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Summary 

Research in absorption physiology requires animal models which closely resem- 
ble the in vivo situation. The description of a new canine model satisfying these 
requirements is the objective of this report. Dogs were inst rumented with indwel- 
ling portal vein and carotid artery catheters, a catheter jejunostomy and an elec- 
tromagnetic flow measuring probe around the portal vein enabling continuous flow 
recordings. Following intrajejunal infusion of nutri t ive substrates in the conscious 
animal, absorption was measured as the product of porto-arterial substrate differ- 
ence and portal venous flow. The model was validated in five mongrel dogs: (1) 
Catheters and flow measuring device function over several months. (2) The sensitiv- 
ity of the method was evaluated following in t r~e junal  infusion of 1-glycine-1- 
t ~ o s i n e  and its const i tuent  amino acids. A significant portoarterial concentration 
difference of both amino acids enabling quantitative measurement  of absorption 
resulted when the peptide was infused at 4 mmoles/hour (20 mM solution, 200 ml/h). 
(3) Infusion of complete nutritive formulas caused a significant increase in portal 
venous flow whereas neither saline nor the amino acids or the peptides investigated 
had a comparable effect. (4) A validation experiment  by implantation of a second 
flow probe distal to the chronically implanted device provided evidence that 
granulomatous tissue forming around the probe does not alter the accuracy of the 
flow recording. - In summary, this method permits for the first t ime quantitative 
measurement  of absorption by appearance rates in portal venous blood instead of 
by disappearance from the intestinal lumen. 

Zusammenfassung 

Ein neues chronisches Hundemodel l  zur Resorptionsmessung am wachen Tier 
wird besehrieben. Ein portalven6ser sowie ein arterieller Katheter, eine Katheterje- 
junostomie und  ein portalven6ser elektromagnetischer Str6mungsaufnehmer wer- 
den implantiert. W~hrend intrajejunaler Infusion kann  damit die Resorption belie- 
biger Substrate beim nicht  sedierten Tier als das Produkt  von portoarterieller 
Konzentrationsdifferenz und  portalven6sem BlutfluB best immt werden. Dieses 
Modell wurde bei ffinf Tieren validisiert: 1. Katheter und  Str6mungsaufnehmer 
wurden derart modifiziert, dab sie fiber mehrere Monate funktionsf~hig bleiben. 2. 
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Die Empflndlichkeit der Resorptionsmessung wurde nach intrajejunaler Applika- 
tion des Dipeptides 1-Glycin-l-Tyrosin untersucht. Bei Infusion yon 4 mmol/h (20 
mM L6sung, 200 mYh) konnte eine portoarterielle Konzentrationsdifferenz und 
damit Resorption gemessen werden. 3. Die Infusion einer n~ihrstoffdefinierten Digit 
fiihrte zu einem raschen Anstieg des portalvenbsen Blutflusses, w~hrend weder 
Kochsalz noch die genannte PeptidlSsung einen entsprechenden Effekt hatten. 4. 
Nach sechswSchiger Implantation eines StrSmungsaufnehmers wurde ein zweiter 
Aufnehmer leberfern des ersten in einem zuvor unber~hrten Abschnitt der Portal- 
vene implantiert. Trotz histologisch eindeutiger narbiger Verdickung der Gef~B- 
wand unter dem chronischen Implantat gaben beide Aufnehmer gleiche StrO- 
mungssignale. Die beschriebene Methode gestattet daher erstmals quantitative 
Resorptionsmessungen durch Bestimmung yon portalven6sen Erscheinensraten 
enteral infundierter Substrate. 
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Introduct ion  

Small  bowel  feeding via fine bore nasointest inal  tubes  or by surgical 
access such as catheter  j e junos tomy  is widely applied for long-term nutri- 
t ional support .  Nevertheless,  the adequate  composi t ion  of  a nutri t ive 
formula  for small bowel  feeding is not  yet  well defined. High molecular  
formulas  consis t ing of  comple te  protein, complex  carbohydra tes  and long 
chain tr iglycerides are advocated by some groups  (10), whereas others still 
p ropose  use of  the classical chemical ly  defined formula  composed  of basic 
amino acids, molecular  carbohydra tes  and a small port ion of  m e d i u m  
chain tr iglycerides for small bowel  feeding (5). Both  these concepts ,  how- 
ever, are refuted by  recent  evidence of  superior  absorpt ion  of  di- and 
tr ipeptides,  ol igosaccharides and m e d i u m  chain triglycerides (2, 3, 7, 15). 
Therefore,  me thods  test ing absorpt ion under  condi t ions  comparab le  to 
the clinical si tuation are required. Such  models  should provide the follow- 
ing features: 

1. Chronic  exper iments  enabl ing day  to day compar i son  of  absorpt ion 
rates in the individual  animal. 

2. Subs t ra te  applicat ion resembl ing the clinical si tuation with respect  to 
site and regime of nutr ient  delivery. 

3. Absorp t ion  measu remen t  reflecting total up take  of  the gastrointest inal  
tract  ra ther  than being limited to a short  intestinal segment.  

These requisi tes are met  by the recently developed animal  mode l  
descr ibed in this report.  The presenta t ion of  results will be limited to 
exper imenta l  examples  suppor t ing  the validity of the model  and the 
under ly ing  assumpt ions .  

Methods  

Principle o f  absorption measurements 

For this model, absorption was defined as portal venous appearance of enteraiiy 
infused substrates, their cleavage components or their metabolic products. Portal 
venous and arterial substrate concentrations as well as portal venous blood flow 
were measured simultaneously. The product of portoarterial concentration differ- 
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e n c e  a n d  po r t a l  f low r e p r e s e n t i n g  s u b s t r a t e  a p p e a r a n c e  at  a g iven  t i m e  was  calcu-  
l a t ed  as a m e a s u r e  of  a b s o r p t i o n :  

A =  ( C p - C a ) * f  
A = a b s o r p t i o n  ( m g / m i n  or  m m o l / m i n )  
Cp, Ca = po r t a l  v e n o u s  a n d  a r te r ia l  s u b s t r a t e  c o n c e n t r a t i o n  (mg/1 or  mmol/1) 
f = po r t a l  v e n o u s  f low (l /rain) .  

Measurement o f  portal venous blood flow 

A n  e l e c t r o m a g n e t i c  f low m e a s u r i n g  t e c h n i q u e  e n a b l i n g  d e t e r m i n a t i o n  of  zero- 
f low w i t h o u t  occ lu s ion  of  t h e  por t a l  ve in  (i.e. n o n - o c c l u s i v e  zero), was  employed .  
F l o w  p r o b e s  of  d i f fe r ing  d i a m e t e r s  (8 to 12 m m )  a n d  t h e  e l ec t ron ic  m e a s u r i n g  u n i t  
( R e c o m e d  B l u t s t r 6 m u n g s m e s s e r )  were  o b t a i n e d  f rom Hel l ige  (Fre iburg ,  FRG).  
F low  was  r e c o r d e d  e i t h e r  as t h e  p h a s i c  or as t he  m e a n  signal ,  t h e  l a t t e r  b e i n g  t h e  
a v e r a g e  o u t p u t  ove r  5 s econds .  

Primary operative procedure 

A n t i b i o t i c  p r o p h y l a x i s  was  i n s t i t u t e d  for  48 hours .  A n  u p p e r  m e d i a n  l a p a r o t o m y  
was  p e r f o r m e d  u n d e r  gene ra l  a n e s t h e s i a  w i t h  v o l u m e - c o n t r o l l e d  v en t i l a t i o n  in five 
m o n g r e l  dogs.  T h e  f low m e a s u r i n g  probe ,  se l ec ted  a c c o r d i n g  to t h e  d i a m e t e r  of  t h e  
po r t a l  ve in ,  was  p l a c e d  j u s t  d i s ta l  to  i ts b i f u r c a t i o n  a n d  c a l i b r a t e d  as i l l u s t r a t ed  
u n d e r  resul t s .  T h e  por t a l  ve in  was  t h e n  c a n n u l a t e d  via a s e c o n d  o r d e r  b r a n c h  u s i n g  
a spec ia l ly  p r e p a r e d  p o l y u r e t h a n e  ca the te r :  t he  i n t r a v a s c u l a r  e n d s  of  t h e  c a t h e t e r s  
we re  c o n s t r u c t e d  w i t h  a n  ou t e r  d i a m e t e r  of  1.8 ram,  i n n e r  d i a m e t e r  b e i n g  1.1 m m .  
T h e  r e m a i n d e r  o f  t h e  c a t h e t e r  was  r e i n f o r c e d  by  s l eev ing  a s e c o n d  p o l y u r e t h a n e  
c a t h e t e r  o v e r  t h e  first,  t h e  s leeve  b e i n g  b o n d e d  w i t h  a so lvent .  R e s u l t a n t  ou t e r  
d i a m e t e r  was  2.6 m m .  Th i s  c o n s t r u c t i o n  was  se lec ted  to p r o v i d e  s tab i l i ty  a n d  

Fig. 1. Die-cas t  c a t h e t e r  po r t  for  h o u s i n g  t h e  four  m e a s u r i n g  lines.  T h e  c a t h e t e r s  c an  
b e  f l u s h e d  w i t h  m i n i m a l  m o v e m e n t s  o f  the  connec to r s .  
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prevent  kinking of the long intra- and extraabdominal catheter. The abdominal  
procedure was completed by a needle catheter je junostomy using a commercial ly 
available set (Jejunocath | Pfr immer  & Co., Erlangen, FRG). As the next  step, the 
carotid artery was cannulated via a cervical incision. All catheters and the flow 
probe cable were then tunnelled subcutaneously to a preoperatively marked point 
on the animal 's  neck. For tunnelling, connectors were topped with specially pre- 
pared blunt caps that minimize trauma, but give a safe grip with the tunnell ing 
forceps. Topped with three-way taps, the catheters were filled with a heparin- 
dextran solution (5000 IU heparin/4 ml dextran 30 %). All four connectors were 
fitted into a specially die-casted catheter port designed to keep the connectors in 
posit ion and ease daily catheter flushing (Fig. 1). The catheter port was anchored by 
two non-absorbable sutures to the animal's skin and by four sutures to a leather 
harness. The harness developed is similar to that of a guide-dog, tailored to the 
individual animal and worn prior to the operation to accustom the dog to it. 

Postoperative care and daffy catheter management 

Catheters were flushed every other day using a high viscosity 30 % dextran- 
heparin solution (prepared by the hospital pharmacy) to prevent  wash-out of 
heparin from the catheters. Daily, a portal venous flow recording was documented,  
the catheter port cleaned with a polyvinylpyrrolidon solution (Betadine | Mun- 
dipharma) and the catheter exit site treated with the corresponding cream. Follow- 
ing the occurrence of portal venous thrombosis in two animals, we commenced  
anticoagulation using acetylsalicylic acid (4 mg/kg b.w.) on alternate days. 

Leukocyte count, differential WBC count as well as measurement  of serum- 
albumin, creatinine, haemoglobin and body weight were ascertained once per 
week. Exper iments  were performed providing the leukocyte count was below 
20,000, albumin above 20 g/l, haemoglobin above 12 g%, and the animal consumed 
more than 2/3 of the daily ration and had normal stools (1). Unless these criteria were 
met, the dog was temporarily withdrawn from the experiment  and treated accord- 
ingly. 

Evaluation o f  the influence o f  nutritive substrates on portal venous f low 

Prior to all experiments,  the dogs were fasted for 18 hours. For the duration of the 
experiment,  the animals were placed in a Pavlov harness. No sedatives were 
required. With continuous portal venous flow recording, the experiments  started 
with an initial 30 min control period infusing isotonic saline at 200 ml/h. Thereafter, 
the test substrates were infused using different modes of application (e.g. continu- 
ous vs. bolus, different speeds). Those reported here are limited to infusion of 
saline, the peptide 1-glycine-l-tyrosine, its constituent amino acids and two com- 
plete nutri t ive formulas. For the latter, a chemically defined diet (Peptisorb | and a 
high molecular  formula (Biosorb | both products from Pfrimmer, Erlangen, FRG) 
were employed. 

Absorption experiments 

The control period (30 min, NaC1 0.9 %, 200 ml/h) was followed by a 180 minutes 
test period (200 ml/h). Portal venous blood flow was recorded continuously, and 
both arterial and portal venous blood was sampled using heparinized syringes 
(Monovette | Sarstedt, Nfirnbrecht, FRG) at 30 min intervals. Blood loss per experi- 
ment  totalled 80 ml, 5 ml each of arterial and portal venous blood being drawn at 8 
points of measurement.  As an example,  absorption measurements  following intra- 
jejunal  infusion of the dipeptide 1-glycine-l-tyrosine (Bachem Feinchemikalien, 
Bubendorf,  Switzerland) at both 2 mM and 20 mM concentrations, will be pre- 
sented. As a first control, an amino acid solution containing 1-glycine and 1-tyrosine 
(Sigma, M~nchen, FRG) at concentrations of 2 mM each was used, this being the 
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maximal solubility of tyrosine. All substrates were adjusted to an osmolarity of 300 
mosmol/kg by the addition of appropriate amounts of saline. A pH of 7.4 was 
maintained with 1 N NaOH. As a further control, these results were compared to 
those of continuous saline infusion to evaluate intestinal uptake and liberation of 
the respective amino acids in the postabsorptive state. 

Determination o f  plasma amino acids and the dipeptide glycine-tyrosine 

Protein-free plasma was obtained by precipitation using 5 % sulfosalicylic acid. 
The samples were frozen immediately at -70~ and transported on dry ice for 
further processing to the Research Institute for Experimental  Nutrition. Amino 
acids were analyzed according to Stein-Moore using an LC 5001 Biotronik automa- 
tic amino acid analyzer (Puchheim, FRG). 

As for the analysis of the dipeptide, the free amino acids were removed by 
absorption on a copper loaded Bio-Rad column and the small peptides eluted with 
alealic buffers. Following concentration and reconditioning, the samples were 
analyzed by the chromatography method referred to above. 

Validation o f  long-term electromagnetic f low measurements 

At relaparotomy, the position of the portal venous catheter was verified and the 
accuracy of the flow recording reevaluated. Non-occlusive and occlusive zero were 
compared, and a second flow probe implanted distal to the chronically implanted 
device for simultaneous flow recording. Thereafter, the animal was killed with 
sodium pentobarbital  and the portal vein specimen removed for histological exami- 
nation: the thickness of the vessel wall and its internal diameter at the site of the 
chronically and the acutely implanted flow probe were compared. 

Calculations 

Evaluation of appearance is restricted to the time of substrate infusion (3 hours) 
and does not include the following ebb phase, although absorption will clearly 
continue during this period. The experimental  data obtained (portal venous flow, 
arterial and portal venous substrate concentration) were subjected to computer 
analysis. The program calculates portal venous appearance rates by multiplying 
portoarterial concentration differences with the corresponding portal venous flow 
at each point of measurement.  The area under  the curve of appearance rates 
(corrected for the appearance rate during the initial control period) is then assessed 
to give the total appearance during the test period (= time of substrate infusion). 
Finally, both actual and cumulative portal venous substrate appearance are plotted 
against time (examples in Figs. 8, 9 and 10). 

R e s u l t s  

T h e  d e v e l o p m e n t  of th i s  a n i m a l  m o d e l  is ba se d  on  f ive dogs  w h i c h  
p a r t i c i p a t e d  in  the  e x p e r i m e n t s  for an  ave rage  of 9 weeks .  I n  dogs  1 a nd  2 
the  e x p e r i m e n t s  we re  t e r m i n a t e d  b e c a u s e  the  i n t r a c o r p o r a l  par t  of  the  
f low p r o b e  cab le  h a d  b r o k e n  (8 a n d  7 w e e k s  respec t ive ly) ,  dog  3 was  
w i t h d r a w n  f rom the  e x p e r i m e n t  d u e  to por ta l  v e n o u s  t h r o m b o s i s  (14 
weeks) ,  a n d  dog  4 d i ed  in  c o n s e q u e n c e  of  seps i s  d u e  to i n f e c t i on  of the  
s u b c u t a n e o u s  t u n n e l  (7 weeks) .  I n  the  5th dog  b r e a k a g e  of one  core  of  the  
f low p r o b e  cab l e  also occur red ,  b u t  was  r ep l aced  u s i n g  the  i m p r o v e d  
v e r s i o n  of  the  cab le  (see below).  This  dog  has  n o w  b e e n  p a r t i c i p a t i n g  in  the  
e x p e r i m e n t s  for m o r e  t h a n  7 weeks .  

E x a m i n a t i o n  of the  b r o k e n  cables  r evea led  the  cr i t ica l  b r e a k i n g  p o i n t s  
to be  the  p o i n t  of  in t ra -  to e x t r a - a b d o m i n a l  ex t e r io r i za t i on  of  the  cab le  to 
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the subcu taneous  tunnel,  and at the exit site at the skin. Both  are regions 
of  stress due  to con t inuous  m o v e m e n t  by respiration and daily manipula-  
t ion at the port  (flow recordings  and cleaning). Fur thermore ,  the metal  
cores wi thin  the cable were found to be under  some external  pressure  
because  of  the cable 's  heavy silicone insulation, further  increasing the 
damage  due to repeated bending.  Therefore, the flow probe cable was 
modified,  increasing the inner  d iameter  of the silicone insulat ion and the 
silicone interl ining be tween the cable 's  cores (outer diameter  4.5 vs. 3.1 
mm). 

Sept ic  episodes  were observed in all but  the first dog. Blood cultures 
were  always positive for p seudom onas  and enterococci.  The animals were 
t reated accordingly  (initial combinat ion:  cefoxitin and azlocillin, long- 
term therapy:  t r imethopr im-  and sul famethoxazol-conta ining syrup). 
Since all septic episodes occurred  at an interval of more  than two weeks  
postoperat ively,  handl ing  of the catheters  dur ing daily catheter  care 
seemed to be the mos t  likely origin. Catheter  care was therefore reduced  
and modified:  on alternate days, the catheters were aspirated, f lushed with 
saline and finally filled with a high viscous 30 % dextran  solution sup- 
p lemented  wi th  hepar in  (5000 U/ml) and Polybac t r im | (polymyxin,  baci- 
tracin, neomycin) .  In  addition, the catheter  exit was treated using a highly 
viscous polyvinylpyr ro l idon  cream. 

The use of silicone catheters  was associated with total portal venous  
thrombosis  in dog 3 and an incomple te  thrombosis  in dog 1. Po lyure thane  
seemed to be less thrombogenic ,  as with these catheters only a thin 
epithelial cover  was found  (dogs 2 and 4) (Fig. 2). A platelet aggregat ion 
inhibi t ing drug  was inst i tuted as an addit ional  th romboprophy lac t i c  
measure.  

Fig. 2. Histology of portal vein specimen seven weeks after the primary operation. 
Following removal of the portal venous catheter, the epithelial cover remains. There 
is no evidence of an inflammatory reaction to the polyurethane material. 
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Fig. 3. Intraoperative flow recording document ing correspondence of non-occlusive 
zero (NOZ) and occlusive zero (OZ). (Recording from right to left. Phasic flow.) 

M e a s u r e m e n t  o f  por ta l  v e n o u s  f l o w  

P r e o p e r a t i v e l y ,  n o n - o c c l u s i v e  zero a d j u s t m e n t  was  c o n f i r m e d  in  uns t i r -  
red  s a l i ne  for e a c h  f low probe .  N o n - o c c l u s i v e  a n d  oc c l u s i ve  zero c o i n c i d e d  
in  the  f low p r o b e s  u s e d  for i m p l a n t a t i o n .  

I n t r a o p e r a t i v e l y ,  c o n f i r m a t i o n  t h a t  n o n - o c c l u s i v e  zero c o i n c i d e d  wi th  
the  i n d i c a t e d  zero r e a d i n g  o n  m a n u a l  o c c l u s i o n  of  the  po r t a l  v e i n  (Fig. 3) 
a n d  tha t  i n j e c t i o n  of  a sa l ine  b o l u s  v ia  t he  por ta l  v e n o u s  c a t h e t e r  e l ic i ted  a 
c o r r e s p o n d i n g  f low i n c r e a s e  (Fig. 4) was  o b t a i n e d .  

I n  t h e  p o s t o p e r a t i v e  per iod ,  t he  ave rage  por t a l  v e n o u s  f low r a n g e d  f r o m  
16.7 to 24.9 m l  x r a in  -1 x kg  -1 (cf. Tab l e  1). As a rule ,  por ta l  v e n o u s  f low 

Fig. 4. Intraoperative flow recording documenting appropriate position of the portal 
venous catheter tip: injection of a 20 ml saline bolus is followed by a transient 
increase in portal venous flow. (Recording of mean flow.) 
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Table 1. Mean flow values in four dogs. (b.w. = body weight: kg; n = number  or 
measurements ;  flow values: ml • rain -1 x kg-1; V = coefficient of variation). 

Dog Mean b.w. n Mean flow SD SEM V 

1 29 25 16.7 4.5 0.9 0.27 
2 30 21 19.5 5.5 1.2 0.28 
3 31 92 19.7 7.7 0.8 0.38 
4 33 36 24.9 6.5 1.1 0.26 

w a s  r e c o r d e d  p r i o r  to  f e e d i n g ,  b u t  t h e r e  w e r e  e x c e p t i o n s .  E v e n t s  s u c h  as  
v e n o u s  t h r o m b o s i s  w h i c h  r e d u c e d  p o r t a l  v e n o u s  f l ow  w e r e  r e f l e c t e d  b y  
t h e  f l o w  r e c o r d i n g s .  H o w e v e r ,  a t e m p o r a r y  i n c r e a s e  in  p o r t a l  v e n o u s  f l ow  
s e e n  in  a l l  d o g s  d u r i n g  t h e  e a r l y  p o s t o p e r a t i v e  p e r i o d  is as  y e t  u n e x p l a i n e d  
(cf. F ig .  5). 

B o t h  t h e  t y p e  o f  nutri t ive  substrates  i n f u s e d  a n d  t h e  m o d e  o f  a p p l i c a -  
t i o n  ( b o l u s  vs.  c o n t i n u o u s )  w e r e  f o u n d  to affect  p o r t a l  v e n o u s  f low.  Con-  
t i n u o u s  i n f u s i o n  o f  a w h o l e  p r o t e i n -  a n d  f a t - c o n t a i n i n g  f o r m u l a  ( N D D ,  
e x a m p l e :  F i g u r e s  6 a n d  7) r e s u l t e d  in  a n  i m m e d i a t e  a n d  s u b s t a n t i a l  
i n c r e a s e  in  f low.  T h e  s a m e  w a s  f o u n d  for  b o l u s  a p p l i c a t i o n  o f  a p e p t i d e  
b a s e d ,  c h e m i c a l l y  d e f i n e d  d i e t  (CDD)  (Tab l e  2). H o w e v e r ,  c o n t i n u o u s  
i n f u s i o n  o f  t h e  C D D ,  o f  a m i n o  a c i d s  ( F i g u r e  9), p e p t i d e s  or  s a l i n e  w e r e  n o t  
f o l l o w e d  b y  s u b s t a n t i a l  i n c r e a s e s  in  f l ow  (Tab l e  2). 

To da t e ,  t h e  final validation o f  t h e  e l e c t r o m a g n e t i c  f l ow  m e a s u r e m e n t  
h a s  b e e n  p e r f o r m e d  in  o n e  a n i m a l  w h e r e  a h e a l t h y  s t a t e  c o u l d  n o t  b e  
r e s t o r e d  d u e  to  seps i s .  T h e  r e l a p a r o t o m y  w a s  p e r f o r m e d  s ix  w e e k s  a f t e r  
t h e  p r i m a r y  o p e r a t i o n  a n d  a s e c o n d  f l ow  p r o b e  p l a c e d  o n  t h e  p o r t a l  v e i n  a t  
a s i t e  p r e v i o u s l y  u n t o u c h e d  (cf. F i g u r e  10). N o  d i f f e r e n c e  in  p o r t a l  v e n o u s  
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Fig. 5. Example  of daily flow recordings. Per iod A (day 5 to 13) represents  the early 
postoperat ive  phase of high portal  venous flow. Period B (day 68 to 92) depicts  a 
s teady decrease in flow giving rise to suspicion of portal  venous thrombosis  
(verified at re laparotomy on day 100). On day 93 the exper iment  was terminated due 
to the broken flow probe cable. 
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Fig. 6. Recording demonstrat ing an immediate  increase in flow following infusion 
of a whole protein and fat containing formula (NDD = n&hrstoffdefinierte Di&t). 
(Recording from left to right. Mean flow.) 
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Fig. 7. Glucose appearance rate during infusion of a complete formula diet (NDD). 
a) Glucose appearance rate calculated from the product of portal venous flow and 
portoarterial concentration difference. The area under the graph represents glucose 
uptake during the period of investigation, b) Portal venou~ flow exhibit ing an 
immediate  increase after start of the enteral infusion, c) Arterial and portal venous 
glucose concentration as well as portoarterial concentration differences. 
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Table 2. Effect of substrate and mode of application on portal venous blood flow: 
fi = initial flow (ml/min), fm~ = maximal  flow (mYmin), increase = difference 
between f~ and fm~ (%), tm~ = time of peak value (min after start of experiment), 
kinetic: "yes" indicates a kinetic of flow induced by the substrate applied, "no" 
indicates a random variation of portal venous flow. GLY = glycine, TYR = tyrosine, 
CDD = chemically defined diet, NDD = nutr ient  defined diet. 

Dog 1 f~ fm~ Increase tm~ Kinetic 

Saline 525 550 5 15 no 
GLY+TYR 4 mM 650 700 8 60 no 
G L Y - T Y R  2 mM 500 550 10 120 no 
G L Y - T Y R  20 mM 425 425 0 - no 
CDD bolus 710 1000 41 50 yes 
CDD continuous 600 750 25 45 yes 
NDD continuous 570 920 62 90 yes 
Oral food 400 550 38 120 yes 

f low was  d e t e c t e d  b e t w e e n  the  f irst  a n d  the  s e c o n d  f low probe ,  n e i t h e r  
d u r i n g  u n i m p e d e d  f low n o r  d u r i n g  o c c l u s i o n  of  the  v e i n  (data  n o t  shown) .  
H i s t o l o g y  of  the  po r t a l  v e i n  r e v e a l e d  a s i g n i f i c a n t  i n c r e a s e  in  wa l l  th ick-  
n e s s  at  t he  s i te  of  the  c h r o n i c a l l y  i m p l a n t e d  f low p r o b e  n a r r o w i n g  t he  
l u m e n  b y  a p p r o x i m a t e l y  20 %. 

Sens i t i v i t y  o f  the m o d e l  for  absorpt ion m e a s u r e m e n t s  

T h e  f o l l o w i n g  r e su l t s  w e r e  o b t a i n e d  on  e v a l u a t i o n  of  the  m o d e l ' s  
s ens i t i v i t y :  

M e a s u r i n g  the  e x c h a n g e  of  a m i n o  ac ids  across  the  g a s t r o i n t e s t i n a l  t r ac t  
i n  t he  p o s t a b s o r p t i v e  state,  n o  r e l e v a n t  e x c h a n g e  was  s e e n  for ty ros ine ,  
w h e r e a s  to a sma l l  ex t en t ,  g l y c i n e  was  r e l eased  f rom the  g a s t r o i n t e s t i n a l  
t r a c t  to t h e  po r t a l  ve in .  F o r  a l a n i n e  a n d  g l u t a m i n e ,  s i g n i f i c a n t  re lease  a n d  
u p t a k e  r e spec t ive ly ,  was  f o u n d  (Table  3 a n d  Fig.  8). 

D u r i n g  i n f u s i o n  of  g l y c i n e - t y r o s i n e  at a 20 m M  c o n c e n t r a t i o n ,  t h e r e  w a s  
a c o n t i n u o u s  po r toa r t e r i a l  c o n c e n t r a t i o n  d i f f e r ence  r e f l ec t ing  u p t a k e  of 
g l y c i n e  a n d  t y r o s i n e  at  an  a p p r o x i m a t e l y  1:1 m o l a r  rat io,  a r t e r i a l  c o n c e n -  
t r a t i o n s  a t t a i n i n g  a p l a t e a u  120 m i n  af ter  onse t  of  the  i n f u s i o n  (Fig. 9). 

D u r i n g  the  3 h o u r  pe r iod  of  i n f u s i o n  (20 m M  g lyc ine - ty ros ine ,  200 ml/h)  a 
to ta l  o f  12 m m o l  g l y c i n e - t y r o s i n e  was  in fused .  I n  th i s  e x p e r i m e n t ,  po r t a l  

Table 3. Example of amino acid exchange across the gastrointestinal tract in the 
postabsorptive state. 

Portal venous substrate appearance 
mcmoY4 hrs. mcmol/h mcmol/h + kg b.w. 

Glycine 3,641 910 30 
Tyrosine 246 62 2 
Alanine 9,840 2,460 82 
Glutamine -13,059 -3,265 -109 
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Fig. 8. Re lease  of  l-alanine (a) 
and up t ake  of  1-glutamin (b) -~O08- 
by the  gas t ro in tes t ina l  t ract  
du r ing  en te ra l  infus ion  o f  -t808(~- 
saline. The  cumula t i ve  
appea rance  o f  bo th  amino  
acids  was compu ted .  (Dura- -14;,8~ 
t ion o f  expe r imen t :  30 to 270 
minutes . )  b) 
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Fig. 9. Por ta l  v e n o u s  appea rance  
fo l lowing  infus ion  o f  a 20 m M  solu- 
t ion  of  g lyc ine- tyros ine  over  3 
hours  (0 to 30 min:  sal ine control ,  
30 to 210 minu tes :  tes t  period). Al- 
t h o u g h  por ta l  v e n o u s  f low re- 
m a i n e d  cons tan t  (530 ___ 19 ml/min)  
a por toar te r ia l  concen ta t ion  differ- 
ence  d e v e l o p e d  deno t ing  a ne t  
appea rance  of  tyros ine  and  g lyc ine  
(data no t  shown)  in por ta l  venous  
blood.  Ne t  appea rance  was  calcu- 
la ted by  sub t rac t ing  the  average  
appea rance  dur ing  the  cont ro l  
pe r iod  f rom each  s u b s e q u e n t  va lue  
o f  t he  tes t  per iod.  Total  ne t  appear-  
ance  was ob ta ined  by eva lua t ing  
the  area u n d e r  the  graph  of  no t  
appea rance  by c o m p u t e r  (cf. text).  
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Fig. 10. Modification of blood flow measurements by changes in vessel wall thick- 
ness during chronic implantation of an electromagnetic flow measuring device. 
Change of voltage U (U2 vs. U1) consequent  to a decrease in diameter D (D2 vs. D1) at 
constant  values of flow (F = F1 = F2), magnetic field (B = B1 = B2), and density of the 
liquid (blood, Z = Z1 = Z2). Further  abbreviations: R = D/2 = radius, V = velocity, A 
= a • R z = cross section. Basic equations: (I) U = B • V • 2 R, (II) F = Z • V x A. 
Subst i tut ion of V in (II) by means of(I) yields: F = Z • Pi x R • U/2B. Since: F1 = F2. 
Hence: U~ • R1 = U2 x R2. Or: U2 = U1 x (DI/D2). The relation U2 = U~ • (DI/D2) may 
be modified by the following factors: (1) With reduction of the vessel's cross section 
and with increasing wall thickness, resistance between the electrodes goes down. 
Hence, the voltage may be reduced below the value given by the above equation. (2) 
If the magnetic field area is restricted to the inner  part of the vessel (for example 
half the distance between the electrodes), the radius in equation (I) is smaller than 
in (II). Consequently U2 might even increase with the reduction in cross section. 

v e n o u s  a p p e a r a n c e  a m o u n t e d  to 4.5 m m o l  t y r o s i n e  a n d  3.9 m m o l  g l y c i n e  
r e p r e s e n t i n g  a n e t  a p p e a r a n c e  of  38 % for  t y r o s i n e  a n d  33 % for  g l y c i n e  for  
the  t h r ee  h o u r  pe r iod  of  o b s e r v a t i o n .  

F o l l o w i n g  i n f u s i o n  of  2 m M  g l y c i n e - t y r o s i n e  or its c o n s t i t u e n t  a m i n o  
acids ,  n o  por t a l  v e n o u s  a p p e a r a n c e  was  d e t e c t e d  (data  n o t  shown) .  N e i t h e r  
w e r e  s i g n i f i c a n t  a m o u n t s  of  the  i n t a c t  d i p e p t i d e  g l y c i n e - t y r o s i n e  d i scov-  
e r ed  u n d e r  a n y  of  t he  a b o v e  c o n d i t i o n s  in  po r t a l  v e n o u s  b l o o d  (data  n o t  
shown) .  

D i s c u s s i o n  

E n t e r a l  f e e d i n g  is w i d e l y  u s e d  in  c l in ica l  p rac t i ce  today ,  a l t h o u g h  t he  
m e c h a n i s m s  of  a b s o r p t i o n  a n d  t he  u n d e r l y i n g  r e g u l a t o r y  p roces se s  are 
n o t  ye t  c o m p l e t e l y  u n d e r s t o o d .  Th i s  lack  of i n f o r m a t i o n  is r e f l ec ted  b y  the  
a r b i t r a r y  d e f i n i t i o n  of  f o r m u l a s  for  en t e r a l  feed ing .  F u r t h e r  r e sea r ch  in  
a b s o r p t i o n  p h y s i o l o g y  is t he r e fo r e  n e c e s s a r y  u s i n g  m o d e l s  w h i c h  c lose ly  
r e s e m b l e  the  c l in ica l  s i t ua t ion .  

A c h r o n i c  c a n i n e  m o d e l  was  the re fo re  deve loped ,  for the  f irst  t i m e  
e n a b l i n g  d i r ec t  a n d  q u a n t i t a t i v e  a b s o r p t i o n  m e a s u r e m e n t s  in  a c o n s c i o u s  
a n i m a l  b y  d e t e r m i n a t i o n  of  s u b s t r a t e  a p p e a r a n c e  ra tes  on  t he  se rosa l  side. 
T h e  de t a i l ed  d e s c r i p t i o n  of  th is  m o d e l  i n c l u d i n g  b o t h  the  a t t e n d a n t  a d v a n -  
tages  a n d  haza rd s  over  c o m p a r a t i v e  m e t h o d s  is t he  p u r p o s e  of  th i s  repor t .  
P r e s e n t a t i o n  of  r e su l t s  was  l i m i t e d  to w h a t  was  d e e m e d  n e c e s s a r y  for th i s  
p u r p o s e .  
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The  m e t h o d  p r o p o s e d  p rec ludes  the  a t t endan t  d i sadvan tages  of  absorp-  
t ion m e a s u r e m e n t s  by  de te rmina t ion  of  disappearance rates f rom def ined  
intes t inal  segments .  Occlus ion by  bal loons m a y  inf luence the intes t inal  
m o t o r  funct ion,  increase  the  uns t i r red  layer  and  the reby  reduce  the  
abso rp t ive  capac i ty  of  an intest inal  s e g m e n t  (11). The  s ame  object ions  are 
val id aga ins t  e x p e r i m e n t a l  t echn iques  us ing  pe r fus ion  of  isolated intesti-  
nal  s e g m e n t s  such  as the  Th i ry  vella loop (9). Al though  these  p rob l ems  are 
e x e m p t e d  in non-occ lus ive  t echn iques  us ing  in t ra lumina l  m a r k e r s  (e.g. 
PEG,  7), the  use  of  any  of  these  m e t h o d s  can de t e rmine  the  absorp t ive  
capac i ty  for shor t  intes t inal  s egmen t s  only  (e.g. 20 to 50 cm). Due  to 
changes  in abso rp t ion  rates  a long the  intest inal  t rac t  and  some  subs t ra tes  
exh ib i t ing  s ignif icant  local specif ic i ty  (13), the  resul ts  ob ta ined  in a 
def ined  s e g m e n t  canno t  be  ex t rapo la ted  to r ep resen t  the  total  absorp t ive  
capac i ty  of  the  intest inal  tract. Moni tor ing  the  appearance o f s u b s t r a t e s  on 
the serosal s ide is ano the r  m e a n s  of  m e a s u r i n g  absorpt ion .  However ,  mere  
m e a s u r e m e n t  of  subs t ra te  concen t ra t ions  in por ta l  b lood does  not  p rov ide  
suff ic ient  in format ion ,  s ince por ta l  venous  f low var ies  f rom individual  to 
indiv idual  (cf. Tab le  1) as well  as f rom day  to day  (cf. Fig. 5), and  m a y  be 
grea t ly  inf luenced  b y  the nutr i t ive  subs t ra tes  infused (cf. Table  2). Simul-  
t aneous  record ing  of  por ta l  venous  b lood  flow is the re fore  manda to ry .  
F r o m  m e a s u r e m e n t s  of  por ta l  venous  and arterial  subs t ra t e  concent ra -  
t ions as well  as por ta l  venous  b lood f low subs t ra te  a p p e a r a n c e  can  be 
ca lcula ted  at a g iven  t ime.  

As for the  pr inc ip les  o f  portal  blood f l ow  m e a s u r e m e n t s ,  direct  and  
indi rec t  m e t h o d s  are accepted:  indica tor  di lut ion t echn iques  ( su l fobromo-  
phthale in ,  i ndocyan ine  green  etc.) have  f requen t ly  been  used  to de t e rmine  
tota l  hepa t i c  b lood f low (6, 8). A l though  these  m e t h o d s  can be  modi f ied  to 
m o n i t o r  por ta l  v enous  f low by  infus ing the  indicator  into a mesen te r i c  
ve in  (8), this  t e chn ique  is not  sa t i s fac tory  for  f low m e a s u r e m e n t s  in 
chron ic  dogs  for the  fol lowing reasons.  (1) Ind ica to r  concen t ra t ion  is 
a l te red  by  an u n k n o w n  quant i ty  dur ing  its intest inal  passage  (absorp t ion  
of  water).  Correc t ion  b y  s imu l t aneous  de te rmina t ion  of  hema toc r i t  or  
h e m o g l o b i n  concen t ra t ions  in arterial  and  por ta l  venous  b lood requires  
addi t ional  b lood  sampl ing .  (2) Fu r the rmore ,  an addi t ional  mesen te r i c  
venous  ca the te r  is neces sa ry  for  indica tor  infusion wh ich  represen t s  
ano the r  po ten t ia l  source  of  sept ic  and  nonsep t ic  ( thrombosis ,  ileus) com- 
pl icat ions.  (3) Ind ica to r  di lut ion t echn iques  requi re  repet i t ive  b lood 
sampl ing ,  and  in chronic  e x p e r i m e n t s  b lood loss should  be  minimized.  (4) 
Finally,  these  m e t h o d s  do not  enab le  con t inuous  flow moni to r ing  and  
there fore  fail to de tec t  the  kinet ics  of  f low changes  fol lowing absorpt ion .  
This  appea r s  to be  of  special  re levance  in v iew of the rapid  changes  in 
por ta l  v e n o u s  f low obse rved  fol lowing intest inal  infusion of comple t e  
nut r i t ive  fo rmulas  (cf. Fig. 6). 

However ,  por ta l  venous  f low can be m e a s u r e d  direct ly  by  f lowmete r s  
based  on the  D o p p l e r  or on the  e l ec t romagne t i c  principle.  Both  m e t h o d s  
can be  appl ied  in chronic  exper imen t s .  Until  recently,  Dopp le r  f lowmete r s  
had  the  m a j o r  a d v a n t a g e  of  de te rmina t ion  of the  zero flow level w i thou t  
occ lus ion  of  the  vesse l  (i.e. non-occ lus ive  zero), bu t  since the latest  elec- 
t r o m a g n e t i c  f lowmete r s  also offer the non-occlus ive  zero ad jus tment ,  this  
la t ter  m e t h o d  n o w  a p p e a r s  the  better:  it does  not  require  a large d i ame te r  



210 Zeitschrift f~r Ern~hrungswissenschas Band 24, Heff 3 (1985) 

indwel l ing  catheter ,  which  migh t  inf luence f low and act  as a t h rom-  
bogen ic  factor; it can  de tec t  reverse  flow, and  it is in f luenced  to a lesser  
ex t en t  b y  var ia t ion  of  the  f low profi le  (16, 17). 

The  pr inc ip les  of  e l ec t romagne t i c  f low m e a s u r e m e n t s  inc luding  the  
non-occ lus ive  zero ad jus tment ,  are at p resen t  genera l ly  accep ted  for acute  
e x p e r i m e n t s  (17). However ,  to our  k n o w l e d g e  this m e t h o d  has  not  been  
e m p l o y e d  in chronic  expe r imen t s :  the  few pape r s  avai lable  giving resul ts  
of  such  e x p e r i m e n t s  ne i ther  va l ida ted  the de tec ted  f low b y  adequa t e  zero 
de te rmina t ions ,  nor  cons ide red  the  inf luence of the  " fore ign b o d y "  reac- 
t ion to the  f low p r o b e  (11, 12). 

The  zero a d j u s t m e n t  is no longer  critical w h e n  us ing  the  latest  genera-  
t ion of  e l ec t romagne t i c  f low p robes  and  amplif iers .  However ,  reac t ion  to 
the  chronica l ly  i m p l a n t e d  f low p r o b e  resul t ing in changes  in vesse l  wall  
t h i cknes s  r ema ins  a cause  for conce rn  dur ing  long- te rm flow measu re -  
men t s .  Theore t ica l  ca lcula t ions  canno t  de t e rmine  unequ ivoca l ly  the  direc- 
t ion of  a l tera t ion of  f low due  to th icken ing  of  the  vesse l  wall  (cf. Fig. 10). 
Therefore ,  the  changes  can  be  def ined  conclus ive ly  only by  c o m p a r i s o n  of  
the  f low reco rded  f rom the  chronica l ly  imp lan t ed  device  wi th  the  signal 
ob ta ined  f rom a second  acute ly  imp lan t ed  p r o b e  at r e laparo tomy.  This  
was  u n d e r t a k e n  in one animal ,  the  f low reco rded  f rom the chronical ly  
i m p l a n t e d  device  be ing  s u b s e q u e n t l y  val idated.  This  result ,  however ,  
requi res  conf i rma t ion  b y  repet i t ion  of  the  p rocedu re  in fur ther  animals ,  

P r o b l e m s  re la ted  to the  materials  used  for the  f low p r o b e  cable  and  for 
the  vascu la r  ca the te rs  could  be  o v e r c o m e  by  careful  se lect ion and  cont inu-  
ous  r e f i n e m e n t  of  the  mate r ia l s  employed .  In  addit ion,  an an t i th rom-  
bogen ic  p rophy lax i s  a p p e a r s  indicated,  p re fe rab ly  by  the  use  of  inhibi tors  
of  t h r o m b o c y t e  aggrega t ion  (salicylic acid). 

Ano the r  conce rn  is tha t  of  sept ic  complicat ions.  Sepsis  is an a t t endan t  
hazard  wi th  the  use  of  centra l  vascu la r  catheters ,  and  is of  par t icular  
s igni f icance  w h e n  they  canno t  be  replaced,  as in this model .  Aseps i s  
dur ing  opera t ion,  v igi lant  a t t en t ion  to hyg iene  dur ing  daily ca the te r  
m a i n t e n a n c e  and  expe r imen t s ,  immobi l i sa t ion  of  the  ca the te rs  in a por t  
m a d e  to measure ,  an ant i sept ic  s u p p l e m e n t  to the  ca the te r  con ten t s  and  
an ant ibiot ic  c r eam at the  ca the te r  exi t  site a p p e a r  to be  effect ive p rophy-  
lactic m e a s u r e s  agains t  l i fe- threatening sepsis.  In  addit ion,  at  the  first 
s igns of  a sept ic  compl ica t ion ,  l eucocyte  count ,  b lood  cul tures  and  an 
adequa t e  ant ibiot ic  t he r apy  is indicated.  

Us ing  such  p rophy lac t i c  and  the rapeu t i c  measures ,  the  an imals  can be  
k e p t  in good  heal th  wi th  all ca the te rs  and  the  f low-measur ing  device  
work ing  over  long per iods  of  t ime. 

In  general ,  the  da ta  on basal portal  venous  f l o w  presen ted  here  agree  
wi th  those  in the  l i te ra ture  repor t ing  e l ec t romagne t i c  por ta l  venous  flow 
in the  fas ted  dog to be  13.9 _+ 6.5 ml  • kg  -1 • rain -I  (6) (cf. Table  1). Others,  
however ,  us ing  an ind ica tor  di lu t ion t echn ique  repor ted  a por ta l  venous  
b lood  f low of  37.5 _+ 2.3 ml  • min  -1 • kg  -1 in the  consc ious  (n = 3) and  of  
29.1 + 14 ml  • rain -1 x kg  -1 in the  anaes thes ized  dog (8). This  d i s c r epancy  
b e t w e e n  the  two m e t h o d s  is due  to the  neces sa ry  a s s u m p t i o n s  concern ing  
abso rp t ion  or di lut ion of  the  indica tor  dur ing  splenic  passage,  wh ich  
renders  the  resul ts  o f  the  two m e t h o d s  incomparab le .  
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F o l l o w i n g  i n t e s t i n a l  app l i ca t ion  o f  n u t r i t i v e  s u b s t r a t e s ,  por ta l  v e n o u s  
f l o w  was found  to be  s ignif icant ly  inf luenced by  bo th  the  t ype  of nut r ien ts  
infused  and  by  the  m o d e  of  appl icat ion.  In fus ion  of  ne i ther  isotonic saline 
no r  of  the  tes t  pep t ide  g lycine- tyros ine  or its cons t i tuen t  amino  acids lead 
to an  increase  in por ta l  venous  flow. The  re levant  factors  med ia t ing  the  
increase  in f low fol lowing infus ion of a comple t e  nutr i t ive  fo rmula  have  
ye t  to be  identified.  The  candida tes  inc lude  osmolar i ty ,  pH,  protein,  fat 
and  ca rbohydra tes .  The  mode l  p ropos ed  appea r s  sui table  for such  investi-  
gat ions.  

Por ta l  v e n o u s  a p p e a r a n c e  of  entera l ly  infused subs t ra tes  as a m e a s u r e  of  
abso rp t ion  is c loser  to the  in v ivo  s i tuat ion than  lumina l  d i s appea rance  
rates.  The  la t ter  are m o s t  va luab le  tools  for the  def ini t ion of  subs t ra t e  
u p t a k e  a long shor t  intest inal  s egm en t s  (7, 9). H o w e v e r  conc lus ions  
t owards  the  total  abso rp t ive  capac i ty  of  the  intes t inal  t rac t  should  not  be  
ba sed  on m e a s u r e m e n t s  of  absorp t ion  in a shor t  intest inal  segment ,  
because  the  aff ini ty of  the  intes t inal  m u c o s a  for  di f ferent  subs t ra tes  var ies  
a long the  gas t ro in tes t ina l  t rac t  (13). In  contrast ,  m e a s u r e m e n t  of  absorp-  
t ion by  por ta l  ve nous  a p p e a r a n c e  includes  u p t a k e  f rom u p p e r  and  lower  
s e g m e n t s  of  the  intes t inal  t rac t  if  s t eady  s tate  condi t ions  are reached.  
Therefore ,  this  m e t h o d  enables  calcula t ion of  the  total  abso rp t ive  capac i ty  
and  closely r e s e m b l e s  the  clinical s i tuat ion wi th  respec t  to bo th  subs t ra t e  
app l ica t ion  and  m e a s u r e m e n t  of  nu t r i en t  uptake .  

In  addi t ion,  the  nu t r i en t  c o m p o n e n t s  appea r ing  on the por ta l  venous  
side can  be  identif ied:  fol lowing infusion of  g lycine- tyros ine  no intact  
pep t ide  was  de tec ted  in por ta l  venous  blood, indicat ing the  re levance  of  
b r u s h  bo rde r  and  int racel lular  hydro lys i s  for the  abso rp t ion  of  this pep-  
tide. 

C o m p a r e d  to t racer  t echn iques  requi r ing  f requen t  b lood  sampl ing  for 
t racer  de te rmina t ion ,  this m o d e l  min imizes  b lood  loss. More  impor tan t ly ,  
however ,  m e a s u r e m e n t  of  abso rp t ion  by  de t e rmina t ion  of  por toar te r ia l  
concen t ra t ion  d i f fe rences  is not  res t r ic ted  to the  subs tances  t raced:  por ta l  
v e n o u s  and  arterial  a m i n o g r a m s  as well  as s imul t aneous  de te rmina t ions  of  
c a rbohyd ra t e s  and  l ipids can  be pe r fo rmed .  Whereas  va luab le  in fo rmat ion  
regard ing  up take ,  d is t r ibut ion  and  m e t a b o l i s m  of  wel l -def ined mode l  
subs t r a t e s  has  e m e r g e d  f rom t racer  t echn iques  (e.g. glucose,  1), the  role of  
the  p r o p o s e d  mode l  will be  the  inves t iga t ion  of abso rp t ion  f rom c o m p l e x  
nut r i t ive  formulas .  This  re i terates  the  initial max im ,  n a m e l y  tha t  the 
m o d e l  should  enab le  c o m p a r i s o n  of  abso rp t ion  f rom different  nutr i t ive  
fo rmulas  and  t h e r e b y  aid in deve lop ing  cri teria for the  compos i t ion  of 
c o m p l e t e  fo rmulas  app rop r i a t e  for small  bowel  feeding.  

The  m o s t  i m p o r t a n t  p re requ is i t e  for such  m e a s u r e m e n t s  is, however ,  
the  s e n s i t i v i t y  of  the  model .  F r o m  these  pi lot  s tudies  it can be conc luded  
tha t  the  sensi t iv i ty  in de tec t ing  abso rp t ion  is c o m p a r a b l e  to measure -  
m e n t s  of  d i s a p p e a r a n c e  rates. In  this s tudy,  u p t a k e  could be  de tec ted  
w h e n  a 20 m M  glyc ine- tyros ine  solut ion was  infused  at 200 ml/h  t he r eby  
del iver ing  4 m m o l  of  the  pep t ide  per  hour.  No u p t a k e  was de tec ted  us ing  a 
2 m M  solut ion  at  the  s a m e  speed  of  infusion co r re spond ing  to a de l ivery  of  
0.4 m m o l  per  hour.  In fus ion  of  a m i x t u r e  of  12 d ipep t ides  into a 20 c m  
s e g m e n t  of  h u m a n  in tes t ine  at  20 ml/min,  resul ted  in a repor t  of  s ignif icant  
d i s a p p e a r a n c e  f rom the  in tes t inal  l u m e n  for  the 6 m M  concent ra t ion ,  
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whereas  at 2 mM disappearance  was minimal  (15). This cor responds  to the 
del ivery of  7.2 and 2.4 m m o l  per hour  to the small intestine and thus 
demons t ra tes  the sensitivity of  bo th  methods  to be in the same range. 
Moreover,  the exchange  of  amino acids across the gastrointest inal  t ract  
dur ing enteral infusion of  saline also agreed with compara t ive  l i terature 
data repor t ing release of alanine be tween  48 and 118 mcmol /h  x kg and 
up take  of  g lu tamine  be tween  45 and 78 mcmol /h  x kg (14). This is in 
cor robora t ion  of  data obta ined wi th  the model  descr ibed here. 

In  addition, this mode l  provides  a wide range of  potential  extensions 
which  could be valuable in absorpt ion physiology.  The site of  substrate  
appl icat ion can be varied be tween  gastric, duodenal  and jejunal infusion, 
the immedia te  pos topera t ive  absorpt ive capaci ty  m a y  be compared  with 
absorpt ion  dur ing the later pos topera t ive  course, addit ional  hepatic  vein 
cannula t ion  would  permi t  measu remen t  of  t ranshepat ic  substrate  flux, 
addit ional  gastric and/or pancreat ic  fistula would  enable invest igation of  
feeding effects on these organs, and addit ional  measu remen t  of  horrnones  
would  allow the identif ication of  mediators  be tween  absorpt ion and sec- 
ondary  effects on portal  venous  b lood flow, and pancreat ic  and gastric 
secretion. 

In summary ,  this mode l  enables chronic  exper iments  with substrate  
appl icat ion resembl ing  the clinical si tuation and measu remen t  of absorp- 
t ion which  reflects total uptake  along the gastrointest inal  tract. Al though  
not  wi thout  hazards,  the problems associated appear  to have been over- 
come and the results are reliable. The m e t h o d  seems especially appropri-  
ate for the evaluat ion of  absorpt ion  f rom complex  nutri t ive mixtures  and 
will therefore  help to define criteria for an optimal compos i t ion  of  enteral  
feeding formulas.  Because  it also offers a wide range of  potential  exten- 
sions, this animal  mode l  is of  both  clinical and physiological  relevance. 
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