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Fatty acids decrease catalase activity in human
leukaemia cell lines
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Fatty acid (FA) may disturb the redox state of the cells not only by an increase in reactive oxygen species (ROS) generation
but also due to a reduction in antioxidant enzyme activities. The effect of various FAs (palmitic, stearic, oleic, linoleic,
g-linolenic and eicosapentaenoic acids (EPAs)) on Jurkat and Raji cells, (human T and B leukaemic cell lines was
investigated). The following measurements were carried out: FA composition of the cells, cell proliferation and activities of
catalase, glutathione peroxidase (GPx) and superoxide dismutase (SOD). The protective effect of a-tocopherol on cell death
was also investigated. Each cell line presented a specific FA composition. All the tested FAs reduced catalase activity. The
toxic effect of FA was abolished by the pre-incubation with physiological concentrations of a-tocopherol. The findings
support the proposition that the increase in oxidative stress induced by FA partially occurs due to a reduction in catalase
activity. In spite of the decrease in the enzyme activity, catalase protein and mRNA levels were not changed, suggesting a
post-translational regulation. Copyright # 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Fatty acids (FAs) modulate leukocyte function by
controlling proliferation, cytokine production and
synthesis of adhesion molecules.1–6 Besides these
effects, high concentrations of certain FA, particularly
polyunsaturated fatty acids (PUFA), can cause cell
death via apoptosis or, when concentrations are even
higher, necrosis.7,8 Cell death occurs by apoptosis at
doses close to the physiological free FA concentration,
as assessed by induction of internucleosomal DNA
cleavage, chromatin condensation and nuclear break-
*Correspondence to: Dr A. K. Azevedo-Martins, Department of
Physiology and Biophysics, Institute of Biomedical Sciences, Uni-
versity of São Paulo, Av. Prof. Lineu Prestes, 1524, CEP: 05508-900
Butantan, São Paulo-SP, Brazil. Tel: (55) 11 3091 7245. Fax: (55) 11
3091 7285. E-mail: karenina@usp.br

Copyright # 2007 John Wiley & Sons, Ltd.
down.7,9–11 High doses of FA preferentially cause
necrosis, with a rapid loss of membrane integrity,
lysosomal mediators leakage and cell swelling.12 Both
effects seem to be associated with oxidative stress,
since they can be partially prevented by antioxidant
compounds such as tocopherol.7,13 Oxidative stress
induced by FA may occur by an increase in reactive
oxygen species (ROS) production and/or decrease in
antioxidant enzyme activities. In this study some
aspects of the toxic effects of FAs and the mechanisms
involved were investigated in Jurkat and Raji cells,
human T and B leukaemic cell lines, respectively. The
following measurements were carried out: FA
composition of the cells, cell proliferation and death
and activities of catalase, glutathione peroxidase
(GPx) and superoxide dismutase (SOD). The protec-
tive effect of a-tocopherol on cell death was also
investigated. We postulate that FA may disturb the
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redox state of the cells not only by an increase in ROS
production but also by a reduction in antioxidant
enzyme activities.

MATERIALS AND METHODS

Cell culture conditions

Jurkat (human T leukaemic cell line) cells were
obtained from the cell bank of the Dunn School of
Pathology (Oxford University, UK) and Raji (human
B leukaemic cell line) cells were obtained from the
Rio de Janeiro Cell Bank (Rio de Janeiro, Brazil).
Cells were grown in RPMI-1640 medium supple-
mented with 2mM glutamine, 20mM Hepes, 10%
foetal calf serum (FCS), 10Uml�1 penicillin G and
10mgml�1 streptomycin. The cell population was
maintained between 0.1 and 1.0� 106 cells per ml
(logarithmic phase of cell growth).

Fatty acid treatment

The FAswere diluted in ethanol and stored at�708C. The
ethanol concentration in the medium was always lower
than 0.5%of the final volume of cell suspension. The cells
were exposed to different concentrations (0.05–0.2mM)
of the following FAs: palmitic (C16:0), stearic (C18:0),
oleic (C18:1), linoleic (C18:2), g-linolenic (C18:3) and
eicosapentaenoic (EPA, C20:5) acids. The procedure
was similar to that used in our previous studies.11 After
24h culture, cell viability was determined. To examine
the involvement of oxidative stress, cells were also
pre-treated with a-tocopherol at 40mM (final concen-
tration) for 30min before treatment with FAs.

Cell viability

Cell membrane integrity was assessed by the Trypan
blue exclusion assay (0.5% Trypan blue in PBS). At
least 100 cells were counted per sample.

Determination of fatty acid composition by high
performance liquid chromatography (HPLC)

The FAs were extracted from Jurkat and Raji cells and
from the culture medium as previously described.14,15

After extraction and saponification,16–18 the FAs were
derivatized with 4-bromomethyl-7-coumarin19 and the
analysis performed in a Shimadzu model LC-10A liquid
chromatograph (Japan). The samples were eluted using a
C8 column (25 cm� 4.6 i.d., 5mm particles) with
pre-column C8 (25 cm� 4.6 i.d., 5mm particles), 1ml
per minute of acetonitrile/water (77:23, by vol) flow and
Copyright # 2007 John Wiley & Sons, Ltd.
fluorescence detector (325 nm excitation and 395
emission).18 The FAs used as standards were obtain-
ed from Sigma Chemical Co. (St. Louis, MO, USA):
lauric (C12:0), myristic (C14:0), palmitic (C16:0),
palmitoleic (16:1, v9), stearic (C18:0), oleic (C18:1,
v9), linoleic (C18:2, v6), g-linolenic (C18:3, v3),
arachidonic (C20:4, v6), eicosapentaenoic (C20:5, v3)
and docosahexaenoic (C22:6, v3) acids.

Determination of the antioxidant enzyme activities

The effect of the FAs upon activities of the main
antioxidant enzymes was assayed. Catalase (E.C.
1.11.1.6) activity was determined by measuring the
decomposition of hydrogen peroxide at 230 nm.20

GPx (E.C.1.11.1.9) activity was determined as
described by Wendel (1981)21 and Mannervik,22

following the rates of NADPH oxidation at 340 nm,
and 378C, in an assay medium containing 50mM
phosphate buffer (pH 7.0), 3.6mM sodium azide,
0.3mM NADPH, glutathione reductase (0.25Uml�1)
and 5mM reduced glutathione. The reaction was
initiated by the addition of t-butyl hydroperoxide
(1.5mM). One unit of GPx is defined as the amount of
protein that oxidizes 1mmol of NADPH per min.
CuZn-SOD and Mn-SOD (E.C. 1.15.1.1) activities
were determined according to the method of Flohé and
Ötting23 by measuring, at 258C, the decrease in the
rate of cytochrome c reduction in a xanthine–xanthine
oxidase superoxide generating system consisting of
10mM cytochrome c, 100mM xanthine, 50mM
sodium phosphate buffer (pH 10) and the necessary
quantity of xanthine oxidase to yield a variation of
absorbance of 0.025 per min at 550 nm. One unit of
SOD activity is defined as the amount of protein
necessary to inhibit 50% of the rate of cytochrome c
reduction. CuZn-SOD was differentiated from
Mn-SOD by the addition of 1mM KCN to suppress
the activity of the latter. The enzyme activities were
determined in a Pharmacia Biotech (Ultrospec 3000
model; Little Chalfont, UK) spectrophotometer and
are expressed as UI per mg protein.

Western blotting analysis for catalase and
CuZn-SOD

The Western blotting analysis was performed as
described by Sambrook and collaborators.24 Briefly,
cells were lysed with the following solution: 0.1%
SDS, 1% Igepal CA-630, 1% sodium deoxycholate,
10mM Tris-HCl, pH 7.5, 150mM NaCl, 2mgml�1

aprotinin, 1mgml�1 leupeptin, 100mgml�1 phenyl-
methylsulfonyl fluoride and 0.5mM EDTA. After
Cell Biochem Funct 2008; 26: 87–94.
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Table 1. Fatty acid composition of foetal calf serum and Jurkat and
Raji cells

Fatty acids Jurkat Raji FCS

Lauric (C 12:0) 0.4� 0.2 3.6� 0.6 2.3� 0.0
Miristic (C 14:0) 1.2� 0.1 5.4� 0.3 4.4� 0.2
Palmitic (C 16:0) 16� 0.3 26� 0.9 25� 0.4
Palmitoleic (C 16:1) 5.5� 0.3 10� 1.0 6� 0.2
Stearic (C 18:0) 13� 0.4 14� 0.7 24� 1.0
Oleic (C 18:1) 31� 0.8 30� 1.0 19� 0.6
Linoleic (C 18:2) 6� 0.2 3� 1.0 8� 0.1
g-Linolenic (C 18:3) 0.2� 0.0 0.4� 0.2 0.8� 0.1
Arachidonic (C 20:4) 9� 0.2 2� 0.3 3� 0.2
Eicosapentaenoic (C 20:5) 0.8� 0.0 0.9� 0.2 1.4� 0.0
Docosahexaenoic (C 22:6) 13� 0.8 2.5� 0.5 4.5� 0.2
% of saturated FA 32 50 56
% of monounsaturated FA 36 40 26
% of PUFA v-3 14 4 5
% of PUFA v-6 16 6 12

The fatty acid composition (in percentage of the total) was deter-
mined by high performance liquid chromatography (HPLC)
from 106 cells per sample. The values are presented as mean� SD
of three samples for FCS and four for the cell lines.
FA, fatty acids; PUFA, polyunsaturated fatty acids; FCS, fetal calf
serum.
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centrifugation for 10min, at 12 000g and 48C, the
protein concentration was determined. Forty to
sixty micrograms of proteins were mixed in a
buffer (3�: 100mM Tris-HCl, pH 6.8, 5% 2-
mercaptoethanol (v/v), 2% SDS, 20% glycerol,
0.01% bromophenol blue, respectively) boiled for
5min and resolved in a 15% denaturing polyacryl-
amide gel (10% polyacrylamide, 380mM Tris-HCl,
pH 8.8, 0.1% SDS, 0.1% ammonium persulfate and
0.077% N,N,N0,N0-tetramethylethylenediamine). Re-
solved proteins were transferred to nitrocellulose
membranes by electrophoresis. After 30min incu-
bation with blocking solution (5% low-fat milk in
TBS—20mM Tris-HCl, pH 7.5, 0.9% NaCl), the
membranes were washed twice with TBST (TBS
containing 0.05% Tween 20) and incubated for 2 h
with rabbit anti-catalase polyclonal antibody, or with
rabbit anti-CuZn-SOD polyclonal antibody, diluted
1:500 in TBST. After washing, the membranes were
incubated with anti-rabbit IgG for 1 h and washed
again. Protein-antibody complexes were revealed by a
chemiluminescence (ECL kit) and registered on X-ray
films.

Northern blotting

The total RNA was prepared using TRIZOL reagent
according to the manufacturer’s protocol, and 20mg of
total RNAwere used for the Northern blotting analysis
as previously described.24 Briefly, oligonucleotide
probes for rat catalase were labelled with [a-32P] dCTP
using the Readprime kit (Amersham Biosciences,
Uppsala, Suécia). After electrophoresis and transferring
RNA to a nylon membrane, hybridizations with labelled
catalase cDNA probes were performed at 438C for 24h,
and the membranes were washed in SSPE 2� and 0.5%
SDS at 438C for 40min, and in SSPE 1� and 0.25%
SDS at 488C for 40min. The membranes were exposed
to Kodak film with intensifying screens at �808C
and quantified by an image analyser (Storm 840/
ImageQuaNTMT—Molecular Dynamics). The loading
amount of RNAwas confirmed by the amount of b-actin
mRNA detected by the method above.

[2-14C]-thymidine incorporation (cell
proliferation)

Rates of [2-14C]-thymidine incorporation into DNAwere
evaluated in the presence and absence of FAs. Cells were
seeded in 96 well plates (2.5� 105 cells/well). After 6 h
of exposure to FAs, 20ml of a buffer solution containing
[2-14C] (0.02mCi) and cold thymidine (0.2mg) were
added to each well. Cells were cultured for an additional
Copyright # 2007 John Wiley & Sons, Ltd.
18h and then harvested (Skatron Combi Multiple Cell
Harvester, Suffolk, UK) on filter papers. Scintillation
fluid was added to the filters and the radioactivity
incorporated was determined in a Beckman Scintillation
Counter (LS 6000, Meriden, CT, USA).

Protein determination

The total protein content from control and treated cells
was measured by the method of Bradford,25 using
bovine albumin as standard.

Statistical analysis

Results are expressed as means� SD. Statistical analyses
were carried out by one-way ANOVA followed by
Dunnett’s test for multiple comparisons using the Prism
Analysis Program (Graphpad, San Diego, CA, USA).

RESULTS

Fatty acid composition of the cell lines

In order to establish a possible relationship between
the abundance of a specific FA and its toxic effect, the
percentage composition of FA was determined in the
Jurkat and Raji cells and in the FCS (Table 1). Raji
cells contained a higher proportion of saturated FA
(50%) compared to Jurkat cells (37%); this percentage
was still higher in FCS (56%). On the other hand,
Cell Biochem Funct 2008; 26: 87–94.
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Jurkat cells showed about three times more PUFA
(30%) than Raji cells (10%). The proportion of v-3
and v-6 FA was almost the same in both cell lines,
whereas FCS showed 17% of PUFA; 70% being ofv-6
family. The proportion of monounsaturated FAs was
similar for both Jurkat and Raji cells and low in FCS.
Oleic acid (OA) was the most abundant FA in both cell
lines (about 30%). Of the saturated FAs, palmitic acid
(PA) was the most abundant in both cell lines and also
in serum. AAwas the main v-6 PUFA found in Jurkat
cells (9.5%), whereas in Raji cells and in serum the
most abundant v-6 FA was linoleic acid (LA; 3 and
8%, respectively). The most abundant v-3 PUFAwas
DHA, however, its proportion was different for Jurkat
(13%) and Raji (2.5%) cells and in FCS (4%).

Enzyme activities

For these experiments, the FAs were added to the
medium at doses below toxic concentrations. Jurkat
and Raji cells behaved differently after incubation
with FA. The cell lines also presented differences
Table 3. Antioxidant enzyme activities in Raji cells treated with fat

Treatment Catalase activity T

Untreated 17� 2.0 15.
PA 200mM 13.9� 3.0�� 13.
SA 200mM 11� 1.0�� 8.6
OA 150mM 10.6� 1.0�� 6
LA 100mM 13.7� 0.8� 10.
LNA 50mM 15� 1.0 16.
EPA 100mM 13.9� 2.0�� 11

Cells were treated for 24 h with different FA. After that, the antioxidant
are expressed as means� SD (n¼ 8). �p< 0.05; ��p< 0.01 (ANOVA
PA, palmtic acid; SA, stearic acid; OA, oleic acid; LA, linoleic aci
Mn-superoxide dismutase; Cu/Zn-SOD, Cu/Zn-superoxide dismutase.

Table 2. Antioxidant enzyme activities in Jurkat cells treated with f

Treatment Catalase activity T

Untreated 9.7� 0.6 11
PA 200mM 4.3� 0.4�� 17
SA 200mM 8� 0.2�� 14.5
OA 200mM 3.5� 0.4�� 8.8
LA 100mM 5� 0.9�� 13.6
LNA 50mM 7.3� 1.0�� 14
EPA 100mM 4.2� 0.6�� 14

Cells were treated for 24 h with FA. After that, the antioxidant enzym
expressed as means� SD from eight determinations. ��p< 0.01 comp
PA, palmtic acid; SA, stearic acid; OA, oleic acid; LA, linoleic aci
Mn-superoxide dismutase; Cu/Zn-SOD, Cu/Zn superoxide dismutase.

Copyright # 2007 John Wiley & Sons, Ltd.
concerning the basal antioxidant enzyme activities.
The B lymphocyte cell line (Raji cell) seems to be
more protected against pro-oxidant agents, as shown
by higher activities of catalase (75% higher) and total
SOD (40% higher) compared to Jurkat cells—a
human T lymphocyte cell line. In response to OA, Raji
cells were more resistant to the decrease in catalase
activity; 38% compared to 64% in Jurkat cells
(Tables 2 and 3).

Catalase activity

Catalase activity was 30% higher in Raji cells
(17.3� 1.2 IUmg�1 of protein) compared to Jurkat cells
(9.8� 0.7 IUmg�1 of protein) under control conditions
(Tables 2 and 3). The incubation of Jurkat cells with all the
FAs caused a significant decrease of catalase activity.
Palmitic (4.3� 0.7 IUmg�1 of protein), oleic (3.6�
0.5 IUmg�1 of protein) and eicosapentaenoic (4.3�
0.7 IUmg�1 of protein) acids reduced the catalase activity
ty acids

Superoxide dismutase activities

otal Mn-SOD Cu/Zn-SOD

6� 3.0 5� 1.0 10� 2.0
5� 3.0 5� 1.0 8.5� 2.0
� 0.8 3� 0.6 6.6� 0.9
� 0.7�� 2� 0.2�� 4� 0.4��

6� 1.0 4.6� 0.7 5.9� 1.0�

9� 6.0 6� 2.0 10.8� 3.0
� 2.0 3.9� 1.0 7� 1.0

enzyme activities were determined. The values (IUmg�1 of protein)
plus Dunnett).
d; LNA, g-linolenic acid; EPA, eicosapentaenoic acid; Mn-SOD,

atty acids

Superoxide dismutase activities

otal Mn-SOD Cu/Zn-SOD

� 2.0 3� 0.8 8.7� 3.0
� 1.0�� 4.6� 1.0 12.7� 3.0
� 2.0 4� 2.0 10� 3.0
� 1.0 2� 1.0 6.6� 1.0
� 2.3 3� 1.0 9� 1.0
� 3.5 3.7� 1.0 10� 2.8
� 0.7 4.7� 0.7 9� 1.6

e activities were determined. The values (IUmg�1 of protein) are
ared with control (ANOVA plus Dunnett).
d; LNA, g-linolenic acid; EPA, eicosapentaenoic acid; Mn-SOD,
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Figure 1. Effect of a-tocopherol on g-linolenic acid toxicity in
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by at least 50% in Jurkat cells compared to control
(Table 2). LA was intermediate in its effect on reducing
catalase activity (50%), whereas stearic and g-linolenic
acids (LNAs) were less effective (reductions of 18 and
25%, respectively). In Raji cells, catalase activity
(17� 2 IUmg�1 of protein) was significantly reduced
after incubation with stearic (11.3� 1.2 IUmg�1 of
protein) and oleic (10.7� 1.2 IUmg�1 of protein) acids
only. Palmitic, linoleic and eicosapentaenoic acids caused
a 25% reduction of catalase activity in Raji cells (Table 3).
This effect was less pronounced than that observed in
Jurkat cells (Table 2).
Jurkat cells: cells were previously treated with 40mM a-tocopherol
for 30min and afterwards cultured for 24 h in the presence of LNA at
different concentrations before cell viability was analysed. The
values expressed in percentages are presented as means� SD from
six samples. ��p< 0.01 for comparison with untreated cells (98� 2;
ANOVA plus Dunnett); #p< 0.01 for comparison with cell cultured
in the absence of tocopherol (Unpaired Student t-test). LNA,
g-linolenic acid
Superoxide dismutase activity

The FAs did not induce significant changes in
activities of either Mn- or CuZn-SOD in either cell
line (Tables 2 and 3). In Jurkat cells, only PA induced
an increase of 56% in total SOD activity (11� 3 vs.
17� 1). In Raji cells, OA reduced total SOD activity
by 40% compared to the control (6� 0.7 vs.15� 3).
This decrease in total SOD activity was due to a
reduction of both Mn- and CuZn-SOD activities. LA
was able to reduce the activity of CuZn-SOD (6� 1
vs. 10� 2) in Raji cells only but it did not affect total
SOD activity. The activity of GPx was not detected in
either cell line by the method used.
OA LA LNA EPA
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Figure 2. Effect of a-tocopherol on FA toxicity in Raji cells: cells
were previously treated with 40mM tocopherol for 30min and
afterwards cultured for 24 h in the presence of FA at different
concentrations before cell viability was analysed. The values
expressed in percentages are presented as means� SD from six
samples. ��p< 0.01 for comparison with untreated cells (98� 2;
ANOVA plus Dunnett); #p< 0.01 for comparison with cell cultured
in the absence of tocopherol (Unpaired Student’s t-test). FA, fatty
acids; OA, oleic acid; LA, linoleic acid; LNA, g-linolenic acid; EPA,
eicosapentaenoic acid
Western and Northern blotting analysis of catalase
and Mn- and CuZn-superoxide dismutases

FAs did not affect the protein content of catalase or of
both SODs (data not shown). The same result was
observed for catalase gene expression, as determined
by Northern blotting analysis (data not shown).

Effect of a-tocopherol treatment

To address the possible involvement of lipid peroxi-
dation in the effects observed, the cells were
pre-incubated, for 30min, with a-tocopherol
(40mM). After that, cells were treated with FA at
toxic concentrations and analysed for cell viability.
The pre-incubation with a-tocopherol lowered the
toxicity of LNA on Jurkat cells (Figure 1). This
protective effect of a-tocopherol was less pronounced
with the increase in LNA concentration in Jurkat cells.
The viability of the cells was of 80%, 50% and 25% at
100, 150 and 200mM LNA, respectively, after
a-tocopherol treatment, compared with a-tocopherol
Copyright # 2007 John Wiley & Sons, Ltd.
untreated cells (1–5% of viable cells). Raji cells
treated with OA, LA, LNA and EPA at 200mM
showed a very low viability (approximately 1%). After
a-tocopherol treatment the percentage of viable Raji
cells was raised to 90% for OA, 75% for LA, 90% for
LNA and 80% for EPA (Figure 2).

[2-14C]-thymidine incorporation

[2-14C]-thymidine incorporation assay is indicative of
cell proliferation. In Jurkat cells, palmitic and stearic
Cell Biochem Funct 2008; 26: 87–94.
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Figure 3. [2-14C]-thymidine incorporation into Jurkat cells: cells
were cultured in RPMI 1640 medium supplemented with FCS at
10% in 96 well plates for 24 h. Cells were incubated with isolated
FAs or ethanol (control condition). Thymidine solution (cold thy-
midine 0.2mg and [2-14C]-thymidine 0.02mCi per well) was added
after 6 h culture with FAs. After 18 h culture, cells were collected
and radioactivity determined. etOH, ethanol; PA, palmitic acid
(0.2mM); SA, stearic acid (0.2mM); OA, oleic acid (0.2mM);
LA, linoleic acid (0.1mM); LNA, g-linolenic acid (0.05mM); EPA,
eicosapentaenoic acid (0.1mM). Values expressed as percentages of
DPM variation are presented as mean� SD from 10 determinations
compared with control (etOH¼ 568� 55). �p< 0.05 and ��p< 0.01
for comparison with control (ANOVA plus Dunnett)
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acids decreased thymidine incorporation by 35%
compared to the control (Figure 3). The remaining FA
did not affect Jurkat cell proliferation. In Raji cells, the
FA effect was somehow different (Figure 4). PA
caused a less pronounced effect on cell proliferation (a
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Figure 4. [2-14C]-thymidine incorporation into Raji cells: cells
were cultured in RPMI 1640 medium supplemented with FCS at
10% in 96 well plates for 24 h. Cells were incubated with isolated
FAs or ethanol (control condition). Thymidine solution (cold
thymidine 0.2mg and [2-14C]-thymidine 0.02mCi per well) was
added after 6 h culture with FAs. After 18 h culture, cells were
collected and radioactivity determined. etOH, ethanol; PA, palmitic
acid (0.2mM); SA, stearic acid (0.2mM); LA, linoleic acid
(0.1mM); LNA, g-linolenic acid (0.05mM); EPA, eicosapentaenoic
acid (0.1mM). Values expressed as percentages of DPM variation
are presented as mean� SD from 10 determinations compared with
control (etOH¼ 323� 39). �p< 0.05 and ��p< 0.01 for comparison
with control (ANOVA plus Dunnett)
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decrease of 15%) compared with its effect on Jurkat
cells. On the other hand, LNA reduced Raji cell
proliferation by 50%. Different from the results
observed for Jurkat cells, EPA increased Raji cell
proliferation by 30%.

DISCUSSION

Antioxidant enzymes are regulated by several factors.
Oxidative status of the cell is the primary regulator of
expression and activity of these enzymes.26,27 The
activities of antioxidant enzymes are also changed by
cell differentiation, aging, inflammation and high
levels of melatonin, TNF-a, IL-1b 28–30 and prolac-
tin.31 N-nitro-L-arginine methyl ester hydrochloride,
an inhibitor of nitric oxide synthase, increases catalase
activity.32

The balance between ROS formation and degra-
dation can be disturbed not only by an increase in its
production but also by a decrease in the antioxidant
enzyme activities. In phagocytes, AA stimulates
superoxide generation, being cytotoxic at physiologi-
cal and supraphysiological concentrations.33,34 In
addition to stimulating ROS production,35 the present
study provides evidence that FA also decreases the
activitiy of catalase in Jurkat and Raji cells. FAs,
mainly the PUFAs ones, are also putative targets for
free radical propagation, during which lipid peroxides
are generated, being deleterious for the tissues.36–38

Treating glial cells with AA, EPA and DHA,
Leonardi et al.36 observed amore pronounced effect of
DHA to increase catalase activity and to decrease
glutathione content. These results are in contrast to our
findings with leukaemia cell lines. The lowering
effects of the FA on catalase activity in Jurkat and Raji
cells did not follow any correlation with the carbon
chain length and the unsaturation degree as also found
by Hawkins et al.39 studying FA cytotoxicity.
Interestingly, PA increased SOD activity in Jurkat
cells, whereas oleic decreased this enzyme activity in
Raji cells.

The relationship between the abundance of the FA
and its effect on catalase activity was also investigated.
OA was the most abundant FA in both cell lines and
also the most effective one in decreasing catalase
activity. On the other hand, the less abundant FA in
both cell lines, LNA presented the highest toxicity for
both Jurkat and Raji cells.

The effects of the FA to reduce catalase activity was
more pronounced in Jurkat cells than in Raji cells.
However, the latter cell line was more susceptible to
the toxic effect of the FA. These findings point out that
Cell Biochem Funct 2008; 26: 87–94.
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the effect of the FA on catalase activity and cell death
varied with the cell type.

The possible accumulation of H2O2 derived from
the decrease in catalase activity may have an
important role for the reduction in lymphocyte
proliferation induced by some FA. In Jurkat cells,
the saturated palmitic and stearic acids were able to
significantly reduce cell proliferation. On the other
hand, in Raji cells, this inhibition effect was observed
after incubation with PA and LNA. EPA reduced
catalase activity but enhanced Raji cell proliferation.
Interestingly, OA, LA, LNA and EPA decreased
catalase activity but did not decrease Jurkat cell
proliferation. This suggests that the FA may affect cell
proliferation by other mechanisms in addition to a
change in redox status.

In order to test the mechanism by which the FA
reduced catalase activity, Western and Northern
blotting analyses were performed. As we did not
observe changes in RNA and protein levels, the FA
regulation of calatase activity seems to occur at a
post-translational level, as also observed by Mayo
et al.40 in PC12 and SK-N-SH cells. These authors
observed an increase in unstable mRNA of GPx and
CuZn-SOD after incubation with melatonin. In
addition, acylation of proteins is a well-known
mechanism to regulate protein function and should
be investigated.

Lipid peroxidation has been recognized to play an
important role in the toxicity of FAs.41 Administration
of vitamin E prevents lipid peroxidation and has been
shown to possess beneficial effects in high oxidative
stress conditions such as hypothyroidism42 and high
doses of glucocorticoid.43 In our study, the addition of
a-tocopherol prevented the cytotoxic effects of FAs,
such as oleic, linoleic, LNAs and EPA on Raji cells
and LNA on Jurkat cells. These findings support the
supposition that FA induced oxidative stress in both
cell types but mainly in Raji cells. The increase in
oxidative stress is partially due to a reduction in
catalase activity.44 Increased oxidative stress associ-
ated with decreased antioxidant capacity and lowered
enzyme activities were also reported in children with
acute pneumonia45 and patients with breast cancer.46
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