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Abstract

Introduction: Previous studies have found that L-ar-
ginine induced beneficial effects over insulin resistance
both in type 2 diabetes mellitus patients and healthy
individuals. The aim of our study was to investigate
whether an L-arginine enteral supplementation (20 g
per day) in head and neck cancer patients could mo-
dify insulin resistance, leptin and adiponectin levels
after surgery.

Material and Methods: At surgery 82 patients were
randomly allocated to two groups: group I received an
enteral diet supplements with a high dose of arginine
(20g per day) and group II received an enteral formula
without arginine. At basal time and on postoperative
day 10, the following parameters were recorded: glu-
cose, c-reactive protein, insulin, HOMA (homeostasis
model assessment), leptin and adiponectin.

Results: Values of weight, body mass index, fat mass
and fat free mass remained unchaged during the acute
nutritional intervention in both groups. Insulin levels
UI/L (-0.214/-0.18) and HOMA units (-0.07+/-0.13)
decreased in the arginine group. Adiponectin levels
(+1.8+/-2.3ng/ml) increased in the arginine group.

Conclusion: Short-term enteral L-arginine therapy
addeded to usual enteral nutrition of patients affected
by head and neck cancer and surgery without diabe-
tes mellitus type 2 is able to improve insulin resistance
and adiponectin levels.
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EFECTO DE LA LA ARGININA EN LA
RESISTENCIA A LA INSULINA'Y
ADIPOCITOQUINAS EN PACIENTES
CON TUMORES DE CABEZAY CUELLO
SIN DIABETES TRAS CIRUGIA

Resumen

Introduccion: Alguntos trabajos han encontrado que
la L-arginina induce efectos beneficiosos sobre la re-
sistencia a la insulina, tanto en pacientes con diabetes
tipo 2 como en individuos sanos. El objetivo de nues-
tro estudio fue investigar si la suplementacion enteral
de L-arginina (20 g por dia) en pacientes con cancer
de cabeza y cuello puede modificar la resistencia a la
insulina, los niveles de leptina y adiponectina después
de la cirugia.

Material y métodos: Tras la cirugia 82 pacientes fue-
ron asignados aleatoriamente a dos grupos: grupo I re-
cibié un enterales suplementos de dieta con una dosis
alta de arginina (20 g por dia) y el grupo II recibio
una férmula enteral sin arginina. En el momento basal
y el dia 10 tras la cirugia, se registraron los siguien-
tes parametros: glucosa, proteina C reactiva, insulina,
HOMA (Homeostasis Model Assessment), leptina y
adiponectina.

Resultados: Los valores de peso, indice de masa cor-
poral, la masa grasa y la masa libre de grasa se mantu-
vieron sin cambios durante la intervencién nutricional
aguda en ambos grupos. Los niveles de insulina UI/L
(-0,21 +/-0,18) y HOMA (-0,07 +/ -0,13) disminuyeron
en el grupo de arginina. Los niveles de adiponectina
(1,8 +/ -2.3ng/ml) aumentaron en el grupo de arginina.

Conclusion: La nutricion enteral con L-arginina a
corto plazo en los pacientes afectados por cincer de
cabeza y cuello y tras cirugia es capaz de mejorar la
resistencia a la insulina y los niveles de adiponectina.

(Nutr Hosp. 2014;30:870-875)
DOI1:10.3305/nh.2014.30.4.7864
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Introduction

The current view of adipose tissue is that of an
active secretory organ, sending out adipokines that
modulate insulin sensitivity, energy expenditure
and inflammation. Adipokines are proteins pro-
duced mainly by adipose tissue'. These molecules
have been shown to be involved in the pathoge-
nesis of the metabolic syndrome and cardiovas-
cular disease in obese patients. Adiponectin is an
adipocyte-derived collagen like protein indenti-
fied through an extensive search of adipose tissue.
Hypoadiponectinemia increased risk of coronary
artery disease togheter with the presence of mul-
tiple risk factors, indicating that adiponectin is a
key factor of the metabolic syndrome?. Leptin is a
protein secreted primarily from adipocytes. Leptin
suppresses food intake and increase energy expen-
diture by enhancing thermogenesis and metabolic
rate. Reports suggest that leptin contributes to athe-
roscleoris and cardiovascular disease in obese pa-
tients®. Most studies of serum profile of adipokines
have been conducted in cross sectional studies in
obese patients*® and in dietary intervention trials,
which analyzed adipokine changes secondaries to
weight loss®’.

Moreover, nitric oxide, a secondary product of
L-arginine, is involved in a wide variety of regu-
latory mechanisms of the cardiovascular system®.
Previous studies have found that L-arginine indu-
ced beneficial effects over insulin resistance both in
type 2 diabetes mellitus patients and healthy indivi-
duals [9,10]. Untill now, few data have been availa-
ble on the effects of L-arginine supplementation in
ameliorating insulin resistance and serum adipoki-
nes changes after surgery. For example, in cardio-
pathic nondiabetic patients after an aortocoronary
bypass, chronic oral L arginine administration (6.4
g/d) for 6 months increased insulin sensitivity!!.

There is evidence that giving patients periopera-
tive nutritional supplements with immunonutritio-
nal additives can favourably modulate the immune
and inflammatory response both in vitro and in pa-
tients with trauma, burns or those undergoing onco-
logical surgery'?. Arginine is the most common im-
munonutrient given to patients with head and neck
cancer’®. The highest dose of arginine used in these
clinical studies was 20 g per day with an improve-
ment in wound complications'*. This high dose of
arginine administered in these protocols could be
used to evaluate the acute effect of a high dose of
arginine on insulin resistance and adipocytokines
changes induced by cancer surgery.

The aim of our study was to investigate whether
an L-arginine enteral supplementation (20 g per
day) in head and neck cancer patients could modi-
fy insulin resistance, leptin and adiponectin levels
after surgery.

Material and methods
Patients and design

The study protocol was designed to study patients
with head and neck cancer after a surgery in abcense of
type 2 diabetes mellitus or alteration of fasting glucose,
diagnosed by fasting plasma glucose less than 110 mg/
dl. Eighty two patients with head and neck cancer eligi-
ble for surgery that entered the Departament of Otolary-
ngology of our Univeristary Hospital participated in this
protocol. The study has been approved by the local ethics
committee and all patients signed an informed consent.
All patients have a histologically proven squamous cell
carcinoma of the oral cavity, larynx, oropharyns or hypo-
pharynx and required major ablative surgery. Patients
were excluded from the study if they were impaired re-
nal function (serum creatinine concentration >2.5 mg/
dl), ongoing infections, autoimmune disorders, steroids
treatment, nutritional oral supplementation in previous 6
months and severely malnourished (weight loss >10% of
body weight). Baseline studies on all patients consisted
of complete history taking and physical examination. Ge-
neral assessment of nutritional status included measure-
ments of height, body weight, body mass index (kg/m?).

Nutritional intervention

Patients were randomly assigned to one of the fo-
llowing treatment groups: group I (42 patients) recei-
ved an enteral diet supplements with a high dose of
L-arginine (20g per day) and group II (40 patients)
received an isocaloric, isonitrogenous enteral formula
without L-arginine. Blinding of patients and dietitians
involved in patient treatment was maintained. Table I
shows the composition of the two enteral diets.

Table I
Composition of enteral diet (per 1.000 ml)
Group 1 Group Il

(High Dose) (Mediun Dose)
Total energy(Kcal) 1.020 1.118
Protein (g) 49.8 50.5
Free L-arginine 8 -
Total lipid (g) 48.6 48.8
W6/w3 5/1 51
Linoleic acid 10.18 12.5
a-linolenic acid 2.3 2.5
Carbohydrate (g) 135.8 136.1
Dietary fiber (g) 13.8 13.8

Dietary fiber: (oligofructose, inulin, soy polysaccharide, resistant
starch, arabic gum, cellulose).

Enteral arginine and insulin resistance
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Postoperatively, all patients were tube-fed for
approximately 15 days, as is the standard hospital pro-
cedure. The infusion rate was progressively increased
every 24 hrs until the daily nutritional goal (35 total
kcal/kg; 1.7 g protein/kg) was reached, on postope-
rative day 4. All patients reached 100% of calculated
requirements. No drop-outs were present in the study.
The end point to discontinuing nutritional support was
a minimum oral intake of 1700 cal day and 1 g/kg/d of
protein with supplementation with a minimum of 10
days of enteral support.

Biochemical assays

At basal time and on postoperative day 10, the fo-
llowing parameters were recorded: glucose, c-reactive
protein (CRP), insulin, HOMA (homeostasis model
assessment), leptin and adiponectin.

Plasma glucose levels were determined by using an
automated glucose oxidase method (Glucose analyser
2, Beckman Instruments, Fullerton, California). Insu-
lin was measured by enzymatic colorimetry (Insulin,
WAKO Pure-Chemical Industries, Osaka, Japan) and
the homeostasis model assessment for insulin sensiti-
vity (HOMA) was calculated using these values'>.CRP
was measured by immunoturbimetry (Roche Diagnost-
cis GmbH, Mannheim, Germany), analytical sensivity
0.5 mg/dl. Hemoglobine Alc levels were measured by
using high-pressure liquid chromatography.

Leptin was measured by ELISA (Diagnostic Sys-
tems Laboratories, Inc., Texas, USA) with a sensitivity
of 0.05 ng/ml and a normal range of 10-100 ng/ml.
Adiponectin was measured by ELISA (R&D systems,
Inc., Mineapolis, USA) with a sensitivity of 0.246 ng/
ml and a normal range of 865-21424 ng/ml.

Anthropometric measurements

Body weight was measured to an accuracy of 0.05
Kg and body mass index computed as body weight/
(height?). Waist (narrowest diameter between xiphoid
process and iliac crest) and hip (widest diameter over
greater trochanters) circumferences to derive waist-to
hip ratio (WHR) were measured, too. Tetrapolar body
electrical bioimpedance was used to determine body
composition'®.

Statistical analysis

Sample size was calculated to decrease 10% of insu-
lin resistance with L-arginine administration with 80%
power and 5% significance. To minimize the potential
for introducing bias, all randomized patients were in-
cluded in the comparisons, irrespective of whether or
not and for how long they complied with their allocated
regimen (intention-to-treat analysis). For descriptive

purposes, we used median and standard deviation. The
distribution of variables was analyzed with Kolmogo-
rov-Smirnov test. Quantitative variables with normal
distribution were analyzed with two tailed paired or
unpaired Student’s t-test, as needed. Non-parametric
variables were analyzed with the Friedman and Wilco-
xon tests. A p-value under 0.05 was considered statis-
tically significant. All analyses were performed using
SPSS version 15.0 software (SPSS, Chicago, IL).

Results

82 patients were enrolled in the study. The mean
age was 64.6+11.4 years (10 females (12.2%)/72 ma-
les (77.8%)). Basal HbAlc was 4.3+0.5%. There were
42 patients in the group I (high arginine-enhanced for-
mula) and 40 patients in the control diet group II (no
arginine-enhanced formula). Characteristics of the pa-
tients on enrollment were similar for the two groups,
reflecting the homogeneity of the patient population
under study. There were no significant intergroup di-
fferences with regard to gender, mean age, body wei-
ght, location and stage of tumor (Table II).

Eleven patients underwent resection of a tumor lo-
cated in the oral cavity with unilateral or bilateral neck
dissection; 71 patients underwent laryngectomy (total
or partial) or pharyngo-laryngectomy, with the same
distributions of surgery in group I and II (Table II).

As shown in table III, no significant intergroup di-
fferences in the trend of anthropometric parameters
were detected. Values of weight, body mass index, fat
mass and fat free mass remained unchaged during the
acute nutritional intervention in both groups.

Table IV shows changes in insulin levels, HOMA
and adipocitoquines. Insulin levels UI/L (-0.21+4/-

Table II
Patients characteristics

Group 1 Group 11
Age (years) 65.5£12.2 63.6+£10.5
Men/women 37/5 35/5
Body weight (kg) 72.0+12.8 70.4+15.7
Body mass index 25.7+4.3 25.1+4.8
Disease Stage
I 0 0
I
I 10 9
v 30 30
Diagnosis of disease
Oral cavity 6 5
Larynx 36 35

No statistical differences.
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Table I1I
Changes in anthropometric parameters

Table IV
Insulin resistance, homa and adipokines

Parameters Baseline Day 10 Parameters Baseline Day 10
Weight(kg) Glucose (mg/dl)
Group I 72.0+12.8 71.3£15.9 Group I 93.9+10.9 91.8+12.7
Group 1T 70.4+15.7 69.1+13.1 Group 1T 94.8+11.2 91.1+10.1
BMI(kg/m2) Insulin (UI/L)
Group I 25.1+5.3 25.0+5.1 Group | 19.0+17.9 15.8+12.7"
Group II 24.7+4.2 24.4+4.1 Group 1T 22.5+19.7 20.6+14.6
Fat mass(kg) HOMA (Units)
Group I 16.0+9.2 17.5+10.4 Group I 0.37+0.16 0.30+0.14"
Group II 15.4+8.8 15.9+8.1 Group II 0.32+0.09 0.29+0.09
Fat free mass(kg) Leptin (ng/ml)
Group I 53.0£9.4 52.449.2 Group I 11.1+15.8 16.6+24.3
Group 1T 53.8+10.6 52.4+9.1 Group 1T 9.7+14.6 9.8+11.1
*(p<0.05) with baseline values. Adiponectin (ng/ml)
0.18) and HOMA units (-0.07+/-0.13) decreased in the Group 1 7.8+3.8 9.6x4.5"
arginine group. Adiponectin levels (+1.8+/-2.3ng/ml) Group II 9.2+6.1 10.1+6.7
increased in the arginine group, too. C reactive pro-

tein(mg/dl)
DISCUSSION Group I 9.1£7.2 6.9+6.2

Group 1I 10.3+6.9 5.245.6

To our knowledge, this is the first study evaluating the
effects on insulin resistance, adiponectina and leptin le-
vels of an acute high dose of L-arginine supplementation
added on enteral nutrition as usual nutritional treatment in
head and neck cancer patients after surgery. In particular,
the present study demonstrated that L-arginine supple-
mentation was able to improve both insulin resistance
and adiponectin levels.

The beneficial effect of L-arginine on insulin resistan-
ce could be mediated by an increase in adiponectin levels,
as previously reported (9). The direct effect of adiponec-
tin on atherosclerosis was investigated by Kumada et
al'” who showed that adiponectin specifically increased
tissue inhibitor of metalloproteinase-1, reducing vascular
inflammation and delaying the development of atheros-
clerosis. With our data, a stimulating result of the present
study is that 10 days of L-arginine supplementation at a
dose of 20 g/d improved insulin resistance and insulin
levels in a group of non diabetic patients submitted to
head and neck cancer surgery. This data support a poten-
tial beneficial effect of L-arginine on insulin resistance in
this type of patients. Previous studies have found that oral
L-arginine supplementation improved insulin resistance,
endothelial function, oxidative stress in type 2 diabetes
mellitus patients [9,18].

As mentioned above, the beneficial effect of oral ar-
ginine administration on insulin resistance could be se-
condary to adiponectin increase. Adiponectin is thought
to contribute to the regulation of insulin sensitivity®.

“(p<0.05) with baseline values.

Homeostasis model assessment (HOMA) provides a
powerful index of insulin resistance (IR) in epidemiolo-
gical studies. Adiponectin and HOMA thus represent
two different aspects of IR with opposite relations to this
condition. Adiponectin accounts for ~0.02% of total plas-
ma protein in humans, and its concentration is inversely
associated with the risk of type 2 diabetes®! and obesi-
ty?2. Moreover, hypoadiponectinemia is associated with
hypertension”, with circulating lipid levels®, and with
coronary artery disease®. Consistent with these findings,
a chronic inhibition of NO release by N-nitro-L-argini-
ne methyl ester administration in rats induced a state of
hypoadiponectinemia, suggesting that NO per se might
modulate adiponectin release® and increasing NO syn-
thesis secondary to oral arginine could modify adiponec-
tin levels.

In a previous study?, after a hypocaloric diet and
exercise training program, fasting and postprandial
glucose levels were normalized within 3 weeks, in
an oral arginine enhanced protocol (8.3 g per day).
However, this protocol was performed with obese dia-
betic patients and with a reduction of caloric intake.
Our design showed that the beneficial effect on insu-
lin resistance is only due to arginine because weight
remained unchanged during enteral nutrition support.
However, this improvement is very small and may not
of clinical relevance, without a significant change in

Enteral arginine and insulin resistance
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glucose levels. Another limitation of this design is the
determination of a single isolated determination of
the insulin resistance after 10 days of administering
arginine. Probably it would have been a need for fur-
ther determinations, and an analysis of dose effect of
arginine. It will therefore be necessary to design new
work with different times and concentrations of argi-
nine administered. Another limitation of our work is
to use only HOMA as a measure of surrogated insulin
resistance, and the impossibility of performing a eu-
glycemic clamp.

In conclusion, short-term enteral L-arginine therapy
addeded to usual enteral nutrition of patients affected
by head and neck cancer and surgery without diabetes
mellitus type 2 is able to improve insulin resistance
and adiponectin levels. However, further studies are
needed to elucidate if this metabolic changes could be
beneficial to this postsurgical population (28,29)with
an enteral supplementation or to the general popula-
tion with an oral supplementation regimen.
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