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Summary
Background & aims: Despite the beneﬁcial effects in the resolution of inﬂammatory
disorders due to their immunosuppressive properties, n-3 polyunsaturated fatty acids are
associated with a reduction of immune resistance to some microorganisms. Here, we
examine the inﬂuence of different dietary lipids on host immune resistance against Listeria
monocytogenes in mice treated with cyclophosphamide (CPA).
Methods: Balb/c mice were fed one of four diets, which contained either olive oil (OO),
ﬁsh oil (FO), hydrogenated coconut oil (HCO) or low fat (LF) for 4 weeks. Subsequently,
mice were treated with CPA or PBS, prior to L. monocytogenes infection. Splenocyte
proliferation, survival analysis, counts of viable bacteria from spleens and livers, and
measurement of pro-inﬂammatory cytokine levels were determined.
Results: The FO-rich diet reduced survival, particularly in CPA-treated mice. CPA was
responsible for a signiﬁcant increase of viable bacteria recovery from spleens and livers
within each group fed high fat diets, which was aggravated in mice fed an FO diet. In
addition, a signiﬁcant increase of both TNF-a and IL-12p70 levels was detected in this

Abbreviations: CFU, colony forming units; Con A, concanavalin A; CPA, cyclophosphamide; FCS, fetal calf serum; FO, ﬁsh oil; HCO,
hydrogenated coconut oil; IL, interleukin; IFN, interferon; LF, low fat; LPS, lipopolysaccharide; MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5diphenyltetrazolium bromide; OD, optical density; OO, olive oil; PBS, phosphate buffered saline; TNF, tumor necrosis factor; TSA, tryptic soy
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group. These results may acquire a crucial relevance in clinical nutrition, particularly
when FO diets are administered to immunocompromised patients.
Conclusions: The mechanism(s) that impair(s) the elimination of L. monocytogenes could
be associated with a low mitogen-stimulated splenocyte proliferation, and with an
alteration of pro-inﬂammatory cytokine production. The application of the neutropenic
agent CPA moderately aggravates the immunosuppressive state mainly in FO-fed animals.
& 2007 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights
reserved.

Introduction
The extensive investigation concerned with the crucial role
that several types of dietary fatty acids play in the
modulation of immune system functions has clearly established that the administration of diets containing ﬁsh oil
(FO) may produce important immunosuppressive effects in
both animals and humans.1,2 The n-3 polyunsaturated fatty
acids (mainly contained in FO) have largely been deﬁned as
the most efﬁcient immunomodulatory fatty acids, which
have been involved in a suppression of lymphocyte proliferation,3 a reduction of cytokine production,4 an inhibition
of natural killer cell activity,5 or a diminution of serum
antibody production such as IgG and IgM.6 Therefore, the
beneﬁcial aspects of these types of fatty acids may be
applied in the resolution of different autoimmune diseases
characterized by an overactivation of the immune system.7
Nevertheless, the prolonged utilization and the high administration of n-3 polyunsaturated fatty acids may confer a
severe reduction of host immune resistance to infectious
microorganisms as a result of their immunosuppressive
properties. A large amount of information underlines the
role of these fatty acids in the diminution of host defense
against numerous bacteria, such as Listeria monocytogenes,
Salmonella enterica serovar Typhimurium, Mycobacterium
tuberculosis, Pseudomonas aeruginosa, viruses such as
inﬂuenza virus, fungi or parasites.8,9 Feeding mice with a
diet containing long-chain n-3 polyunsaturated fatty acids
reduces survival and increases bacterial recovery from
both spleens and livers after an infectious challenge with
L. monocytogenes, suggesting that this diet produces an
immunosuppressive state responsible for the impairment of
host immune resistance that hinders the efﬁcient elimination of the microorganisms.10,11 Recent studies have
conﬁrmed that one of the main reasons that explain the
increase of host susceptibility to L. monocytogenes infection
is the signiﬁcant reduction of interleukin-(IL)-12 as well as
interferon-g (IFN-g) production and IFN-g signaling.12–15 The
immunosuppressive effects generated by diets containing FO
may acquire a critical importance in patients at risk of
infectious complications associated with their underlying
disease or with an alteration of their immunological and
nutritional status.
Despite the importance of a diet containing FO in the
reduction of inﬂammatory disorders or in the diminution of
cancer risk, little is known about the action of this and other
fats in a model of mice treated with cyclophosphamide
(CPA), and subsequently challenged with L. monocytogenes,
a facultative intracellular pathogen that can originate a
life-threatening infection in immunocompromised patients.

To evaluate the action of different dietary lipids in severely
immunosuppressed mice, we have used a model of chemotherapy constituted by CPA injections, which causes a
delay in the onset of acquired cellular resistance, followed
by an enhanced and slightly prolonged response in
L. monocytogenes infected mice.16 This study underscores
the importance of several types of fatty acids to the
potential application in clinical nutrition, particularly when
lipid emulsions are administered to patients who are at risk
of sepsis.

Materials and methods
Animals and diets
BALB/c mice 8–10 weeks old were purchased from the
University of Jaen (breeding colony of Servicios Técnicos de
Investigación, University of Jaén). They were housed in
cages in an environmentally controlled room at a temperature of 24 1C with a 12-h light/12-h dark cycle. Mice were
randomly allocated to receive one of four diets for 4 weeks
and each group was allowed access ad libitum to water as
well as to its respective diets. Experimental diets contained
either olive oil (OO, 20%), ﬁsh oil (FO, 20%) or hydrogenated
coconut oil (HCO, 20%). In addition, another group was fed a
diet containing low fat (LF, 2.5% of fat), which was used as
control. The diet containing HCO was supplemented with 1%
of corn oil in order to prevent essential fatty acid deﬁciency.
The composition of experimental diets is shown in Table 1.

Table 1 Composition (g/kg) of high fat and low fat
experimental diets.
Components

High fat

Low fat

Casein
D,L-Methionine
Corn starch
Sucrose
Fibre
Fats
Mineral mix
Vitamin mix
Choline

200
3
315
155
80
200y
35
10
2

200
3
410
235
80
25
35
10
2

 BALB/c mice were fed their respective diets for 4 weeks.
y
High fat diets contained either olive oil (OO, 20%), ﬁsh oil
(FO, 20%) or hydrogenated coconut oil (HCO, 20%).
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Immunosuppression of mice with cyclophosphamide
The use of CPA (Sigma, St. Louis, MO, USA) represents a
suitable alternative to the induction of immunosuppression,
particularly with models of a short disease course.17 At the
end of the feeding period, each dietary group was divided
into two subgroups. First one was injected with a dose of
phosphate buffered saline (PBS), corresponding to nontreated mice, and the second one was injected with CPA
(neutropenic mice) in order to generate a state of
immunosuppression. This situation was induced in the
animals by three subcutaneous injections of CPA at a
concentration of 100 mg/kg body weight every 72 h. Finally,
L. monocytogenes was injected 24 h after the last dose of
CPA. The animal procedures complied with the national and
European Union legislation on the care and use of animals
and related codes of practice (86/609/EEC).

Preparation of L. monocytogenes and experimental
infection
A virulent serum-resistant strain of L. monocytogenes was
incubated on a blood agar plate at a temperature of 37 1C
for 24 h. The bacteria were harvested by centrifugation and
washed twice in saline solution. Finally, the concentration of
bacteria was estimated optically at 550 nm and the number
of viable bacteria was determined by counting developed
colonies.

Mitogen-stimulated splenocyte proliferation
The proliferation of splenocytes was measured by the
3-[4,5-dimethyl-2-thiazolyl]-2,5-diphenyl tetrazolium bromide (MTT; Sigma) colorimetric assay. Brieﬂy, spleens were
removed aseptically and homogenized in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum
(FCS, PAA Laboratories GmbH, Austria) in the presence of
HEPES, antibiotics and L-glutamine (Sigma). Cells were
cultured in 96-well microtiter plates in triplicate, adjusted
to a concentration of 105 per well, and incubated in a
humidiﬁed atmosphere at 37 1C for 24 h in the presence of
concanavalin A (Con A; Sigma) at a ﬁnal concentration of
5 mg/ml or lipopolysaccharide (LPS; Sigma) from Escherichia
coli serotype O26:B6 at a ﬁnal concentration of 50 mg/ml.
Table 2

Measurement of survival
L. monocytogenes was suspended in PBS at a concentration
of 106 CFU/ml. Then, 100 ml of this bacterial suspension was
injected into each mouse through the tail vein. The survival
was monitored every 8 h for 7 days after the L. monocytogenes challenge. Results were expressed as percentage
of survival.

Determination of numbers of viable L.
monocytogenes cells in the organs
After the injection of CPA, mice were challenged with 100 ml
of a L. monocytogenes cell suspension (105 CFU/ml) through
the tail vein. To evaluate the extent of systemic listerial
infection, mice were sacriﬁced by cervical dislocation at 24
and 48 h post-infection, and the spleens and livers of
infected animals were aseptically isolated in sterile PBS
and weighed under sterile conditions. Then, spleen and liver
cells were prepared by homogenizing these organs between
frosted-glass slides in sterile distilled water. Thus, cells were
disrupted by treatment with distilled water in order to lyse
host cells and release intracellular bacteria. Then, serial 10fold dilutions of each sample were made and an aliquot of
10 ml of each dilution was transferred onto blood tryptic soy
agar (TSA, Scharlau Chemie, Barcelona, Spain) medium to
determine the number of live L. monocytogenes in the
spleens and livers. Plates were incubated at 37 1C for 24 h.
Finally, the number of CFU was counted and the values were
expressed as log10 viable bacteria.

Quantiﬁcation of cytokine production by enzymelinked immunosorbent assays (ELISA)
ELISA kits (R&D Systems, Minneapolis, MN, USA) were used
for determination of IL-1b, IL-6, IL-12p70 and TNF-a
concentration in the sera samples. Mice were fed their
respective diets and divided into two subgroups. After
the injection with CPA or PBS, mice were challenged with

Body, spleen and liver weights of mice fed dietary lipids after 48 h of challenge with L. monocytogenes.

Diets Body weight (g)

LF
OO
FO
HCO

Splenocyte stimulation index was calculated as the optical
density (OD) in the presence of mitogen (stimulated cells)
divided by the OD in the absence of mitogen (unstimulated
cells) as described previously.18

Spleen weight (g)

Liver weight (g)

CPA

+CPA

CPA

%

26.274.1
24.171.3
24.670.4
23.372.5

24.674.7
22.675.2
24.270.5
23.372.1

0.2070.05
0.2270.01
0.2170.04
0.2170.06

0.770.2
0.1970.01a
0.970.07 0.1270.04b
0.870.2
0.2070.05a
0.970.2 0.07570.01c

+CPA

%

CPA

%y

+CPA

%y

0.770.5a
0.570.2ab
0.870.3a
0.370.02b

1.8370.7a
1.3370.08b
1.8470.3a
2.1070.2a

7.072.0
5.970.3
7.570.9
9.071.0

1.6370.2b
1.5870.2b
2.0370.4a
1.4570.2b

6.670.9b
7.071.0ab
8.471.0a
6.270.7b

Data are mean7standard errors of the means of three independent experiments (n ¼ 5 in each dietary group) and were analyzed by
two-way ANOVA. Values in a column not sharing a common superscript letter are considered to be signiﬁcantly different at Po0.05. LF,
low fat; OO, olive oil, FO, ﬁsh oil; HCO, hydrogenated coconut oil. CPA, non-treated mice; +CPA, cyclophosphamide-treated mice.
 Spleen weight as percentage of body weight.
y
Liver weight as percentage of body weight.
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4
Diet P =0.03
CPA P<0.05
Diet x CPA P=0.004

3
Stimulation index

L. monocytogenes (104 CFU per mouse). Mice were anesthetized with diethyl ether, and the blood was drawn from the
retro-orbital plexus into tubes containing heparin (20 U/ml
blood) at 24 and 48 h after infection. Serum was obtained
after centrifugation of the tubes at 1500g for 30 min. Finally,
sera samples were stored at 80 1C for subsequent analysis.
Results were calculated against standard curves generated
using known amounts of recombinant cytokines, according
to the manufacturer’s instructions in a microplate reader
(BioRad) at a wavelength of 450 nm. Limits of detection for
these assays were o3 pg/ml (IL-1b), 1.6 pg/ml (IL-6),
o2.5 pg/ml (IL-12p70), and o5.1 pg/ml (TNF-a). Samples
were assayed in duplicate.
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a
ab

b

2

b

LF

b

b

OO
FO

c

HCO

1

c

Statistical analysis

Results
Weight of body, spleens and livers from mice fed
with experimental diets
After 48 h of the exposure to L. monocytogenes (105 CFU/
ml), body weights between diet treatment groups were not
signiﬁcantly modiﬁed. Similarly, CPA treatment did not
affect body weights (Table 2). The spleen weights of mice
fed diets containing OO or HCO were considerably reduced
in the CPA-treated group (Po0.05) (Table 2). Again,
signiﬁcant differences were observed among OO or HCO
groups in comparison with values from the other groups in
the relationship between CPA-treated and PBS-treated mice
(Po0.05). Finally, the liver weight was signiﬁcantly reduced
in the group fed a diet containing OO and treated with PBS,
whereas this value was notably increased in the group fed a
diet containing FO and treated with CPA (Po0.05) (Table 2).
Liver weight from mice fed an OO diet and treated with PBS
was signiﬁcantly reduced with respect to CPA-treated mice
fed an FO diet (Po0.05).

Analysis of splenocyte proliferation
The treatment with PBS produced a signiﬁcant increase of
splenocyte proliferation in the group fed an OO diet and
stimulated with Con A. In addition, a diminution of
lymphocyte proliferation was observed in the group fed an
OO diet, stimulated with LPS, and treated with CPA
compared to values of PBS-treated mice (Po0.05). Figure
1 shows that splenocyte proliferation from mice fed a diet

0
-CPA

+CPA
Treatment

4
Diet P =0.68
CPA P<0.05
Diet x CPA P<0.05

3
Stimulation index

Results are expressed as mean7standard errors of the
means. The effects of diets and CPA treatment and their
interaction were analyzed by two-way analysis of variance
(ANOVA). When ANOVA indicated signiﬁcant differences, the
treatment means were compared using Fisher’s least
signiﬁcant difference (LSD) test. Survival curves of
L. monocytogenes-infected mice were compared using the
Kaplan–Meier log rank test. The survival data from three
independent experiments were pooled for statistical analysis. Viable bacteria counts from spleens or livers were log10
transformed before analysis. Differences were considered to
be statistically signiﬁcant at a value of Po0.05.

a

a
ab
LF

b

2

OO

b
b

FO
HCO

c
1
c

0
-CPA

+CPA
Treatment

Figure 1 Analysis by the MTT colorimetric assay of the
proliferative response of splenocytes to concanavalin A (Con
A) and lipopolysaccharide (LPS) in mice fed dietary lipids and
treated with cyclophosphamide (CPA). The splenocytes from
non-treated mice and CPA-treated mice were distributed in
culture medium into 96-ﬂat-bottom plates and incubated for
24 h in the presence of Con A at a concentration of 5 mg/ml (A)
or LPS from E. coli serotype O26:B6 at a concentration of 50 mg/
ml (B). Subsequently, MTT was added to each well, and the cells
were incubated for 4 h, as described in ‘‘Materials and
methods’’ section. Results were expressed as the stimulation
index (n ¼ 5 mice in each group). Values are the mean7standard errors of the means of data in triplicate calculated as
the optical density (OD) of cells treated in the presence of
mitogen divided by the OD of cells incubated in the absence of
mitogen. Data were analyzed by two-way ANOVA and insertions
show the main effects and interactions. Different superscript
letters are considered to be signiﬁcantly different at Po0.05.
LF, low fat; OO, olive oil; FO, ﬁsh oil; HCO, hydrogenated
coconut oil; CPA, non-treated mice; +CPA, cyclophosphamidetreated mice.
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containing FO and stimulated in the presence of Con A
(Figure 1A) or LPS (Figure 1B) was signiﬁcantly reduced in
comparison to values from the other groups (Po0.05),
indicating that an FO diet was the most immunosuppressive.
In general, the interactions (diet  treatment) have demonstrated signiﬁcant differences between CPA-treated and
PBS-treated groups when cells were stimulated in the
presence of Con A (P ¼ 0.004) or LPS (Po0.05).

Survival analysis

% of survival

A lethal dose of a virulent L. monocytogenes strain was
injected into each mouse to measure the resistance of
animals in the defense against this infectious pathogen.
The survival curves of mice fed different types of diets
and experimentally infected with L. monocytogenes are
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illustrated in Figure 2. The data represent three pooled
experiments with 15 mice/group. One day after the last
treatment with PBS or CPA, PBS- and CPA-treated groups
were challenged intravenously with L. monocytogenes and
mortality was assessed for 7 days. Overall, a survival
reduction was observed in the groups treated with CPA in
comparison with survival data from PBS-treated mice. The
survival curve of mice fed an FO diet at 2 days of infection
differed from those fed this diet and treated with CPA
(Po0.05), but all of animals died at 4 days after challenge
(Figure 2C). Nevertheless, the survival rate of mice fed a
diet containing OO was approximately of 60% after challenge
with L. monocytogenes, and the treatment with CPA did not
affect the host resistance to infection in this group (Figure
2B). Finally, the survival percentage of mice fed a diet
containing HCO was lesser than the survival percentage in LF
or OO groups, despite this reduction, we did not ﬁnd
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Figure 2 Measurement of survival percentage of mice fed dietary lipids after infection with Listeria monocytogenes. Mice were fed
their respective diets for 4 weeks (n ¼ 15 in each dietary group), treated with cyclophosphamide (CPA) and infected with L.
monocytogenes (105 CFU per mouse). Closed circles represent the survival percentages of mice infected with L. monocytogenes
(CPA). Open circles represent the survival percentages of mice infected with L. monocytogenes and experimentally treated with
CPA (neutropenic mice, +CPA). (A) Survival percentage of mice fed a low fat (LF) diet. (B) Survival percentage of mice fed an olive oil
(OO) diet. (C) Survival percentage of mice fed a ﬁsh oil (FO) diet. (D) Survival percentage of mice fed a hydrogenated coconut oil
(HCO) diet. The data represent the pooled result of three experiments.
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Table 3 Recovery of viable bacteria from spleens and
livers of mice fed dietary lipids after 24 h of challenge
with Listeria monocytogenes.
Diets

Mean log10 CFU of L. monocytogenes7S.E.M.
Spleen

LF
OO
FO
HCO

Liver

CPA

+CPA

CPA

+CPA

2.970.3b
3.071.0b
4.671.7a
2.370.9c

3.070.7c
3.671.6b
6.171.2a
3.171.1c

3.571.4c
3.971.4b
6.371.4a
3.271.3c

3.871.8b
4.071.2b
7.472.8a
3.771.8b

Data are mean7standard errors of the means of three
independent experiments after logarithmic (log10) transformation of these variables (n ¼ 5 in each dietary group) and
were analyzed by two-way ANOVA. Values in a column not
sharing a common superscript letter are considered to be
signiﬁcantly different at Po0.05. LF, low fat; OO, olive oil;
FO, ﬁsh oil; HCO, hydrogenated coconut oil. CPA, nontreated mice; +CPA, cyclophosphamide-treated mice.

Table 4 Recovery of viable bacteria from spleens and
livers of mice fed dietary lipids after 48 h of challenge
with Listeria monocytogenes.
Diets

Mean log10 CFU of L. monocytogenes7S.E.M.
Spleen

LF
OO
FO
HCO

Liver

CPA

+CPA

CPA

+CPA

3.571.6c
4.372.0b
6.372.5a
6.072.1a

3.871.1c
4.671.8b
6.771.8a
6.572.6a

3.070.9d
4.572.1c
5.971.1a
5.372.0b

3.271.2d
5.071.8c
7.072.1a
6.272.3b

Data are mean7standard errors of the means of three
independent experiments after logarithmic (log10) transformation of these variables (n ¼ 5 in each dietary group) and
were analyzed by two-way ANOVA. Values in a column not
sharing a common superscript letter are considered to be
signiﬁcantly different at Po0.05. LF, low fat; OO, olive oil;
FO, ﬁsh oil; HCO, hydrogenated coconut oil. CPA, nontreated mice; +CPA, cyclophosphamide-treated mice.

statistically signiﬁcant differences (Figure 2D), whereas a
substantial reduction of survival was observed in LF group
treated with CPA at 7 days of infection (Figure 2A) (Po0.05).

Quantitation of bacterial load in spleens and livers
of Listeria-challenged mice
Here, the number of viable bacteria recovered from the
spleens and livers of CPA-treated mice fed a diet containing
FO at 24 h (Table 3) and 48 h (Table 4) following the
challenge with L. monocytogenes was substantially higher
than in PBS-treated mice (Po0.05). Compared to PBStreated mice, CPA-treated mice at 24 h had approximately
30- and 10-fold higher counts of bacteria in their spleen and
liver, respectively. However, these values were modestly
reduced at 48 h of challenge in the spleen (2.5-fold),
whereas the differences between the two treatment groups
were maintained in the liver (10-fold).

Measurements of pro-inﬂammatory cytokine
production
The effects of dietary lipids on pro-inﬂammatory cytokine
concentration in the sera of mice treated and non-treated
with CPA are shown in Figure 3. IL-1b levels from mice fed
FO and HCO diets were signiﬁcantly increased with respect
to LF, and OO groups in CPA-treated mice at 24 h of
L. monocytogenes infection (Po0.05). By contrast, IL-1b
concentration from mice fed FO and HCO diets and treated
with CPA was dramatically reduced at 48 h of infection
(Po0.001). An increase of IL-6 concentration was observed
in the serum from mice fed OO and HCO diets and treated
with CPA at 24 h of infection (Po0.001). It is important to
remark the substantial increase of IL-6 concentration
detected in the mice fed an FO diet and PBS-treated
at 48 h of challenge in comparison with values of mice
treated with CPA (Po0.001). Surprisingly, the concentration
of TNF-a from mice fed an FO diet and treated with CPA
(+CPA) at 24 h, and particularly at 48 h of infection was
signiﬁcantly increased with respect to PBS-treated groups
(CPA) (Po0.001). Similarly, IL-12p70 levels were signiﬁcantly increased at 24 and 48 h of infection in mice fed an FO
diet and treated with CPA (Po0.05).

Discussion
This investigation conﬁrms previous results supporting the
notion that a diet containing FO is responsible for an
immunosuppressive effect, leading to a diminution of host
immune resistance.8,9 Nevertheless, few studies have
described the action of dietary lipids in immunosuppressed
organisms. Therefore, this research constitutes a new
advance that contributes to the clariﬁcation of the

Figure 3 Measurement of interleukin-1b (IL-1b), interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a) and interleukin-12p70 (IL12p70) concentration from the sera of peripheral blood of mice fed with different dietary lipids. BALB/c mice (n ¼ 5 in each dietary
group) were fed either a low fat (LF) diet, an olive oil diet (OO), a ﬁsh oil diet (FO) or a hydrogenated coconut oil diet (HCO) and
treated with cyclophosphamide (+CPA) or PBS (CPA), prior to L. monocytogenes infection (104 CFU per mouse). The concentration of
IL-1b (A, B), IL-6 (C, D), TNF-a (E, F) and IL-12p70 (G, H) were measured at 24 h (A, C, E, G) and 48 h (B, D, F, H) after bacterial
infection. Quantiﬁcation of pro-inﬂammatory cytokine levels in experimental samples was made by extrapolation from ELISA results,
using various concentrations of rIL-1b, rIL-6, rTNF-a and rIL-12p70, respectively, as a standard. Results are means7standard errors of
the means of two independent determinations in duplicate. Data were analyzed by two-way ANOVA and insertions show the main
effects and interactions. Different superscript letters are considered to be signiﬁcantly different at Po0.05.
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animals, produces an exacerbated reduction of host natural
resistance against the intracellular growth pathogen
L. monocytogenes, in spite of an efﬁcient response in the

established relationship among dietary lipids, immune
system and infection. Here, we demonstrate that the
administration of an FO-rich diet in immunocompromised
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production of pro-inﬂammatory cytokines, such as tumor
necrosis factor-a (TNF-a). To generate an immunosuppressive state after dietary lipid administration, mice were
previously treated with CPA, prior to L. monocytogenes
infection. CPA has been described as an immunosuppressive
agent capable of diminishing the capacity of murine
peritoneal macrophages to produce TNF and IL-1.17 In this
model of neutropenia caused by CPA injections, it was
reported that the neutrophil counts are very low, as well as
the number of lymphocytes and monocytes.19 In fact, acute
treatment with this immunosuppressive agent depresses
resistance to the microbial infections with L. monocytogenes and other microbial pathogens.20 Human studies have
applied this immunosuppressive agent in the treatment of
neoplastic diseases,21 and in general in the treatment of
autoimmune disorders22 due to its immunosuppressive and
chemotherapeutic properties. Nonetheless, our results have
demonstrated that CPA treatment is involved in a general
alteration of pro-inﬂammatory cytokine concentration
after dietary lipid administration. In fact, both TNF-a and
IL-12p70 levels were signiﬁcantly increased in the serum
from mice fed a diet containing FO, which had previously
been treated with CPA. In a strict contrast, the concentration of both IL-1b and IL-6 from the CPA-treated group was
substantially reduced at 48 h of challenge in mice fed an FO
diet. Therefore, the reduction of mice survival and the
increase of bacterial recovery from spleens and livers of
mice fed an FO diet and treated with CPA in this model of
immunosuppression cannot be explained by an inefﬁcient
pro-inﬂammatory cytokine production after the quantiﬁcation of IL-1b, IL-6, IL-12p70 and TNF-a.
The participation of neutrophils in the host defense
against intracellular pathogenic bacteria has been well
established. These cells exert a critical function in order to
prevent the dissemination of Listeria during the early stages
of infection.23 However, there is limited information about
the interactions among dietary lipid administration, neutropenic depletion and resistance to this intracellular
microorganism in immunosuppressed animals. A recent
investigation has reported that the impairment of host
resistance associated with n-3 polyunsaturated fatty acid
administration is independent of neutrophil activity, when
L. monocytogenes-infected mice were treated with the
neutrophil-depleting drug RB6-8C5.24 Our results reveal that
CPA signiﬁcantly alters mice survival and the bacterial loads
from both spleens and livers in the four groups and
particularly in mice fed a diet containing FO at 24 h of
challenge (30- and 10-fold, respectively). Although CPA
administration causes neutropenia,19 early investigations
demonstrated that CPA may also affect T and B cell
functions, leading to an immunosuppressive state.25–27
Irrespective of this action, we speculate that the pathways
of bacterial inoculation may be responsible in part for the
differential effects observed in our study. This experimental
design used an intravenous injection as site of infection,
whereas Fritsche et al.24 have applied an intraperitoneal
route in their investigation. We have also conﬁrmed a
reduction of splenocyte proliferation in the group fed an FO
diet after the stimulation of splenocytes with either Con A
and LPS,18 but the lymphocyte proliferation in this group
was not signiﬁcantly modiﬁed after the treatment with CPA,
although it is important to underline the moderate reduc-
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tion of splenocyte proliferation observed after the exposure
to this immunosuppressive agent in the four groups
examined. In fact, a previous study indicated that the
immunosuppression caused by CPA is related to polyclonal
deletion of mitogen-stimulated T lymphocytes,26 which was
impaired during murine listeriosis.28
Less attention has been paid to the action of monounsaturated fatty acids on the immune system. It is clear that an OOrich diet exerts a modulatory effect upon immune functions
due mainly to the action of oleic acid (the main fatty acid
contained in this fat),29 however, these immunosuppressive
events are not as marked as those caused by FO. Thus, we
hypothesize that the administration of an OO diet to CPAtreated mice does not produce a reduction as severe in the
host immune defense as an FO diet. As mentioned previously,
FO diets reduce host immune resistance by a signiﬁcant
diminution of bactericidal capacity,30 and by a modulation or
no alteration of different types of cytokines such as IL-12, IL-4,
TNF-a and IFN-g.12–15 These results indicate that survival
percentage of mice to L. monocytogenes infection was
diminished in the group fed an FO diet, but the reduction
of this percentage was more drastic in CPA-treated mice,
because all of animals died at 2 days of the exposure to
L. monocytogenes, whereas survival percentage were higher in
OO group than in FO group. Initially, these effects could be
attributed to a signiﬁcant reduction of T and B cell response in
mice fed an FO diet, as corroborated by a diminution of
mitogen-stimulated splenocyte proliferation when these data
were compared with those from other groups.
Hence, it is necessary to ﬁnd a balance that allows the
resolution of inﬂammatory disorders without adversely
affecting host immune defense. Irrespective of the importance of n-3 polyunsaturated fatty acids in the resolution of
inﬂammatory disorders, our present results suggest that an
FO diet administered in high doses is not only involved in a
reduction of immune system functions, but also exacerbates
the immunosuppressive state in CPA-treated mice (survival
reduction and bacterial recovery increase), although this
agent does not diminish the levels of pro-inﬂammatory
cytokines in all of the groups fed dietary lipids. Indeed, the
concentration of both TNF-a and IL-12p70 was substantially
increased in the group fed an FO diet after CPA treatment,
whereas a recent study suggests that this diet does not
affect in vivo TNF-a production during the early phases of
listeriosis.24 Therefore, we consider that the reduction of
host natural resistance cannot be exclusively attributed to
an inadequate pro-inﬂammatory cytokine production.
Numerous studies have related to both FO and OO as
dietary elements of enormous biological value in the human
health, which may play an important role in clinical
nutrition.31,32 On the basis of these and other experimental
observations, we estimate that future studies should
determine the properties of these fats on immune functions
and the impact of them on host immune defense, because
they could constitute a potential alternative to other fats
applied in parenteral lipid emulsions.
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