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Pancreatic lipase activity (IU/IO00 ml) in duodenal lymph and arterial blood plasma of clogs prior to and during stimulated exocrine pancreatic 
secretion 

initial values 
(Saline+: 0-60 rain) 
Duodenal Arterial blood 
lymph plasma 

0-90 min 60 min 

Stimulation of pancreatic secretion (4 U/kg b.wt secretin + pancreozylnin+: 0-60 rain) 

Duodenal Arterial blood plasma Pancreatic juice 
lymph 

0-120 min 20 Inin 40 min 60 min 120 inin 120 rain 

671 • 103 279 • 31 2391 • 394 1141 i 241 1460 i 248 1569 =L 288 1578 • 325 433 • 103 • 61 • l0 s 
(15) (15) (15) (15) (15) (15) (15) (15) 

I I !  I 
p < 0.01 p < 0.01 

I I 
p < 0.01 

I I I I I 
p % 0.01 p % 0.01 p < 0.01 p % 0.01 

[ I I I I 
p < 0.01 p % 0.01 p % 0.01 p % 0.01 

The mean -4- SE lipase activity in arterial blood plasma of 5 dogs collected in the 90th min of the pancreatic stimulation period was 1405:1:184 
IU/1000 ml (p < 0.01 compared to the second lymph sample). 

duodena l  l ymph  and  venous  p lasma  12. The  resul ts  pre-  
sen ted  do no t  exclude t h a t  p a r t  of the  pancrea t ic  l ipase in 
ar ter ia l  b lood p lasma  had  or ig inated f rom enzyme ab- 
sorbed f rom the  in tes t ina l  lumen  into the i r  blood and 
l y m p h  vessels TM 12. Main tenance  of the  se rum lipase level 
by  the  in tes t ines  for a shor t  per iod af ter  p a n c r e a t e c t o m y  13 
migh t  be due to the  same mechanism.  
Pancrea t i c  l ipase ac t iv i ty  in duodena l  l y m p h  can or iginate  
f rom ar ter ia l  blood p lasma  due to diffusion of the  enzyme 
from blood capillaries into the  duodena l  in t e r s t i t i um and 
f rom the re  in to  t he  lymphat ics ,  or also by  d i rec t  absorp-  
t ion f rom the duodena l  lumen into  the  lymphat ics .  A fact  
po in t ing  to lipase absorp t ion  f rom d u o d e n u m  into lyre- 

pha t i c s  was  its s ignif icant ly  h igher  ac t iv i ty  in duodena l  
l y m p h  t h a n  in the  cor responding  ar ter ia l  p l a sma  samples,  
bo th  under  basal  condi t ions  and s t imula ted  pancrea t i c  
secret ion.  I t  c anno t  be excluded t h a t  the  lipase origi- 
na t ing  f rom the  duodenum,  as well as f rom the  pancreas ,  
m i g h t  t ake  p a r t  in the  i n t r a l y m p h a t i c  b r eakdown  of 
t r ig lycer ides  absorbed  f rom the  intes t ines .  

12 M. Papp, S. Ormai, E. J. Horv~th, I. Fodor, Lymphology 3, 
67 (1971). 

13 H. Singh, J. Pepin, H. E. Appert, A. W. Pairent and J. M. 
Howard, Progress in Lymphology II, p. 109. Ed. M. Viamonte, 
P. R. Kochler, M. Witte and Ch. Witte. Thieme, Stuttgart 1970. 
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Summary. In  calves w i th  hypox ic  p u l m o n a r y  hyper tens ion ,  res is tance  was reduced  by  40 :k 3% wi th  normoxia ,  19 + 
4% wi th  verapamil ,  and 60 • 1% wi th  hexoprenal ine .  I t  is possible t h a t  the  increased res is tance dur ing no rmox ia  is 
due pa r t l y  t o  vasocons t r ic t ion  r a the r  t h a n  solely to  vascular  th ickening ,  and  t h a t  the  vasocons t r ic t ion  is due  to  an 
a b n o r m a l i t y  in calc ium me tabo l i sm b y  the  hype r t ens ive  vascula ture .  

Acute  admin i s t r a t i on  of oxygen  to man  or cat t le  wi th  
chronic,  hypox ia - induced  p u l m o n a r y  hype r t ens ion  resul ts  

2 4 in only  par t i a l  r educ t ion  of p u l m o n a r y a r t e r i a l p r e s s u r e  - . 
Complete  reversal  of the  hype r t ens ion  requires  prolonged 
exposure  to alveolar  n0rmoxia  a, 5. The pe r s i s t en t  e levat ion  
of p u l m o n a r y  vascular  res is tance is general ly  considered 
to  ref lect  luminal  e n c r o a c h m e n t  by  vascu la r  hype r t ro -  
p h y  6, L However ,  i t  has  been suggested t h a t  a cont rac t i le  
a b n o r m a l i t y  of the  vascular  smoo th  muscle m i g h t  also 
be involved 8, g. If  a u g m e n t e d  smoo th  muscle tone  accounts  
for p a r t  of the  pe r s i s t en t  hyper tens ion ,  t hen  p o t e n t  
pharmacolog ic  vasodi la tors  m i g h t  elicit more  smo o t h  
muscle  re laxa t ion  and  p u l m o n a r y  vasodi la t ion  t h a n  does 

oxygen.  The purpose  of th is  s t u d y  was  to  de t e rmine  in 
cat t le  if e i ther  of the  spasmolyt ics ,  verapamil ,  a ca lc ium 
an tagon i s t  1~ or hexoprenal ine ,  a fl-adrenergic ago- 
nis t  14,15, reduced  chronic,  hypox ia - induced  p u l m o n a r y  
hype r t ens ion  to a grea ter  e x t e n t  t h a n  did acute  alveolar  
normoxia .  
Methods. Card iopu lmonary  var iables  were measured  in 
8, 4-month-old ,  unanes the t i zed ,  Hereford  calves following 
ca the te r i za t ion  as descr ibed previous ly  16. Baseline mea-  
su remen t s  were made  a t  t he  res ident  a l t i tude  of 1520 m 
(PB = 630 m m  Hg). The calves were t h e n  exposed  in a 
hypoba r i c  ch amb e r  to  a s imula ted  a l t i tude  of 4270 m 
(P~ = 440 m m  Hg).  Af te r  2 weeks, t he  calves were re- 
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Cardiovascular responses to acute normoxia, Verapamil, and hexoprenaline in cattle with chronic, hypoxia-induced pulmonary hypertension. 
Cardiovascular variables were measured before exposure to high altitude (baseline at 1520 m) and after 2 weeks at 4270 m during brief 
return to 1520 m (acute normoxia) and at high altitude before (chronic hypoxia) and after injection of verapamil and hexoprenaline 

Variable Baseline at After 2 weeks at 4270 m 
1520 m Acute Chronic Verapamil b Chronic Hexoprenaline 

normoxia a hypoxial 1-5'  tiypoxia~ 1-5' 

PaO2, m m H g  68 4- 2 66 •  1" 34 • 1 38 • 2* 37 4- 1 36 4- 1 

PaCO2, m m H g  36 4- 1 35 4- 1 34 4- 1 33 4- 1 35 4- 1 35 -b 1 

pHa  7.46 • 0.01 7.43 4- 0.01 7.45 4- 0.01 7.45 4- 0.01 7.44 4- 0.01 7.43 4- 0.01 
Q, ml/min kg 130 • 5 133 4- 12 133 + 12 136 • 14 126 • 9 193 4- 17" 
HR,  min -1 95 4- 4 98 4- 6* 117 • 9 134 • 9* 107 4- 5 178 4- 14" 

SV, ml/kg 1.39 4- 0.08 1.39 + 0.07* 1.14 4- 0.07 1.0 q- 0.1 1.17 4- 0.06 1.06 4- 0.09 

Ppa, m m  Hg 30 4- 3 54 4- 9* 88 • 12 68 • 8* 83 4- 11 54 4- 8* 
TPR,  mm Hg/ml/min kg 0.24 -4- 0.02 ~ 0.40 4- 0.10" 0.73 • 0.15 0.57 4- 0.10" 0.71 4- 0.12 0.2s • 0:04* 

Pao, m m H g  100 •  106 4- 4 110 • 4 89 • 6* 108 4- 2 59 4- 4* 
TSR, mm Hg/ml/min kg 0.78 4- 0.05 0.83 4- 0.10 0.87 4- 0.08 0.68 -E 0.06* 0.90 + 0.08 0.34 4- 0.03* 

Data are expressed as mean 4- SEM of 8 cattle except for baseline TSR and Pao which were measured in 6 animals. * Difference (p < 0.05) 
as determined by paired t-test between; �9 acute normoxia and chronic hypoxial;  b verapamil and chronic hypoxial; c hexoprenaline and 
chronic hypoxia~. 

t u r n e d  to  1520 m for  1 h w h e r e  t h e y  w e r e  r e c a t h e t e r i z e d  
a n d  c a r d i o p u l m o n a r y  m e a s u r e m e n t s  w e r e  m a d e  ( a c u t e  
n o r m o x i a ) .  T h e  c a l v e s  w e r e  t h e n  r e - e x p o s e d  t o  4270  m 
for  30 r a in  t o  r e s t o r e  t h e  c o n d i t i o n s  of  c h r o n i c  h y p o x i a ,  
a n d  t h e  m e a s u r e m e n t s  w e r e  r e p e a t e d  ( ch ron ic  h y p o x i a l ) .  
W h i l e  t h e  a n i m a l s  r e m a i n e d  a t  h i g h  a l t i t u d e ,  v e r a p a m i l  
(0.1 m g / k g )  w a s  a d m i n i s t e r e d  a s  a b o l u s  in  s a l i ne  t h r o u g h  
a r i g h t  a t r i a l  c a t h e t e r  a n d  c a r d i o v a s c u l a r  r e s p o n s e s  w e r e  
m o n i t o r e d .  30 r a in  l a t e r ,  m e a s u r e m e n t s  we re  r e p e a t e d  
b e f o r e  ( c h r o n i c  h y p o x i a 2 )  a n d  a f t e r  i .v .  h e x o p r e n a l i n e  
(0.025 m g / k g ) .  D a t a  a r e  e x p r e s s e d  as  m e a n  4 - S E M .  
S t a t i s t i c a l  a n a l y s i s  w a s  p e r f o r m e d  w i t h  a p a i r e d  t - t e s t .  
Results .  T h e  r e s u l t s  a r e  s h o w n  in  t h e  t ab l e .  C h r o n i c  
h y p o x i a  i n c r e a s e d  m e a n  p u l m o n a r y  a r t e r i a l  p r e s s u r e  a n d  
t o t a l  p u l m o n a r y  r e s i s t a n c e .  A c u t e a l v e o l a r  n o r m o x i a  
r e d u c e d  m e a n  p u l m o n a r y  a r t e r i a l  p r e s s u r e  b y  39 4- 2 %  
a n d  t o t a l  p u l m o n a r y  r e s i s t a n c e  b y  40 • 3 % .  V e r a p a m i l  
r e d u c e d  m e a n  p u l m o n a r y  a r t e r i a l  (20 • 2%)  a n d  a o r t i c  
(19 • 2 % )  p r e s s u r e s  a n d  t o t a l  p u l m o n a r y  (19 4- 4 % )  a n d  
s y s t e m i c  (21 -r 2 % )  r e s i s t a n c e s .  P u l m o n a r y  a r t e r i a l  a n d  
a o r t i c  p r e s s u r e s  r e a c h e d  a m i n i m u m  a t  1 to  5 m i n  p o s t -  
i n j e c t i o n .  A r t e r i a l  o x y g e n  t e n s i o n  w a s  i n c r e a s e d  s l i g h t l y ,  
b u t  c a r b o n  d i o x i d e  t e n s i o n  a n d  p H  w e r e  n o t  c h a n g e d .  Al l  
c a r d i o v a s c u l a r  v a r i a b l e s  e x c e p t  a r t e r i a l  o x y g e n  t e n s i o n  
w e r e  a t  t h e i r  p r e - v e r a p a m i l  l eve l s  b y  30 m i n  p o s t -  
i n j e c t i o n .  H e x o p r e n a l i n e  r e d u c e d  m e a n  p u l m o n a r y  
a r t e r i a l  (36 • 5 % )  a n d  a o r t i c  (46 • 3 % )  p r e s s u r e s  a n d  
t o t a l  p u l m o n a r y  (60 4- 1%)  a n d  s y s t e m i c  (62 4 - 3 % )  
r e s i s t a n c e s .  T h e  r e d u c t i o n s  w e r e  m a x i m a l  a t  1 t o  5 m i n  
p o s t - i n j e c t i o n .  T o t a l  p u l m o n a r y  r e s i s t a n c e  w a s  d e c r e a s e d  
a l m o s t  t o  i t s  b a s e l i n e  level .  H e a r t  r a t e  a n d  c a r d i a c  o u t p u t  
w e r e  i n c r e a s e d .  T h e r e  w a s  n o  c o r r e l a t i o n  b e t w e e n  p e r -  
c e n t a g e  d e c r e a s e  in  t o t a l  p u l m o n a r y  r e s i s t a n c e  a n d  p e r -  
c e n t a g e  i n c r e a s e  in  c a r d i a c  o u t p u t  (r = - - 0 . 6 8 ,  n = 8, 
p > 0.05).  B y  15 m i n  p o s t - h e x o p r e n a l i n e ,  p u l m o n a r y  
a r t e r i a l  p r e s s u r e  a n d  t o t a l  p u l m o n a r y  r e s i s t a n c e  w e r e  
73 4- 12 m m  H g  a n d  0.35 4- 0.07 m m  H g / m l  m i n  kg ,  
w h i l e  c a r d i a c  o u t p u t  w a s  220 4- 17 m l / m i n  kg .  
Discussion.  T h e  c h r o n i c a l l y  h y p o x i c  c a t t l e  d e v e l o p e d  
p u l m o n a r y  h y p e r t e n s i o n  t h a t  w a s  o n l y  p a r t i a l l y  r e v e r s e d  
b y  a c u t e  a l v e o l a r  n o r m o x i a .  H o w e v e r ,  h e x o p r e n a l i n e  
n e a r l y  r e d u c e d  t o t a l  p u l m o n a r y  r e s i s t a n c e  t o  i t s  p r e -  
h y p e r t e n s i v e  level .  T h i s  v a s o d i l a t o r y  e f f ec t  of  h e x o p r e n a -  

l ine  c a n n o t  be  a t t r i b u t e d  t o  i n c r e a s e d  a l v e o l a r  v e n t i l a t i o n  
b e c a u s e  t h e r e  w a s  n o  c h a n g e  in  a r t e r i a l  b l o o d  ga se s .  N o r  
d i d  i t  s e e m  l i ke ly  t h a t  i n c r e a s e d  b l o o d  f l o w w a s  r e s p o n s i b l e  
for  t h e  fa l l  in  r e s i s t a n c e .  I n  m a n  w i t h  h y p o x i c  p u l m o n a r y  
h y p e r t e n s i o n ,  e x e r c i s e - i n d u c e d  e l e v a t i o n  of  b l o o d  f l o w  
i n c r e a s e d  r a t h e r  t h a n  d e c r e a s e d  p u l m o n a r y  p r e s s u r e  a n d  
r e s i s t a n c e K  S i m i l a r l y ,  e x e r c i s e  w a s  a c c o m p a n i e d  b y  
i n c r e a s e d  p u l m o n a r y  a r t e r i a l  p r e s s u r e  in  n e o n a t a l  c a l v e s  1~. 
I n  d o g s  w i t h  n o r m o t e n s i v e  p u l m o n a r y  c i r c u l a t i o n s ,  
i n c r e a s e d  c a r d i a c  o u t p u t  a f t e r  h e x o p r e n a l i n e  w a s  a c c o m -  
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p a n i e d  b y  inc reased  p u l m o n a r y  a r t e r i a l  p ressure  15. Thus ,  
the  c o n c o m i t a n t  r e d u c t i o n  of p u l m o n a r y  pressure  a n d  
res i s tance  el ici ted b y  h e x o p r e n a l i n e  in t he  p r e s en t  s t u d y  
was p r o b a b l y  due  to  ac t ive  va s od i l a t i on  r a t h e r  t h a n  to  
pass ive,  f low- induced  d i s tens ion  of t he  h y p e r t e n s i v e  
vessels.  The  excessive v a s o d i l a t o r y  response  to hexo-  
p r ena l i ne  sugges ted  t h a t  t he  su s t a ined  vascu la r  res i s tance  
d u r i n g  acu te  n o r m o x i a  was due  p a r t l y  to  p e r s i s t e n t  
s m o o t h  muscle  t one  r a t h e r  t h a n  solely to  morpho log ica l  
t h i c k e n i n g  of t h e  vessel  wall. A l t h o u g h  th i s  concep t  ha s  
been  s t a t e d  s,3, t he re  is l i t t le  d a t a  t o  s u p p o r t  it ,  a n d  i t  is n o t  
wide ly  apprec i a t ed .  T he  concep t  is c o m p a t i b l e  w i th  a 
s t u d y  of a calf  w i t h  p u l m o n a r y  h y p e r t e n s i o n  in w h i c h  
24 h of a lveo la r  n o r m o x i a  reduced  p u l m o n a r y  a r t e r i a l  
pressure  cons ide rab ly  more  t h a n  d id  10 m i n  of oxygen  
b r e a t h i n g  18. 
I f  i t  could  be  s h o w n  t h a t  t h e  response  to acu te  n o r m o x i a  
was no t  i nd i ca t i ve  of t he  t o t a l  p o t e n t i a l  for r e l a x a t i o n  of 
the  h y p e r t e n s i v e  p u l m o n a r y  vessels,  t h e n  a s e c o n d a r y  a im  
of th i s  s t u d y  was to  gain some in s igh t  i n to  t he  cause  of t he  
su s t a ined  s m o o t h  muscle  tone .  F r ee  cy top la smic  ca lc ium 
is a d e t e r m i n a n t  of s m o o t h  muscle  tone  10, a n d  increased  
levels of ca lc ium h a v e  been  obse rved  in t he  p u l m o n a r y  
s m o o t h  m�scle of ch ron ica l ly  hypox i c  an ima l s  30. Thus ,  
pha rmaco log ic  agen t s  t h a t  a l t e r  the  c o n c e n t r a t i o n  of 
a c t i v a t o r  ca lc ium were used as p u l m o n a r y  vasodi la tors .  
V e r a p a m i l  was  chosen  because  i t  reduces  t r a n s m e m b r a n e  
ca lc ium in f lux  t h a t  a ccompan ie s  m e m b r a n e  depolar iza-  
tion10,11, does n o t  h a v e  adrenerg ic  a c t i v i t y  or ac t  as a 
c o m p e t i t i v e  i n h i b i t o r  of a n y  h u m o r a l  media tor lZ,  13 and  
b locks  t he  p u l m o n a r y  pressor  response  to acu t e  a lveo la r  
h y p o x i a  31,,a. The  v a s o d i l a t o r y  response  to  v e r a p a m i l  in t h e  
p r e sen t  s t u d y  suggests  t h a t  t he  t r a n s m e m b r a n e  in f lux  of 
ex t race l lu la r  ca lc ium plays  a role in t he  m e c h a n i s m  of 
chronic ,  h y p o x i a - i n d u c e d  p u l m o n a r y  hype r t ens ion .  Hexo-  

p r ena l i ne  was  used  because  i t  is a /%adrenerg ic  agonis t  t h a t  
ac ts  on  fl-2 (vasodi la tory)  t y p e  recep to r s  14, 15, t he  spasmo-  
ly t ic  effect  of f l -adrenergic  a c t i v a t i o n  is poss ib ly  r e l a t ed  
to  b o t h  e n h a n c e d  cel lular  s e q u e s t r a t i o n  a n d  ex t rus ion  of 
free ca lc ium 19,3a,34 a n d  r e d u c t i o n  of ca lc ium inf lux  v ia  

' h y p e r p o l a r i z a t i o n  of the  p l a s m a  membrane34,  and  orci- 
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p rena l ine  was more  effect ive  t h a n  e i the r  n o r m o x i a  or 
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Summary. Pero ra l  t r e a t m e n t  of r a t s  w i t h  t he  an ion  e x c h a n g e r  resin,  Dowex  1 x 2, for 8 days  leads  to  l iver  e n l a r g e m e n t  
a n d  increase  of a lka l ine  a n d  acid phospha ta ses ,  g lucose -6 -phospha te  dehydrogenase ,  mal ic  enzyme,  ca ta lase ,  and  t h e  
enzymes  of mic rosoma l  d rug  m e t a b o l i s m  in t he  l iver.  The  s e q u e s t r a t i o n  of bile acids b y  t h i s  t r e a t m e n t  mimics  the  bio-  
chemica l  effects of c lof ibra te-  a n d  p h e n o b a r b i t a l - l i k e  d rugs  in the  l iver.  

An  i n t e r e s t i ng  way  for  t r e a t i n g  hype r cho l e s t e r o l em ia  is to  
a d m i n i s t e r  to  t h e  p a t i e n t  a non~resorbable ,  mac romolec -  
u la r  an ion  e x c h a n g e r  res in  3 wh ich  b inds  t h e  i n t e s t i n a l  
bile acids d u r i n g  i t s  passage  t h r o u g h  t he  gu t  a n d  t akes  
t h e m  o u t  in t he  feces. Thus ,  more  bi le  acids are exc re ted  
t h a n  n o r m a l l y  a-5 a n d  t he  e n t e r o h e p a t i c  c i rcu la t ion  of t he  
bi le  acids is i n t e r r u p t e d .  Because  t he  b iosyn thes i s  of bile 
acids f rom choles te ro l  is u n d e r  nega t i ve  f eedback  con t ro l  
b y  t he  bi le  acids r e a b s o r b e d  f rom the  gu t  6,~, choles te ro l  
c a t a b o l i s m  is s t i m u l a t e d  u n d e r  a n i o n  e x c h a n g e r  res in  
t r e a t m e n t .  The  a c t i v i t y  of choles tero l  7~-hydroxylase ,  a 
c y t o c h r o m e - P - 4 5 0 - d e p e n d e n t  m i x e d - f u n c t i o n  oxygenase  
in l iver  mie rosomes  which  d e t e r m i n e s  t he  ve loc i ty  of bi le  
acid fo rma t ion ,  is increased  8. So more  choles te ro l  is 
me tabo l i zed  3 a n d  choles te ro l  b lood level  decreases  3,4,~. 
E n h a n c e m e n t  of bi le  acid b io syn thes i s  is seen d u r i n g  bile 
d ra inage  3 w h e n  t he  e n t e r o h e p a t i c  c i rcu la t ion  of bile acids 
is i n t e r r u p t e d  too.  T he  inverse  effect,  i.e, decrease  of bi le  
acid fo rma t ion ,  is seen w h e n  bile f low o u t  of t he  l iver  is 

s t opped  e i the r  b y  bile d u c t  l iga t ion  lo or b y  a - n a p h t h y l i s o -  
t h i o c y a n a t e - i n d u c e d  choles tas i s  i~ so t h a t  t h e  bile acids  
c a n n o t  leave the  l iver  cell b u t  i n h i b i t  t h e i r  own b iosyn-  
thesis.  
D r u g - m e t a b o l i z i n g  l iver  m i c r o s o m a l  enzymes  also d e p e n d  
on  c y t o c h r o m e  P-450, a n d  so bi le  d u c t  l iga t ion  1~ a n d  
a - n a p h t h y l i s o t h i o c y a n a t e  t r e a t m e n t  n d imin i sh  d rug  me-  
t abo l i sm.  P h e n o b a r b i t a l  t r e a t m e n t  s t i m u l a t e s  b o t h  cho-  
lesterol  c a t a b o l i s m  13 and  d r u g  m e t a b o l i s m  13. So we did  
t he  fol lowing e x p e r i m e n t  in  o rde r  to  l ea rn  w h e t h e r  ad-  
m i n i s t r a t i o n  of t he  an ion  e x c h a n g e r  resin,  Dowex l x 2  | 
to  r a t s  induces  t he  b io syn the s i s  of mic rosomal  d r u g  
me tabo l i z i ng  l iver  enzymes .  
Experimental. The  e x p e r i m e n t a l  an imals ,  male  W i s t a r  
r a t s  w h i c h  h a d  free access to  food and  d r i n k i n g  water ,  
received Dowex  l x  2 (chloride form,  air-dr ied)  for 8 days  
b y  s t o m a c h - t u b e  in a da i ly  dose of 500 m g / k g  suspended  
in  Tylose  | so lu t ion ;  con t ro l  r a t s  rece ived  Tylose  so lu t ion  
only.  E a c h  g roup  cons is ted  of 10 an imals .  20 h a f t e r  t he  


