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Abstract

AIM  To evaluate if the administration of an
enteral diet supplemented with glutamine,
arginine and ωωωωω-3-fatty acids modulates
inflammatory and immune responses after
surgery.
METHODS  A prospective randomized double-
blind, clinical trial was performed. Forty-eight
patients with gastrointestinal cancer were
randomized into two groups, one group was
given an isocaloric and isonitrogenous standard
diet  and the other  was fed with the
supplemented diet with glutamine, arginine and
ωωωωω-3-fatty acids. Feedings were started within 48
hours after operation, and continued until day
8. All variables were measured before operation
and on postoperative day 1 and 8. Immune
responses were determined by phagocytosis
ability, respiratory burst of polymorphonuclear
cells, total lymphocytes lymphocyte subsets,
nitric oxide, cytokines concentration, and
inflammatory responses by plasma levels of C-
reactive protein, prostaglandin E2 level.
RESULTS  Tolerance of both formula diets was
excellent. There were significant differences in
the immunological and inflammatory responses
between the two groups. In supplemented
group, phagocytosis and respiratory burst after
surgery was higher and C-reactive protein level
was lower (P<0.01) than in the standard group.
The supplemented group had higher levels of
nitric oxide, total lymphocytes, T lymphocytes,
T-helper cells, and NK cells. Postoperative levels
of  IL-6 and TNF-ααααα  were lower in the
supplemented group (P<0.05).

CONCLUSION  It was clearly established in this
trial that early postoperative enteral feeding is
safe in patients who have undergone major
operations for gastrointestinal cancer.
Supplementation of enteral nutrition with
glutamine, arginine, and ωωωωω-3 fatty acids
p o s i t i v e l y  m o d u l a t e d  p o s t s u r g i c a l
immunosuppressive and inflammatory
responses.

INTRODUCTION
Patients with gastrointestinal cancer frequently suffer
from protein calorie malnutrition. This is due, largely
to a systemic anorexia in conjunction with varying
degrees of local anorexia in response to obstructive
symptoms. In addition, the metabolic response to
injury that is seen in these patients postoperatively
produces  a  red is t r ibu t ion  of  endogenous
macronutrients, causing further depletion of body fat
stores and lean body mass. If the injury response
persists and nutritional support is not instituted, pre-
existing malnutrition will be exacerbated and the risk
of  postoperative complications as well as morbidity
and mortality will be increased. It is well known that
major surgery and other types of trauma are
associated with severe alterations of the host
defense mechanisms, making the patients highly
susceptible to septic and inflammatory complications.
Nutritional support after injury may modulate the
immune, inflammatory, and metabolic responses, and
the clinical outcome of critically ill subjects. In
different experimental and clinical settings, enteral
vs parenteral route, early vs delayed enteral feeding,
and immuneenhancing enteral vs standard diets are
related to better results[1-3]. Supplementation of
enteral diets with glutamine, arginine and ω-3 fatty
acids has been reported to improve clinical outcome
after major operations and to reduce the risk of septic
complications above and beyond the role of standard
enteral formula[4].
        The purpose of this study is to compare the
effect of early enteral nutrition with immune
enhancing enteral diet with standard diets on
postoperative immune, inflammatory and metabolic
response in a group of cancer patients. The
endpoints of the study were the evaluation of the
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immune response by polymorphonucler (PMN) cell
respiratory burst and phagocytosis ability, total
lymphocytes, lymphocyte subsets, nitric oxide
(NO) ,  and  cy tok ines  concen t ra t ions ,  the
inflammatory response by C-reactive protein
(CRP), α 1-1antitrypsin, fibrinogen levels, and
prostaglandin E2 level.

MATERIALS AND METHODS
Study protocol
In this prospective, randomized, and blinded study, 48
adult patients, aged between 34 and 75 years, with
gastrointestinal malignancies, who were scheduled for
major abdominal surgery due to their cancer, were
included in the study. Exclusion criteria were clinical
relevant alterations of the pulmonary, cardiovascular,
renal, intestinal or hepatic function; history of recent
immunosuppressive therapy (including preoperative
radiochemotherapy) or immunological disease; ongoing
infection; intestinal obstruction; or emergency
surgery. The comparability of the groups is shown in
Table 1.

Table 1  Characteristics in 2 groups of GI cancer

Characteristics                                Supplemented (n = 25)                   Control (n = 23)

Age /y 55.2±12.1 52.6±9.8
M/F     16/9     15/8
Site of cancer
Stomach        14        13
Colorectum         8         7
Pancreas         3         3
Type of operation
Gastrectomy (subtotal or total)        14        13
Miles or Dixon procedure         8         7
 Pancreatoduodenectomy         3         3
Time of surgery /min  220±45  245±60
Operative blood loss /mL  400±325  450±400
Transfused patients        22        20

       Patients were randomized to receive either an
immuneenhancing enteral diets, Stresson (Nutricia;
n = 25) or a standard diets, Nutrison (Nutricia; n = 23)
supplemented with protein power to make the diets
isonitrogenous. Table 2 summarizes the nutrient
content of these diets. Enteral feeding was started
within 48 h of operation via a needle catheter
jejunostomy, or a nasoenteric tube,  and was
delivered by continuous pump infusion. The diets
were started at half strength 50 mL·h-1, and all
patients reached their nutritional goals by 72 h after
the initiation of enteral nutrition. The goals of nutritional
delivery in the study included 146 kJ·kg-1·d-1  and protein
2.2 g·kg-1·d-1. Patients had to receive enteral nutrition
for a minimum of 7 days to be included in the
study. All patients received intravenous fluid
(50 g·L-1 dextrose and normal saline solution) and
other electrolytes as indicated.

Table 2  Composition of Diets

                                                                Composition of formula (per 100 mL)
Variables
                                                                Supplemented                                   Control

Calories (kcal) 100 125
Protein (g) 4.00 7.50
Glutamine 0.40 1.30
Arginine 0.16 0.89
Fat (g) 3.89 4.17
LCT 3.89 2.45
MCT 0.00 1.72
EPA 0.00 0.079
DHA 0.00 0.030
n6:n3 5:1 3.45:1
â carotene (mg) —        0.40 (66.70 µg RE)
Vit. E (mg TE) 0.81 4.92
Vit.C (mg) 5.00 13.30
Osmolarity (mOsm/L) 250 380

        During the postoperative period, patients were
evaluated prospectively for a number of symptoms:
nausea, vomiting, abdominal cramping, abdominal
distention, and diarrhea. Advanced the tube feeds or
adjust the rates as the patients tolerate.
         On admission, the following baseline variables
were determined in all patients: plasma levels of
glutamine, arginine, CRP, α1-1antitrypsin, and fibrinogen.
polymorphyonuclear (PMN) cell function, nitric oxide
(NO), lymphocyte subsets (CD3, CD4 and CD8), natural
killer cells, circulating cytokine level (IL-1, IL-2, IL-6
and TNF-α) and prostaglandin E-2 (PGE-2) level were
also determined. Baseline variables were reassessed 1
day and 8 days after surgery.

Immune response assays
PMNs were separated on a sodium metrizoate and
methylecellulose column by the method of Boyum and
suspended in pHadjusted (7.2-7.4) Eagle’s medium at a
density of 5 × 109 cells·L-1. The oxidative metabolism of
PMNs was assayed by measuring the superoxide
production with nitroblue tetrazolium (NBT) red uction
test[5]. The PMNs ability to phagocytose zymosan particle
was detected as described by Brain. The degree of
phagocytosis was expressed as percentage of PMNs in
which zymosan particles were detected over a hundred
PMNs. The production of NO by macrophages was
measured by the Greiss reaction. This is an indirect
colorimetric assay of NO. Greiss reaction consists of
measurement of stable end breakdown products of NO
such as nitrite which are considered to be reliable
markers for NO formation.
      The cytokines (IL-1, IL-2, IL-6, TNF-α )
concentration in the supernatant were measured using
commercially available ELISA kits. Total lymphocyte and
lymphocyte subset were assayed by flow cytometry.

Inflammatory response assays
Prostaglandin E2 (PGE2) level in the supernatants
were measured using the  PGE2 125I-scintillation
proximity assay system. Plasma levels of CRP, α1-
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antitrypsin, and fibrinogen were measured with
standard techniques.

Statistical analysis
Data were presented as the x ± s and analyzed by
analysis of variance (ANOVA) using Sigmastat
software (Jandel Scientific, San Rafael, CA,
USA). Statistical significance was predetermined
as P<0.05.

RESULTS
The preoperative diagnoses and operations were similar
between the two groups. At the time of entry into the
study, there were no significant differences in nutritional
state or type of disease, the age ranges were similar in
both groups. There were no significant differences
between groups in mean age, usual body weight, mean
duration of operation, or the number of patients who
received transfusions during the procedure or
postoperatively (Table 1). Tolerance of both formula diets
was excellent and there were no differences between
the groups. No patient was withdrawn because of
intolerance. Three patients in immune enhancing enteral
diet group and two patients in the standard diet group
developed diarrhoea. 
         Plasma arginine and glutamine levels are shown
in Table 3, at baseline, there were no significant
differences between the groups, but decreased1d after
operation in both groups. After 7d feeding, the study
group had a higher plasma levels of arginine and
glutamine, but, in the control group, no variation was
observed. As expected, plasma levels of PGE2, CRP,
α1-antitrypsin, and fibrinogen were increased after
operation in both groups. In patients receiving immune
enhancing enteral diet, the levels of CRP were
significantly lower than in the standard diet group over
the 7d feeding. However, the levels of PGE2, α1-
antitrypsin and fibrinogen had no significant differences
between the groups at the end of study (Table 3).

Table 3  Variations of glutamine, arginie, PGE2, and acute
phasere actents

Variables                      Period                     Supplemented                   Control                  P

GLN (nm/mL) Baseline 558.7±62.5 584.1±51.5              NS

D 1 386.0±74.6 412.4±65.3              NS

D 8 722.4±116.5 555.0±72.2            <0.05

ARG (nm/mL) Baseline   62.7±21.0   58.5±23.1              NS

D 1   56.2±18.6   50.9±20.0              NS

D 8 115.4±47.2   66.7±31.1          <0.001

PGE2 (pg/mL) Baseline   62.2±26.4   73.7±42.1              NS

D 1 167.7±73.8 184.4±91.3              NS

D 8   85.5±53.0 112.6±84.0              NS

CRP (g/L) Baseline     0.4±0.1     0.3±0.1                NS

D 1     4.8±2.3     4.6±1.8                NS

D 8     2.0±1.1     3.9±2.3              <0.05  

α1-antitrypsin (g/L) Baseline   15.5±0.2   13.2±0.2                NS

D 1   42.0±3.4   40.9±4.7                NS

D 8   28.2±2.8   30.0±3.1                NS  

Fibrinogen Baseline   32.4±3.3   30.6±3.1                NS

D 1   36.8±4.2   35.5±4.4                NS

D 8   34.5±3.5   35.0±3.9                NS

          Total lymphocyte and lymphocyte subset analyses
are depicted in Table 4. At baseline, the study and control
groups did not have significant numbers of total
lymphocytes, T lymphocytes (CD3), T helper (CD4),  T
suppressors (CD8) or natural killer cells. A significant
postoperative decrease in total lymphocyte, CD3, CD4
and natural killer cells were observed in both groups, but
they recovered after 7 days feeding in the supplemented
group. No significant difference was noted in CD8 cell
numbers.

Table 4 Variations of lymphocytes

Variables                       Period                   Supplemented                  Control                P

Total lymphocytes Baseline 1.62±0.41 1.73±0.38             NS

No. cells×109/cm3 D 1 1.12±0.39 1.55±0.33             NS

D 8 1.55±0.33 1.18±0.35          <0.05

CD3 (%) Baseline 72.2±11.1   69.0±9.8             NS

D 1 60.1±8.8 57.7±10.3             NS

D 8 76.4±14.5 60.3±9.3            <0.05

CD4 (%) Baseline 45.0±8.5 42.5±9.2             NS

D 1 38.2±9.4 37.7±9.0             NS

D 8 57.5±7.8 40.0±8.6            <0.05  

CD8 (%) Baseline 23.3±7.4 24.5±7.7             NS

D 1 22.7±8.0 22.2±8.0             NS

D 8 19.6±6.6 23.1±5.9            <0.05  

CD4/CD8 Baseline   1.9±0.8   1.7±0.7             NS

D 1   1.7±1.2   1.7±0.9             NS

D 8   2.9±1.4   1.7±0.8            <0.01  

NK cells (%) Baseline 17.7±7.1 18.3±6.9             NS

D 1 11.1±8.2 10.2±7.2             NS

D 8 16.6±5.4 11.1±4.3            <0.05

         Circulating cytokine levels of IL-1, IL-2, IL-6 and
TNF-α  are displayed in Table 5. At baseline, there were
no significant differences between groups. There was a
significant postoperative decrease in all cytokines . After
7d of feeding, the absolute levels of IL-1 and IL-2 as
well as the changes from baseline were not different.
However, IL-6 and TNF-α  concentrations were
significantly lower in the group given immune enhancing
enteral diet on postoperative d8.  

Table 5  Variations of cytokines (pg/mL)

Variables                      Period                   Supplemented                   Control                P

IL-1 Baseline 2520±566 2480±502             NS

D 1 1375±304 1528±312             NS

D 8 2020±385 2155±450             NS

IL-2 Baseline 1255±226 1310±252             NS

D 1   892±173   900±186             NS

D 8   990±201 1156±192             NS

IL-6 Baseline   405±141   432±128             NS

D 1   365±110   389±143             NS

D 8   277±106   762±199        <0.001  

TNF-α Baseline   260±96   236±101             NS

D 1   178±85   159±93               NS

D 8   202±104   345±133           <0.05  

        The ability of PMNs to phagocytose zymosan
particles is shown in Figure 1. Both groups had a
similar baseline phagocytosis ability. A significant



decrease in phagocytosis was observed after surgery
in the control group. Conversely, phagocytosis ability
remained similar to the preoperative values in the study
group. The PMN oxidative metabolism is shown in
Figure 2. At baseline, there are no significant
differences between the groups. A sharp postoperative
increase of the oxidative metabolism compared with
preoperative values was observed in both groups, the
levels still remained higher in the study group than the
control group (P<0.05). Figure 3 gives the variations
of NO. The circulating levels of NO increased after
operation in both groups, but, the study group had
significantly higher NO levels than control group
postoper atively (P<0.05).

DISCUSSION
Malnutrition in patients with cancer has been shown
to have increased  risk of postoperative complications.
Effects to reduce the impact of malnutrition initially
focused on the use of parenteral and enteral nutrition
for perioperative nutritional support. Enteral feeding
has gained popularity for the nutritional support of
surgical patients. Biologically, there have been several
reasons reported including better substrate utilization,
prevention of mucosal atrophy, preservation of normal
gut flora, gut integrity, and immune competence. Early
enteral vs parenteral feeding in traumatized and
surgical patients is gaining wide consensus after the
promising results showing good tolerance and notable
reduction of septic morbidity[1,6-9]. Our data confirm
that early postoprative enteral feeding may be carried
out safely in patients who have undergone major
operations for cancer. Gastrointestinal side effects
were minimal and were similar in both groups. Though
diarrhoea, bloating, and abdominal cramps occurred,
there were no major gastrointestinal complications
in either group.
        Current investigations in enteral nutrition have
focused on the ability to modulate the metabolic and
immune response to injury via specially formulated
enteral diets. Specific nutrients shown to have the
potential to modulate immune function include
glutamine, arginine, and ω-3 fatty acids as well as
nucleotides. These specialized diets have generally
been termed “immuneenhancing diets” (IEDs). A
number of recent studies have compa red IEDs with
standard enteral diet in the management of patients
with trauma, critically illness and cancer[3,10,11].
Although evidence appears to be accumulating in
support of some clinical benefits for IEDs, the
specialized diets used in most of these studies
generally delivered more nitrogen and often more
calories than the control “standard” diet, thus making
it difficult to conclude that the beneficial effects noted
were due to the special nutrient supplements. The
current study was intentionally designed such that both
groups of patients received isocaloric and
isonitrogenous diets, and differed only in their
glutamine and arginine content, fatty acid compositi
on, and the levels of the antioxidant micronutrients
vitamin C, E and carotene. Our purpose is to examine
the influence exerted by the dietary supplements on
postoperative immune, inflammatory and metabolic
response  in a group of cancer patients.
        Both cellular and humoral immune function are
compromised in patients undergoing  operations for
cancer. The immune suppression is a common
phenomenon and seems to be related to both
postoperative outcome and to diseasefree survival.
There are many reports about the use of enteral
nutrition during the early posto perative period to
ameliorate immune dysfunction induced by the

Figure 1  Variations of the phagocytosis ability.
aP<0.01 vs control, bP<0.01 vs preoperative day.  

Figure 2  Variations of the respiratiry burst of PMN.
aP<0.05 vs control, bP<0.01 vs preoperative day.  

Figure 3  Variation of the nitric oxide production.  
aP<0.05 vs control, bP<0.01 vs preoperative day.  
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tumor and operation[12]. Certain nutrients such as
glutamine, arginine, and ω-3 fatty acids as well as
nucleotides, may act pharmacologically on the
immune system. It has been suggested that these
nutrients may improve host immune defences[13-16].
Our data show that plasma glutamine and arginine
levels were decreased 1d  after operation in both
groups. It is likely that glutamine uptake in certain
tissues increase, and glutamine utilization may
exceed endogenous glutamine production after
injury. It is indicated that glutamine supplementation
upregulates human immune cell number and function.
Glutamine is critical for human lymphocyte
proliferation in  in vitro  system. Our study
demonstrated that enteral glutamine supplement
a t i o n  c o u l d  i n c r e a s e  p l a s m a  g l u t a m i n e
concentrations, and might improve immune function.
         Arginine is a semiessential amino acid which may
become essential in catabolic states. Supplementation
with arginine improved wound healing and enhanced
immune function in animals by decreasing the T- cell
dysfunction associated with injury. Additionally,
arginine is a precursor for nitrates, nitrites, and nitric
oxide . Nitric oxide is particularly important as a
vasodilator but also participates in immunologic
reactions, including the ability of macrophages to kill
tumor cells and bacteria, and it may inhibit the
development of precursor cytoloytic T- cells. In the
present study, the increased NO levels observed 1
and 8 days after operation in the supplemented group
may be a mechanism involved in the enhanced
immune response early after surgery as shown by
the improved phagocytosis ability and respiratory
burst of PMNs.
        Cytokines play a vital and integral role in both
cellular and humoral immunity. The different
mechanisms of action of the cytokines can be
summarised as a coord inated immune response of
the organism to exogenous or endogenous stimuli such
as cancer, infection, injury, and operation.
Measurement of cytokine concentrations may,
therefore, give information about the immune response
in patients after  major operations. In this study, the
mean IL-1 and IL-2 concentrations were only a slight
but not significant difference between the two groups
until the postoperative d8. The IL-6 and TNF-α
concentrations were similar before operation and the
first postoperative day in both groups, and they both
showed a decline in IL-6 and TNF-α concentrations
on the first postoperative day. Subsequently, IL-6 and
TNF-α concentrations exceeded preoperative levels
in the group that received the standard diet and kept
rising as compared with the group given the
supplemented diet, whose IL-6 and TNF-α
concentrations remained below  the preoperative values.
As both IL-6 and TNF-α are important mediators of the
acute phase reaction, it seems that systemic

inflammatory responses were reduced in the group given
the supplemented diet.
       The acute phase reaction is a systemic
inflammatory reaction to injury, including fever,
tachycardia, leucocytosis, and changes in circulating
protein concentrations. It has been proposed that injury
promotes the switching of protein synthesis from
constitutive to acute phase proteins through the release
of proinflammatory cytokines such as IL-6 and TNF-α.
In the present study, CRP levels significantly increased
1d after operation in both groups, but, this increase in
patients receiving the supplemented diet was significantly
lower than in the standard diet group after 7d feeding. A
reduction in CRP concentrations may therefore be at
least partly responsible for the lower postoperative levels
of IL-6 and TNF-α in the group given the supplemented
diet. ω-3 fatty acids, e.g.,  present in fish oils or canola
oil, can replace arachidonic acid, which is derived from
ω-6 fatty acids, in cell membranes and have modulating
effects on immune function. Because the arachidonic
acid metabol ite PGE2 is known to inhibit the function of
many immune cells, decreasing its generation by
supplementing diets with ω-3 fatty acids would
theoretically result in a relative enhancement of the
immune response. Our data demonstrated that
macrophage PGE2  production increased after operation
in both groups. However, there was no trend toward
significance between the supplemented and standard diet
groups on the d8 after operation, and it was an
unexpected finding. Many of the immunosuppressive
effects of  the ω-6 fatty acids are found to be related to
the immunosupp ressive prostaglandins, particularly
PGE2. It has been shown in previous studies that
increasing the ratio ω-3 fatty acids in the diet
effectively alters the monocyte/macrophage lipid
membrane, decreasing the production of PGE2. This
decrease in immune inhibition thus should potentiate
immune function. The normal to increased level of
PGE2 seen in the monocytes from supplemented
diet group represents several alternatives. It is likely
that the nutritional fat source used in the present
study was not an effective source of ω-3 fatty acids.
The duration of feeding might be  insufficient to
induce the changes in cell membrane fatty acids
necessary to alter PGE2 production. Alternatively,
arginine or other contents of the supplemented diet
may differentially affect PGE2 production. Higher
PGE 2 l eve l s  may  be  a  coun te r regu la to ry
phenomenon that results from an autocrine effect
of the higher levels of cytokines produced by these
monocytes.
        The heterogeneity of T lymphocytes responsible
for cell-mediated im munity is well known. There are
two major types of T cells; CD4 cells recognize
antigens associated with major histocompatibility
complex (MHC) class II molecules, whereas CD8
suppressor cells recognize antigens associated with
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MHC class I molecules. CD4 T cells play an important
role in immunoregulation, and CD8 cells provide an
inhibitory function, suppressing cellmediated immune
responses. In the present study, supplemented diet
improved immune response in surgical patients as
demonstrated by increase in peripheral mature total
lymphoc ytes, T lymphocytes, Thelper cells, and  NK
cells.  Alterations in the number and ratio of the various
Tcell subsets may subsequently influence the
effectiveness of the overall immune response.
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