion of the  exocrine r abb i t  
pancreas .  

Malerials and methods. New Zealand whi te  male rabbi t s  
weighing 2.6-3.6 kg were anes the t ized  wi th  0.7 ml/kg 
Dia l -Ure thane  (CIBA Pharmaceu t i ca l  Co.) given i.v. The 
pancreas  was r emoved  and  moun ted  according to the  
me thod  of ROTHMAN and  BROOKS 14,~5, Krebs -Hanse le i t  
b ica rbona te  solut ion gassed wi th  95% O 2 and 5% CO~ and 
95 rag/100 ml added  glucose was used as the  ba t h i n g  
med ium;  p H  was ma in t a ined  in the  range 7.2-7.4. Pan-  
creat ic  secret ion was collected at  1/2 h in tervals  for a 
period of 5 h;  collection per iods  1 and 2 were allowed for 
equi l ibra t ion and washou t  of the  secret ion a l ready presen t  
in the  main  duct .  N6-2-O-dibutyryl  cyclic adenosine-3 ' ,  5'- 
m o n o p h o s p h a t e  (Schwarz BioResearch  Inc.), 1 • 10-SM, 
and  theophyl l ine  (Cal BioChem),  1 • 10-3M, and  1 • 
10-YM, were added  to t he  b a t h  s ingular ly  and in com- 
b ina t ion  af ter  collection per iod  4; effect  on enzyme con- 
cent ra t ion ,  enzyme output ,  and volume were de te rmined .  
Af ter  ac t iva t ion  wi th  enterokinase  (Cal BioChem), 
esterase ac t iv i ty  of t ryps in  and  c h y m o t r y p s i n  was deter-  
mined f rom the  initial  react ion velocit ies of the i r  respec- 
t ive  hydrolys is  of TAMe 16 (p-toluenesulfonyl-L-arginine 
me thy l  ester) and  ATEe  1~ (acetyl-L-tyrosine e thy l  ester) 
wi th  a r ad iomete r  t i t ra tor .  Levels  of significance were 
de te rmined  employing  the  S tuden t  t - test  for pai red da t a  
comparison.  

Results. In  our control  animals,  and in previous con- 
t rols  done in th is  labora tory 'S ,  there  has been  a cons t an t  
downward  progression of enzyme concen t ra t ion  and out-  
pu t  wi th  volume remain ing  fairly cons t an t  over  a 5 h 

per iod (Figure 1). W h e n  d ibu ty ry l  cyclic AMP (DcAMP), 
1 • 10-SM, was added  to the  bath ,  enzyme  concen t ra t ion  
and  o u t p u t  marked ly  increased as compared  to  controls  
while vo lume remained  s table  (Figure 2). Theophyl l ine ,  
1 • 10 -a M, caused a volume increase and a rise in t ryps in-  
c h y m o t r y p s i n  concen t ra t ion  and ou tpu t ,  a l though  only  
the  t ryps in  o u t p u t  was s ignif icant ly  i n c r e a s e d  Addi t ion  
of theophyl l ine ,  1 • 10-YM, produced  a vo lume rise and a 
s ta t is t ica l ly  s ignif icant  increase in t ryps in  and chymo-  
t ryps in  concen t ra t ion  and output .  DcAMP,  1 • 10-5M, 
and theophyl l ine ,  1 • 10-3M, combined  resul ted  in volume, 
t ryps in  and c h y m o t r y p s i n  concen t ra t ion  similar  to those  
seen wi th  DcAMP alone and a sl ight  increase in enzyme 
o u t p u t  over t h a t  observed in DcAMP-on ly  exper iments .  
Summat ion  of these results  and s ta t i s t ica l  compar i son  is 
shown in the  Table. 
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Discussionr Response  to  D c A M P  add i t ion  was a clear 
increase in enzym e  concen t ra t ion  and  o u t p u t  over  t h a t  
observed in control  animals .  Compar ison of control  and  
exper imen ta l  an imal  ra t ios  for collection per iods  6, 7, 8/3, 4 
showed s ta t i s t ica l ly  s ignif icant  increased t r y p s i n  and 
c h y m 0 t r y p s i n  concen t ra t ion  and ou tpu t  w i thou t  a signi- 
f icant  increase in volume (Table). Thi  s response  is s imilar  
to  t h a t  p roduced  by  panc reoyzmin  ac t iv i ty ,  a l though  
DcAMP did no t  produce  a several-fold increase in enzyme 
o u t p u t  such as has  been  noted  prev ious ly  wi th  pan-  
c reozymin  st imulation2~ Adenyl  cyclase is t h o u g h t  to  
reside on the  cell m e m b r a n e  2., and i ts  s t imula t ion  by  
p a n c r e o z y m i n  would be immed ia t e  w i t h o u t  any  delay  for 
in t racel lular  pene t r a t i on  of panereozymin .  In  contras t ,  
slow int racel lu lar  pene t r a t i on  of D c A M P  m a y  no t  allow 
the  rapid bui ld-up of intracel lular  nucleot ide to  levels 

necessary  to cause enzyme release such as those p roduced  
quickly by  pancreozymin .  E n z y m e  release in our experi-  
men t s  was a slower, more  sus ta ined  release t h a n  the  rapid  
response  which  would  be expec ted  for extracel lular ly-  
ac t ing  panereozymin .  Larger  concent ra t ions  of DcAMP 
t h a n  those  we used migh t  be expec ted  to  raise in t ra-  
cellular levels of nucleot ide  more  rap id ly  and produce  a 
more  t rad i t iona l  panc reozymin  response.  

Theophyl l ine  of ten  mimics  the  effects  of cAMP. This 
was  generally t rue  in our expe r imen t s  wi th  the  addi t iona l  
f inding t h a t  theophyl l ine  also caused an increase in 
volume (Table). W h e n  all expe r imen t s  in which thee -  
phyl l ine  was  involved  were compared  wi th  controls,  
vo lume increase was jus t  shor t  of s ta t is t ica l  significance 
(0.05 < p < 0.1). Theophyl l ine  m a y  have  a dual  act ion on 
the  pancreas .  Response  to add i t ion  of DcAMP, 1 • 10-5M, 
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Fig. 1. Downward progression of enzyme output with time in a 
typical control animal. 
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Fig. 2. DcAMP addition prevents downward progress[on of enzyme 
output with time in typical experimental animals. 

Mean percentages for average values of 6, 7, 8] 3, 4 

Barb additive Trypsin Trypsin Chymotrypsin Chymotrypsin Volume 
concentration output concentration output 

Controls (6) 52.3 • 5.7 56.0 -t- 7.7 57.2 + 5.9 62.8 4- 9.8 105.0 i 12.1 

DeAMP, 1 x 10-SM 98.6 4- 12.4 107,2 4- 13.4 96.4 • 10.9 104.9 4- 12.4 108.0 i 4.7 
(51 p < 0,005 p < 0~005 p < 0.01 p < 0,02 p < 0.90 

Theophylline, 1 • 10 aM 72.8 -t- 23.6 97.1 4- 19.5 66.3 4- 17.3 98.4 -1- 12.1 142.3 4- 16.5 
(3) p<0.4  p <  0.05 p<0.6  p<0.2  p<0.1 

Theophylline, 1 • 10-~M 99.7 -t- 17.8 127.8 2_ 27.4 101.0 4- 18.1 129.5 4- 28.4 124.0 4- 8.7 
(4) p < 0.02 p < 0.02 p < 0.05 p < 0.05 p < 0.3 

DcAMP, 1 • 10-5M 85;5 4- 9.3 114,0 4- 16.4 79.2 4- 9.7 110.8 4- 15.5 130.6 4- 9.6 
+ Theophylline, 1 • 10-~M (6) p<0.01 p<0.01 p<O.1 p<0.025 p<0.2 

Mean percentages i S.E.M. for enzyme concentration, enzyme output, and volume average values for collection periods 6, 7 and 8 when com- 
pared with those for collection periods 3 and 4. Levels of significance determined for comparison of mean percentages of averaged enzyme and 
volume for collection periods 6,7,813,4 in control and experimental animals. Number of experiments listed in parentheses. 
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plus theophyl l ine ,  1 X 10-3M, was somewha t  puzzling.  
There  was a smal l  increase  in enzyme  output ,  a mod e ra t e  
increase in volume,  and  a small  decrease in enzyme con- 
cen t ra t ion  over  t h a t  observed when  only D c A M P  was 
added.  Synergis t ic  s t imula t ion  of enzyme  concen t ra t ion  
and ou tpu t  by  theophyl l ine  in combina t ion  wi th  D c A M P  
m a y  be masked  by  a separa te  an tagonis t ic  secret in-l ike 
effect  of theophyl l ine .  

Cyclic AMP is known to serve a regula tory  role re la ted 
to  a n u m b e r  of enzyme  act ivi t ies  and  ho rmona l  sys tems.  
DcAMP add i t ion  p roduced  increased enzyme o u t p u t  wi th  
l i t t le secre tory  volume change. This m a y  ref lect  an absen t  
role for cAMP in the  regula t ion of secret in  ac t iv i ty  in the  
in vi t ro  r abb i t  pancreas  p repa ra t ion  or a concen t r a t i on  of 
D c A M P  insuff ic ient  to  s t imula te  secret in  ac t iv i ty .  Theo- 
phyl l ine  enhances  enzyme ou tpu t  in the in vi t ro  r abb i t  
pancreas  p repara t ion ,  mos t  p robab ly  on the  basis  of 
phosphodies te rase  inhibi t ion.  Secondly,  it  appears  theo-  
phyl l ine  has a second secretin-l ike effect  on pancrea t ic  
secret ion which m a y  be unre la ted  to cAMP ~3,24. 

Zusammen/assung. Nachweis ,  dass  die Zufuhr  von  di- 
bu ty ry l -zyk l i schem AMP (DcAMP) in vi t ro  die E n z y m -  

p roduk t ion  e rh6ht  und  zwar  mi t  nur  geringer Gewichts-  
ver~nderung  des Kan inchenpankreas .  Die E n z y m p r o -  
duk t ion  wird ebenso durch Theophyl l in  v e r m e h r t  u n d e s  
wird  ve rmute t ,  das  D c A M P  der  Vermi t t l e r  der  pankreozy-  
men  Wi rkung  im IZaninchen ist. 
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Failure of the D-Analog of Angiotensin II-Amide [D-asp (NH2)-D-arg-D-val -D-tyr-D-val -D-his -D-  
prol-D-phe (OH)] to Influence Water Diuresis in the Rat ~ 

An analog of valS-angiotensin I I - amide  composed  of the  
D-amino acids ins tead of the  L-amino acids has been syn- 
thesized by VOGLER et  al. ~ and proved  biologically in- 
act ive on the  guinea-pig i leum (which cont rac t s  under  the  
influence of vaP-ang io tens in  I I -amide)  and on the  ca t ' s  
blood pressure.  

Val-5-angiotensin I I - amide  possesses a na t r iure t ic  and 
diuret ic  effect in the  ra t  (PETERS z, BONJOUR et al. 4,s) 
which,  in animals  in wa te r  diuresis, results  in a large in- 
crease in the  osmolar  clearance w i thou t  a no tab le  change  
or wi th  a sl ight increase in the  clearance of free water .  The 
presen t  expe r imen t s  were unde r t aken  in order  to check 
whe the r  the  D-analog shared  th is  somewha t  peculiar  
effect  of L-valS-angiotensin I I -amide .  

Urine flow Cos~ CH.2o 
(ml/kg/min) (ml/kg/min) 

"Water diuresis was induced in a group of 10 ra ts  by  
infusing a hypoton ic  solut ion of  glucose and fructose con- 
ta in ing  minimal  a m o u n t s  of NaC1 (BoNJOUR et  al.5). 
Af te r  equi l ibrat ion and a few control  periods,  the  D- 
analog of angiotens in  I I - amide  (kindly supplied by  Dr. 
R. O. STUDER, H o f f m a n n - L a  Roche Ltd. ,  Basel) was added  
to  the  infusion fluid at  a ra te  of 0.25 [xg/animal/min. No 
change occurred in urine flow. The same expe r imen t  was 
repea ted  in a second group of animals,  increasing the  dose 
of the  D-analog of angio tens in  I I  to  2.5 ~g/animal /min .  
This  h igher  dose also p roved  comple te ly  ineffect ive 
(Table). 

Zusammen/assung. W/ihrend L-valS-Angiotensin I I  bei 
R a t t e n  einen ausgesprochenen  d iure t i schen  Ef fek t  zeigt, 
fehl t  diese Wi rkung  bei dem D-Analogon. 

J. PH. BONJO1JR 6 and  G. PETERS 
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CH-IO05 Lausanne (Switzerland), 79 December 1969. 

Control periods 0.59 i 0.05 0.28 • 0.03 0.30 -E 0.02 

n-angiotensin 
(2.5 [xg/min) 

1-15 min 0.62 ~= 0.05 0.32 i 0.02 0.30 • 0.03 
16-30 nfin 0.57 • 0.05 0.31 -4- 0.03 0.26 i 0.03 

Control periods 0.60 4- 0.04 0.33 ~ 0.02 0.27 -t= 0.02 

Urine flow, osmolar clearance (CosM) and clearance of free water 
(CH~o) in a group of 10 rats in water diuresis, as influenced by 
D-angiotensin. Values are means • standard error (S.E.). 
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