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Abstract: Consumption of unsaturated fatty acids could affect the immune response to oxidative or bacterial
challenge. To evaluate the protective effect of dietary oils on immune system, female rats were fed for 6
weeks either with 25 or 210 mg/kg of corn or olive oils, followed by acute lipopolysaccharide (100 and 200
ng/kg) challenge. The cytokines (IL-4, IL-10 and IFN-y) productions were evaluated and the values were
compared with the corresponding results obtained for the untreated rats. Following low dose of LPS
challenge, production of IL-4 and IL-10 were higher among the animals consumed oils (p<0.05) while
production of IFN-y was lower following septic shock (p<0.05). These observations may suggest
consumption of corn or olive oil could have protective effects by production of pro-inflammatory cytokines.
Furthermore, use of unsaturated fatty acids presented in these oils might be useful therapies in acute or
chronic inflammatory diseases.
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INTRODUCTION

Itis well documented that diet and lifestyle directly affect
the state of health, diseases or even death rate of
different population (Nakamura, 2008; Parekh et af,
2008; llich et al., 2009; Lopez et al., 2009). Improving diet
and lifestyle is a critical component of the American
Heart Association’s (AHA's) strategy for preventing
Cardiovascular Disease (CVD), which is the leading
cause of morbidity and mortality in  Americans
(Lichtenstein et al., 2006). AHA recommended besides
focusing in the balance diet, individuals should aim to
improve their whole or overall diet and consume a variety
of fruits, vegetables and grain products, especially whole
grains (Lichtenstein ef af.,, 2006). The reasons for such
recommendations are the results of many studies that
showed reduction of high saturated fatty acids or animal
fat in the diets (atherogenic compounds) could reduce
the risk of CVD, while consumption of different
vegetables could reduce the chance of developing
different acute or chronic diseases (Kuller et a/., 2006;
Kris-Etherton, 2007). That is why there is a most
impressive effort is going on by many different groups to
communicate nutrition messages to many target
populations.

It is well documented that almost all the vegetables and
their oil have some poly-unsaturated fatty acids. These
fatty acids not only could be used as structural

components of cells that provide an adequate fluidity to
the biological membranes, but also have role in
diminishing the hazard of lipid peroxidation by reducing
compounds that could neutral oxidizing agents (free
radicals) developed in the body during normal life and
inflammation or chronic diseases (De Lorgeril ef af,
2002; Rasheed et al, 2009). That is why Tunisian
traditionally uses olive oils as a medicinal food for
chronic inflammation (Yamada et af, 2008), without
knowing its mechanism.

Olive oil which is the main fatty component of the
Mediterranean diet, characterized by consisting of
monounsaturated fatty acids as well as elevated content
of antioxidant agents. This oil exhibits numerous
bioclogical functions which are beneficial for the state of
health (Alarcon De La Lastra et a/, 2001; Bitler ef af,
2005; Yamada et al., 2008). For these reasons, extra-
virgin olive oil was considered as a middle road
between food and medicine, while there is growing
evidence that its health benefits include reduction of
CVD risk factor, prevention of several types of cancer and
the modification of immune and inflammatory
responses {Caramia, 20086).

Previous researcher showed addition of different
dilutions of olive oil to the cell line established from a
patient with chronic myelogenous leukemia, dose-
dependently inhibited the production of tumor necrosis
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factor-alpha (TNF- a), interleukin-4 (IL-4) and histamine
(Marquez-Martin et af, 2006; Rasheed et af, 2009).
Though these in-vitro results showed direct effect of olive
oil on the immune cells, but it is far to extend these
results to in-vivo, especially due the possible changes
of oil during its passage through digestive and lymphatic
systems. On the other hands, there are some
discrepancy between the researches that studied the in-
vivo effect of olive oil on immune system (Yagoob et af,
1998, Gawecka ef al, 2008), particularly during
inflammation.

Furthermore, bacterial sepsis or septic shock results
from the overproduction of inflammatory mediators as
consequence of the interaction between the host
immune system and bacteria or bacterial wall
components. One of the most known pathogen-derived
molecules is Lipopolysaccharide (LPS), which is the
main glycolipids component of the outer membrane of
gram-negative bacteria. It was shown that Corn oil
supplements increases the production of
proinflammatory cytokine (TNF-o. and Eicosanoids) by
LPS-stimulated BALF cells (Hall ef a/, 2004), while in
another in-vivo study corn oil diminished the production
of proinflammatory cytokines of rats following a LPS
challenge (Sadeghi et al., 1999). On the other hand,
mice fed with high corn oil diet had significantly reduced
interferon-gamma (IFN-y) and IL-10 levels, while mice
fed with poly unsaturated fatty acid have produced
greater levels of IFN-v than the corn oil fed animals (Ly
et al., 2005).

Although previous studies showed exposure to
physiological concentrations of dietary polyunsaturated
fatty acids can trigger inflammatory pathways and leads
to the up-regulation of inflammatory cytokines, still many
guestions remain to be answered about the amount of
oil consume or its composition and their consequences
in health and diseases. Furthermore, while nutritional
manipulation is helpful in endotoxemia, contradictory
result were reported in previous studies. Finally, lack of
a long term oil consumption on immune responses in
health and diseases or its consequences on circulating
glucose level or lipid profile at the same time, made us
to design this study to determine in vivo role of T cel-
derived cytokines (IL-10, IL-4 and INF-y) before and after
6 weeks oil consumption. These cytokines were
selected because IL-10 acts as a potent anti-
inflammatory cytokine by conditioning the activation and
function of innate and antigen-specific immune cells
(Bazzoni et al, 2010), while IL-4 is pro-inflammatory
cytokine that has role in the pathogenesis of immune
system (Njoku, 2010). Furthermore, both IL-10 and IL-4
are produced by T-helper 2 (Th2) lymphocytes and the
balance between ThZ and Th1 could be assess by a
cytokine produced by Th1 such as INF-y (Liu et af,
2009). The protocol was followed by the induction of
infection by LPS or production of septic shock.
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MATERIALS AND METHODS

Research approval and ethic committees of Kerman
University of Medical Sciences approved the protocols
for this study, which is in accordance with the
internationally accepted principles for laboratory animal
use and care as found in the European Community
guidelines (EEC Directive of 1988; 86/609/EEC) or the
US guidelines (NIH publication No. 85-23, revised in
1985).

Forty- six female Sprague-Dawley rats weighing 250-300
g were randomly divided to 6 different groups (8 heads
per group). The groups were untreated control group,
vehicle treated group that received distilled water by
gavage (sham) and four treated groups of low (25
ma/kg) and high (210 mg/kg) doses of olive oil or corn
oil, respectively. All the animals were weighted initially
and housed in an air conditioned animal house at 23+2°
C with an alternating light/dark cycle of 12 h and free
access to pelleted diet and water. The animals received
human care in compliance before handling and gavage
feeding. Body weights of all the groups were measured
weekly, throughout the experimental protocol. The
experimental animals were fed with appropriated doses
of corn or olive oil by gavage daily, for six weeks. At the
end of six weeks of experimental protocol, a blood
sample was collected from all animals.

To produce infection, each member of the respective
experimental groups was injected intrapretoneally with
a dose of 100 pg/kg (called low dose) of LPS
(Escherichia coli serotype 055: B5, Sigma Chemical, St
Louis, MO) (Sadeghi et al, 1999) and ancther blood
sample was collected from each member of all groups.
To produce septic shock, 24 h after first LPS challenge;
animals received ancther dose of LPS (200 pg/kg)
injection.

Blood collection and analysis: The initial blood sample
was collected via tail in anesthetized condition and after
six weeks of oil consumption. The blood samples were
kept in room temperature for 10-15 min for the formation
of clot and then centrifuged (800 g for 10 min) to
separate sera. Twenty four hours post LPS challenge
(low dose) another sample was collected, while the last
sample was collected 4 h after high dose of LPS
injection. All the serum samples collected from each rat
at different times were labeled and stored at -70°C until
analysis.

Blood glucose (end point colorimetric glucose oxidase
method), cholesterol (cholesterol esterase enzymatic
colorimetric method) and triglyceride (lipoprotein lipase
enzymatic colorimetric) of all animals were measured,
using an automated analyzer (RA-1000, Technicon,
USA). Cytokines (interleukin 4, interleukin 10 and IFN-v)
were evaluated for all samples collected, following the
protocols provided by the manufacture of ELISA (Bender
MedSystems GmbH, Austria) kits.



Pak. J. Nutr., 10 (8):

Data analysis: Data were analyzed using the SPSS
(Version 14.0) program. The statistical model included
the effects of diet for six weeks (normal rats pellet diet or
sham group versus addition of corn oil or olive oil) and
LPS challenges (saline versus LPS). Differences
between treatments were analyzed using student pair T-
test, while for comparison of effects among different
groups ANOVA (Post Hoc model of Bonferroni) was
used. The data in the text and table are presented as
mean * Standard Deviation (SD) and in the figures
present as mean x Standard Error of Means (SEM). P
values of less than 0.05 were considered as statistical
significance.

RESULTS

Except the sham group, body weights of all other groups
gradually increased during the experimental protocol.
These increases were significant (p<0.05). Statically,
comparison of weight gained among different groups
showed only corn oil consumed groups had a significant
weight gain compared to the sham group (p<0.001),
while neither of groups had a significant increase in the
weight, when compared with control groups.

Evaluation of serum chemistries showed consumption
of different doses of olive oil or corn oil did not affected
circulating glucose level of animals, but cholesterol and
triglyceride of animals on corn oil (both groups)
increased significantly (p<0.01) after 6 weeks. Finally,
evaluated circulating cytokines showed that the housing
of all animals for 6 weeks did increase (p<0.01) the level
of IFN-y irrespective of different treatment that they
received. On the other hand, neither the housing nor
different treatments could affect circulating levels of IL-10
or IL-4 (Table 1).

Twenty-four hours post injection of animals with low
dose of LPS (100 pg/kg), circulating level of IL-4
increased significantly (p<0.01) among the oil
consumed groups, while it did not changed
(significantly) among the control or sham groups. In
addition, 4 h after production of septic shock (injection
with 200 pg/kg) IL-4 raised significantly {p<0.01) among
the group fed with the high dose of olive oil, while a non-
significant rise was also detected for the low olive oil
group. Septic shock could not further increase the level
of IL-4 that were increased after production of infection
among corn cil fed rats (Fig. 1).

Following low dose of LPS injection, production of [L-10
significantly (p<0.001) raised among all experimental
groups (compared with their baseline), but with the
dissimilarity as shown in Fig. 2. When these responses
were compared with the results obtained for the sham
groups, increases detected for clive oil fed groups were
significantly higher (p<0.05), while the differences for the
corn oil fed groups were not significant. [L-10
productions after septic shock were also different
among different experimental groups. While I[L-10
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Fig. 1: Circulating IL-4 (pg/ml) levels determined for the
different animal groups after 6 weeks primary
treatments (before LPS), 24h subsequent to
receiving 100 ug/kg (low LPS) LPS
intrapretoneally and 4h following producing septic
shock by injection of 200 pg/kg of LPS to the
anhimals (high LPS). The (*) symbol shows
significant (at least p<0.05) differences between
self-baseline and post LPS injection or septic
shock results
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Fig. 2: Circulating IL-10 (pg/ml) levels determined for the
different animal groups after 6 weeks primary
treatments (before LPS), 24h subsequent to
receiving 100 pg/kg (low LPS) LPS
intrapretoneally and 4h following producing septic
shock by injection of 200 pg/kg of LPS to the
animals (high LPS). The (*) symbol shows
significant (at least p<0.05) differences between
self-baseline and post LPS injection or septic
shock results
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Table 1: Results of different parameters evaluated for the different experimental groups

Control Sham Low corn oil High corn oil Low olive oil High olive oil
Weight (gm) before 211.14 (15.61) 206.63 (8.57) 214.75 (11.94) 211.63 (10.09) 203.00(11.63) 208.00 (12.68)
Weight (gm) after 227 .57 (16.81)* 21413 (11.24) 241.88 (18.60)* 241.75 (14 49)* 221.71 (20.62)* 228.25 (21.52)*
Glucose (mg/dl) before 139.43 (12.95) 135.75 (7.97) 135.38 (6.36) 138.38 (13.27) 129.57 (10.24) 132.88 (9.43)
Glucose (mg/dl) after 143.57 (10.58) 141.38 (7.91) 148.63 (14.47) 147.88 (23.05) 125.86 (13.01) 143.88 (20.15)
Cholesterol (mg/dl) before 62.71 (11.17) 54.12 (8.02) 55.87 (7.79) 63.00 (4.78) 57.14 (6.54) 56.87 (9.23)
Cholesterol (mg/dl) after £8.85 (6.22) 57.62 (6.52) 63.75 (3.69)" 69.87 (5.43)" 56.13 (6.64) 57.37 (5.82)
Triglyceride (mg/dl) before 88.42 (17.98) 88.12 (20.69) 69.00 (11.23) 72.00 (21.46) 7542 (27.04) 70.50 (28.57)
Triglyceride (mg/dl) after 87.42(14.42) 85.50 (21.45) 103.25 (10.08)" 103.00 (17.63)" 77.71(26.45) 73.50 (19.39)
IL-10 (pg/ml) before 8.63 (4.94) 8.83 (1.90) 8.01 (1.43) 9.06 (1.61) 1061 (6.72) 7.54 (3.41)
IL-10 (pg/mly after 8.89 (3.02) 7.55 (2.96) 7.63 (2.06) 8.56 (3.52) 10.93 (5.95) 11.19 (6.36)
IL-4 (pg/ml) before 0.34 (0.08) 0.34 (0.09) 0.25 (0.08) 0.26 (0.05) 0.23(0.05) 0.28 (0.05)
IL-4 (pg/mly after 0.44 (0.10) 0.44 (0.20) 0.26 (0.05) 0.25 (0.07) 0.31(0.12 0.33 (0.15)
INF-y (pg/ml) before 19.84 (7.85) 16.89 (4.25) 13.69 (5.50) 12.69 (2.90) 15.36 (5.13) 15.45 (3.11)

INF-y (pg/ml) after 30.31 (10.85)" 47.24 (15.71y"

37.80 (15.74)"

35.95 (13.15)" 4143 (14.57) 35.14 (6.79)"

Female rats (n = 8 in each group) were fed with normal rats’ pellet {control group) or by gavage method with normal saline (sham), low (25mg/kg) and
high (210mg/kg) doses of olive or corn oils for six weeks. Significant differences (at least p<0.05) between pre and post experimental protocol are shown
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Fig. 3. Circulating INF-y (pg/ml) levels determined for the
different animal groups after 6 weeks primary
treatments (before LPS), 24 h subsequent to
receiving 100 pg/kg (low LPS) LPS
intrapretoneally and 4 h following producing
septic shock by injection of 200 pg/kg of LPS to
the animals (high LPS). The (*) symbol shows
significant (at least p<0.0%) differences between
self-baseline and post LPS injection or septic
shock results

production were rises for the animals in the control and
sham groups (p<0.001),none significantly declines were
observed for the oil fed animals (Fig. 2).

As mentioned above, housing of animals for six week
increased the circulating level of IFN-y, but 24 h following
low dose of LPS challenge, circulating level of this
cytokine decreased for all the groups. Compared to the
respective self baseline, all the decreases were
significant (p<0.01). These decreases obtained for the
oil fed groups were not significant when compared with
the values obtained for the sham group. On the other
hand, after producing septic shock circulating IFN-y

increased for the control and sham groups, while the
level of this cytokine decreases among oil fed animals.
The increases detected for the control and sham groups
were not different from the corresponding values for their
baseline or post-infection results of these groups.
Finally, the results evaluated for the post septic shock
samples of oil fed groups showed significant decreases
(p<0.01) compared with the self baseline or post-
infection results (Fig. 3).

DISCUSSION

Numerous investigations have revealed that nutritional
status is a crucial factor that contributes to the
modulation of the host immune response (Roebothan
and Chandra, 1996; De Pablo ef al., 2002; Puertollano et
al., 2004; Puertollano et ai., 2007). Predominant fatty
acid of clive oil is oleic acid (18:1%% and corn oil contains
about 50% lincleic acid (18:2%%'%) as triglycerides
(Hennig et af., 2005), both of these unsaturated fatty acid
are essential for mammals.

While there is a report showing corn oil is well tolerated
by mice but tolerance may decrease with excessive
ingestion. When given a choice, animal will continue to
overeat corn oil and over the long term they induce
excessive caloric intake and obesity (Takeda et af,
2001). For this reason we restricted the amount of oil by
gavage feeding only for six weeks(Wallace ef a/, 2001,
Leite ef af, 2005). Although we carried out all the
necessary precaution, still all animals fed with the oils
(olive or corn oil) developed obesity when compared with
the sham groups, but this overeating could not affect the
glucose levels of them. Furthermore, corn oil
consumption caused mild increases in the circulating
cholesterol level of the animals that were associated
with a significant rise of their triglyceride. On the other
hand, lipids profiles of olive cil fed animals did not
increase during the experimental course (Table 1).

The relationship between dietary lipids and their role in
the reduction of the host immune defense against
infectious agents is of substantial importance. Our
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results showed neither circulating IL-10 nor IL-4
changed after 6 weeks of oil consumption, but the
production of INF-y among all animals including control
group increased significantly (nearly doubled).
Interferons are cytokines that play a complex and central
role in the resistance of mammalian hosts to pathogens
(Boehm et al., 1997). Although originally defined as an
agent with direct antiviral activity, the properties of I[FN-y
include regulation of several aspects of the immune
response, stimulation of bactericidal activity of
phagocytes, stimulation of antigen presentation through
class 1 and class 2 Major Histocompatibility Complex
(MHC) molecules, orchestration of leukocyte-
endothelium interactions (Boehm et al, 1997). These
increases detected among our animals could be the
responses of immune cells (natural killer) to housing
of animals and resistance to the pathogen (Boehm ef
al., 1997).

Endotoxin (lipopolysaccharide) is considered to be a
central mediator in the pathogenesis of gram-negative
sepsis. Since intravenous injection of LPS into healthy
animals initiates a cascade of infammatory pathways,
we used LPS to determine the effects of excess dietary
fats on immune responses. Results of these set of
experiment showed IL-4 of all oil fed animals did
increased 24 h after a low dose of LPS (100 ug/kg)
injection, but the increases detected for sham or control
group did not reach significant level, due to higher level
of their IL-4, as shown in Fig. 1. On the other hands,
responses to septic shock (4 h after injection of 200
pag’kg LPS) were different for dissimilar oil consumed
groups. The level of IL-4 production by corn oil fed
groups, remain the same as the one produced 24 h post
infection, but the olive cil fed animals produced more IL-
4 than the 24 h infection (Fig. 1). Our results also
revealed production of IL-10 in response to the infection
and septic shock were higher among the control or
sham groups, compared to oil fed animals as shown in
Fig. 2. Furthermore, comparing the responses among
the oil fed animals showed that production of IL-10 was
higher among the olive oil consumed animals. Finally,
production of infection or septic shock decreased the
circulating level of IFN-y with similar pattern for oil fed
anhimals and dissimilarity for the control or sham groups
(Fig. 3). Since our experimental design is established for
the first time, we were unable to compare our data with
others.

Previous studies of events occurring during the
infectious processes contributes to establishment of the
action of dietary lipids on the immune system in the
course of an infection (Flora et af., 2002). similar to our
results, other studies also suggest that oleic acid (olive
oil) has little effect or even can decrease an
inflammatory response, by the alteration in secretion of
different cytokines (Calder, 1998; De Pablo and Alvarez
De Cienfuegos, 2000; Wallace ef af., 2001). In the
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present study, we shown dietary fat could modulate
responses to LPS as seen in the cases of septic shock
of oil fed animals and changes in the patterns of
cytokines production. These results are also similar to
pervious reported data that shown the ability of nutrients
to modulate the production of cytokines (Carrick ef af,
1994; Yaqoob and Calder, 1995; Yaqoob et al,, 1998)
that influence the severity of sepsis (Clouva-Molyvdas et
al, 1992, Lowry, 1993; Utsunomiva ef al, 1994).
Epidemioclegic studies alsc suggest that diets high in
olive oil or oleic acid have a direct vascular athero-
protective effect and therefore are complementary to,
drug-based therapy (Massaro et al., 2002a; Massaro et
al., 2002b; Massaro and De Caterina, 2002).

T-helper (Th) cells can be divided at least into two
groups of Th1 and Th2 cells and after stimulation can be
distinguished by the pattern of cytokine production
(Mosmann and Sad, 1996). A Th1 mediated response is
known to enhance cell-mediated immunity, while a Th2
mediated response is associated with humoral
immunity (Abbas et a/., 1996). |n vivo administration of
LPS with mice resulted in a reduced ability of
splenocytes to produce the T-cell cytokines IL-2, IL-4 and
IFN-y (Castro ef al, 1998) while during systemic
infection, a shift toward a Th2 cytokine response has
occurred that results in a defect in cell-mediated
immunity. In addition, since IFN-y is a major activator of
monocyte functions (Boehm et al., 1997), the reduced
capacity of T cells to produce IFN-y may contribute to the
diminished monocyte responsiveness during
endotoxemia and sepsis (Docke et al, 1997). On the
other hand, the capacity of T cells to secrete IL-10 is well
documented, in particular for Th2 cells and some T cell
subsets with regulatory function. T regulatory cells have
been shown to suppress immune responses by IL-10
dependent or IL-10 independent mechanisms in various
experimental systems (Muraille and Leo, 1998). Also
several experimental observations appear that Th1 cells
do not produce their own growth factor; but both Th1 and
Th2 cells can promote inflammatory responses. IL-10
can inhibit inflammatory responses in a Th1/Th2-
independent fashion and the Th1/Th2 balance plays a
critical role in the outcome of several infectious
diseases (Muraille and Leo, 1998). Here we found that
post administration of LPS after 6 weeks consumption
of either corn or olive oil resulted in a markedly
decreased production of the Th1 cytokines IFN-y, while
the production of the Th2 cytokines IL-4 and IL-10 was
increased and the Th1/Th2 balance was shifted towards
a Th2 cytokine response.

In conclusion our findings for the first time provides that
in female rats consumption of diets containing corn or
olive oil can produce anti-inflammatory properties
through an enhanced production of IL-4 and hence could
be particularly associated with an increase in resistance
against infection and inflammation. Since the
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modulation of other cytokines by the action of fatty acids
may constitute a critical factor directly involving the
capacity of immune cells to produce various cytokines a
further extension of our studies will be require to identify
the soluble factors and intracellular pathways and also
the cell type specific activation of IL-4 receptor in post-
LPS challenge after dietary fat consumption.
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