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Summary &horbar; Hepatic and intestinal balances of amino acids, insulin, glucagon and gastrin were
studied In 6 non-anaesthetized Large White pigs (mean body weight 64 t 4.8 kg) after ingestion of
casein or rapeseed proteins. The animals were fitted with permanent catheters in the portal vein, the
brachiocephalic artery and the right hepatic vein. In addition, 2 electromagnetic flow probes were im-
planted, one around the portal vein and the other around the hepatic artery. After a preliminary adap-
tation to each diet the animals received at 1-wk intervals and according to a double latin square de-
sign, 3 test meals of 800 g each, one containing 23.2% of rapeseed concentrate (diet RA 12) and
the others 13.9 or 27.8% of hydrochloric casein (diets CA 12 and CA 24). Each observation period
lasted 12 h.
Amino acids from all diets were very well absorbed. In 12 h, the absorption of total amino acids as a
percentage of the ingested quantities was 99% for CA 12, 102% for CA 24 and 104% for RA 12. He-
patic uptake of total amino acids in 12 h expressed as a percentage of the absorbed quantities was
13% for CA 12, 66% for CA 24 and 25% for RA 12. Differences in the hepatic extraction rate of es-
sential amino acids appeared between the 2 levels of casein ingestion and for Arg between the 2
protein sources. Whatever the nature of the ingested protein or the level of casein, the liver showed
a net production of Asp and Glu. The production and hepatic balance of insulin were the lowest after
ingestion of RA 12. No differences were noted in the same parameters for glucagon and gastrin. In-
dependently of the nutritional situation, the hepatic extraction rate of insulin appeared to be higher
than those of glucagon and gastrin. 

’

Our results showed that the nature as well as the level of dietary proteins have large effects on the
sequence and volume of absorptive phenomena, the hepatic metabolism of nutrients, the production
of gastrointestinal hormones and the non-hepatic tissue disposal of absorbed nutrients.
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Résumé &horbar; Bilans hépatiques et Intestinaux des acides aminés, de l’insuline, du glucagon et
de la gastrine chez le porc après Ingestion de caséine ou de protéines de colza. Les bilans hé-
patiques et intestinaux des acides aminés, de l’insuline, du glucagon et de la gastrine ont été étudiés
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chez 6 porcs Large White non anesthésiés (64 ± 4,8 kg de poids vif initial) après ingestion de caséine
ou de protéines de colza. Les animaux ont été munis de cathéters permanents placés dans la veine
hépatique droite, la veine porte et l’artère carotide et de sondes débitmétriques autour de la veine
porte et de l’artère hépatique. Après une adaptation préliminaire à chaque régime les animaux ont
reçu, à 1 semaine d’intervalle et selon un dispositif en carré latin, 3 repas-test de 800 g chacun, l’un
contenant 23,2% de concentrat de colza (régime RA 12) et les autres 13,9% et 27,8% de caséine
chlorhydrique (régimes CA 12 et CA 24). Chaque période d’observation a duré 12 h.
Les acides aminés des 3 régimes ont été très bien absorbés. L absorption en 12 h des acides aminés
totaux a été, en pourcentage des quantités ingérées, de 99% pour CA 12, de 102 % pour CA 24 et de
104 % pour RA 12. La captation hépatique en 12 h des acides aminés totaux exprimée en pourcen-
tage des quantités absorbées a été de 13% pour CA 12, de 66% pour CA 24 et de 25% pour RA 12.
Des différences dans le taux d’extraction hépatique des acides aminés essentiels sont apparues
entre les 2 taux d’ingestion de caséine et pour lArg entre les 2 sources protéiques. Quels que soient
la nature de la protéine ingérée et le taux d ingestion de caséine, le foie a exhibé une production nette
d’Asp, et de Glu. La production et le bilan hépatique de l’insuline ont été les plus faibles après I9nges-
tion de RA 12. Aucune différence n’a été observée dans les mêmes paramètres pour ce qui se rap-
porte au glucagon et à la gastrine. Indépendamment de la situation nutritionnelle, le taux d’extraction
hépatique de l’insuline est apparu beaucoup plus élevé que ceux du glucagon et de la gastrine.
L’ensemble des résultats indique que la nature aussi bien que le taux des protéines dans l’alimenta-
tion ont des effets importants sur la séquence et le volume des phénomènes absorptifs des différents
constituants du régime, sur la métabolisation hépatique des nutriments, sur la production d’hormones
gastro-intestinales et sur la mise à la disposition des tissus extra-hépatiques des nutriments absor-
bés.
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INTRODUCTION

The splanchnic area plays a fundamental
role in the supply of dietary nutrients to the
rest of the body. In vivo studies of splanch-
nic area metabolism require the utilization
of techniques for quantitative determina-
tion of metabolic and hormonal fluxes
across the liver and portal drained viscera.
Such techniques, based on the catheteri-
zation of a hepatic vein, the portal vein
and of one artery as well as in the use of
devices permitting measurement of the
blood flow rate in the liver vessels (portal
vein and hepatic artery) are now available
in the sheep (Bergman and Heitmann,
1978), cow (Lomax and Baird, 1983), dog
(Cherrington et al, 1982), rabbit (Pere et
al, 1987) and pig (Simoes Nunes et al,
1984, 1989). In the latter species, there
are numerous experimental data on the
fluxes of nutrients and other substrates in

the portal-drained viscera (Rérat et al,
1984, 1985). However, the hepatic fluxes
have only considered some substrates (Si-
moes Nunes et al. 1989). Estimation of
amino acid fluxes in the splanchnic area
has been made in the dog (Elwyn et al,
1968; Barrett et al, 1986) whilst in other

species including man (Wahren et al,
1976) the data are either very fragmentary
or inexistent. Consequently, our know-

ledge on the splanchnic amino acids fluxes
according to the source of ingested protein
and level of ingestion is very limited. The
aim of the present work was to evaluate
the entering and leaving liver fluxes of ami-
no acids in the pig, the role of the liver in
their metabolism as well as in that of 3 hor-
mones from the splanchnic area-insulin,
glucagon and gastrin-after ingestion of 2
very different proteins, casein and rape-
seed concentrate, incorporated into the
diet a normal level (12%) or for casein, at a
high level (24%).



MATERIAL AND METHODS

Animals and diets

Six castrated Large White pigs (64 ± 4.8 kg ini-
tial body weight) were used. The animals were
fitted with 3 catheters, placed in the portal vein,
brachiocephalic artery and right hepatic vein, re-
spectively as well as with 2 electromagnetic flow
probes, one around the portal vein and the other
around the hepatic artery as described by Si-
moes Nunes et al (1989). In order to obtain re-
producible data when measuring various hepatic
metabolic fluxes, the hepatic vein catheter must
be well fixed. Without adequate radiological
means, the only way of verifying the adequacy
of the procedure is by the peri-hepatic palpation
of the posterior vena cava during surgery. After
recovering from surgery, and with a preliminary
adaptation to each diet, the animals received at
1-wk intervals and according to a double latin

square design, 3-test meals of 800 g each, one
containing 23.2% rapeseed concentrate (diet
RA 12) and the others 13.9 or 27.8% hydrochlor-
ic casein (diets CA 12 and CA 24). Diet compo-

sition is given in table I. The ingested quantities
of amino acids are shown in table II. Throughout
the experimental period the animals were kept
individually in cages which permitted easy ac-
cess to the cannulae and probes.

Measurements

The test meals were offered to the animals at
09.00 h after a fasting period of 24 h. Portal vein
and hepatic artery blood flow-rates were record-
ed continuously during a post-prandial period of
12 h. During the same time blood was sampled
simultaneously from the hepatic vein, brachioce-
phalic artery and portal vein (6 ml/site). The
samples were withdrawn at 15-min intervals dur-
ing the 1st h following the meal, then every 30
min during the 2nd and 3rd h and once every
hour afterwards. Five ml of each blood sample
were collected for plasma immunoreactive insu-
lin, glucagon and gastrin measurements in ice-
chilled tubes containing 20 wl heparin (100 IU)
and 1 000 KIU Trasylol (apronitin)/ml blood.
Plasma samples were rapidly prepared after

centrifugation (1 600 g, 4°, 15 min) and stored at



- 80° until the assay performed within 3 months
after the experiment. Insulin was measured with
a commercial assay system (CEA, France; Sor-
in Biomedica, Spa, Italy), glucagon with another
commercial system (Novopharmaceutic, Copen-
hagen, Denmark) and gastrin according to
Christiansen and Jensen (1980). Blood concen-
tration values of insulin, glucagon and gastrin
were calculated taking into account the hema-
tocrit measurements which were carried out

throughout the 12-h observation period. The re-
maining ml of each blood sample was collected
for amino acid analysis in a tube containing 2.75
ml of a solution of dihydrosulphosalicylic acid
(64.7 g/I) and thiodiglycol (6 ml/I). This treat-
ment ensured the breaking of erythrocytes and
blood deproteinization prior to the measurement
of both intracellular and extracellular circulating
free amino acids. The tubes were stirred and
stored at -80 °. Free amino acids were extract-
ed by ultrasonic grinding 3 times for 1 min, at

discontinuous pulses followed by centrifugation
(6 000 g, 20 min), collection of the supernatant
and adjustment to pH 2.2. The determination of
amino acids was made by ion-exchange chrom-
atography in a Beckman 6300 amino acid analy-
ser (Beckman, Palo Alto, CA).

Calculations

The determination of absorbed quantities (AQ)
or produced hormone quantities (HQ), hepatic
input (HI), hepatic output (HO), hepatic balance
(HB) and hepatic extraction coefficient (HEC)
were calculated by the formulae (R6rat et ai,
1980; Simoes Nunes et al, 1989) :

where Cp is the portal concentration, Dp the
flow in the portal vein, Ca the arterial concentra-
tion, Dah the flow in the hepatic artery and Ch
the hepatic vein concentration.

Statistical analysis (Snedecor and Cochran,
1967) involved calculation of the mean and stan-
dard error of the mean as well as an analysis of
variance followed by a Duncan’s Multiple Range
test. These calculations were performed with the
Statistical Analysis System (SAS Institute, Cary,
NC).

RESULTS

Amino acids absorption

The absorbed quantities of total amino ac-
ids after ingestion of diet CA 24 were = 2-
fold higher than those absorbed after in-

gestion of the other 2 diets (table 111). After
12 h, these quantities represented for all
diets approximately the sum of ingested in-
dividual amino acids. The absorption pro-
file was similar for the 3 diets with a maxi-



mum hourly absorption at the 3rd and 4th
h after CA 12 and CA 24 feeding and at
the 2nd and 3rd h after RA 12 feeding. The
quantities of individual essential amino ac-
ids absorbed after ingestion of CA 24 were
significantly larger than those absorbed af-
ter CA 12 and RA 12 except for Met (table
IV). There was no significant difference be-
tween the quantities of essential amino ac-
ids absorbed after ingestion of diets CA 12 2
and RA 12. It was the same for the absorp-
tion percentages noted for the 3 diets.

However, high absorption percentages
were noted for His after diets CA 12 and
RA 12, for Lys after CA 12 and for Thr af-
ter RA 12. The absorbed quantities of non
essential amino acids are shown in table
V. No significant difference appeared be-
tween the 3 diets for absorption of Cys,
Asp, Glu, Gly, P-Ser, Tau and Orn. The
absorbed quantities of the other non es-
sential amino acids appeared significantly
higher after CA 24 than after CA 12 and
RA 12. Gln showed a negative absorption
after CA 12 and RA 12 and slightly positive
after CA 24. The absorption percentages
of Asp and Glu appeared to be very low. In
contrast, those of Ala and Gly appeared to
be very high. The absorption percentages
of Ala, Gly and Cys were significantly high-

er after ingestion of casein diets and that
of Pro after protein feeding.

Hepatic amino acid input

The quantity of amino acids entering the
liver after ingestion of diet CA 24 was =
10% higher than that measured after diet
CA 12 (table VI). The latter represented
120% of the flux of amino acids entering
the liver in animals fed diet RA 12. What-
ever the diet, the essential amino acids ac-
counted for = 40% of the mixture of total
amino acids entering the liver. The quanti-
ties of Val, Leu, Thr, Phe, His and Pro en-
tering the liver after ingestion of diet CA 24
were significantly higher than those noted
after ingestion of the other 2 diets.

Hepatic amino acid uptake

The quantities of essential and total amino
acids taken up by the liver after ingestion
of CA 24 were significantly higher than
those taken up after CA 12 and RA 12.
This was true in term of real amounts of
amino acids as well as in percentage of



the absorbed quantities of amino acids

(table VII). Within the mixture of amino ac-
ids taken up by the liver, the essential ami-
no acids represented 138, 48 and 75% re-
spectively of the mixture of total amino
acids for CA 12, CA 24 and RA 12. Among
the essential amino acids, the quantities of
Val, Thr, Phe, Lys and His retained by the
liver were significantly higher after intake
of CA 24 than after CA 12 and RA 12

(table VIII). There was a negative hepatic
uptake (liver output exceeding liver input)
of Val after ingestion of RA 12. The quanti-
ty of Arg retained by the hepatic parenchy-

ma after diet RA 12 was significantly high-
er than after CA 12.

The kinetic profile of the hepatic uptake
of essential amino acids showed marked
differences according to ingested diets.
The hepatic balance of each essential ami-
no acid was always positive after ingestion
of CA 24 with the exception of Met, the he-
patic balance of which was negative during
the last 2 h of observation. After intake of
CA 12, the hepatic balance was always
positive for Leu, Ile and Phe. It was alter-

nately positive and negative for Val, Thr,
Lys, Met and His. That of Arg was positive



during the first 10 h and negative thereaf-
ter. During the RA 12 post-feeding period,
the hepatic balance of Val, Met and His
showed the same profiles as those noted
after the intake of CA 12. Those of Leu, Ile,
Phe, Lys and Arg were always positive ex-
cept during the last h of observation. The
hepatic balance of Thr was positive during
the first 10 h after feeding and negative
during the last 2 h of observation.

The hepatic extraction coefficient of es-
sential amino acids was higher for almost
all individual essential amino acids after in-

gestion of CA 24 than after those of CA 12 2
and RA 12. These differences were signifi-
cant for Val, Phe, Lys, His and Arg.

Taking into account the differences ob-
served in the hepatic uptake of essential
amino acids, the non hepatic tissues re-

ceived and utilized different proportions of



absorbed essential amino acids. Thus the
fraction of essential amino acids taken up
in the free form by the non hepatic tissues
accounted for 64, 33 and 60% respectively
of the absorbed mixture after ingestion of
CA 12, CA 24 and RA 12. Among the es-
sential amino acids, Phe showed the low-
est non hepatic tissue uptake (32 and
25%) and Val the highest (92 and 104%)
after ingestion of CA 12 and RA 12 re-

spectively. In the case of CA 24, the 2 ami-
no acids showing the extreme values for
non hepatic tissue uptake were Phe (11%)
and Met (72%).

The quantity of amino acids leaving the
liver after intake of CA 24 was only 3%
higher than that measured after CA 12.
This small difference was due to a propor-
tionally higher hepatic amino acid uptake
after ingestion of CA 24 than after that of
CA 12. The hepatic output of amino acids
after intake of CA 12 accounted for 119%
of that observed in animals fed diet RA 12.
Inside the amino acid mixture leaving the
liver, the essential amino acids accounted
for 36% of the sum of amino acids after in-

gestion of CA 12 and RA 12; after that of
CA 24, they accounted for 41 %.



The hepatic uptake of non essential
amino acids after intake of CA 24 feeding
was generally higher than that measured
for the other 2 diets (table IX). Neverthe-
less, the individual differences were not

significant for Asp, Gly, Pro, P-Ser, Tau
and Orn. The hepatic balances of Asp and
Glu were negative after all 3 diets, but the
hepatic production of Glu was much small-
er after ingestion of CA 24 than after that
of the other 2 diets. There were negative
balances of Cys and Tau after intake of CA
12 and RA 12. It was the same for Orn af-
ter RA 12 feeding.

Kinetic profiles of hepatic uptake of Ala,
Gly, Pro and Ser were always positive and
very similar for all the 3 diets. Those of
Asp and Glu were always negative and
similar for the 3 dietary treatments. In the

profiles of hepatic uptake of Asn, P-Ser,
Tau, Cit and Orn alternating phases of

positive and negative balance were noted
after intake of all the 3 diets. After CA 12 2
and RA 12 feeding the phases of hepatic
output of Tau were larger than those of he-
patic uptake. That was also the case for
Orn after ingestion of diet RA 12. Finally,
the kinetic profile of hepatic Gin balance
was always positive after CA 24 treatment;
positive during the first 10 h of the obser-

vation period and negative thereafter fol-
lowing ingestion of diet RA 12 and always
negative with the exception of the 2nd and
4th h after CA 12 feeding.

The hepatic coefficients of extraction of
non essential amino acids are shown in
table IX. These coefficients were signifi-
cantly higher after ingestion of CA 24 for
Tyr, Asn, Gin, Ala, Ser and Cit than after
that of the other 2 diets. The hepatic ex-
traction coefficients of Asp and Glu were
negative for all 3 diets and lower in abso-
lute values after intake of CA 24 (non sig-
nificant differences). The hepatic extraction
coefficient of Pro was higher after RA 12 2
feeding.

The fraction of non essential amino ac-
ids taken up by the non hepatic tissues
represented 110, 35 and 89% respectively
of the absorbed mixture of non essential
amino acids after CA 12, CA 24 and RA 12 2
feeding.

Insulin, glucagon and gastrin

The lowest mean production of insulin was
observed after ingestion of diet RA 12

(table X). This production represented only
72% of that noted after ingestion of the 2



casein diets. After intake of diet CA 12 the
insulin production was high until the 8th h
of observation. After CA 24 feeding the
highest insulin production was seen during
the first 6 h following the meal whilst after
intake of RA 12 insulin production de-
creased regularly until the 7th h following
the meal and steadily afterwards. The

highest liver input fluxes of insulin were
observed after ingestion of diets CA 12
and CA 24 as well as the highest balances
of the hormone. The kinetic profiles of he-
patic uptake of insulin reflected those of
the production. The hepatic extraction co-

efficients of the produced insulin and of the
hormone exposed to the liver appeared to
be very similar for all 3 diets (table X).

No significant difference between the 3
diets appeared concerning the produc-
tions, kinetic profiles of productions, liver

input fluxes and hepatic extraction coeffi-
cients of glucagon and gastrin.

Taking into account the observed differ-
ences in the production of insulin, the insu-
lin/glucagon ratio in the 3 analysed types
of blood (portal, hepatic and arterial) was
always lower after intake of the rapeseed
concentrate diet.





DISCUSSION AND CONCLUSION

Blood plasma is the main interorgan vehi-
cle of most amino acids. Nevertheless,
some amino acids such as Glu, Gin, Asp
and Tau are found in higher concentra-
tions in the red cells than in the blood plas-
ma and thus can participate in intertissue
amino acid transfers (Elwyn et al, 1972).
This was the reason why we used the
measurement of free amino acids in whole
blood. A good amino acid absorption bal-
ance was observed after ingestion of the
casein based diets. This finding was large-
ly expected since casein is a good quality
protein. More surprising was the absorp-
tion balance of total amino acids meas-
ured after rapeseed concentrate feeding

which appeared particularly high for a plant
protein especially when considering what
was observed with cereal proteins (Rérat
et al, 1979). The absorption percentages
noted 12 h after the test meals suggest an
optimum uptake and transport of oligopep-
tides and amino acids resulting from the in-
traluminal digestive hydrolysis of dietary
and endogenous proteins as well as from
those resulting from the metabolism of the
gut wall. The absorption percentages were
higher than those observed by Galibois et
al (1989) 8 h after intake of similar diets.

Interesting differences between the 2
sources of proteins concerned the bal-
ances of individual non essential amino ac-
ids appearing in the portal vein. The low
absorption coefficients of Asp and Glu as



well as the high absorption coefficients of
Ala and Gly were the result of deamination
and transamination reactions in the intesti-
nal wall during the absorptive process
(Windmueller and Spaeth, 1980). The in-
testinal balance of Gin was either slightly
positive or negative indicating a large
metabolic utilization of this amino acid by
the intestinal wall. Cit and Orn were syn-
thesized by the intestinal wall. Cit seemed
to originate from the metabolism of Gin,
and Orn from that of dietary and blood Arg
(Windmueller and Spaeth, 1980). The low
appearance of Cit and Orn in the portal
blood after ingestion of rapeseed proteins
may suggest that the very high apparent
absorption coefficient of Pro partially re-

sulted from an increased metabolism of
Cit and Orn into Pro in the intestinal wall.
The intestinal balance of Tau was close to
zero after ingestion of casein based diets
and negative after that of rapeseed pro-
teins and the highest hepatic production of
Tau was observed in the latter nutritional
situation.

The higher amino acid uptake observed
after ingestion of diet CA 24 appeared to
be the combined result of an increased he-
patic input flux of amino acids, a probable
induction and higher activity of transport
systems as well as an acceleration of he-
patocyte metabolism. In the rat Ala hepatic
transport and metabolism were increased
after ingestion of high-protein diets (Fa-
fournoux et al, 1982, 1983).

Whatever the diet ingested by the ani-
mals, Phe, Ala and Ser showed the high-
est hepatic uptake coefficient. Among the
branched chain amino acids, Val showed
the lowest hepatic uptake and the highest
non hepatic tissue uptake. A low hepatic
uptake of branched chain amino acids was
also observed in the dog, suggesting a
large participation of these amino acids in
nitrogen transfers from the liver to the non
hepatic tissues (Elwyn, 1970; Bloomgard-
en et al, 1981; Barrett et al, 1986).

It was of considerable interest that the

hepatic extraction level of Met was not

modified by the quantity of ingested pro-
tein. Hence the quantity of Met reaching
and utilized by the non hepatic tissues was
larger after ingestion of CA 24 than after
that of Ca 12. Further studies should be
made to determine the metabolic behavi-
our of Met (higher participation in protein
synthesis or catabolism).

The very high hepatic productions of

Asp and Glu (Gelfand ef al, 1986) in the 3
different nutritional situations must be un-
derlined. It appears that a large proportion
of Asp and Glu participating in the non he-
patic transamination reactions originated
from the liver. It also seems that hepatic
behaviour of Asp and Glu in the pig is dif-
ferent from that in the dog. During the
post-prandial period there is hepatic ex-
traction of both diacids and not a net he-

patic production in the latter species as in
the pig.

Two of the glucose-forming amino ac-
ids, Ala and Ser, showed the highest level
of hepatic extraction. This level appeared
also to be highly increased by the inges-
tion of a high casein diet. Both amino acids
are carbon sources for glucose synthesis
(Kaplan and Pitot, 1970) and the NH2 radi-
cals of Ala participate in the observed high
hepatic productions of Glu.

The differences noted in the hepatic ex-
traction level according to the quantity and
nature of ingested proteins underline that
the liver profoundly modifies the profile of
the amino acid mixtures entering the or-
gan. The &dquo;buffer&dquo; role of the liver in the

availability of dietary and endogenous ami-
no acids for the non hepatic tissues can no
longer be considered as &dquo;uniform&dquo;, but as
being rather selective.

The lowest mean hourly production of
insulin was observed after ingestion of

rapeseed proteins. The lower glucose ab-



sorption after intake of this diet (Simoes
Nunes et al, 1989) was very likely the
main reason for the difference observed
between casein and rapeseed diets. In-

deed, other amino acids with an insulino-
tropic effect such as Leu, Lys and Arg
were absorbed in equivalent quantities
whatever the type of proteins ingested,
and cannot be at the origin of the quantita-
tively lower insulin production noted after
ingestion of rapeseed proteins.

The mean hourly glucagon and gastrin
productions were very similar for all 3
diets. In the pig, both secretions were

higher after the ingestion of protein con-
taining diets than after that of a protein
free diet (Rérat et al, 1985). In the present
study the effectiveness of the 2 very differ-
ent proteins to induce release of glucagon
and gastrin was very similar.

For all diets the hepatic extraction of in-
sulin ranged between 21-25% of the hor-
mone exposed to the liver. For glucagon
the same extraction ranged between 8-
11% and for gastrin between 10-12%.

Thus, independently of the nutritional situ-
ation, the level of hepatic extraction of cir-
culating insulin was proportionally much
higher than that of glucagon and gastrin.
In the dog, the hepatic extraction coeffi-
cient of insulin was also much higher than
that of glucagon (R6jdmark et al, 1978;
Ishida et al, 1983). Further research
should be carried out to explain this partic-
ular hepatic behaviour of insulin.
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