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Abstract
Background & aim: To compare the effect of fish oilbased (FO) lipid emulsions (LE) for parenteral administration with standard LE and a new FO containing LE
composed of four different oils on the antigen presentation and inflammatory variables.
Methods: Phytohemagglutinin (PHA) activated human
mononuclear leukocytes were cultured with different LE
- Control: without LE; SO: soybean oil; SO/FO: soybean
and FO (4:1); MCT/SO: medium chain triglycerides and
SO (1:1); MCT/SO/FO: MCT/SO and FO (4:1) and
SMOF: a new LE containing FO. Cytokine production
was evaluated by ELISA, the expression of antigen-presenting and co-stimulatory surface molecules were analyzed by flow cytometry and lymphocyte proliferation was
assessed by H3-Thymidine incorporation, after tetanus
toxoid-induced activation.
Results: All LE decreased the HLA-DR and increased
CD28 and CD152 expression on monocytes/macrophages
and lymphocytes surface (p < 0.05). SO/FO and MCT/
SO/FO decreased lymphocyte proliferation (p<0.05). All
LE decreased IL-2 production, but this effect was enhanced with MCT/SO/FO and SMOF (p < 0.05). MCT/
SO/FO decreased IL-6 and increased IL-10, whereas SO
had the opposite effect (p < 0.05).
Conclusion: FO LE inhibited lymphocyte proliferation
and had an anti-inflammatory effect. These effects seem
to be enhanced when FO is mixed with MCT/SO. SMOF
had a neutral impact on lymphocyte proliferation and IL6 and IL-10 production.

(Nutr Hosp. 2009;24:288-296)
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EFECTO ANTIINFLAMATORIO DE LA EMULSIÓN
PARENTERAL DE LÍPIDOS CON ACEITE
DE PESCADO EN LEUCOCITOS MONONUCLEARES
HUMANOS ACTIVADOS
Resumen
Antecedentes & objetivo: Comparar el efecto de las
emulsiones lipídicas (EL) basadas en aceite de pescado
(AP) para la administración parenteral con las EL estándar y una nueva EL que contiene AP compuesta por cuatro aceites distintos sobre la presentación antigénica y las
variables inflamatorias.
Métodos: se cultivaron leucocitos mononucleares activados con fitohemaglutinina (PHA) con diferentes EL Control: sin EL; AS: aceite de soja; AS/AP: soja y AP
(4:1); TCM/AS: triglicéridos de cadena media y AS (1:1);
TCM/AS/AP: TCM/AS y AP (4:1) y SMOF: una nueva
EL que contiene AP. Se evaluó la producción de citocinas
mediante ELISA, se analizó la expresión de moléculas de
superficie de presentación de antígeno y co-estimuladoras mediante citometría de flujo y se evaluó la proliferación linfocitaria mediante la incorporación de timidinaH3 tras la activación inducida por el toxoide tetánico.
Resultados: Todas las EL disminuyeron la expresión de
HLA-DR y aumentaron la expresión de CD28 y CD152
sobre superficie de monocitos/macrófagos y linfocitos
(p < 0,05). La AS/AP y la TCM/AS/AP disminuyeron la
proliferación linfocitaria (p < 0,05). Todas las EL disminuyeron la producción de IL-2, pero su efecto se incrementó con las emulsiones TCM/AS/AP y SMOF (p < 0,05).
La TCM/AS/AP disminuyó la IL-6 y aumentó la IL-10,
mientras que el AS tuvo el efecto opuesto (p < 0,05).
Conclusión: La EL AP inhibió la proliferación linfocitaria y tuvo un efecto antiinflamatorio. Estos efectos
parecen estar potenciados cuando el AP se mezcla con
TCM/AS. La SMOF tuvo un efecto neutro sobre la proliferación linfocitaria y la producción de IL-6 e IL-10.
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Introduction

Selection of volunteers and collection
of mononuclear cells

Fatty acids can modulate the immune and inflammatory response in in vitro and in vivo studies.1-3
Patients with indication for parenteral nutrition
receive fatty acids (FA) as lipid emulsions (LE) for
parenteral administration. Depending on the fatty acids
composition, LEs can have different impacts on
immune functions, and thus affect the patient’s clinical
course.4-7
The immune response triggered by antigen presentation involves the active participation of different cell-surface molecules with immune functions.8,9 The antigens
that undergo phagocytosis by monocytes/macrophages
and other antigen-presenting cells are expressed on the
cell surface by MHC class II molecules (also known as
HLA molecules) because they are recognized by T-helper lymphocytes.8,9
Additionally, the effective activation of the T-helper
lymphocytes also depends on the signal triggered by
the interaction between the co-stimulatory molecules
—CD80 and CD86— found on the surface of monocytes/macrophages, and their receptor CD28.10,11 Without
the second co-stimulatory signal, the T-helper lymphocyte does not recognize the antigen as a stimulant
and develops immune tolerance.12
After being activated, the immune cells start to produce several pro- and anti-inflammatory cytokines that
mediate the immune response against pathogenic
agents.
The activation level of the T-helper lymphocytes is
controlled by the surface molecule CD152, an alternative
ligand for CD80 and CD86 molecules. The interaction
between CD152 and the co-stimulatory molecules CD80
and CD86, inhibits the cell activation cascade, preventing enhancement of the immune response.13,14
The new goals of parenteral nutrition therapy for the
critically ill include mitigation of inflammation and
modulation of the immune system via immunomodulating nutrients, such as n-3 polyunsaturated fatty acids
(n-3 PUFA). The n-3 PUFA have shown reduced
inflammatory effects and clinical benefits such as shorter hospital stays and a potential decrease in morbidity
and mortality rates.15-17
Therefore, it is worth studying the in vitro effects of
parenteral lipid emulsions containing fish oil, rich in n3 PUFA, on the expression of human mononuclear leukocytes surface molecules that participate in the antigen-presentation process, cytokine production and
lymphocyte proliferation.

Samples of peripheral blood were drawn from
volunteers - healthy male donors (n = 10), 20-40 years
of age, non-smokers, mild exercise activity (less than
twice a week), non-drinkers of alcohol, non-users of
drugs and with history of no disease condition near (3
weeks) the date blood was collected.
Mononuclear cells were obtained by the Ficoll
Hypaque gradient method (Histopaque 1077, Sigma USA). They were then resuspended in a RPMI medium
(RPMI 1640, Gibco-USA), containing 2 mmol/L Lglutamine, 25 mM/L Hepes medium, 0.07 mM/L gentamicin and 1x105 U/L penicillin with 10% inactivated
FBS (Fetal Bovine Serum) (Gibco-USA).
Lipid Emulsions and Study Groups
The lipid emulsions available on the market and
used in this study have already been described.5
Six groups were established based on the type of
lipid emulsion added to the culture medium (table I).
Cell cultures to evaluate the expression of surface
molecules, determine the lipid profile of the cell
membrane and the production of cytokines
Costar 24-well cell culture plates were used to incubate 2x106 mononuclear cells with viability above 95%
(as accessed by Tripan Blue exclusion) under humid
atmosphere, with 5% of CO2 at 37 ºC for 24, 48 and 72
hours in 2 mL RPMI 1640 culture medium (GibcoUSA), containing 10% of inactivated FBS (GibcoUSA), 2 mmol/L L-glutamine, 25 mM/L Hepes, 0.07
mM/L gentamicin and 1x105 U/L penicillin, in 10
μg/mL phytohemagglutinin (Phytohemagglutinin =
PHA) (Sigma-USA). Different parenteral LEs were

Table I
Experimental groups
Experimental groups
Control
SO
SO/FO
MCT/SO
MCT/SO/FO

Materials and methods
Ethical statement
All experimental procedures of the current study
were previously approved by the local Ethical Scientific Committee.

Anti-inflammatory effect of parenteral
fish oil

SMOF
®

Lipid emulsions added
to the culture media
No lipid emulsion added
Lipovenoes® LCT 20%
Lipovenoes® LCT 20% enriched
with Omegaven® 10% (4:1)
Lipovenoes® MCT 20%
Lipovenoes® MCT 20% enriched
with Omegaven® 10% (4:1)
SMOFlipid® 20%
(30% soybean oil/30% MCT/25% olive oil/
15% fish oil

Fresenius Kabi.
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added at the concentration of 1 mg/mL to make up the
six experimental groups.
Separation of mononuclear cell membranes
and gas chromatography
The monocytes/macrophages and lymphocytes of
each experimental group were submitted to five cycles
of freezing/defreezing in liquid nitrogen. Then the pool
of cells of each group was centrifuged at 5,000 rpm for
five minutes at 4 ºC. The supernatant was collected and
centrifuged for 60 minutes at 30,000 rpm at 4 ºC.18
Then, the fatty acids of the cell membrane were
extracted and sterilized using the Folch method.19
Membrane composition was determined by gas chromatography (Shimadzu CG2010AF-Japan), equipped
with a splint/splintless injector, flame ionization detector (FID) and a fused silica capillary column - 100 m
long, 0.25 μm internal diameter and 0.20 μm film.
(Omegawax 2560, Supelco-Japan).
A 37-fatty acid standard was used (FAME Standard
Supelco 37-Component FAME Mix, Supeco-Japan).
One mL of the sample was analyzed in the splintless
mode at 270 °C, column with initial temperature fixed
at 60 ºC with temperature ramp rate of 3.5 ºC/min until
it reached 240 ºC. The detector temperature was maintained at 300 ºC.
Analysis of the expression of surface molecules
by flow cytometry
Forty-eight hours later, the cells that had not adhered to
the culture plate were discarded and only adherent
monocytes/macrophages were labeled with the following anti-human monoclonal antibodies: CD14 APC,
HLA-DR Cy-Chrome, CD80 FITC and CD86 PE (BD
Biosciences, USA) and their respective isotype controls:
mouse IgG2a APC, mouse IgG2a,k Cy-Chrome, mouse
IgG1 FITC and mouse IgG2b,k PE (BD Biosciences,
USA). Seventy-two hours later, the non-adherent cells
were labeled with monoclonal antibodies specific to Thelper lymphocytes - anti-human CD3 Cy-Chrome, antihuman CD4 APC, anti-humanCD28 FITC and antihumanCD152 PE (BD Biosciences, USA) and their
respective isotype controls - mouse IgG1,k cy-chrome,
mouse IgG1,k APC, mouse IgG1 FITC and mouse IgG2a
PE (BD Biosciences, USA). After being labeled, the cells
were examined by flow cytometry (FacsCalibur Becton
& Dickson-USA). Aliquots of monocytes/macrophages
incubated for 48 hours and lymphocytes cultured for 72
hours were collected for determining the lipid profile of
the cell membrane.
Analysis of cytokine production
To measure cytokine production, samples of the
mononuclear cells cultured with the different parente-
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ral LEs and activated with PHA were collected after
24-hours to analyze the production of IL-2 and IL-6
and after 48-hours for IL-10. The samples were stored
in liquid nitrogen immediately after collection for
later measurement of cytokine production by ELISA,
using specific kits (Human IL-2 ELISA Set, Human
IL-6 ELISA Set and Human IL-10 ELISA Set, BD
Biosciences-USA).

Cell culture to assess lymphocyte proliferation
stimulated by antigen-presentation
After obtaining mononuclear cells using the Ficoll
Hypaque gradient (Histopaque 1077, Sigma-USA), 3
samples of 2 x 106 mononuclear cells with viability
above 95% were incubated for 120 hours in 96-well
culture plates (Costar-USA), under humid atmosphere
conditions with 5% CO2 at 37ºC, in RPMI 1640 culture
(Gibco-USA) containing 10% inactivated BFS (GibcoUSA), 2 mmol/L L-glutamine, 25 mM/L Hepes, 0.07
mM/L gentamicin and 1 x 105 U/L penicillin. One
mg/mL of the different ELs was added to the study
groups. For stimulating antigen-induced lymphocyte
proliferation, 10 μg/mL of tetanus toxoid (TT) (Instituto Butantã, Brazil) were added to the culture. Twelve
hours before harvesting, 5 μCi of H3-Thymidine
(Amersham Pharmacia, USA) were added. After the
end of the reaction, beta counter (Packard, USA) determined the incorporation of H3-Timidine by proliferating cells.
Statistical analysis
Statistical analysis of the data regarding intensity
and fluorescence percentage was performed with
Friedman’s test and Student-Newman-Keuls post-test,
with P ≤ 0.05.
The results obtained for lymphocyte proliferation
and cytokine production were submitted to statistical
analysis using analysis of variance (ANOVA) and the
Student-Newman-Keuls test, with P ≤ 0.05.
Results
Lipid profile of the monocyte/macrophage membrane
and human lymphocytes treated with different
lipid emulsions
Human monocytes/macrophages —PHA-activated
and cultured with different LEs— presented less
monounsaturated fatty acids (MUFA) and a higher
PUFA concentration at the cell membrane compared to
the control group cultured with no lipid emulsion
added to it. In the groups cultured with fish oil lipid
emulsion, there was an increase in the concentration of
n-3 PUFA (docosahexaenoic acid) at the membrane of
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Table II
Lipid profile of monocytes/macrophages and lymphocytes cell membrane
Fatty acids

Control

SO

SO/FO

MCT/SO

MCT/SO/FO

SMOF

MO

LO

MO

LO

MO

LO

MO

LO

MO

LO

MO

LO

Lauric (C12:0)

0.97

4

2.09

7.7

3.19

5

11.24

9.4

11.12

6

NA

6.67

Miristic (C14:0)

3.48

1.2

3.97

1.8

3.11

2.36

7.91

3.5

8.06

0.72

10.51

4.08

Palmitic (C16:0)

33.28

30.4

31.05

20.27 34.25

25.3

24.79 21.45 23.35 25.53 22.33 19.39

Estearic (C18:0)

14.56 15.72 13.54

15.01 16.33 16.09 10.52 23.18 16.64 15.31

8.95

19.83

Eicosadienoic (C20:2)

NA

NA

1.4

4.1

3.27

NA

7.64

6.5

1.11

NA

4.05

NA

Docosadienoic (C22:2)

2.39

NA

3.34

NA

NA

NA

NA

NA

1.16

NA

2.24

NA

Palmitoleic (C16:1)

2.2

NA

2.99

NA

3.68

NA

2.38

NA

NA

NA

NA

NA

Oleic (C18:1 n-9)

24.49 21.13 16.89

7.1

13.31 12.01

Linoleic (C18:2 n-6)

4.07

3.25

5.35

7.91

6.3

Gama-Linolenic (C18:3 n-6)

13.19

5.9

8.06

10.5

Eicosatrienoic (C20:3 n-6)

1.37

NA

1.52

Arakidonic (C:20:4 n-6)

NA

18.4

Alfa-Linolenic (C18:3 n-3)

NA

Docosahexaenoic (C22:6 n-3)
Eicosapentaenoic (C20:5 n-3)

4.99

12.94 13.03 15.43 18.08
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4

4.1

4.09

3.5

7.33

4.32

5.49

9.6

6.47

6.91

4.18

NA

3.53

5.05

9.9

NA

NA

NA

4.1

NA

2.17

NA

NA

NA

9.8

25.61

2.21

20.9

15.42 14.76 12.68

14.1

18.8

15.03

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

4.75

3.2

NA

NA

7.18

6.59

5.67

4.5

NA

NA

NA

NA

NA

4.67

NA

NA

NA

5.46

NA

3.11

Fatty acids groups
Saturated Fatty acids
N-3 PUFA

52.29 51.32 50.65
NA

NA

NA

PUFA n-6

18.63 27.55 24.73

MUFA n-9

24.49 21.13 16.89

44.78 56.88 48.75 54.46 57.53 59.17 47.56 41.79 49.97
NA

4.75

7.87

NA

NA

7.18

12.05

5.67

7.61

44.02 18.11 31.37 30.53 23.03 18.35 24.96 28.17 30.42
7.1

13.31 12.01

4.99

12.94 13.03 15.43 18.08

12

Data expressed in percentage. Control = without LE; NA = not available; MO = monocytes/macrophages; LO = Lymphocytes, PUFA = polyunsaturated fatty acids, MUFA = monounsaturated fatty acids.

those cells compared to the control and all the other
groups cultured without fish oil.
At the cell membrane of human lymphocytes, there
was a decrease in the MUFA n-9 and saturated fatty
acids and an increase in PUFA concentration, except
for the MCT/SO group, which presented a reduction in
n-9 MUFA, n-6 PUFA and an increase in saturated
fatty acids. Fish-oil groups had an increase in n-3
PUFA (eicosapentaenoic and docosahexaenoic acids –
EPA and DHA) at the cell membrane of lymphocytes
compared to the control and to other groups cultured
without fish oil (table II).

the fluorescence (%) of human T-helper lymphocytes
expressing CD28 and CD152 surface molecules. The
different LEs did not affect the expression of CD80 and
CD86 molecules on the surface of human monocytes/macrophages (table III).
Effect of LE on lymphocytes capacity to proliferate
via antigen presentation
Lipid emulsions enriched with fish oil reduced the
lymphocytes’ capacity to proliferate when stimulated by
antigen presentation [SO/FO vs. Control (p = 0.03) and
MCT/SO/FO vs Control and MCT/SO (p = 0.001)] (fig. 1).

Effect of LEs on the expression of surface molecules
All parenteral lipid emulsions, regardless of the fatty
acid content, reduced the fluorescence intensity of the
antigen-presenting molecules HLA-DR expression on
human monocytes/macrophages surface, and enhanced

Anti-inflammatory effect of parenteral
fish oil

Effect of different LE on cytokine production
All groups incubated with parenteral lipid emulsions reduced the production of IL-2 compared to
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Lymphocyte proliferation
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MCT/SO
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MCT/SO&FO

SO/FO
SMOF

* p < 0.05 versuscontrol; p < 0.05 versus control and MCT/SO. (ANOVA and Student-Newman-Keuls post-test).

Fig. 1.—Effect of different lipid emulsion on
lymphocyte proliferation.

Table III
Expression of surface molecules of human monocytes/macrophages and lymphocytes treated with different
parenteral lipid emulsions
Control

SO

SO/FO

MCT/SO

MCT/SO/FO

SMOF

98.7(a)
95.2-99.8(b)

99.1
95.2-99.9

99.2
94.6-99.8

98.3
93.4-99.8

98.1
93.1-99.9

99.4
91.9-99.9

CD80

62.6
35.5-76

67.7
34.1-76.1

75
36.1-81

57.2
27-66.9

62.5
25.2-78.4

63.8
29.3-71.7

CD86

84.2
80-98.4

82.8
68.8-96.3

85.6
69.6-94.1

83
80.8-95.2

81.3
72.6-94.7

81.6
72.5-97.7

CD 28

82.8
81.3-88.6

90.9*
81-94.1

90.4*
83.3-92.5

91.5*
85.1-94.4

92.6*
82.3-95.6

90.1*
85.6-94.7

CD152

54.4
50.4-77.6

52.9
46.1-70.2

55.4
49.7-67.3

61.3
50.1-76.2

61.3
53.5-75.3

54.4
48.3-76.9

HLA-DR

100
100-100

87.6*
80.8-92.3

84*
76.2-90.5

81*
79.5-96

85*
77.3-95.8

80*
74.1-94.3

CD80

100
100-100

103.2
90.5-119.6

88.3
79.3-94.3

97.2
84.9-115.6

103.5
78.1-119.6

89
83.3-114.5

CD86

100
100-100

94.2
92.8-118

96.9
66.3-112.5

94.9
80.2-126.7

91.3
79.2-127

88.6
77.9-126.9

CD 28

100
100-100

91.5
85.9-102.2

97.3
92.2-101.4

94.9
89.1-101.3

96.9
92.9-103.8

95.2
89.1-99

CD152

100
100-100

120.6*
111.8-145.6

108.8*
104.8-133.1

127.7*
110.2-145.7

114.6*
109.8-124.6

121.3*
112.7-133.6

MO
MO
LO

Fluorescence Intensity (%)

LO

Fluorescence (%)

HLA-DR

Results expressed as (a) median (b) 25-75 percentile. * p < 0.05 versus Control, (Friedman Test and Student-Newman-Keuls test). n = 10. Abbreviations: MO = monocytes/macrophages, LO = lymphocytes.

the control group (no lipid emulsion). The MCT/
SO group presented the lowest reduction of IL-2,
whereas the SMOF group presented the highest
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inhibition rate of cytokine production (SMOF vs.
SO, SO/FO, MCT/SO and Control group. p < 0.01)
(fig. 2).
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IL-2 production

IL-6 production

40

IL-10 production

250

60

A

B

#
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C
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pg/ml

40
150
30
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100
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10
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50

0

10

0
Control

SO

§

0
SO/FO

MCT/SO

MCT/SO/FO

SMOF

(A): * p < 0.02 vs all LE; ** p < 0.03 vs SO, SO/FO and MCT/SO; *** p < 0.01 vs all groups.
(B): # p < 0.001 vs all groups; # # p < 0.001 vs all groups.
(C): § p < 0.001 vs all groups; §§ p = 0.03 vs control; §§§ p < 0.01 vs control, MCT/SO and SMOF (ANOVA and Student Newman Keuls).

Fig. 2.—In vitro effect of different parenteral LE on cytokines production.

The SO group increased the production of IL-6 in
contrast to the control and all the groups treated with
LEs (p < 0.001). The lowest production of IL-6 was
observed in the MCT/SO/FO group (p < 0.001) (fig. 2).
Production of the anti-inflammatory cytokine IL-10
decreased in the SO group when compared to the other
groups (p < 0.05). However, the production of IL-10
increased in the SO/FO and MCT/SO/FO groups compared to the control group (p < 0.05) and to groups with
no fish oil added: SO and MCT/SO (p < 0.05) as well as
to the SMOF group (fig. 2).
Discussion
In the current study we observed an increased incorporation of PUFA, particularly from the n-3 series, at
the membrane of monocytes/macrophages and activated lymphocytes when they were cultured with LEs
containing fish oil (SO/FO, MCT/SO/FO and SMOF
groups). We also found a decrease in n-9 MUFA (oleic
acid). Our finding agrees to previous studies where
mitogen-activated mononuclear cells cultured with
PUFA increased PUFA incorporation at the cell membrane and reduced the concentration of saturated and
monounsaturated fatty acids.23,24
The increased incorporation of polyunsaturated fatty
acids (PUFA) at the cell membrane enhances its fluidity and consequently the expression of surface molecules of immunological cells. On the other hand, the
decrease in PUFA at the membrane and the increase in
MUFA and saturated fatty acids decrease membrane
fluidity, which can decrease the expression of surface
molecules.20-22 Keratinocytes cultured with EPA and
arachidonic acid (AA) enhanced the expression of
ICAM-1. This finding was associated to the increased
fluidity of the cell membrane of keratinocytes after the
incorporation of n-3 and n-6 PUFA.22
Theoretically, the change of fatty acid profile, at the
cell membrane observed in the current study, should

Anti-inflammatory effect of parenteral
fish oil

favor the expression of surface molecules. However,
the response of surface molecules expression in this
study was not consistent to former findings with regard
to the lipids emulsions they have been exposed to.
In the present observation, all parenteral lipid emulsions decreased the expression of HLA-DR molecules
on activated monocytes/macrophages surface. Regarding containing-fish oil LE groups, and consistent with
our findings, Hughes et al. found that activation of
human mononuclear cells by INF-gamma and subsequent incubation with EPA and DHA, (using the same
ratio naturally found in fish oil), reduced the expression of surface molecules - HLA-DR, HLA-DP and
HLA- DQ. They also found a reduction in lymphocyte
proliferation after antigen stimulation with the tetanus
toxoid antigen.25,26
In the present in vitro study, there was an increase in
lymphocyte receptors for the co-stimulatory molecules
CD28 and CD152 by all studied lipid emulsions.
Regarding containing-fish oil groups, Sasaki et al. had
also found enhanced expression of CD28 molecules on
the surface of T-lymphocytes in isogenic C57BL/6
mice fed with an oral diet supplemented with n-3
PUFA.21 In the other hand, mice fed with EPA and
DHA did not change the expression of CD28, but EPA
enhanced the expression of CD152 compared to control animals fed with corn oil, rich in n-6 PUFA. The
authors found a decrease in the proliferation of lymphocytes stimulated by antibodies anti-CD3 and antiCD28 with EPA, suggesting that EPA could inhibit the
proliferation of lymphocytes by enhancing the molecule that downregulates the co-stimulatory signal
(CD152).27
In the present study, reduced lymphocyte proliferation could be expected for all groups incubated with
LEs due to the increased expression of CD152 and
reduced production of IL-2, a cytokine witch stimulate
lymphocyte proliferation.28,29 However, there was a
decreased lymphocyte proliferation only in the groups
that received fish oil-based lipid emulsions (SO/FO
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and MCT/SO/FO). In addition, although SMOF contain fish oil group and had a lower production of IL-2,
this parenteral lipid emulsion did not significantly
decrease lymphocyte proliferation, indicating a favorable effect of this fish oil-containing lipid emulsion on
this variable.
Potential mechanisms that can be involved in the
fish oil-related modulation of lymphocyte proliferation
include inhibition of cell cycle progression and induction of apoptosis. Jurkat cells incubated with EPA and
DHA had reduced lymphocyte proliferation and also
inhibited the MAP-kinase signaling pathway, which
plays a key role in the progression of the cell cycle
during lymphocyte proliferation.30,31 In another in vitro
study, EPA and DHA increased the number of lymphocytes in the G0/G1 phase and reduced the ratio of
these cells at phases S and G2/M of the cell cycle, confirming that reduced lymphocyte proliferation could be
due to inhibition of cell cycle progression.32 In addition,
an in vitro study has shown that there is a relationship
between the inhibition of lymphocyte proliferation and
the pro-apoptotic effect of n-3 PUFA. Incubation with
DHA reduced the proliferation of HL-60 cells.33
In vitro studies with lipid emulsion added to the culture media have shown that mechanisms that trigger
apoptosis can be activated by the deposit of free radicals in the cell since PUFA are more susceptible to
lipid peroxidation.34 The increase in the concentration
of free radicals in cell cultures can induce death and
affect the cell cytoskeletal structure.35
This latest observation allows us to speculate that in
our study the potential inhibitory effect of lymphocyte
proliferation found in the experimental mixtures with
LEs containing fish oil, except for the new SMOF
emulsion, could have been associated with the increased oxidative stress. Although the SMOF group contains fish oil, it is worth emphasizing that this parenteral lipid emulsion has the highest antioxidant content
(0.2 g/L) compared to the other groups (approximately
0.1 g/L).
In our study, the experimental mixture of MCT/SO
with fish oil emulsion (4:1) had promoted an antiinflammatory effect, with downregulation of the proinflammatory cytokine IL-6 and upregulation of the
anti-inflammatory IL-10. Additionally, the experimental mixture of SO with fish oil (4:1) also increased IL-10.
Regarding the differences between in vitro and in
vivo studies, especially in studies involving cytokines,
our findings also agrees with previous scientific reports
of n-3 PUFA which have shown, after an inflammatory
stimulus, a decreased production of pro-inflammatory
cytokines such as IL-1-alfa and beta, IL-6 and TNFalpha and beta.36-38
During parenteral supply of fish oil, n-3 PUFA can
become quickly available to organs, tissues and
immune system cells, expediting its modulating effect.
In this sense, the infusion of fish-oil based lipid emulsion in healthy volunteers for a short period of time (48
hours) significantly increased the ratio of n-3/n-6 fatty
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acids at the plasma and at the monocyte membrane and
reduced the production of pro-inflammatory cytokines,
TNF-alpha, IL-1, IL-6 and IL-8, after stimulation of
monocytes with endotoxin. This effect was not observed in the control group, which received the infusion of
soybean oil-based LE.39 Clinically, the preoperative
parenteral infusion of fish oil-based lipid emulsion in
surgical patients also reduced the amount of IL-6.40
In our in vitro study, the soybean oil-based lipid
emulsion, rich in n-6 PUFA, increased the pro-inflammatory cytokine IL-6 and reduced the anti-inflammatory cytokine IL-10 in the supernatant of cell cultures.
The inflammatory effect of a lipid emulsion rich in n-6
PUFA was also observed in animals with burns, fed
with central parenteral nutrition, in which the sunflower oil infusion increased the plasma levels of IL-6
compared to control animals that received no fat in
their parenteral nutrition.41 Clinically, the parenteral
infusion of the lipid emulsion containing soybean oil in
severely stressed surgical patients resulted in increased
serum IL-6 compared to the control group that received
parenteral nutrition without soybean oil.42
It is interesting to observe that SMOF had a neutral
effect on the production of IL-6 and IL-10, although it
contains fish oil. Considering that the mixture of
MCT/SO with fish oil reduced the level of IL-6 and
amplified IL-10, the neutral effect of SMOF could be
attributed to the amount of olive oil (25%), rich in n-9
monounsaturated fatty acids. The n-3, n-6 PUFA and
n-9 MUFA are incorporated by the cell membranes,
but their affinity decreases in the order mentioned.432
We could presume that the increased availability of n-9
affected the incorporation of the n-3 and n-6 series,
because the ratio n-6:n-3 is higher at the membrane of
monocytes/macrophages and lymphocytes from the
SMOF group compared to the MCT/SO/FO group
(SMOF = 7:1.4 and MCT/SO/FO = 3.8:1 at the membrane of monocytes/macrophages and SMOF = 4:1 and
MCT/SO/FO= 2:1 at the membrane of lymphocytes).
The reduced production of pro-inflammatory cytokines IL-2 and IL-6 and the increase of anti-inflammatory cytokine IL-10 observed with fish oil LE could be
of clinical importance as it can modulate the inflammatory response and reduce its severity.
Conclusions
Based on the findings of our study with activated
human monocytes/macrophages and lymphocytes, we
can conclude that parenteral lipid emulsions, regardless of their fatty acid composition, are responsible for
similar modulation of the expression of surface molecules involved in the process of antigen presentation,
although this modulation varies depending on the type
of cells studied. Adding 20% of fish oil emulsion to
convention lipid emulsions containing soybean oil and
MCT/soybean oil results in anti-inflammatory effect
related to cytokine production and decreased lymp-
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hocyte proliferation. The new lipid emulsion —SMOF—
containing a mixture of soybean, olive and fish oil, plus
medium-chain triglycerides, had a neutral impact on
the studied immune and inflammatory variables.
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