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Absorpt ion of pancreatic l ipase from the duodenum into lymphat ics  
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Summary. A s ign i f i can t ly  h igher  Iipase a c t i v i t y  was m e a s u r e d  in t he  d u o d e n a l  l y m p h  samples  of t 5 dogs t h a n  in each  
of co r r e spond ing  a r t e r i a l  b lood  p l a s m a  samples  col lected pr io r  to,  d u r i n g  a n d  a f t e r  m a x i m a l  h o r m o n a l  s t i m u l a t i o n  of 
p a n c r e a t i c  secret ion.  The  resu l t  m a y  be e v a l u a t e d  as a s ign of p a n c r e a t i c  l ipase a b s o r p t i o n  b y  t he  d u o d e n u m  in to  
l ympha t i c s .  

Some of t he  d iges t ive  enzymes  a d m i n i s t e r e d  or secre ted 
in to  t h e  i n t e s t i n a l  l u m e n  are a b s o r b e d  as i n t a c t  e n z y m e  
moleculesX-L T h e y  are t r a n s p o r t e d  b y  t he  b lood s t r e a m  
a n d  l y m p h  s and  t he  a m o u n t  car r ied  b a c k  in to  p a n c r e a t i c  
ac ina r  cells is aga in  secre ted in to  t h e  i n t e s t i n a l  l u m e n  ", 7. 
To s t u d y  t he  a b s o r p t i o n  of p a n c r e a t i c  enzymes ,  l ipase 
a c t i v i t y  was d e t e r m i n e d  in t he  d u o d e n a l  l y m p h  and  in 
t h e  blood  p l a s m a  of t he  f emora l  a r t e r y  of dogs pr io r  to  
a n d  d u r i n g  m a x i m a l  h o r m o n a l  s t i m u l a t i o n  of exocr ine  
p a n c r e a t i c  func t ion .  
Material and methods. 15 male  dogs of 18 kg m e a n  we igh t  
were fas ted  a f t e r  a copious  mea l  for 24 h. U n d e r  chloralose  
a n a e s t h e s i a  (0.1 g /kg b .wt) ,  l a p a r o t o m y  was pe r fo rmed  
a n d  t h e  l y m p h a t i c s  o r ig ina t ing  f rom t he  m a i n  p a r t s  of t he  
d u o d e n u m  were c a n n u l a t e d  b y  p o l y e t h y l e n e  c a n n u l a s  
close to  t h e  organ,  before  t he  d u o d e n a l  l y m p h  could h a v e  
been  c o n t a m i n a t e d  b y  p a n c r e a t i c  l ymph .  D u o d e n a l  l y m p h  
was col lected f i rs t  for 90 m i n  d u r i n g  sal ine in fus ion  (1st 
l y m p h  col lect ion period) t h e n  for 120 m i n  d u r i n g  and  
a f t e r  s t i m u l a t i o n  of exocr ine  p a n c r e a t i c  secre t ion  b y  
4 U / k g  b . w t  of secre t in  a n d  p a n c r e o z y m i n  (CCK-PZ) 
(GIH L a b o r a t o r y )  dissolved in sal ine (2nd l y m p h  collec- 
t ion  period) .  Saline,  as well  as t he  h o r m o n e  solut ion,  was 
i n f u s e d  in to  t he  f emora l  ve in  a t  a r a t e  of 1.0 m l / m i n  for 
60 rain.  Blood samples  f rom t he  femora l  a r t e r y  were col- 
lected in  t h e  60 th  mi n  of t he  1st l y m p h  col lect ion per iod  
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Lipase act ivity in duodenal lymph and arterial blood plasma in a 
typical experiment. 

( ini t ia l  values)  t h e n  du r ing  h o r m o n e  infus ion  in t he  20th, 
40 th  a n d  60 th  ra in  and,  a f te r  s t opp ing  it, in t he  90 th  a n d  
120th ra in  of t he  2nd l y m p h  col lect ion period.  The  sam-  
ples w e r e  col lected in to  hepa r in i zed  t ubes  k e p t  in ice. 
P a n c r e a t i c  l ipase a c t i v i t y  was m e a s u r e d  s in each  l y m p h  
a n d  p l a s m a  sample  a f te r  c e n t r i f u g a t i o n  as well  as in pan -  
c rea t ic  juice col lected f rom the  San to r in i ' s  duct ,  wh ich  
was c a n n u l a t e d  w h e n  the  e x p e r i m e n t  was f inished.  The  
pr inc ip le  of t he  m e t h o d  is to  measu re  acid release in 2 
m i x t u r e s  i n c u b a t e d  for 120 min .  B o t h  m i x t u r e s  consis ted  
of t he  sample  a n d  sunf lower  oil, b u t  to  one of t h e m  
e t h a n o l  was  added  i m m e d i a t e l y  to  i n a c t i v a t e  t he  l ipase 
(control) .  The  dif ference in acid release be tween  the  2 
m i x t u r e s  was expressed  as l ipase a c t i v i t y  in IU/1000  ml  8. 
Lipase  a c t i v i t y  in  t he  l y m p h  and  p l a s m a  samples  was 
c o m p a r e d  s t a t i s t i ca l ly  a f t e r  ana lys i s  of va r i ance  b y  
D u n n e t  c o n t r a s t  a n d  S t u d e n t ' s  t - tes t .  
Results. U n d e r  basa l  condi t ions ,  m e a n  p a n c r e a t i c  l ipase 
a c t i v i t y  was s ign i f i can t ly  h i g h e r  in  t he  duodena l  l y m p h  
t h a n  in a r t e r i a l  b lood  p l a s m a  (p < 0.01) (table).  W h e n  
h o r m o n a l l y  s t i m u l a t e d  p a n c r e a t i c  juice was secre ted in to  
t h e  d u o d e n u m ,  l ipase a c t i v i t y  was s ign i f i can t ly  e l eva ted  
b o t h  in t he  d u o d e n a l  l y m p h  (p < 0.01) and  in each  of t h e  
p l a s m a  samples  (p < 0.01) as c o m p a r e d  to t he  in i t ia l  
va lues  (table).  U n d e r  such  condi t ions ,  m e a n  panc rea t i c  
l ipase a c t i v i t y  in t he  d u o d e n a l  l y m p h  samples  was sig- 
n i f i can t ly  h ighe r  (p < 0.01) t h a n  in t he  p l a s m a  samples  
( table).  A typ ica l  e x p e r i m e n t  is s h o w n  in t he  figure.  
U n d e r  h o r m o n a l  s t imu la t i on ,  p a n c r e a t i c  juice of v e r y  
h igh  l ipase a c t i v i t y  was secre ted  in to  the  duodena l  l u m e n  
(table) .  
Discussion. P a n c r e a t i c  l ipase a c t i v i t y  in a r t e r i a l  b lood  
p l a s m a  o r ig ina tes  f rom the  p a n c r e a s  due  to  t he  escape  of 
e n z y m e  f rom the  exc re to ry  d u c t  s y s t e m  in to  t he  in te r -  
s t i t i u m  of t he  g land  and  d ra ined  f rom the re  b y  venous  
a n d  l y m p h a t i c s  rou tes  9-1~ I t  ha s  been  shown  t h a t ,  a f t e r  
s t i m u l a t i o n  of p a n c r e a t i c  excre t ion ,  l ipase a c t i v i t y  was 
cons ide rab ly  e l eva ted  in tho rac ic  d u c t  l y m p h  a n d  b lood 
p l a s m a  of t he  femora l  a r t e r y  1~ as well  as in panc rea t i co -  
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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 .  
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R e d u c t i o n  o f  b o v i n e  p u l m o n a r y  h y p e r t e n s i o n  b y  n o r m o x i a ,  v e r a p a m i l  a n d  h e x a p r e n a l i n e l  
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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- 


