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Abstract — The aim of the present study was to examine, for the first time in pigs, the dose-
dependent effect of arginine (ARG) on growth hormone (GH) and insulin release and the effect
of the combined ARG and aspartic acid (ASP) treatment on GH and insulin release. ARG (0.5 or
1 g/kg body weight) with or without an equimolar supplement of ASP (0.38 or 0.76 g/kg, res-
pectively) was administered in piglets via the duodenum. ARG increased plasma arginine, orni-
thine, urea, proline and branched chain amino acid concentrations. ASP increased specifically
plasma aspartic acid, glutamic acid, alanine and citrulline concentrations. Plasma insulin increa-
sed with no apparent difference between treatments. Maximum GH level and the area under the
GH curve (AUC) were increased in a dose-dependent manner in response to ARG treatment.
GH response to the combined ARG and ASP treatment (ARGASP) was delayed compared to ARG
alone and was not dose-dependent. AUC for GH after ARGASP treatments were intermediate be-
tween those observed after the two ARG doses. Our data suggest that high ASP doses transiently
inhibit and delay ARG-induced GH release in pigs and that an equimolar supplement of ASP sti-
mulates or inhibits ARG-induced GH release depending on the dose used. © Inra/Elsevier, Paris
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Résumé — Réponses plasmatiques de I’hormone de croissance (GH), de I’insuline et des acides
aminés i I’arginine avec ou sans acide aspartique chez le porc. Effet de la dose. L’ objectif de
notre étude a été d’examiner, pour la premiére fois chez le porc, I’effet de la dose d’arginine
(ARG) sur la sécrétion de I’hormone de croissance (GH) et de I’insuline et I’effet du traitement
combiné d’ ARG et d’ ASP sur la sécrétion de 1a GH et de Vinsuline. De ’ARG (0.5 ou 1 g/kg de
poids vif) avec ou sans un apport équimolaire d’ ASP (0.38 ou 0.76 g/kg, respectivement) a été
administrée chez des porcelets par voie intraduodénale. L’ ARG a accru les concentrations plas-
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matiques d’arginine, d’ornithine, d’urée, de proline et des acides aminés a chaine ramifiée.
L’ ASP a accru spécifiquement les concentrations plasmatiques d’acide aspartique, d’acide glu-
tamique, d’alanine et de citrulline. L’insuline plasmatique a été augmentée et aucune différence
apparente n’a été observée entre les traitements. Les niveaux maximaux de GH et les aires sous
la courbe de GH (AUC) ont été accrus de maniére dose-dépendante en réponse aux traitements
a I’ARG. La réponse de la GH au traitement combiné ARG-ASP (ARGASP) a été retardée par
rapport aux traitements d’ ARG seule et n’était pas dose-dépendante. Les AUC obtenues apres les
traitements ARGASP étaient intermédiaires entre celles observées pour les deux doses d’arginine.
Nos données suggerent que les doses élevées d”ASP inhibent et retardent la sécrétion de GH
induite par I’ ARG chez le porc et qu’un supplément équimolaire d’ ASP stimule ou inhibe la
sécrétion de GH induite par I’ ARG selon la dose utilisée. © Inra/Elsevier, Paris
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1. INTRODUCTION

Nutrients such as amino acids can alter
metabolic hormone release [36]. Arginine
(ARG) is a well-known stimulator of GH
and insulin release.

ARG infused at the intravenous dose
of 0.5 g/kg/30 min in humans elicits an
increase in plasma GH [1, 18-20, 29, 32]
It is also used to detect GH release defi-
ciencies. Abomasal, intraduodenal or intra-
venous infusions of ARG have been
shown to stimulate GH secretion in rats
[17], cattle [12, 39], sheep {11, 13, 14, 23,
26] and pigs [2, 24]. GH release in pigs
is more refractory to ARG than in other
species [24]. This is believed to be due to
their somatostatinergic hypertone [35].
ARG-induced GH release is probably
mediated by a decrease in the somatosta-
tinergic tone as demonstrated indirectly
by the use of cholinesterase inhibitors in
man [1, 18, 20] and pigs [10].

ARG also elicits insulin release in man
[4, 33, 38] and other mammals, including
cattle [39], sheep [26] and pigs [2, 21].
ARG-induced insulin release is mediated
by a depolarization of the plasma mem-
brane of the pancreatic B-islet cells indu-
cing the gating of the voltage-sensitive
Ca?* channéls and the inflow of Ca?* [5,
22].

Few studies have reported the effects
of aspartic acid (ASP) on GH and insulin
release. In both sheep [26] and pigs [3],
ASP elicits an increase in plasma GH
which is even higher than that induced by
ARG. In humans, ASP has no effect on
GH release [8]. Depending on the dose
used, a combined ARG and ASP treat-
ment either decreased (0.1 g/kg) or increa-
sed (0.25 g/kg) plasma GH in the rat [16,
17]. In sheep, an intravenous dose of ASP
(0.4 g/kg/ 30 min) has no effect on insulin
release [26] while an intraduodenal dose
(2 g/kg/day) has been reported to stimulate
insulin release [27].

ARG can be catabolized to ornithine
(ORN) and urea by arginase whose highest
activity is found in liver [9, 15, 30]. ORN
can be catabolized in turn to glutamic acid
(GLU), especially in the brain, via orni-
thine aminotransferase and pyrroline-5-
carboxylate dehydrogenase [25, 40]. ORN
has been shown to increase plasma GH in
sheep [12] and is able to induce higher
GH levels than ARG [13]. In both sheep
[26] and pigs [3], GLU induces an increase
in plasma GH which is even higher than
that elicited by ARG.

A preliminary study conducted in our
laboratories on pigs weighing 3040 kg
fed ad libitum revealed that some pigs
were refractory to an intravenous dose of



Plasma GH, insulin and AA responses to ARG and ARGASP 333

0.5 g/kg ARG, which is the dose com-
monly used in humans. It could be argued
that the dose used was not high enough to
elicit an efficient GH response owing to
the supposed somatostatinergic hypertone
of pigs. The present study was therefore
undertaken to examine, for the first time in
pigs, the dose-dependent effect of ARG
on GH and insulin release and to deter-
mine whether ASP could increase ARG-
induced plasma GH and insulin responses.
Plasma amino acids and urea concentra-
tions were measured in order to obtain
information on the time-related pattern of
the plasma levels of ARG, ASP and their
related metabolites.

2. MATERIALS AND METHODS
2.1. Animals and management

Five female crossbred Yorkshire x Pietrain
piglets from two litters were used in the expe-
riment. They were 35 days of age and weighed
13.7 £ 1.3 (SE) kg at the beginning of the study.
They were reared in compliance with national
regulations for human care and the use of
animals in research. They were housed in
individual pens throughout the experiment.
They were allowed water ad libitum and fed
70 g/kg® 73 body weight of a standard diet pro-
vided in two meals per day. On the treatment
days, the morning meal was delayed until the
end of sampling. Animals were weighed the
day before each treatment.

Eight days before the first injections, two
catheters were inserted into each animal under
general anesthesia (O,: halothane, 92: 8 viv,
2 mL/min): one into one of the external jugu-
lar veins and the other into the upper duode-
num. Saline was flushed daily through the jugu-
lar catheter to keep it patent throughout the
experiment.

2.2. Treatments and blood sampling

Five treatments were applied consecutively
to each animal at 3-day intervals according to
a 5 x 5 latin square design. The five treatments
were as follows: i) deionized water (CONT), ii)
L-arginine at 0.5 g/kg (ARG 1), iii) L-arginine

at 1 g/kg (ARG 2), iv) L-arginine at 0.5 g/kg
and L-aspartic acid at 0.38 g/kg (ARGASP 1),
and v) L-arginine at 1 g/kg and L-aspartic acid
at 0.76 g/kg (ARGASP 2). Equimolar amounts
of L-aspartic acid and L-arginine were sup-
plied (Degussa, Paris, France). The solutions
(arginine at 5 or 10 % in solution alone or in
combination with aspartic acid at 3.8 or 7.6 %,
respectively) were prepared in deionized water
and injected manually with a syringe through
the duodenal catheter from —5 to -2 min at a
flow rate of 60 mL per minute. Time O was
9.00. No side-effects were observed during
and after the infusions.

Blood samples were collected in heparini-
zed tubes through the jugular catheter at times
-30, =20, -10, 0, 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 110 and 120 min. Blood was cooled on
ice and centrifuged immediately. Plasma for
GH and insulin determination was stored at
=20 °C until analysis.

2.3. Measurement of plasma GH
concentrations

Plasma GH concentrations were determi-
ned by a specific homologous double-antibody
radioimmunoassay as previously described [28]
using a specific antibody raised in rabbits (UCB
Bioproducts, Brussels, Belgium). USDA-GH-
I-1 (AFP-6 400) was used for iodination and
standard curve. Sensitivity was 0.75 ng/mL.
Cross-reactivity with porcine prolactin, porcine
luteinizing hormone, and porcine follicle-sti-
mulating hormone was < 0.4 %. Intra-assay
coefficients of variation were 9, 13 and 15 %
for plasma samples containing 4.9, 15.2 and
32.9 ng/mL, respectively. All samples were
measured in duplicate within a single assay.

2.4. Measurement of plasma insulin
concentrations

Plasma insulin concentrations were deter-
mined by a specific homologous double-anti-
body radioimmunoassay using a specific anti-
body raised in guinea-pigs (Miles Scientific,
Naperville, IL, USA). Monomer porcine insu-
lin (Novo Research Institute, Copenhague,
Denmark) was used to generate a standard
curve. Sensitivity was 1.5 pUI/mL. '%-insu-
lin (Oris, Gif-sur-Yvette, France) was used for
the competition. Intra-assay coefficients of



334 A. Cochard et al.

variation were 12, 9 and 11 % for plasma
samples containing 4.3, 58.3 and 252.1 uUl/mL,
respectively. All samples were measured in
duplicate within a single assay.

2.5. Measurement of plasma amino
acid and urea concentrations

Plasma free amino acids and urea concen-
trations were determined at 60 and 120 min.
Plasma samples were deproteinized with a 6 %
sulphosalicylic acid solution containing nor-
leucine as an internal standard (v:v), centrifuged
[31] and the supernatant was stored at -20 °C
until analysis. Plasma amino acids and urea
were separated by ion-exchange liquid chro-
matography using a Pharmacia LKB alpha-
plus serie Il amino acid analyser equipped with
a sulphonated polystyrene column and lithium
citrate buffer. Amino acids and urea concen-
trations were determined by relating the chro-
matographic profile to that obtained with a
standard after detection with ninhydrin. The
concentrations were expressed in umol/100 mL
plasma and the sensibility was 0.5 umol/100 mL.
The tryptophane concentrations were under
this limit of sensibility.

2.6. Data analysis

Areas under the curve (AUC) were estima-
ted between 0 and 90 min for GH and between
—10 and 60 min for insulin by calculating the
areas between the GH or insulin curves and the
basal levels extended to 90 or 60 min, respec-
tively. Basal level was obtained for GH by cal-
culating the mean of the GH levels at —30, -20
and —10 min and for insulin by calculating the
mean of the insulin levels at —20 and —10 min.

Data were analysed by analysis of variance
using the generalized linear model (GLM) pro-
cedure of the SAS system [37]. GH and insu-
lin profiles were analysed using the repeated
procedure of SAS including the main effects of
animal and treatment. The main effect of time
was analysed within treatments. Means GH
and insulin levels were compared to basal
levels and to CONT levels using the Dunnettu
test. The model used for the analysis of AUC
and amino acid concentrations included the
main effects of animal and treatment. Multiple
comparison of the means was carried out using
the Duncan test.

3. RESULTS

3.1. Plasma GH responses

GH profiles from —30 to 90 min for
CONT, ARG 1, ARG 2, ARGASP 1 and
ARGASP 2 treatments, and the corres-
ponding areas under the curve (AUC) are
shown in figures I and 2, respectively.

The intraduodenal infusion of arginine
at the doses of 0.5 and 1 g/kg with or
without equimolar amounts of aspartic
acid induced an increase in plasma GH
whose magnitude and time-related pattern
differed significantly (P < 0.001) between
treatments and animals.

3.1.1. Plasma GH responses to ARG
alone

Plasma GH responded to arginine alone
in a dose-dependent manner. ARG 1 indu-
ced a clear GH response. The maximum
GH level for ARG 1 was 3 to 3.5 fold
higher than the CONT value. The maxi-
mum GH level and AUC for ARG 2 were
2 fold higher than ARG 1. The maximum
GH levels were observed at 30 and 20 min
for ARG 1 and ARG 2, respectively.

Plasma GH for ARG 1 was signifi-
cantly (P < 0.05) higher than CONT at 30
and 70 min; however, it was not statisti-
cally different from basal level. Plasma
GH for ARG 2 was significantly (P <
0.05) higher than CONT between 0 and
40 min and at 70 min and higher than basal
level at 20 and 30 min. Plasma GH at 20
and 30 min and the AUC differed signifi-
cantly (P < 0.05) between the two doses.

3.1.2. Plasma GH responses to ARG
in association with equimolar
supplement of ASP

Plasma GH responded to ARG in asso-
ciation with ASP, although not in a dose-
dependent manner. The maximum GH
levels for ARGASP treatments occurred
30 min later than the ARG treatments (at
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Figure 1. Plasma GH responses (means £ SEM) to a) arginine alone (ARG 1, ARG 2) and to b)
arginine in combination with aspartic acid (ARGASP 1, ARGASP 2). (CONT: control, ARG
1: 0.5 g/kg arginine, ARG 2: 1 g/kg arginine, ARGASP 1: 0.5 g/kg arginine plus 0.38 g/kg aspar-
tic acid, ARGASP 2: 1 g/kg arginine plus 0.76 g/kg aspartic acid). Plasma GH concentrations were
determined as mentioned in materials and methods (n = 5 per treatment).
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Figure 2. Plasma GH responses (area under the curve: AUC + SEM) to arginine alone (ARG 1,
ARG 2) or to arginine in combination with aspartic acid (ARGASP 1, ARGASP 2). AUC were
determined between 0 and 90 min as mentioned in Materials and methods. Columns with diffe-
rent letters differ (P < 0.05) (n =5 per treatment).

60 and 50 min, respectively, for ARGASP
1 and ARGASP 2) and were not different
from that of ARG 1. The AUC for
ARGASP treatments were intermediate
between those of ARG treatments.

Plasma GH for ARGASP 1 was signifi-
cantly (P < 0.05) higher than CONT values
between 50 and 80 min and than basal level
between 30 and 80 min. Plasma GH for
ARGASP 2 was significantly (P < 0.05)
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higher than CONT between 50 and 80 min
and than basal value at 50 and 60 min.
Plasma GH and the AUC did not differ
between the two doses of ARGASP.

Plasma GH did not differ between
ARG 1 and ARGASP treatments except
at 80 min (P < 0.05). Plasma GH was
significantly (P < 0.05) higher after ARG 2
than after ARGASP treatments between
10 and 40 min. The AUC for ARGASP 1
tended to be higher than that of ARG 1
(P < 0.10) and the AUC for ARGASP 1
and ARGASP 2 tended to be lower than
that of ARG 2 (P < 0.10).

3.2, Plasma insulin responses

Insulin profiles from —20 to 60 min for
CONT, ARG 1, ARG 2, ARGASP 1 and
ARGASP 2 treatments, and the corres-
ponding AUC are shown in figures 3 and
4, respectively.

The intraduodenal infusion of arginine
at the doses of 0.5 and 1 g/kg with or
without equimolar amounts of aspartic
acid induced a rapid increase in plasma
insulin. The maximum insulin levels were
measured after the end of infusions at time
0 min. Insulin levels were 3 fold higher

25 — ~X—CONT
] —0—ARG 1
=920 4 —— ARG 2
E7 ] —0—ARGASP 1
5454 —m— ARGASP 2
=
10+
3 ]
17
£ 54
E »
0 ! } } } ' } } } y
30 20 -10 =m0 10 20 30 40 50 80

infusion Time (min)

Figure 3. Plasma insulin responses (means £ SEM) to arginine alone (ARG 1, ARG 2) or to
arginine in combination with aspartic acid (ARGASP 1, ARGASP 2). Plasma insulin concentrations
were determined as mentioned in Materials and methods (n = 5 per treatment).

c P<0.10

5 600 P <0.05

0’ —

EGE

£35 400

hvl

o 9 x

'gZ: 200

£E

505

g - o

< oo 0o
Z 0 — XN
8 9:::< < <

Treatm e nts

Figure 4. Plasma insulin responses (AUC £+ SEM) to arginine alone (ARG 1, ARG 2) or to argi-
nine in combination with aspartic acid (ARGASP 1, ARGASP 2). AUC were determined between
—10 and 60 min as mentioned in Materials and methods (n = 5 per treatment).
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after ARG and ASPARG treatments than
CONT at 0 min. At 10 min, insulin
concentrations were half those observed
at 0 min for all treatments except for
ARGASP 1. The maximum insulin levels
and AUC were not different between ARG
and ARGASP treatments.

Plasma insulin was higher than CONT
values at 0 and 30 min for ARG 1 (P < 0.05),
at 0 min (P < 0.10) and at 30 min (P < 0.05)
for ARG 2, and at 10 min for ARGASP
1 (P < 0.05). Plasma insulin was signifi-
cantly (P < 0.05) higher than basal level at
0 min for ARG 1, ARG 2 and ARGASP 1
and at 10 min for ARGASP 1. AUC for
CONT was significantly lower than those
for ARG 1, ARG 2, ARGASP 1 (P <0.05)
and ARGASP 2 (P < 0.10).

3.3. Plasma amino acids and urea
responses

Amino acids and urea concentrations
measured at 60 and 120 min for CONT,
ARG 1, ARG 2, ARGASP 1 and ARGASP 2
treatments are shown in table 1.

The intraduodenal infusion of arginine
at the doses of 0.5 and 1 g/kg with or
without equimolar amounts of aspartic
acid changed the plasma levels of several
amino acids and urea. The responses were
dose-dependent and differed between
ARG and ARGASP treatments. The
magnitude of the response was higher at
60 min for ARGASP treatments and at
120 min for ARG treatments.

3.3.1. Plasma responses for ARG,
ornithine: ORN, urea, and
citrulline: CIT

ARG and ARGASP treatments increa-
sed significantly (P < 0.05) plasma ARG
at 60 and 120 min. Compared to the
CONT value at 60 min, plasma ARG was
7.8, 7.0, 10.4 and 9.1 fold higher for ARG
1, ARGASP 1, ARG 2 and ARGASP 2,
respectively. Plasma ARG decreased be-
tween 60 and 120 min only for ARG 2

(P <0.05) and ARGASP 2 (P > 0.10). No
dose effect was observed except at 60 min
for ARG treatments (P < 0.10).

ARG and ARGASP treatments increa-
sed significantly (P < 0.05) plasma ORN
at 60 and 120 min. Compared to the
CONT value at 60 min, plasma ORN was
5.1,4.2,7.0 and 4.7 fold higher for ARG
1, ARGASP 1, ARG 2 and ARGASP 2,
respectively. Plasma ORN did not differ
between 60 and 120 min for all treatments.
A significant (P < 0.05) dose effect was
observed at 60 and 120 min only for ARG
treatments.

At 60 min, plasma urea did not differ
between the CONT and ARG 1 or
ARGASP treatments. Plasma urea for
ARG 2 was significantly (P < 0.05) higher
compared to CONT. Plasma urea increa-
sed significantly (P < 0.05) between 60
and 120 min for the ARG and ARGASP
treatments. Compared to the CONT value
at 120 min, plasma urea was 42, 66, 103
and 83 % higher for ARG 1, ARGASP 1,
ARG 2 and ARGASP 2, respectively (P <
0.05). A significant (P < 0.05) dose effect
was observed for ARG treatments at 120
min.

CIT is an intermediate metabolite of urea
cycle [30] and the precursor for the endo-
genous synthesis of arginine in the kidney
[43]. Plasma CIT increased after ARGASP
treatments. Plasma CIT was significantly
higher than CONT values after ARGASP 1
at 60 and 120 min (P < 0.05) and after
ARGASP 2 at 60 min (P < 0.10) and at
120 min (P < 0.05). No dose effect was
observed.

3.3.2. Plasma ASP responses

Plasma ASP was significantly (P < 0.05)
increased in a dose-dependent manner at
60 min after ARGASP treatment. Com-
pared to the CONT value at 60 min,
plasma ASP was 38.5 and 69.0 fold higher
for ARGASP 1 and ARGASP 2, respecti-
vely. Plasma ASP did not differ between
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CONT and ARGASP 1 at 120 min while
the ASP level was significantly (P < 0.05)
increased after ARGASP 2 at 120 min.
Compared to the CONT value at 120 min,
plasma ASP was 7.7 and 27.7 fold higher
for ARGASP 1 and ARGASP 2, respecti-
vely. Plasma ASP decreased significantly
(P < 0.05) between 60 and 120 min for
both ARGASP treatments.

3.3.3. Plasma responses for the other
amino acids

The intraduodenal infusion of ARG
alone at the doses of 0.5 and 1 g/kg indu-
ced a 60 % increase in plasma glutamic
acid at 60 and 120 min (P > 0.10), a 65 %
increase in plasma aspartic acid at both
times (P > 0.10), a decrease in plasma glu-
tamine at 120 min (ARG 1: P < 0.10;
ARG 2: P <0.05), an increase in plasma
proline at 120 min (P < 0.05). When ARG
was administered alone at a dose of 1
g/kg, the branched chained amino acid
(BCAA) concentrations, including leu-
cine, valine and isoleucine, increased
significantly (P < 0.05). Plasma levels for
leucine (P < 0.05), valine (P < 0.10) and
isoleucine (P < 0.05) differed significantly
between the two doses at 120 min. This
effect was not reproduced when ARG and
ASP were co-administered.

The intraduodenal infusion of the com-
bination of ARG and ASP induced a signi-
ficant (P < 0.05) increase in plasma glu-
tamic acid (GLU) and alanine at 60 and
120 min. Compared to the CONT, plasma
GLU was 6.0 and 7.7 fold higher at 60
min and 3.3 and 6.3 fold higher at 120 min
for ARGASP 1 and ARGASP 2, respecti-
vely. A significant (P < 0.05) dose effect
on GLU levels was observed at 120 min
but not at 60 min. Plasma GLU decreased
significantly (P < 0.05) between 60 and
120 min for both ARGASP treatments.
No dose effect was observed at either time
for plasma alanine. Plasma alanine did not
differ between 60 and 120 min.

4. DISCUSSION

Owing to a refractory growth hormone
(GH) release to arginine (ARG) in pigs
([24]; our preliminary observations),
which is believed to be due to a somato-
statinergic hypertone [35], the present
study examined, for the first time in pigs,
the dose-dependent effect of arginine
(ARG) on GH and insulin release and the
effect of the combined ARG and aspartic
acid (ASP) treatment on GH and insulin
release. Plasma amino acids and urea
concentrations were measured in order to
obtain information on the time-related pat-
tern of the plasma levels of ARG, ASP
and their related metabolites.

The fact that plasma ASP and plasma
ARG were equivalent at 60 min and that
the concentration of plasma ASP decrea-
sed more rapidly than that of ARG be-
tween 60 and 120 min showed that ASP
was cleared from the plasma more rapidly
than ARG. The maximal ARG level in the
plasma was observed at 30 min after an
intraduodenal administration of 1 g/kg
ARG (6.3,76.2,50.4,44.6,39.9 and 27.2
umol/100 mL at 20, 30, 60, 90, 120, 180
min, respectively, unpublished results).

The increase in plasma urea and orni-
thine (ORN) after ARG treatment sug-
gests that ARG was catabolized to urea
and ornithine by arginase. Arginase acti-
vity is highest in liver [9, 15]. ARG can
also be catabolized via arginase in the
intestinal mucosa and the kidney [6, 15].
The increase in plasma glutamic acid
(GLU) and proline (PRO) after ARG treat-
ment suggests that ORN was catabolized
to pyrroline-5-carboxylate (P5C) via orni-
thine aminotransferase (OAT) and that
P5C was catabolized to GLU via P5C
dehydrogenase in liver and to PRO via
P5C reductase in the intestinal mucosa
[25]. Plasma PRO has been previously
reported to increase after ARG infusion
in dairy cows [39]. The increase in plasma
ASP after ARG treatment suggests that
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GLU neosynthesized from ORN was
transaminated to ASP as previously shown
[34]. The increase in branched chain
amino acid (BCAA) concentrations, obser-
ved in the present study only after ARG
treatments, has not been reported in pre-
vious studies which were, however, carried
out on other species.

The increase in plasma GLU and ALA
after ARGASP treatment suggested that
ASP was transaminated to GLU as shown
previously for the reverse reaction and that
GLU was transaminated to ALA. Both
these transaminations could prevent the
neurotoxic effects of ASP and GLU which
have been shown to occur at high doses
[7]. The increase in plasma citrulline (CIT)
concentration, observed in the present
study only after ARGASP treatment, sug-
gested that ASP supplied a precursor for
CIT synthesis in the intestine mucosa
which was probably GLU [44]. GLU is a
potent nitrogen donor for the synthesis of
carbamoyl-phosphate (CP) via CP syn-
thase I (CPS-I) and CIT is synthesized
from CP and ornithine via ORN transcar-
bamylase (OTC) [41, 42].

The maximal plasma insulin levels did
not differ apparently between the two
doses and between ARG and ARGASP
treatments. In humans, a dose-dependent
effect of ARG on insulin secretion has
been reported [4, 38]. Insulin secretion
has previously been reported to be sensi-
tive to ARG infused intravenously in pigs
[2, 21]. No change in plasma glucose was
observed between —30 and 120 min in the
present study (results not shown). The
effect of ASP alone on insulin secretion
was not examined in the present study. In
sheep, ASP failed to change insulin levels
[26]. The rapid insulin response in our
study is consistent with an effect of the
intraduodenal dose of ARG on pancrea-
tic B-cells, as previously described [5, 22].

ARG alone increased plasma GH in a
dose-dependent manner in the present
study. It is the first time that the dose-

dependent effect of ARG on GH release is
reported in pigs. In short children, no dif-
ference in GH response has been repor-
ted between the doses of 0.2 and 0.5 g/kg
{4]. These data are consistent with the exis-
tence of a somatostatinergic hypertone in
pigs [24, 35]. Because the time-related
pattern of GH secretion differed between
animals, a more consistent response might
have been obtained either with a higher
dose of ARG or with an intravenous infu-
sion of ARG.

The present study showed that
ARGASP treatment induced a more
delayed plasma GH response than ARG
treatment and that the plasma GH response
was not dose dependent. The maximum
plasma GH levels after ARGASP treat-
ments were observed 30 min later than
after ARG treatments and were not dif-
ferent from that of ARG 1. The AUC for
the ARGASP treatments were interme-
diate between those of the ARG treat-
ments. It is the first time that the effect of
the combined ARG and ASP treatment on
GH release is reported in pigs. We expec-
ted, however, an increase in ARG-indu-
ced plasma GH response because ASP has
been shown to elicit, in sheep and pigs,
an increase in plasma GH [3, 26] which
is even higher than that induced by ARG.
Although the concentrations of ARG, its
metabolites and ASP were not determi-
ned in the brain in the present study, the
more rapid decrease in the plasma concen-
tration of ASP than ARG suggested that
ASP transiently inhibited and delayed
ARG-induced GH release. When the inhi-
bitory effect of ASP was no longer pre-
sent, the remaining ARG or ORN proba-
bly induced a plasma GH response. An
equimolar supplement of ASP stimulated
ARG-induced GH release at the lower
dose and inhibited ARG-induced GH
release at the upper dose. It has been pre-
viously reported in rats that ARGASP has
different effects on GH release depending
on the dose used [16, 17]. The discrepancy
between the reported stimulating effect of
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ASP given alone on GH release in both
pigs and sheep [3, 26] and the inhibitory
effect suggested by the present results
could be explained by the doses and the
species used. ASP was previously infu-
sed at intravenous doses of 0.3 /kg in sheep
{26] and 0.15 g/kg in pigs [3].

In conclusion, the present study sug-
gests that a dose of 1 g/lkg ARG is more
appropriate than the dose commonly used
in humans (0.5 g/kg) to study ARG effects
on GH release in pigs owing to their sup-
posed somatostatinergic hypertone. Our
data suggest that high ASP doses tran-
siently inhibit and delay ARG-induced
GH release in pigs and that an equimolar
supplement of ASP stimulates or inhibits
ARG-induced GH release depending on
the dose used. Further studies are needed
at the supra hypothalamic level in order
to determine the mechanisms by which
ARG stimulates GH release and the
mechanisms by which ASP affects ARG-
induced GH release.
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