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Abstract

Background: Citrullinemia is been reported as a quan-
titative parameter of the enterocyte mass and function.

Aim: The objective of this research is to analyse the
value of fasting and stimulated citrullinemias in the intes-
tinal function evaluation.

Methods: A case-control study was undertaken, inclu-
ding 11 patients with short bowel syndrome, 13 patients
submitted to malabsorptive bariatric surgery and 11
healthy controls. Plasma levels of amino acids were deter-
mined, before and after a stimulation test with oral L-
glutamine, by ion exchange chromatography.

Results: Citrullinemia was inferior in short bowel
patients (28,6 + 11,3 versus 35,5 + 11 in operated obese
versus 32,2 + 6,6 pmol/L in controls; n.s.) and lower than
25,5 umol/L in 54,5% of them (versus 16,7%; p = 0,041;
accuracy =74 %3 odds ratio = 3,95 %CI 1,2-7,6). ACitrulli-
nemia80 (relative variation of citrullinemia at the 80
minute of test) was lower in short bowel patients; its diag-
nostic accuracy was similar to baseline citrullinemia and
also not significant. ACitrullinemia80 revealed a high
predictive capacity of a short bowel inferior or equal to 50
cm (auR.0.C. =82,3%; 95%CI1 61,7-102,8; p = 0,038).

Conclusions: In short bowel syndrome context, citrulli-
nemia stimulation test with oral L-glutamine is feasible
and it may improve the predictive capacity of severity.
Further investigation is required to determine its clinical
relevance and applicability.
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CITRULINEMIA PRUEBA DE EST}IMULACI(’)N EN
LA EVALUACION DE LA FUNCION INTESTINAL

Resumen

Introduccion: Citrulinemia si ha reportado como un
parametro cuantitativo de la masa y la funcion del entero-
cito.

Objetivo: El objetivo de esta investigacion es analizar el
valor de las citrulinemias en ayuno y estimulada en la
evaluacién de la funcién intestinal.

Métodos: Un estudio de casos y controles se llevé a
cabo, incluyendo 11 enfermos con sindrome del intestino
corto, 13 pacientes sometidos a cirugia bariatrica de
malabsorcion y 11 controles sanos. Los niveles plasma-
ticos de aminoacidos se determinaron, antes y después de
la prueba de estimulacién oral con L-glutamina, por
cromatografia de intercambio ionico.

Resultados: Citrulinemia fue menor en los pacientes de
intestino corto (28,6 = 11,3 versus 35,5 + 11 en los obesos
operados versus 32,2 + 6,6 umol/L en los controles; n.s.) e
inferior a 25,5 umol/L en el 54,5% de ellos (versus 16,7 %;
p = 0,041, exactitud = 74 %, odds ratio = 3,1C95% 1,2 a
7,6). ACitrullinemia80 (variacion relativa de la citruli-
nemia a los 80 minutos de la prueba) fue menor en
enfermos de intestino corto; su precision diagnéstica fue
similar a la citrulinemia en ayuno y también no significa-
tiva. ACitrullinemia80 revelé una elevada capacidad
predictiva de intestino corto inferior o igual a 50 cm
(abR.0O.C. =82,3%; 1C95% 61,7-102,8; p = 0,038).

Conclusiones: En el contexto de lo sindrome de intes-
tino corto, la prueba de estimulacion de la citrulinemia
con L-glutamina oral es factible y puede mejorar la capa-
cidad predictiva de gravedad. Se requieren nuevas inves-
tigaciones para determinar su importancia clinica y apli-
cabilidad.

(Nutr Hosp. 2013;28:202-210)
DOI:10.3305/nh.2013.28.1.6243
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Abbreviations

BMI: Body mass index.

auROC: Area under the “receiver operating charac-
teristic curve”.

95%CI: 95% Confidence interval.

n.s.: statistically not significant.

VS: versus.

Introduction

Several authors suggest that citrullinemia may con-
stitute an objective, quantitative, reproducible and sim-
ple parameter of the functional enterocyte mass, inde-
pendent of the nutritional status, the presence of local
inflammation and the etiology of the lesion, in different
ages and pathologies (such as short bowel syndrome,
villous atrophy, radio and chemotherapy enteropathies
and acute rejection of small bowel transplant)'=.

Indeed, in the human, citrulline is a non-protein amino
acid that results from the enterocyte mitochondrial
metabolism of glutamine, particularly in the proximal
small bowel, at the upper and medium part of the villi*>“.
After synthesis, regulated by pyrroline 5-carboxylate
synthase, an enzyme almost exclusive of the entero-
cytes, citrulline is released in the portal circulation and
converted to arginine in the kidneys'>#°. The intestine
represents the main source of circulating citrulline'>+S.

Various studies demonstrated that citrullinemia is
correlated with intestinal length, mass and absorptive
function, in adults and children'?". In short bowel syn-
drome, it seems to represent an important predictive
factor of irreversible intestinal failure and a parameter
for monitorization of the physiological adaptation and
the surgical rehabilitation'>$1°.

Despite favorable reports associating fasting cit-
rullinemia to the degree of functional enterocyte mass
reduction in various small bowel disorders, some limi-
tations have been highlighted. Several authors'!''
emphasized the inconsistent correlation between cit-
rullinemia and intestinal absorption of macro and
micronutrients, even in cases of successful dietetic and
pharmacological rehabilitation; although absorption
constitutes a complex integrated process influenced by
other factors (as biliopancreatic secretions, digestive
motility and colonic mucosa), various methodological
aspects of those studies might have interfere with the
conclusions and citrulline remains regarded as an indi-
cator of the integrity and functionality of the entero-
cytes!, specially of duodenum and jejunum. Precise
determination of diagnostic and prognostic thresholds
of citrullinemia is also required owing to the overlap-
ping of values with apparently different clinical signifi-
cances®!’. Furthermore, plasma citrulline concentra-
tions seem to reflect predominantly the extremes of the
disease spectrum and, in cases of intermediate severity
as those of small bowel syndrome with residual intes-
tine between 50 and 150 cm, fasting citrullinemia may

be insufficiently discriminative for use in the individual
context"'*!"". A dynamic evaluation of the citrullinemia
production, using a stimulation test with exogenous glu-
tamine, may improve the discriminative accuracy and
overcome some of the referred limitations.

Objectives

The objective of present study is to determine the
value of fasting citrullinemia and citrullinemia stimu-
lation test in the intestinal function evaluation.

Material and methods

This study included adult patients with short bowel
syndrome (defined as a postduodenal small bowel rem-
nant length inferior to 200 cm'*'¥) consequent to mas-
sive enterectomy; patients subjected to malabsorptive
bariatric surgery (including gastric by-pass and duode-
nal switch), with a follow-up period of at least six
months and a control group of healthy individuals, with
18 to 75 years-old, body mass index between 18,5 and
35 Kg/m?, stable body weight in the last six months
(variation inferior to 5%) and without exclusion crite-
ria. The exclusion criteria included urea cycle or cit-
rulline metabolism disorders, renal insufficiency (crea-
tininemia = 1,8 mg/dL), previous hepatic or pancreatic
surgery, pregnancy and lactation, in all groups; known
digestive disease, previous digestive surgery (except
appendicectomy), uncontrolled diabetes mellitus,
autoimmune disease, acquired immunodeficiency syn-
drome, significant organ insufficiency, severe meta-
bolic stress, use of glucocorticoids, intestinal transit
modulators or microbiotics administration, medium
chain triglycerides, glutamine or citrulline supplemen-
tation in the previous month, in control group.

In short bowel patients, the etiology, anatomic type,
residual bowel characteristics (segment, length,
integrity and transit continuity), evolution phase, adap-
tation grade (characterized by the degree and duration
on nutritional support dependence'®'*) and the eventual
intestinal rehabilitation therapies were recorded.
Length of residual post-duodenal small bowel was
measured peroperatively at the antimesenteric border.
Actual status of primary disease (active versus con-
trolled), digestive symptoms, associated diseases
(including liver or pancreatic dysfunction) and medica-
tions were also registered.

In obese patients’ group, gastric by-pass was accom-
plished by laparoscopic approach and involved a
restriction gastroplasty associated to a jejunal transsec-
tion 100 cm distal to the Treitz’s angle and a Roux-en-
Y gastroenterostomy, creating an alimentary segment
with 150 cm and a biliopancreatic branch with 100 cm
of length. Duodenal switch was performed by laparo-
tomy and included a longitudinal gastrectomy of the
greater curvature, the closure of the duodenum, an
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intestinal transsection 250 cm proximal to the ileocecal
valve and a Roux-en-Y duodenum-ileostomy, with an
entero-enterostomy 100 cm proximal to the ileocecal
valve, creating an alimentary segment with 150 cm and
a common branch (alimentary and biliopancreatic)
with 100 cm of length. In patients subjected to bariatric
surgery, the preoperative and actual weights, type of
surgical technique, follow-up time, comorbidities
(such as dyslipidemia, diabetes mellitus, arterial hyper-
tension, obstructive sleep apnea, psychiatric disorders
and osteoarticular disease) and its evolution (noticing
as favorable outcome the restoration of laboratory val-
ues and/or the diminution or suspension of the medical
therapy) were registered. Digestive symptoms, con-
comitant diseases (hepatic or pancreatic insufficiency
and others) and medications were also noticed.

Blood was collected, after an eight hours fasting
period, for determination of amino acid plasma levels
(citrulline, glutamine, arginine, ornithine, alanine,
isoleucine, proline and glutamic acid) and regular
analysis (including serum biochemistry with liver
enzymes, ionograme, creatinine, ureic nitrogen and
lipids profile; hemograme with leucocyte formula;
caolin-cefalin and prothombine times and C-reactive
protein). Plasma aminogram was repeated 80 and 120
minutes after the stimulation test that included an oral
bolus administration of a L-glutamine solution (0,2
g/Kg) as Glutamine Plus Orange® (Fresenius Kabi,
Germany); additional oral ingestion of liquids or solids
was forbidden during the test. Each sachet of Gluta-
mine Plus Orange® was diluted in 200 ml of water and
contained 10 g of glutamine, 9,4 g of maltodextrine and
starch, 1 g of fibers, 1,6 mg of B-carotene, 83 mg of vit-
amin E, 250 mg of vitamin C, 6 mg of sodium, 55 mg of
potassium, 3,3 mg of zinc and 50 pg of selenium.

Plasma concentrations of amino acids were studied by
ion exchange chromatography in a high pressure system
(Biochrom 30 analyzer). Plasma was extracted from
blood sampled in ethilenediaminotetraacetic acid and
reserved at 4°C, by centrifugation at 4000 g, 4°C, during
10 minutes; samples were prepared with ditioteitol 12%,
five to 10 minutes, deproteinized with sulfosalicilic acid,
60 minutes at room temperature and, after division of the
sediment by centrifugation, were filtered and preserved
at -20°C for subsequent analysis. Relative variation of
aminoacidemia between the baseline level and the con-
centration eighty minutes after the intake of L-gluta-
mine, designated by Aaminoacidemia80, was expressed
in percentage and was calculated in accordance to the
formula: AAminoacidemia80 = (Eighty minute
aminoacidemia/Baseline aminoacidemia) x 100 - 100.
Creatinine clearance was valued through the Cockcroft e
Gault formula® based on creatininemia (determined by
isotopic dilution mass spectrometry).

Nutrition status was evaluated by anthropometric
(actual and usual body weights, height, triceps skinfold
thickness and mid-arm circumference)''®and laborator-
ial (albuminemia) criteria. Anthropometric parameters
were determined and valued in consonance to the refer-

ence tables (standardized for age and sex) and the Gar-
row s, McWhirter s and Blackburn’s criteria'*'®. Height
and body weight were measured in upright position with
a stadiometer and an electronic scale (Seca 644; Seca,
Ltd; Germany) and were registered to the nearest 0,1 cm
and 0,1 Kg, respectively. Triceps skinfold thickness cor-
responds to the mean of three consecutive measurements
with a skinfold caliper (Holtain Ltd, Crymych; United
Kingdom; 0,2 mm) applied at the back of the non-domi-
nant arm, at the midpoint between the tip of the acromial
process of the scapula and the olecranon process of the
ulna, three seconds after its application. Mid-arm cir-
cumference was measured using a non-stretchable flexi-
ble tape, perpendicularly to the long axis of the arm, at
same site and position as described for triceps skinfold
thickness, in triplicate, to the nearest 0,1 cm'®. Ideal
weight was estimated with formulas based on the tables
of standardized weight and height and the percentage of
excess of weight loss was calculated in concordance
with Deitel M et al®.

Body composition was assessed by single frequency
bioelectrical impedance analysis, with determination
of the right hand-to-foot resistance at 50 KHz (Bodys-
tat 1500; Bodystat Ltd; British Isles)®.

Data management and statistical analysis were per-
formed with SPSS Software version 15 for Windows
(SPSS Inc., Chicago, IL), including Qui-square and
Student’s ¢ tests, Anova I, Pearson’s correlations and
Receiver Operating Characteristic (ROC) curves. Sta-
tistical significance was considered at a P value <0,05.
Study was conducted in consonance to the principles of
the Helsinki declaration® and after informed consent of
the participant subjects.

Results

Eleven cases of short bowel syndrome with the char-
acteristics described in table I were studied. Six
patients presented a type III syndrome and five were in
post-adaptation phase; ten were initially submitted to
parenteral nutritional support and nine achieved nutri-
tional autonomy. Mean length of «in-continuity» resid-
ual small bowel was 87,5 + 48,2 (30-190) cm (inferior
or equal to 50 cm in four patients). Acute mesenteric
ischemia was the most frequent subjacent disease
(64%). Two cases presented malnutrition (severe in
one of them) according to the anthropometric criteria
of McWhirter, Blackburn and Garrow and ten (91%)
revealed a free-fat mass percentage below the recom-
mended values. Five patients (45,5%) referred diar-
rhea, defined as daily fecal output superior to 200 g.
Hypomagnesaemia was the most frequent electrolytic
disturbance (54,6%).

Thirteen patients subjected to bariatric surgical pro-
cedures (12 gastric by-pass and one duodenal switch)
were included, with a mean follow-up of 43,5 + 20 (9-
76) months (table I). Postoperative excess of weight
mean loss was 64,4 + 15,3 (32,4-84,9)%. Obese
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Table I
Characteristics of short bowel syndrome cases and of obese patients submitted to bariatric surgery in the study
of citrullinemia stimulation test:

Short bowel syndrome group Bariatric surgery group
(n=11) (n=13)
n (%) n (%)
Female gender 6 54,5 Female gender 9 69,2
Age (years-old) 63,5+16,3 (36-82) Age (years-old) 43,8+8,7 (27-57)
Diagnosis Surgical procedure
Acute mesenteric ischaemia 7 63,6 Gastric by-pass 12 92,3
Anastomotic fistulae® 2 18,2 Duodenal switch 1 7,7
Crohn’s disease 1 9,1 Follow-up (months) 43,5420 (9-76)
Intestinal obstruction 1 9,1 Body weight (Kg)
Type Preoperative 147,6+29,9 (103-227)
III (jejunoileo-colic anastomosis) 6 54,6 Postoperative 89,5+13,3 (70-113)
I (terminal enterostomy) 3 27,3 Body mass index (Kg/m?)
II (jejunocolic anastomosis) 2 18,2 Preoperative 55,8+6,4 (46,9-68.5)
«In-continuity» intestine Postoperative 34,2+4.9 (29,1-47.,4)
Small bowel (cm)¢ 87,5+48,2 (30-190) Ideal weight (%)
=<50cm 4 36,4 Preoperative 243+31,3 (196,3-309,1)
51-149 cm 6 54,6 Postoperative 148,5+20.,4 (128,4-203,9)
150-200 cm 1 9,1 Excess of weigh loss (%) 64,4+15,3 (32,4-84,9)
Colon Previous comorbidities* 13 100
Right and left colon 6 54,6 Dislipidemia 9 69,2
Right (segment) and left colon 1 9,1 Arterial hypertension 8 61,5
Left colon 1 9,1 Obstructive sleep apnea 3 23,1
«Derived» intestine Depression 3 23,1
Ileon (segment) 1 9,1 Esophageal reflux disease 2 15,4
Evolution time (months) 31,8+42,6 (0,5-142) Joint disease 2 15,4
Postadaptative phase 5 45,5
Adaptation phase 5 45,5
Acute phase 1 9,1
Nutritional autonomy 9 81,8
Parenteral nutrition 10 90,9
Duration > 30 days? 4 36,4

*Data expressed as (%) or mediatstandard deviation

b After ileocolic anastomosis for appendicular adenocarcinoma and rectum anterior resection for adenocarcinoma, respectively

¢Residual ileum [n=6 (54,6%); 33,7+22,7 (7-65) cm]
‘Longer than six months in one case
¢Resolution or improvement in all cases

patients presented a mean actual body mass index of
34,2 +4,9 kg/m? and an excess of body weight of 48,5 +
20,4%. All operated obese showed amelioration or
remission of the comorbidities.

Studied groups presented significant differences in
the mean values of age, anthropometric parameters,
albuminemia, percentage of corporal water and dry fat-
free weight (bioelectric impedance analysis) and crea-
tinine clearance (table II). Short bowel patients demon-
strated older mean age and lower mean creatinine
clearance than control individuals.

Mean citrullinemia in patients with short bowel syn-
drome was 28,6 = 11,3 (11-49) umol/L [versus 35,5 +
11,1 (20-56) umol/L in operated obese versus 32,2 +
6,6 (19-42) pymol/L in controls; n.s.] (fig. 1) and was

less than 25,5 mol/L in 54,5% of them [versus 16,7%
in the others; p = 0,041; sensitivity = 54,6%; specificity
= 83,3%; accuracy = 74,3%; negative predictive value
= 80%:; positive predictive value = 60%; odds ratio =3
(95%CI 1,2-7,6)]. Citrullinemia predictive capacity of
short bowel syndrome was low and not significant
[auROC = 66,7% (95%C1 45,5-87,8)]. Probability of a
short bowel syndrome, calculated by the logistic
regression model, was inversely related with citrulline-
mia: 23,4 + 7,1% (95%CI 20,2-26,6) when superior
than 30 umol/L, 41 + 3,5% (95%CI 38,7-43,4) between
20 and 30 umol/L and 52,3 = 7,4% (95%CI 34,1-70,6)
when inferior than 20 umol/L (p = 0,0001). Neverthe-
less, patients with bowel length below 50 cm presented
with higher mean age (78 + 5,7 versus 47,2 £ 12,9; p =
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Table IT
Results of the clinical evaluation of the individuals of short bowel syndrome, malabsorptive bariatric surgery
and control groups in the study of citrullinemia stimulation test*

Short bowel syndrome Bariatric surgery
(n=11) (n=13) Control P’
Gender (male/female) 45,5 vs 54,5 % 30,8 vs 69,2 % 54,5vs45,5 % n.s.
Age (years-old) 63,5+16,3 (36-82) 43,8+8,7 (27-57) 46,3x15,1 (28-71) 0,003
Nutritional status
Anthropometry
Weight (Kg) 59,6+9,3 (41-73) 89,5+13,3 (70-113) 71,316 (43-94) 0,0001
Body mass index (Kg/m?) 23,3+4,3 (13,5-29,5) 34,2+4.9 (29,1-47,4) 25,3+4,4 (18,6-33,6) 0,0001
Mid-arm circumference (cm) 24,3+3,2(17,5-28.5) 33,4+5,9 (26-45.5) 27,4+3,2(23-33,4) 0,0001
Triceps skinfold thickness (mm) 12,6+8,2 (3-25,8) 22,9+10,1 (7,4-38.,5) 14,2+4.5 (8,8-21,7) 0,008
Laboratorial criteria
Albuminemia (g/dL) 3,9+0,7 (2,1-4,4) 4,1+0,28 (3,8-4,8) 4,7+0,29 (4,3-5,1) 0,001
Bioelectrical impedance analysis
Fat mass (%) 30,2+7,6 (15,9-38,2) 34,5+11,2 (15,1-53,9) 26,5+10 (12,4-44) n.s.
Fat-free mass (%) 69,9+7,6 (62-84) 65,5+11,2 (46-85) 73,5+10,5 (56-88) n.s.
Water (%) 61,1+10,7 (46,7-79,7) 49,7+7,3 (35,6-60,5) 55,4+5,5 (42,3-61,9) 0,007
Dry fat-free weight (Kg) 6,3+3,7 (0-12,8) 14,3+5 (9-26,3) 13,4+6,4 (2,2-20,9) 0,001
Impedance () 522,2+123,8 (276-745) 413+56,2 (333-496) 521,4+77,7 (429-658) 0,005
Creatinine clearance (ml/min) 81+30,9 (34,5-122,8)  175,7+35,8 (130,8-255,8)  116,1+38,5(61,2-181,6)  0,0001

“Data expressed as (%) or mediatstandard deviation
b#-Student and j? tests
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Fig. .—Mean aminoacidemia
levels (umol/L) in short bowel
syndrome (n=11), bariatric
surgery (n=13) and control
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0,0001) and lower creatinine clearance (56,8 = 9,8 ver-
sus 136,3 £49,2; p=0,0001); two of them (50%), older
than 70 years-old and with creatinine clearance below
60 ml/min, demonstrated citrullinemias of 46 and 49
pmol/L, respectively. The lowest citrulline plasma
concentration (11 umol/L) was observed in a 82 years-
old female patient presenting a type III short bowel
syndrome with 50 centimeters of residual intestine and
submitted to an extended enterectomy, two weeks
before, motivated by an acute mesenteric ischemia.
Lowest citrullinemia in the obese group occurred after
duodenal switch (n.s.); citrulline plasma concentra-
tions that exceed the superior reference limit of the lab-

oratory (43 umol/L) were observed in four obese
patients.

In the three groups, citrullinemia didn’t correlate
with the studied parameters of nutritional evaluation
and body composition.

Plasma levels of ornithine, amino acid precursor of
citrulline, were lower in short bowel patients [68,8 + 24
(36-104) umol/L versus 74 + 24,8 (48-141) umol/L in
operated obese versus 94,6 £ 17,9 (52-114) umol/L in
controls; p = 0,026] (fig. 1) and inferior to 51,5 mol/L
in 66,7% of those cases (versus 33,3%; n.s.).

In the citrullinemia stimulation test, eighty minutes
after the bolus ingestion of L-glutamine, an increase of
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Fig. 3.—Evolution of mean citrulline plasma concentrations
(umol/L) during the citrullinemia stimulation test, before and
after a L-glutamine bolus ingestion, in short bowel syndrome
(n=11), bariatric surgery (n=13) and control groups (n=11).

plasma concentrations of the analyzed amino acids was
observed, except of leucine and isoleucine in all groups,
proline in obese and controls and ornithine in controls
(fig. 2). In healthy individuals, after eighty minutes,
mean increases of citrullinemia and glutaminemia were
38,9 £ 34% (p =0,005) and 52,9 +22,4% (p = 0,0001),
respectively (fig. 2). In short bowel patients, an attenu-
ated and delayed citrulline response to oral L-glutamine
was verified, with lower and later peak concentrations;
in obese, the reduction of citrullinemia after the 80®
minute was slower and attenuated (fig. 3).

Mean ACitrullinemia80 values were inferior in short
bowel patients (33,8 + 58,8 versus 36,9 + 28,1%; n.s.)
(fig. 2) but its diagnostic accuracy was lower than that of
baseline citrullinemia and also not significant [auR.O.C.
=54,5% (95%CI 30,4-78,7), n.s. versus 66,7% (95%CI
45,5-87,8), n.s., respectively]. Mean ACitrullinemia80
values inferior to 8,75% were observed in 36,4% of short
bowel patients [versus 4,2% in the others; p = 0,026; sen-
sitivity = 36,4%; specificity = 95,8%; accuracy = 77,1%;

negative predictive value = 76,7%; positive predictive
value = 80%; odds ratio = 3,1 (95%CI 1,3-137,7)].
ACitrullinemia80 revealed a significant and high predic-
tive capacity of a short bowel remnant inferior or equal to
50 cm (auR.0.C. = 82,3%, 95%CI 61,7-102,8, p =
0,038); mean values lower to 31,5% were observed in all
of those patients (versus 45,2%, n.s.). Probability of a
short bowel inferior or equal to 50 cm, calculated by
the logistic regression model, was inversely and signif-
icantly related with Acitrullinemia80: 55,5 = 32,1%
(95%CI 4,4-106,6) when lower than 0%, 10,9 + 3,2%
(95%C19,1-12,8) between 0 and 31,5% and 1,5 + 1,5%
(95%C1 0,7-2,3) when higher than 31,5% (p = 0,0001).
Acitrullinemia80 didn’t correlated significantly with the
analyzed nutritional and body composition parameters
except with the body water percentage (Pearson’s coeffi-
cient=34,9%; p=0,04).

Discussion

In this study, according to the literature', short bowel
syndrome cases presented, in comparison with con-
trols, lower plasma concentrations of citrulline (n.s.),
arginine (n.s.) and ornithine (p = 0,026) and higher lev-
els of glutamine (n.s.).

Mean values of citrullinemia were lower in short
bowel patients (although with a statistically not signifi-
cant difference) and inferior to 25,5 mol/L in 54,5% of
those cases (versus 16,7%; p = 0,041). This threshold,
although with low sensitivity, was associated with high
specificity and negative predictive values and was sim-
ilar to those described in others series'. According to
Crenn P ez al", a citrullinemia lower than 30 umol/L, in
adults, is associated with short bowel syndrome with a
sensitivity of 77% and a specificity of 75% (diagnosis)
and a concentration below 20 pmol/L determines the
definitive character of the intestinal failure (prognosis)
with a sensitivity and a specificity of 92 and 90%,
respectively.

Citrulinemia stimulation test
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Significantly older age and lower creatinine clearance
of short bowel syndrome patients when compared to
controls might have contributed to minimize the differ-
ence between the citrulline plasma levels of both groups;
because those factors are generally associated with ele-
vation of citrullinemia'. Furthermore, the small number
of short bowel patients included in this study, 63,7%
with more than 50 cm of remnant intestine and 82% with
oral nutritional autonomy, might have contributed for
the absence of a significant difference between mean cit-
rullinemias of the two groups. Unexpected high cit-
rullinemia in two elderly patients with less than 50 cm of
residual bowel, probably related with the deterioration
of renal function, contributed to the absence of a statisti-
cally significant relation between citrullinemia and this
pejorative prognostic factor.

In this series, the relative reduction of mean cit-
rullinemia values in short bowel patients seems to be
independent of the nutritional status, as those weren’t
significantly related with the evaluated nutritional and
body composition criteria; those results were concor-
dant with the literature' and represent an advantage of
citrullinemia as a parameter of evaluation of the intesti-
nal function.

Morbid obese patients included in the current series
underwent bariatric procedures with a simultaneous
malabsorptive and restrictive character and a potential
influence to reduce citrullinemia derived, among other
factors, from the exclusion of the proximal 100 to 150
cm of the jejunum. Postoperative mean loss of excess
of weight [62,7 + 14,6 (32,4-83) after gastric by-pass
and 84,9% after duodenal switch] was similar to the
data published in the literature®*.

Mean values of fasting citrullinemia in patients sub-
mitted to bariatric surgery were within the reference
range of healthy occidental individuals [40 + 10 (20-
60) mol/L]' and were analogous to those observed in
controls. Those results might be attributed to a non-
declared low protein diet, an inadequate acuity of cit-
rullinemia to detect the malabsorptive consequences of
bariatric surgery and to the fact that citrullinemia may
reflect the global intestinal function, including that of
the segments excluded of the digestive circuit. In
omnivorous animals, the intestine-kidney citrulline-
arginine metabolism seems to represent a process of
fast adaptation to the variations of protein ingestion,
with preference for the citrulline pathway in low pro-
tein diets (in order to reduce the liver uptake of arginine
and the ureagenesis)'. Morimoto BH et al** also demon-
strated that citrulline production by the gut increased,
by disinhibition of ornithine carbamoyltransferase,
when the protein supply was low. In our study, cit-
rullinemia exceed, unexpectedly, the reference limit in
four obese operated patients; moreover, the different
responses of plasma levels of arginine and ornithine to
the stimulation test in obese group and controls also
reinforce this low protein diet theory.

Globally, none of the studied individuals demon-
strated clinical manifestations suggestive of an even-

tual and inherited enzymatic disease related with the
Krebs-Henseleit cycle, like ornithine transcarbamoy-
lase deficiency or citrullinemia (consequent to a disor-
der of the argininosuccinate synthase activity), suscep-
tible to influence citrulline plasma levels*.

In 2007, Papadia C et al®* demonstrated a quadratic
(and not linear) correlation, positive, strong and statis-
tically significant, between citrullinemia and intestinal
length; concentrations higher than 23 umol/L were
associated to normal length, lower than 21 umol/L sug-
gested a dependence on parenteral nutritional and
below 12 umol/L indicated an intestine with less than
50 cm; but, the positive relationship between citrulline-
mia and small bowel length was attenuated for higher
citrulline values. Clinical relevance of citrullinemia
would be greater in those patients with intermediate
remnant small bowel length (50 to 150 cm), more chal-
lenging in terms of defining prognosis, namely in pre-
dicting the irreversible intestinal failure and monitor-
ing the rehabilitation treatment.

In order to determine the potential clinical interest of
a dynamic evaluation of citrullinemia, to improve its
diagnostic and prognostic discriminative accuracies, a
stimulation test with exogenous glutamine was per-
formed in this study. In the enterocyte, citrulline is syn-
thesized from glutamine, that constitutes more than
80% of its precursors and was obtained, in a consider-
able proportion (66%) from the intestinal lumen?''; in
2008, Peter JHC et al' found, in 19 healthy individuals,
that an oral bolus of alanine-glutamine dipeptide
causes a time-dependent rise of citrullinemia up to a
peak concentration after 77 + 16 minutes. So, an oral
intake of glutamine might increase citrulline output to
an extent reflecting the enterocyte functional capacity.
Those were the basis for introducing a new modified
stimulation test for intestinal function evaluation, with
determination of citrullinemia 80 minutes after the
administration of L-glutamine, in a weight-adapted
dose and an oral formulation.

In fact, in present series, oral L-glutamine, although its
relative instability and low solubility in water'" triggers a
significant initial increment of glutamine and citrulline
plasma levels in healthy controls followed, after eighty
minutes, by a decrease, perhaps associated with the con-
version of citrulline into arginine. A close correlation
between glutamine uptake and citrulline release by the
gut has been demonstrated in adults®; glutamine seems to
activate argininosuccinate synthase and thus to favor
recycling of citrulline into arginine®. In short bowel syn-
drome patients, an expected attenuated and delayed cit-
rulline response to the oral L-glutamine was verified.

Although mean ACitrullinemia80 values were infe-
rior in short bowel patients (33,8 + 58,8 versus 36,9 +
28,1%; n.s.), especially in cases with unfavorable prog-
nostic factors such as an intestine remnant shorter than
50 centimeters, ACitrullinemia80 diagnostic accuracy
for short bowel syndrome was lower than that of base-
line citrullinemia and also not significant. Neverthe-
less, ACitrullinemia80 revealed a significant and high
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predictive capacity of a short bowel remnant inferior or
equal to 50 cm.

The stimulation test reflects predominantly the
function of proximal small bowel since glutamine, as
virtually all amino acids, is absorbed in the first 100
to 150 cm of intestine and jejunum represents the
main site of production of citrulline!!; this might
constitute a limitation of the test as the intestinal
adaptation process to short bowel syndrome occurs
principally in the ileum.

In the stimulation test, a pronounced variability of
the results of citrullinemia analysis was evident, even
within the three analyzed groups. Plasma concentra-
tions of amino acids were determinate by ion exchange
chromatography which is considered the reference
method and allows a rapid and fully automatized assay;
however, the use of reversed liquid phase chromatogra-
phy, associated with higher sensitivity (although with
lower reproducibility) might be more advantageous for
this sequential analysis'>*.

Finally, the potential relevance of ornithine, an
immediate precursor of citrulline in the urea cycle', in
the intestinal function evaluation is difficult to antici-
pate and justifies further investigation.

The principal limitation of this study was the low
dimension of the sample, similarly to many other pub-
lished series concerning this subject; it may have con-
tributed to the apparently disappointing accuracy of
fasting and stimulated citrullinemias. Preponderance
of short bowel patients with favorable prognosis, par-
ticularly with oral nutritional autonomy and type III
syndrome and the heterogeneity of the cases also con-
curred to difficult the analysis of our results. Neverthe-
less, those results seem to be concordant with the inter-
est of citrullinemia as a promising parameter for the
evaluation of intestinal function.

Conclusions

Present preliminary analysis suggests that citrullinemia,
although susceptible to clinical and analytical interfer-
ences, may be useful in short bowel syndrome for prog-
nosis definition and monitorization.

In this study, citrullinemia stimulation test with oral L-
glutamine was feasible and, although its diagnostic accu-
racy seems to be similar to fasting citrullinemia in short
bowel syndrome context, it may improve the predictive
capacity of severity. Further investigation is required to
determine its clinical relevance and applicability.
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