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Summary. The fatty acid composition of immune cells appears to con-

tribute to variations of cell function. The independent and combined

effects of a single session of exercise (SSE) and glutamine supplemen-

tation (GS) on neutrophil fatty acid composition were investigated.

Compared to control (no treatment given – i.e. neither SSE or GS), single

session of exercise decreased myristic, palmitic and eicosapentaenoic (EPA)

acids, and increased lauric, oleic, linoleic, arachidonic (AA) and docosa-

hexaenoic (DHA) acids whereas glutamine supplementation combined

with SSE (GSþSSE) increased oleic acid. Polyunsaturated=saturated

fatty acid ratio and Unsaturation index were higher in neutrophils from

the SSE and GS groups as compared with control. These findings support

the proposition that SSE and GS may modulate neutrophil function

through alterations in fatty acid composition.
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Introduction

Glutamine plays an important role in protein (as amino acid

source), lipid (through NAD(P)H production required for

lipid synthesis) and nucleotide synthesis (through purine

and pyrimidine production), and influences NADPH oxidase

activity (Newsholme et al., 2003; Curi et al., 2005) in neu-

trophils. Glutamine raises the in vitro bactericidal capacity

and ROS production by neutrophils (Ogle et al., 1994). On

the other hand, Pithon-Curi et al. (2003) showed that gluta-

mine has a protective effect on neutrophil apoptosis. In spite

of this, the mechanisms involved in the effect of glutamine

on neutrophil function remain to be fully elucidated.

Physical exercise causes important changes in neutro-

phil function. Lagranha et al. (2004) showed that a single

bout of intense exercise leads to apoptosis of neutrophils

obtained from both sexually immature and mature rats.

Concomitant with neutrophil death, a single session of

exercise induces an increase in the production of ROS

by neutrophils two hours after glutamine supplementation

(GS) and 1 h after the beginning of single session exercise

(Lagranha et al., 2005). These authors also demonstrated

that GS caused a significant increase in the phagocytic

capacity of neutrophil from rats submitted to a single

session of exercise (SSE).

Fatty acids can be synthesized from glucose and glu-

tamine in leukocytes (Curi et al., 1989; Homem de

Bittencourt et al., 1993). Fatty acids are involved in sev-

eral aspects of leukocyte function such as inflammation,

cytokine release (Bahramian et al., 2004), adhesion mol-

ecule expression (Yaqoob, 1998), and induction of cell

death (Lima et al., 2002). Kew et al. (2003) verified that

fatty acid composition of immune cells from healthy sub-

jects appear to contribute to variations of cell function that

have an intimate involvement of the cell membrane. This

information led us to examine the effect of AE and GS on

fatty acid composition of rat neutrophils. Changes in fatty

composition may be an important mechanism for the ef-

fect of AE and GS on neutrophil function.

Materials and methods

Male Wistar rats, weighing 200 � 20 g (about 2 months of age) main-

tained on commercial chow (Nuvilab CR1, Nuvital Nutrientes Ltd.,



Curitiba, PR, Brazil), were used in this study and divided into four groups

with: E – subjected to SSE; G – given GS but no SSE; GE – given GS and

SSE; C – no treatment given (i.e. neither SSE nor GS). In the GS groups,

glutamine was administered at 1 g=kg b.w. 1 h before starting the exercise

session. Rats subjected to single session of exercise (SSE) were exercise

on a treadmill (Inbramed, Model Standart, Brazil) at a speed of 0.9 km=h

during 1 h. The protocol for SSE and GS was performed as described by

Lagranha et al. (2004, 2005). Neutrophils were obtained by intraperitoneal

injection of oyster glycogen solution (1%) 2 h after GS and 1 h after the

beginning of the single session of exercise. Neutrophils accounted for 95%

of the cells, with 5% of mononuclear cell contamination. The number of

viable cells (>95% neutrophils) was determined in a Neubauer chamber

under an optical microscope by Trypan blue exclusion. The experimental

procedure of this study (number 187=2001) was approved by the Animal

Care Committee of the Institute of Biomedical Sciences, Sao Paulo

University.

The fatty acids were extracted from neutrophils as previously de-

scribed by Folch et al. (1957). After extraction and saponification, the

fatty acids were derivatized and analyzed by high performance liquid

chromatography (HPLC) using a Shimadzu model LC-10A. The samples

were separated using a C8 column (25 cm� 4.6 cm ID, 5-mm particles)

with a C8 pre-column (2.5 cm� 4.6 cm ID, 5-mm particles), at a flow

rate of 1 mL=min of acetonitrile=water (77:23, v=v) and fluorescence

detected (325 nm excitation and 395 nm emission). The fatty acids used

as standards were: lauric, myristic, stearic, arachidonic, palmitic (o-9),

oleic (o-9), linoleic (o-6), eicosapentaenoic (o-3) and docosahexaenoic

(o-3) acids (Sigma, St. Louis, MO, USA). The unsaturation index of the

fatty acids present in neutrophils was calculated as following: the pro-

portion of each fatty acid multiplied by the number of double bonds. The

polyunsaturated=saturated (P=S) fatty acid ratio of the total fatty acids

present in neutrophils was calculated as following: the total percentage

of unsaturated fatty acids divided by the total percentage of saturated

fatty acids.

Statistical analysis

All values are presented as meanþ SEM. Differences between condi-

tions were indicated by using one-way analysis of variance (ANOVA).

Where a significant main effect was observed, multiple t-tests, employing

Bonferroni corrections, were used to identify specific differences between

conditions.

Results and discussion

A single session of exercise induced a decrease in myr-

istic (1.7-fold), palmitic (2.4-fold) and in EPA (2.4-fold)

acids, and caused a marked increase in lauric (2.3-fold),

oleic (3.4-fold), linoleic (3-fold), AA (5.3-fold) and DHA

(1.5-fold) acids (Fig. 1, E compared to C). Glutamine

supplementationþ SSE induced an increase of oleic (1.2-

fold) in neutrophils, as compared to GS alone (Fig. 1, GE

compared to G). Polyunsaturated fatty acids are able to

modify both membrane phospholipid composition and flu-

idity of plasma membrane (Murphy, 1990). Glutamine

supplementation alone induced a decrease in myristic

(1.2-fold), palmitic (2-fold) and EPA (2.2-fold) acids as

compared with no treatment (Fig. 1, G compared to C).

On the other hand, GS caused an increase in lauric (4.5-

fold), stearic (1.2-fold), oleic (2.4-fold), linoleic (2.2-fold)

and arachidonic (4-fold) acids in rat neutrophil as com-

pared with no treatment (Fig. 1).

The P=S ratio and unsaturation index were higher in

neutrophils from E, G and GE groups as compared with

the control group (Table 1). Exercise and glutamine sup-

plementation combined resulted in increased P=S ratio

and unsaturation index compared to no treatment. How-

ever, there was no marked additive effect of SSE and

GS.

Changes in fatty acid composition affect the physical

state of the membrane lipids and may modulate the func-

tion of membrane proteins (e.g. carrier mediated transport

activity) (Brasitus et al., 1979; Benga and Homes, 1984).

Moreover, immune cell function, such as phagocytosis,

oxidative burst, proliferation and production of cytokines,

Fig. 1. Fatty acid composition of neutrophils

(1� 106 cells). Groups: C no treatment given

(i.e. neither SSE nor GS); E subjected to SSE;

G given GS but no SSE and GE given GS and

SSE. The values are presented as mean � SEM

of two determinations from at least three animals

in each group. a p<0.05 as compared to E and G

groups; b p<0.05 as compared to G group; c

p<0.01 as compared to E group and d p<0.05

as compared to GE group. EPA eicosapentaenoic

acid; DHA docosahexaenoic acid
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appear to be more strongly influenced by cell membrane

fatty acid composition (Kew et al., 2003). Alterations

in fatty acid composition of rat neutrophils induced by

SSE and GS may be an important mechanism for the

impairment of neutrophil function observed under these

conditions.
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Table 1. Polyunsaturated=saturated fatty acid ratio and unsaturaton index

in neutrophils from the studied groups

C E G GE

P=S ratio 0.16 0.89 0.52 0.71

Unsaturation index 44.6 138.0 101.8 121.7

P=S ratio Polyunsaturated=saturated fatty acid ratio. Groups: C no treat-

ment given (i.e. neither SSE nor GS); E subjected to SSE; G given GS but

no SSE; GE given GS and SSE. The values are presented as mean � SEM

of two determinations from at least three animals in each group
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