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In patients who require enteric tube-feeding the osmolality of the formulas is assumed to play an
important role. There is the dilemma that osmolality increases as the digestibility of formulas
is enhanced by means of degradation of the nutrients. Hitherto there have been no reports of
whether there are differences in nutrient absorption and water fluxes between iso-osmotic
polymeric and hyperosmotic oligomeric diets. We therefore investigated absorption of nutrients
and net fluxes of water during perfusion of & fn jejunal segment with oligomeric, polymeric

and commercial oligopeptide diets either in the absence of pancreatic juice or with concomitant
infusion of pancreatic enzymes. In the absence of pancreatic juice the absorption rates of the
polymeric diet and the commercial oligopeptide diets reachéd &8d 848 % respectively of

that of a completely-hydrolysed hyperosmotic oligomeric diet. The concomitant infusion
of pancreatic enzymes with the polymeric and oligopeptide diets significantly increased the
absorption rates of nutrients and energy. The highest absorption rate of energy occurred with
the commercial formula Survim&d(Fresenius, Bad Homburg, Germany), probably due to an
optimal composition of the macronutrients. The increase in absorption due to the degradation
of nutrients by pancreatic enzymes was associated with an increase in net water secretion and
flow-rate, reaching similar values to those with the hyperosmotic oligomeric diet. It may be
concluded that iso-osmotic oligopeptide formulas require further pancreatic hydrolysis for
optimum absorption. In patients with normal pancreatic secretion, oligopeptide formulas have
no advantage over polymeric diets. In patients with reduced pancreatic secretion, either
completely-hydrolysed hyperosmotic oligomeric diets or polymeric diets supplemented with
pancreatic enzymes are appropriate.

Enteral nutrition: Osmolality: Nutrient hydrolysis

In enteral nutrition there is the choice to administer diets In addition to the choice of application, a large number
either into the stomach or into the proximal small intestine. of commercial diets are available for enteral tube-feeding
In most patients who require tube-feeding, administration (Gottelandet al. 1997). For categorization of enteral formu-
of polymeric formulas into the stomach is appropriate las, different systems were proposed. One system subdi-
(Kirby & Fleming, 1995). Jejunal access is recommended vides formulas into polymeric, oligomeric and monomeric
in patients with recurrent tube-feeding aspiration, gastro- enteral diets according to the molecular form of the nutrients
paresis, and in critically-ill patients (Kirby & Fleming, (Gottelandet al. 1997). Polymeric diets contain the three
1995; Gorman & Morris, 1997). There are several major macronutrients in large molecular form and consequently
differences in physiological functions between gastric and require digestion by pancreatic enzymes. They are recom-
enteric feeding. With gastric feeding the delivery of chyme mended for patients with normal gastrointestinal function
into the small intestine is regulated by the enteric feedback and in particular for gastric infusion of the diet. With
mechanism, formulas of high energy density are diluted by oligomeric formulas, carbohydrate and protein have been
gastric, biliary and pancreatic secretions so that the chymehydrolysed to oligosaccharides and oligopeptides, thus they
entering the jejunum is iso-osmotic (Millest al. 1978). are also called oligopeptide diets. They require minimal
With gastric feeding, therefore, osmolality of the diets plays pancreatic digestion and are recommended for patients with
no role. In contrast, with jejunal feeding the feedback reduced digestive capacity or special intestinal diseases
control is eliminated, and the higher energy density of (Gottelandet al. 1997; McCamistet al. 1997). Monomeric
formulas which is required to meet the daily energy require- formulas contain nutrients in their monomeric form, e.g.
ment without surplus of water may cause osmotic problems. glucose and amino acids. In enteric feeding there is the
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dilemma that with increasing degree of hydrolysis and Stuttgart, Germany. Surgical procedures were performed
digestibility of the nutrients the osmolality of the diets under general anaesthesia with tiletamine and zolazepam
also increases. This is a particular problem with enteric (1:1, w/w; Tilest’; Parke-Davis, Berlin, Germany;
feeding because of the high energy density required with 6 mg/kg intramuscularly) and halothane in,-€N,O
the enteral diets. The monomeric formulas are characterized(05:4915 : 4975-10 : 493 : 495, by vol.). Three cannulas
by a high osmolality. With oligomeric diets the osmolality made of silicone rubber (ElastdsilR401/70E; Wacker,
depends on the degree of hydrolysis of carbohydrate andMunich, Germany) were implanted into the proximal jeju-
protein. The endproducts of pancreatic degradation arenum at 1, 2 and [B5 m distal to the ligament of Treitz. The
mainly oligopeptides and oligosaccharides. With a diet of cannulas were exteriorized through the right abdominal
high energy density these oligomers already produce a highwall. The intraluminal base of the cannulas was positioned
osmolality. Thus, the nutrients of commercial oligomeric at the abdominal wall in a ventro-dorsal direction. The
diets are only partially hydrolysed and oligomeric diets upward flow of digesta facilitated the outflow of chyme
therefore represent a compromise between facilitating through the opened cannulas.
assimilation and absorption of nutrients and limiting the
increase in osmolality. In a previous study it was shown
that a starch hydrolysate of low molecular weight containing
a glucose polymer fraction of up to ten glucose molecules The jejunal segment located between the middle and the
can be absorbed in the absence of pancreatic enzymes, andistal cannulas was perfused with different enteral diets.
even a high-molecular-weight fraction was surprisingly well For this purpose, a balloon catheter was inserted into the
absorbed (Jonest al. 1983). However, the extent to which  mid-cannula. The tip of the catheter was positioned 150 mm
the three macronutrients of approximately iso-osmotic aboral of the cannula. Thus, the length of the jejunal test
commercial oligomeric formulas can be absorbed without segment was@ m. The residues of the infused enteral diets
further hydrolysis by pancreatic enzymes in comparison were drained by the distal cannula, whereas the chyme
with a highly-hydrolysed hyperosmotic oligomeric diet has emptying from the stomach, bile and pancreatic secretion
not been investigated. It is generally accepted that high were drained by the proximal cannula. Absorption of
osmolality of enteral diets should be avoided because it may nutrients and net fluxes of water were measured by the
affect its tolerance and produce gastrointestinal sequelaedifferences between infused and recovered nutrients or
(Gottelandet al. 1997). However, it remains to be deter- water according to the equation described by Modigliani
mined whether low osmolality of oligomeric diets is really et al.(1973):
of advantage in enteric feeding. We hypothesize that an
iso-osmotic oligopeptide diet may require further pancreatic
degradation of the nutrients, and thus osmolality of the markef used
chyme may increase to a similar extent to that with an x
absorbable hyperosmotic oligomeric diet.

Thus, the aim of the present study was to clarify these All diets were supplemented with the non-absorbable
unsolved questions. In unanaesthetized minipigs, absorptionmarker Co-EDTA (50 mg/l).
of nutrients and energy, net flux of water and flow-rates
were measured by perfusing 8In jejunal segment with
a hyperosmotic oligomeric diet (in which the three macro-
nutrients are hydrolysed to such an extent that further Five enteral diets were used, three commercial diets and
pancreatic degradation is not required), a polymeric diet two self-made diets. The commercial diets were oligo-
(in which the three macronutrients are in large molecular peptide diets: Peptisorb(Pfrimmer, Erlangen, Germany),
form), and three approximately iso-osmotic commercial Survimed' (Fresenius, Bad Homburg, Germany), and
oligopeptide diets (formulas containing oligopeptides and Salvipeptid’ (Clintec Salvia, Nuremberg, Germany). The
oligosaccharides) with different ratios of the three macro- composition of these oligopeptide diets differed markedly
nutrients. Absorption rates were measured in the absenceboth in the ratio and the amounts of carbohydrate, protein
of pancreatic juice and during concomitant infusion of and fat (Table 1). Peptisorb contains large amounts
pancreatic juice. of carbohydrate and small amounts of fat, whereas Salvi-
peptid’ contains large amounts of fat and small amounts
of carbohydrate. Surviméd has an intermediate com-
position of nutrients (Table 1). The degradation of carbohy-
Studies were performed in five female ‘Troll' minipigs drate and protein also differed among the three commercial
weighing 44-50kg. The animals were fed twice daily formulas (Fig. 1). With Peptisotband Salvipeptid, starch
with a diet containing (% energy): 75 as carbohydrate, 15 was hydrolysed to a larger extent than with Survimed
as protein, 10 as fat. The energy supply was 7000 kJ/d, whereas the extent of hydrolysis of protein was higher with
corresponding to 400 kJ/kg body weifht. Survimed' and lower with Peptisoﬁ) and Salvipeptid.
The diets originally had an energy density @ &J (1 kcal)/
ml. The energy density was reduced td BJ (08 kcal)/ml
in order to be able to add bile, pancreatic juice, and the
The procedures used in the present study were approved byCo-EDTA marker. The diets were infused into the jejunal
the Animal Care Committee of the ‘Regierung&spdium’ segment either without or with bile and pancreatic enzymes.

Measurement of nutrient absorption and net flux of water

absorp'[iomutrient = nUtrieminfused_ nUtrientrecovered

marke lrecovered

Enteral diets

Materials and methods

Surgical procedures
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Table 1. Composition and osmolality of the enteral diets

Ratio of Amounts of
macronutrients macronutrients Concentrations of electrolytes Osmolality
(% energy) (a/l) (mmol/l) (mosmol/kg)
Diets CHO Protein Fat CHO Protein Fat Kt ca®t Mg*t cr- PO,%" Beforett Aftertt
Oligomeric* 75 15 10 1554 2512 738 120 607 508 04 9914 41 780 780
Polymerict 75 15 10 1598 2201 73| 120 10 0o oz 6008 orR 440 718
Peptisorb”+ 75 15 10 150 30 8@y 120**(60) 30 128 73 87+ (27) 20 440 706
Survimed”t 60 18 22 10 36 208Y 120** (44) 32 15 8 93** (33) 16 550 810
Salvipeptid” 54 19 27 108 38 244 120** (45) 45 10 7@  105* (45) 1209 400 679

CHO, carbohydrate.

*Diet in which the three macronutrients are hydrolysed to such an extent that further pancreatic degradation is not required.

T Diet in which the three macronutrients are in large molecule form.

F Commercial formulas containing oligopeptides and oligosaccharides; for details of sources, see pp. 546-548.
§ Micellar suspension of partially-hydrolysed triacylglycerol derived from an emulsion of triacylglycerol (Lipovends; Fresenius, Bad Homburg, Germany); for details of

procedure, see pp. 546—548.
|| Lipovends.

9§ Contains (g/100 g fat): long-chain triacylglycerols 50, medium-chain triacylglycerols 50.

** After adjustment of Na to 120 mmol/l.
11 Before and after in vitro hydrolysis.
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Fig. 1. Degree of hydrolysis of carbohydrate (a) and protein (b) of
the oligomeric diet (M) and the three commercial oligopeptide
formulas. The oligomeric diet is characterized bDy high degradation
of both carbohydrate and protein. Survimed- (Fresenius, Bad
Homburg, Germany; 2 is characterized by high degradation of
protein and low degradation of carbohydrate, whereas Peptisorb"
(Pfrimmer, Erlangen, Germany; () and Salvipeptid® (Clintec Salvia,
Nuremberg, Germany; B&) are characterized by high degradation of
carbohydrate and low degradation of protein. AA, amino acid; MW,
molecular weight. For details of composition of diets, see Table 1.

In those experiments in which no bile and pancreatic
enzymes were added, the commercial diets were diluted
to 34 kJ/ml with distilled water.

The bile was produced by dissolving 159 bile extract
(B-8631; Sigma, St Louis, MO, USA) in 100 ml distilled
water. Bile solution (B2 g) was added to 100 ml diet. The
pancreatic solution consisted dB3 g Pancreatif (P-1750;
Sigma) dissolved in 100 ml distilled water. The commer-
cial diets and the pancreatic solution were infused into
the jejunum using separate pumps (KP 2000; Desaga,
Heidelberg, Germany) so that hydrolysis of the nutrients
commenced in the small intestine. Pancreatic solution
(0B ml) was added to[®@ ml diet resulting in a Pancreatin
concentration of @ g/l solution.

Additionally, two self-made enteral diets were used: an
oligomeric and a polymeric diet. The compositions of
nutrients and of electrolytes are summarized in Table 1.
For both diets the ratio (% energy) for carbohydrate, protein
and fat was 75:15:10 respectively. This ratio of nutrients
was identical with that of the commercial diet Peptisorb
(Table 1).

The carbohydrate in the oligomeric diet consisted of
maltodextrin (C-Put 1934; Cerestar, Krefeld, Germany)
which comprised (g/kg): glucose 15, maltose 350, malto-
triose 210, oligosaccharides 425 (Fig. 1). The protein
consisted of hydrolysed whey protein (Hyprol 8680
Quest International, Zwijndrecht, The Netherlands) which
comprised (g/kg): amino acids 150, di- and tripeptides 500,
oligopeptides 300, polypeptides 50 (Fig. 1). A commercial
emulsion of triacylglycerol (Lipoveisy, 100 ml/l; Frese-
nius) was used as the fat component. Before intestinal
perfusion the fat emulsion was hydrolysed vitro
by pancreatic enzymes. For this purposd7@gLipovens”
were mixed with & mg cholesterol (C-3292; Sigma),
623mg bile salts (B-8756; Sigma), 667 mg Pancréatin
(P-1750, Sigma) and small amounts of distilled water.
During the hydrolysis at 37the pH was kept at @ by
pH-stat (Titrator D3; Metrohm, Herisau, Switzerland) titra-
tion with O3 M-NaOH. After the addition of 20 ml NaOH,
the hydrolysis was stopped by cooling, and distilled water
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was added to produce a final weight of 100g. The hydro- during the 60 min test period and the complete experiment
lysed fat solution represented a micellar suspension. It waswere 973 (SD 6[4) and 932 (SD 6[7) % respectively. At
composed of (g/kg): free fatty acids 487, monoacylglycerol the mid-point of the test period, transit time was measured
247, diacylglycerol 131, triacylglycerol 135. In comparison by injection of a @B ml bolus (5mg) Cr-EDTA into the
with the commercial oligopeptide diets the nutrients of the jejunal segment. During the subsequent period the effluent
self-made oligomeric diet were hydrolysed to a larger extent of the distal cannula was collected in short intervals for
(Fig. 1). Consequently, the osmolality of the self-made recovery of the transit marker.

oligomeric diet was much higher (Table 1). Preliminary At the onset of the test period (time 0) the animals were
experiments showed that replacing the oligosaccharide withgiven a test meal to induce postprandial conditions. The
maltose did not enhance the absorption rate, whereasmeal was eaten within 2min. The energy of the meal
replacement with glucose reduced the absorption rate.(3485kJ) met half of the daily requirement. The meal was
Additionally, the concomitant infusion of pancreatic drained by the proximal cannula as it emptied from the
enzymes did not enhance the absorption rate of energy,stomach. Consequently, bile and pancreatic juice did not
i.e. hydrolysis by the brush-border enzymes was sufficient enter the jejunal test segment during the experiment.

for absorption of the three nutrients. Thus, with the oligo-

meric diet the degradation of the three nutrients provided

maximal absorption rates for the nutrients and of energy. Analysis of nutrients, energy and marker

The carbohydrate—protein solution and the micellar fat Th
suspension were infused using separate pumps because thgn
solution containing all three components was unstable. The
energy density was[38 kJ (08 kcal)/ml.

The polymeric diet was composed of soluble starch
(C-PuF 1905; Cerestar, Krefeld), lactalbumin and an emul-
sion of triacylglycerol (Lipoveiis’, 100 ml/l; Fresenius;
Table 1).

The Na concentration of all five solutions was adjusted
to 120mmol/l so that absorption of nutrients was not
influenced by a possible deficiency of Na. The concentra-
tions of the other electrolytes varied slightly among the
commercial diets (Table 1). With the self-made oligomeric
and polymeric diet the concentrations of these electrolytes
were small (Table 1).

e concentrations of nutrients (carbohydrate, protein,
d fat) and of the Co marker, and the energy density
were determined in the diets and the effluent of the distal
cannula. The samples for the analysis were homogen-
ized by ultrasound (Sonopuls HD 200; Bandelin, Berlin,

Germany).

The concentration of carbohydrate was determined
using a commercial kit (starch-test; Boehringer, Mannheim,
Germany). The content of protein was determined using
an automatic N analyser (Macro-N; Heraeus, Hanau,
Germany). The fat was extracted with light petroleum
(40r-60) after hydrolysis of carbohydrate and protein
with 8M-HCI. Fat extraction was performed using a semi-
automatic device (Soxtherm; Gerhardt, Bonn, Germany).
The fat content was determined by weighing the extracted
fat. The energy densities of the diets and of the intestinal
Experimental procedure effluents were determined as the sum of the energy of each

acronutrient. The conversion values used to calculate
he energy contribution of the macronutrients (kJ) are
summarized in Table 2.

The concentrations of Co and Cr were measured by
atomic absorption spectrometry (Perkin EImebddingen,
Germany).

At the onset of each experiment the cannulas were opene
and a balloon catheter was inserted into the middle cannula.
The balloon was inflated with air using a pump at a constant
pressure of 250 mm water. The corresponding volume of
the balloon varied from 5 to 15 ml, resulting in a diameter
for the balloon of between 10 and 20 mm. The experimental
session lasted 90 min and was divided into three periods:
—-30-0 min was the equilibration period, 0-60 min was the Transit time and flow-rate

test period (steady-state), and 60—90 min was the marker-

recovery period. At the onset of the test period (time 0) a test The mean transit time of a bolus was determined as the time
meal was fed. During the 60 min test period the absorption interval between the injection of the Cr-EDTA marker and
rates of nutrients and energy were measured. Fr@0— the recovery of 50% of the marker in the effluent of
60 min one of the diets was infused into the jejunal segment the distal cannula. The flow-rate (ml/min) was defined as
via the balloon catheter. The residues of the diets remainingthe volume of fluid passing the jejunal segment per min. It
unabsorbed were drained from the distal cannula. During

the marker-recovery period the test segment was perfuse

with saline (9g NaCI/I). The infusion rate of all diets into dTable 2. Conversion values used to calculate the energy contribution

of macronutrients (kJ) in the two self-made diets (oligomeric and

the jejunal segment wa_sEBnI/min, including iqfusion of polymeric) and three commercial formulas used*
pancreatic enzymes. Since the energy density wa&J3 : :
(0 kcal)/ml the energy supply wa$2&kJ (2kcal)/min. The  Diets Carbohydrate (kJ/g) ~ Protein (kJ/g)  Fat (kJ/g)
three g:ommercial oligo_peptide _diets and the p(_)lymeric diet oligomeric 185 22193 4533
were infused either with or without pancreatic enzymes, Polymeric 1869 2601 4533
whereas the oligomeric diet was always infused without gulfv_imed_zu igzﬂf gg%i jgg;

; ; ; ; alvipepti
pancreatic enzymes. Thus, nine different experiments werePelotisorbD 1782 261 P

performed. The sequence of the diets was selected in
random order. The mean recoveries of the Co marker *For details of composition and sources, see Table 1 and pp. 546-548.
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Fig. 2. Absorption rates of carbohydrate (B&), protein (&), fat ((J) and total energy during perfusion of two self-made diets and three commercial
formulas without (a) and with (b) pancreatic enzymes (Pancreatin-; Sigma, St Louis, MO, USA) in pigs. Values are means and standard deviations
represented by vertical bars for five pigs. Mean values were significantly different from those for the oligomeric diet: * P < 0-05. Mean values were
significantly different from those for the other diets: T P < 0-05. For details of composition and sources of diets, see Table 1 and pp. 546—548. For
details of animals and procedures, see pp. 546—549.

was determined from the equation: in vitro by pancreatic enzymes. As in tle vivo experi-

ments, 5 ml of a Pancreatirsolution (333 g/l) was added to
markerssed 20ml diet. The solution was kept at 370ver a 30min
period samples were taken in 1min intervals and the
osmolality was measured immediately using an osmometer
(OM 801; Vogel, Giessen, Germany). Three experiments
were performed with each diet.

flow-rate (ml/min) = volumeyguent X ————,
markerrecovered

where volumesent IS the volume recovered at the distal
cannula, markef,seqand markegcovereq@re the amounts of
marker which were infused and recovered during the 60 min
test period. Statistics

For each pig, two experiments were performed with each
of the nine different diets and procedures. From the data of
the two experiments a mean value was calculated. Values
Nutrients entering the small intestine are rapidly hydrolysed are presented as grand means and standard deviations for
by pancreatic enzymes. In the jejunal study segment, hydro-data from the five pigs. A pairetkest was used to compare
lysis of the polymeric diets was caused by the concomitant absorption of nutrients during infusion of diets either with
infusion of pancreatic enzymes. The degradation of carbo- or without pancreatic enzymes. Differences in absorption
hydrate and protein increases the osmolality. In order to rates of energy and nutrients, and net flux of water, and
determine the time-course and the level of changes indifferences in flow-rate and transit time among the diets
osmolality occurring in the gut, the three commercial were analysed using ANOVA. A probability value of
oligopeptide diets and the polymeric diet were hydrolysed P < 0-05 was considered significant.

In vitro hydrolysis of enteral diets
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Table 3. Absorption of energy and macronutrients from two self-made diets (oligomeric and polymeric) and three commercial diets¥ infused with or
without pancreatic enzymes (Pancreatin”)§ in pigs|

(Mean values and standard deviations for five pigs)

Absorption of:

Energy Carbohydrate Protein Fat
kJ/min kJ/min kJ/min kJ/min
Enteral diets Mean SD %9 Mean SD %9 Mean sSb % Mean SD %
Oligomeric diet 431 0148 513 304 0B7 4918 0B1 o1 643 037 oao 440
Polymeric diet: Alone 248t 023 293 2[00t 026 318 027t oas 214 o1t 006 2500
+ Pancreatin” 4025* 00 506 329* 0{70 5212 0B3 oas 420 0[44* 0m7 52(4
Peptisorb”: Alone 369t o7 420 265t 0B2 4201 0B4t one 508 oot 07 350
+ Pancreatin” 423* 106 504 3@25* 086 516 0B9* 023 468 0[39* 0m7 4604
Survimed": Alone 338t 0B6 4002 165 0(38 3207 083 0oa9 549 00 0oas 4801
+ Pancreatin” 52571 0B7 6205 3a7* 0140 6209 099* 0az 6501 100* 0as3 6508
Salvipeptid”: Alone 303 0B0 468 221 0B7 4801 0B9 oas 4312 103 oas 454
+ Pancreatin” 4[49* 088 5303 2148* 068 546 0078 oas 4809 123 oae 542

Mean values were significantly different from those for the diet without infusion of Pancreatin™: * P < 0-05.
Mean values were significantly different from those for the oligomeric diet: T P < 0-05.

F For details of composition of diets and sources, see Table 1 and pp. 546-548.

§ Sigma, St Louis, MO, USA.

|| For details of animals and procedures, see pp. 546—549.

9§ Percentage of infused total energy or of infused energy as carbohydrate, protein or fat.

Results In vitro hydrolysis of enteral diets

The in vitro hydrolysis of the polymeric and the oligo-

peptide diets by pancreatic enzymes showed a rapid and
f large increase in osmolality within a few minutes, approach-

ing plateau values after 30 min. The osmolality occurring in
the gut due to hydrolysis will depend on the transit time.

Absorption of energy and nutrients

With the oligomeric diet 8 kJ/min were absorbed along
the 185 m jejunal segment, which corresponded to 51% o
the energy that was infused into the jejunal segment (Fig. 2).
During the infusion of the polymeric diet without pancreatic
enzymes, only BkJ/min were absorbed, corresponding
to 58 % of the absorption of the oligomeric diet. With the
commercial oligopeptide diets PeptisotrtSurvimed and
Salvipeptid’ the absorption rates of energy werd®,332

and 39 kJ/min respectively (Fig. 2). These values corres-
ponded to 8%, 790, and 907 (mean 88B) % of the
absorption of the oligomeric diet respectively. The differ-
ences in absorption rates of energy between the oligomeric
diet and both the polymeric and the commercial oligopep-
tide diets, with exception of Salvipeptidwere significant

(P < 0-05; Table 3). The absorption rates of carbohydrate,
protein and fat could only be compared among the oligo-
meric, polymeric and the oligopeptide diet Peptisarb
because these diets had the same composition of nutrients.

-

- Absorption

Water flux (g/min)

In comparison with the oligomeric diet the absorption rates Secretion

of the three nutrients were significantl & 0-05) smaller -3 = ; —® . ®
. L : . Oligomeric Peptisorb Salvipeptid

with the polymeric diet and with Peptisoti{Table 3). g Polymeric P Survimed® pep

When pancreatic enzymes were concomitantly infused
W_|th the polymerlg: diet and the commercial oligopeptide i 3. Net fluxes of water during perfusion of the two self-made
diets, the absorption rates of total energy and of the threediets and three commercial formulas without () and with (&)
nutrients increased significantIyD@ 0-05; Table 3)_ The concomitant infusion of pancreatic enzymes (Pancreatin”; Sigma,
absorption rattes of total energy now reached the samey 0% B Col) R whereas the
values as that of oligomeric diet (Fig. 2). With the com- 1o ol dligopeptide diets produced low net secretion of water.
mercial diet Survimed the concomitant infusion of  with concomitant infusion of pancreatic enzymes net water secretion
pancreatic enzymes markedly increased the absorptionincreased markedly reaching similar values to those with the hyper-
rates of all three nutrients, in particular of carbohydrate, osmotic oligomeric diet. Values are means and standard deviations
resulting in a significantly Iarger absorption rate of total represented by vertical bars for five pigs. Mean values were signifi-

. . . . . cantly different from that for the oligomeric diet: * P < 0-05. For details
'(Ia'n(ta){gy3)ln comparison with all other diets (Fig. 2 and f composition and sources of diets, see Table 1 and pp. 546—548.
aple o).

For details of animals and procedures, see pp. 546—-549.
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Fig. 4. Differences in flow-rate (a) and transit time (b) between the hyperosmotic oligomeric diet ((J) and the polymeric and three commercial

oligopeptide formulas infused without (E2) or with (&) pancreatic enzymes

(Pancreatin™; Sigma, St Louis, MO, USA) in pigs. Values are means

and standard deviations represented by vertical bars for five pigs. abC\ean values with different superscript letters were significantly different
(P < 0-05). For details of composition and sources of diets, see Table 1 and pp. 546—-548. For details of animals and diets, see pp. 546-548.

Thus, the osmolality of thim vitro hydrolysis was evaluated
after a period corresponding to the mean transit time with
each diet. This value might resemble the osmolality occur-
ring in the jejunal segment by hydrolysis of the polymeric or
oligopeptide diets. The osmolality after hydrolysis of the
polymeric and oligopeptide diets is summarized in Table 1.
It was in the range of that of the oligomeric diet.

Net flux of water, flow-rate of chyme and transit time

The perfusion of the polymeric diet was associated with net
absorption of water (Fig. 3). In contrast, the oligomeric diet
produced a pronounced net secretion of water due to its
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Fig. 5. Close linear relationship between net secretion of water and
flow-rate during perfusion of oligomeric (O), polymeric (A) and three
commercial oIigDOpeptide formulas (Peptisorb” (M), Survimed” (®)
and Salvipeptid- (4)) in pigs. Negative values represent net absorp-
tion of water. Flow-rate (ml/min) = 2-25 + 1-13 xnet water flux (ml/
min); r0M@2. For details of composition of diets, see Table 1 and
pp. 546-548. For details of animals and diets, see pp. 546—548.

high osmolality. The commercial oligopeptide diets were

also associated with a small net secretion of water. The
addition of pancreatic enzymes to the polymeric and the
oligopeptide diets significantly increased the net secretion
of water, reflecting the increase in osmolality. The differ-

ences in net water secretion between the oligomeric diet
and the polymeric and commercial diets were small,

although two differences reached significanée<(0-05;

Fig. 3).

With the oligomeric diet the mean flow-rate of chyme at
the distal cannula wasl2 (sb 04) ml/min. This flow-rate
was 17-fold compared with the infusion rate off2ml/min.

The perfusion of the polymeric and the oligopeptide diets
without concomitant infusion of pancreatic enzymes pro-
duced significantly lower flow-rates (mea®Zsp 0142) ml/
min) at the distal cannula than the oligomeric die&( 0-05;

Fig. 4(a)). However, supplementing the polymeric and
oligopeptide diets with pancreatic enzymes significantly
(P < 0:05) increased the flow-rate to a value (med#73
(sb 0@5) ml/min) similar to that of the oligomeric diet
(Fig. 4(a)). The mean transit time of a marker bolus
was also significantly different among the oligomeric diet
and the polymeric and oligopeptide diets with or without
concomitant infusion of pancreatic enzymeB < 0-05;
Fig. 4(b)). A close linear relationship existed between net
water flux and flow-rate (Fig. 5), indicating that enhanced
flow-rates were primarily caused by net secretion of water.
Additionally, the transit time decreased with increasing
net secretion of water. However, linear regression between
net flux of water and transit time did not reach significance
(P > 0:05).

Discussion
The present study revealed several major findings: (1) in

the absence of pancreatic juice the absorption rates of a
polymeric diet and of commercial oligopeptide diets
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reached 58 and 84 % of that of a completely-hydrolysed medium-chain triacylglycerols. These results are in agree-
hyperosmotic oligomeric diet respectively; (2) concomitant ment with previous findings in pancreatectomized
infusion of pancreatic enzymes significantly increased the patients; despite lacking pancreatic enzymes lactalbumin
absorption rates of nutrients and energy; (3) the highestwas absorbed to the extent of 61 % of N intake, indicating
absorption rate of energy occurred with the commercial diet that the intestine plays a significant role in protein
Survimed'; (4) the increase in absorption due to degrada- digestion (Steinhardet al. 1989). In the present study,
tion of nutrients by pancreatic enzymes was associated withhowever, membrane digestion was not sufficient to hydro-
an increase in net water secretion and flow-rate, reachinglyse the commercial oligopeptide formulas completely; in
values similar to those with the hyperosmotic oligomeric the absence of pancreatic juice the absorption rates of
diet. nutrients and energy were significantly lower in compar-
The relatively large absorption of the polymeric diet in ison with the highly-hydrolysed oligomeric diet. Addition-
the absence of pancreatic juice was unexpected becauseally, the concomitant infusion of pancreatic enzymes
pancreatic enzymes are required to hydrolyse carbohy-significantly increased the absorption rates of all three
drate, protein and triacylglycerol. Physiologically, the nutrients as well with the commercial oligopeptide for-
intestinal digestion consists of two procedures: intralumi- mulas as with the polymeric diet, reaching similar values
nal degradation of nutrients by pancreatic enzymes, andto those with the oligomeric diet. These results clearly
subsequent hydrolysis by brush-border enzymes of theindicate that partially-hydrolysed oligopeptide formulas
enterocytes. The pancreatic lipageC(3.1.1.3) hydrolyses  require further digestion by pancreatic enzymes. The
emulsified triacylglycerol to produce free fatty acids and enhanced absorption due to the pancreatic degradation
2-monoacylglycerol, pancreatic endo- and exopeptidasesof the nutrients was associated with a pronounced increase
degrade protein to oligopeptides and amino acids, @d in net water secretion and flow-rate. The vitro hydro-
amylase EC 3.2.1.1) degrades starch to oligosaccharides lysis of the diets revealed that the rapid degradation of
(maltose, maltotriose and-limit dextrins). The final nutrients by pancreatic enzymes was associated with a
degradation of the oligopeptides and oligosaccharides ismarked increase in osmolality within a few minutes.
performed by brush-border enzymes. The enterocytesThese results provide several conclusions for enteric
produce «-limit dextrinase EC 3.2.1.41) and several feeding. First, if pancreatic secretion of patients is
disaccharidases, endopeptidases, aminopeptidases, carlmormal, the enteric feeding of oligomeric formulas has
oxypeptidases and dipeptidases (Alpers, 1994). Theseno advantage over enteric infusion of polymeric diets.
enzymes break down the products of the pancreatic The absorption rates of energy, net secretion of water and
starch and protein digestion, i.e. they hydrolygdimit flow-rates of chyme are similar with both diets. Second,
dextrins, disaccharides, dipeptides and oligopeptidesif the pancreatic secretion of patients is reduced, poly-
(Alpers, 1994). Thus, the degradation of polysaccharides, meric and oligopeptide formulas should be supplemented
polypeptides and triacylglycerols by brush-border with pancreatic enzymes, or a highly-hydrolysed hyper-
enzymes is not the normal course of events. The presentosmotic oligomeric diet should be administered. The
finding can be explained in two ways. First, brush-border net secretion of water due to the high osmolality of the
enzymes might be able to hydrolyse not only oligosac- hyperosmotic oligomeric diet was not much greater than
charides and oligopeptides but also large carbohydrate andhat with the iso-osmotic oligopeptide formula because
protein molecules. In particular, glucoamylasé&C( rapid luminal breakdown of the nutrients also increased
3.2.1.3) and endo-, amino- and carboxypeptidases ofosmolality and net secretion of water. Thus, the lower
the brush border might be involved in the degradation osmolality of enteric diets is only an apparent advantage.
of the polysaccharides and polypeptides. Second, despiteThe increase in intestinal volume and flow-rate did not
diversion of pancreatic juice, pancreatic enzymes may represent a pathological event. Under normal conditions
have attached to the mucosa of the jejunal segment.the volume flow at the ligament of Treitz due to secretion
Several studies observed that the intestinal mucosa con-of bile and pancreatic juice is about twice the volume
tains amylase (Ugolev, 1960; Dahlquist & Thomson, delivered from the stomach into the duodenum (Mikedr
1963; Jesuitovaet al. 1964). It was postulated that al. 1978). It is likely, therefore, that the net secretion of
pancreatic enzymes are adsorbed to the apical surface ofvater occurring during enteric feeding of hyperosmotic
the enterocytes in both animals (Ugolev, 1960; Dahlquist oligomeric diets does not cause any non-physiological
& Thomson, 1963; Jesuitovat al. 1964) and human increase in intestinal volume.
subjects (Fogel & Gray, 1973), inducing a ‘membrane In the present study three commercial oligopeptide diets
digestion’ that may be an important pathway for the were chosen that differed markedly in the composition
digestion of starch. Since amylase is also found through- and the degradation of the nutrients. In the absence of
out the gastrointestinal tract in salivarectomized and pancreatic juice the absorption rates of energy were not
pancreatectomized rats, McGeachat al. (1958) and significantly different among the three commercial oligo-
McGeachin & Ford (1959) concluded that amylase is peptide diets despite the large variations in nutrient compo-
produced by the small intestine, particularly by the duo- sition. The concomitant infusion of pancreatic enzymes
denum and jejunum. Despite elimination of the sources of enhanced the absorption rates of all three nutrients mark-
amylase the rats were able to digest starch. The presentdly, and consequently the absorption rate of energy
findings showed that the intestinal mucosa has a consider-increased significantly. After additional hydrolysis by
able capacity to digest not only polymeric carbohydrate pancreatic enzymes the absorption rate of energy was
but also polypeptides and triacylglycerols, in particular significantly higher with the commercial formula
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