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Abstract

The low-grade inflammation is pivotal in obesity and its comorbidities; however, the inflammatory proteins are out
of target for traditional drug therapy. Omega-3 (ω3) fatty acids can modulate the downstream signaling of Toll-like
receptor (TLR) and tumor necrosis factor-α receptor (TNFα) through GPR120, a G-protein-coupled receptor, a
mechanism not yet elucidated in humans. This work aims to investigate if the ω3 supplementation, at a feasible
level below the previously recommended level in the literature, is enough to disrupt the inflammation and
endoplasmic reticulum stress (ER-stress), and also if in acute treatment (3 h) ω3 can activate the GPR120 in
peripheral blood mononuclear cells (PBMC) and leukocytes from overweight non-alcoholic fatty liver disease (NAFL
D) participants. The R270H variant of the Ffar4 (GPR120 gene) will also be explored about molecular responses and
blood lipid profiles. A triple-blind, prospective clinical trial will be conducted in overweight men and women, aged
19–75 years, randomized into placebo or supplemented (2.2 g of ω3 [EPA+DHA]) groups for 28 days. For sample
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calculation, it was considered the variation of TNFα protein and a 40% dropout rate, obtaining 22 individuals in
each group. Volunteers will be recruited among patients with NAFLD diagnosis. Anthropometric parameters, food
intake, physical activity, total serum lipids, complete fatty acid blood profile, and glycemia will be evaluated pre-
and post-supplementation. In the PBMC and neutrophils, the protein content and gene expression of markers
related to inflammation (TNFα, MCP1, IL1β, IL6, IL10, JNK, and TAK1), ER-stress (ATF1, ATF6, IRE1, XBP1, CHOP, eIF2α,
eIF4, HSP), and ω3 pathway (GPR120, β-arrestin2, Tab1/2, and TAK1) will be evaluated using Western blot and RT-
qPCR. Participants will be genotyped for the R270H (rs116454156) variant using the TaqMan assay. It is
hypothesized that attenuation of inflammation and ER-stress signaling pathways in overweight and NAFLD
participants will be achieved through ω3 supplementation through binding to the GPR120 receptor.

Trial registration: ClinicalTrials.gov #RBR-7x8tbx. Registered on May 10, 2018, with the Brazilian Registry of Clinical
Trials.
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Background
The world is losing the war against obesity [1], a
phenomenon endorsed by ineffective therapeutic drugs
or unsuccessful weight loss maintenance after bariatric
surgery [2]. It is well recognized that excess saturated
fatty acids from ultra-processed foods, de novo lipogen-
esis, and visceral adipose tissue efflux can activate and
intensify pro-inflammatory signaling and endoplasmic
reticulum stress response (ER-stress) while reducing sys-
temic insulin sensitivity [3–6]. The hyperglycemia-
induced by impaired glucose uptake by the skeletal
muscle and increased hepatic gluconeogenesis and gly-
cogenolysis [5–9] lead to non-alcoholic fatty liver disease
(NAFLD) development, common obesity-associated co-
morbidity [6].
Monocytes and lymphocytes play a pivotal role in in-

flammation and may be actively involved in NAFLD de-
velopment or progression [10, 11]. Leukocytes are
sensitized by inflammatory proteins and respond to
changes in the levels of the fatty acid by regulating a
wide gene network, including those involved in immune
response and lipid metabolism [12]. Because NAFLD is
directly associated with increased plasma lipid levels, it
is possible that data obtained from isolated peripheral
blood mononuclear cells (PBMCs) could reflect the
in vivo condition and contribute to biological and clin-
ical insights into the human NAFLD process [10, 11].
ER-stress and activation of the unfolded protein re-
sponse (UPR) have been linked to a variety of inflamma-
tory and stress signaling systems mainly mediated by c-
JUN N-terminal-Kinase (JNK) and inositol-requiring en-
zyme 1α (IRE1α) proteins. Inflammatory and ER-stress
signaling in PBMC seems to reflect changes occurring in
metabolically active organs such as the adipose tissue,
skeletal muscle, and liver [10, 11].
During obesogenesis, the liver can be affected by in-

flammation triggered by TLR and sustained by cytokines

and its receptors such as tumor necrosis factor-alpha
(TNFα), interleukins (IL) 1, and IL6 [13–15]. Both intra-
cellular pathways converge to the phosphorylation of
TAK1 (TGFβ-activated kinase1), which activates the ca-
nonical NFκB pathway [16–18]. Thus, the non-
pharmacological approach of omega-3 (ω3) fatty acids
emerges as a potential strategy to control the systemic
pro-inflammatory tonus once ω3 attenuates the TAK1
activity [4, 17, 19–22].
Since the 1970s, ω3 has been used and evidenced as

an anti-inflammatory due to changes in the ω6: ω3 ratio
[23, 24]. However, during the 2000s decade (2000–
2010), some G-protein-coupled receptor (GPCR) mem-
bers were identified as possible fatty acids’ receptors.
Among them, GPR120 was recognized as ω3 being its
major activator [25]. Then, in 2010, a hallmark work of
Oh et al. [17] showed the detailed molecular mechanism
of ω3 as an anti-inflammatory nutrient. On the cell sur-
face, ω3 fatty acids (eicosapentaenoic—EPA-[C20:5] or
docosahexaenoic—DHA-[C22:6]) bind to GPR120, while
attracting the intracellular beta-arrestin 2 (βarr2) protein
and inhibiting TAK1 phosphorylation in hepatocytes
and adipocytes. This mechanism appears to be rein-
forced when βarr2 also recruits the NLPR3 (NOD-,
LRR-, and pyrin domain-containing protein 3) protein,
disrupting the inflammasome, a structure involved in the
IL1β and IL18 maturation [26]. After GPR120/ω3 intern-
alization induced by βarr2, free ω3 in the cytosol can be
derived into pro-resolutive mediators such as resolvins,
maresins, and protectins, which are well recognized ω3
subcompounds [27, 28]. The dynamic antiinflammatory
pleiotropism orchestrated by ω3 is strengthened when
this molecule activates the peroxisome proliferator-
activated receptor-gamma (PPARγ), in which it blocks
the nuclear translocation of NFkB [18].
Nonetheless, some clinical trials were not able to show

any ω3 benefits in human health [29, 30]. Some
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guidelines for the management of cardiovascular diseases
demonstrate weak evidence or do not recommend ω3
fatty acids as weak evidence or without the strength of
recommendation [31, 32]. Therefore, we propose an in-
vestigation to understand the reason for this “conun-
drum” in ω3 knowledge. The present study aims to
clarify the recognized but not solved biases, commonly
found in studies such as [1] uncertified ω3 fatty acid
content in capsules or fish’s flesh, [33] [2] uncontrolled
bioavailability from gut to the bloodstream and bioacces-
sibility from the blood to cell incorporation/uptake, [3]
ω3 discrepant doses [4], [4] ω3 EPA: DHA blend, [5] in-
correct placebo choices [34, 35], and [6] the presence of
GPR120 polymorphism [36].
Here, overweight/obese NAFLD patients are chosen in

such a way to deviate from cardiovascular studies’ pos-
sible biases. Thus, they will be monitored on their in-
flammatory and ER-stress pathways in PBMCs and
neutrophils.

Subjects and methods
Study design and settings
This is a triple-blinded (investigators, statistical analysts,
and participants), single-centered, randomized placebo-
controlled, prospective intervention trial. This protocol
is written following the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) check-
list [37]. The study is designed to investigate the
molecular action mechanisms of ω3 as antiinflammatory
and anti-ER stress through GPR120 receptor in periph-
eral blood mononuclear cells (PBMC) and leukocytes of
overweight and obese subjects with visceral obesity and
non-alcoholic fatty liver disease (NAFLD). The study
protocol was approved by the Ethics Committee of the
Federal University of Sergipe (#80476517.2.0000.5546)
and registered at the Brazilian Registry of Clinical Trials
(#RBR-7x8tbx), on May 10, 2018, retrospectively regis-
tered: https://ensaiosclinicos.gov.br/rg/RBR-7x8tbx. All
outpatients will be informed by study design before sign-
ing the informed consent form.
In the first part of the intervention (acute measure-

ment [3 h after the first capsule intake]), the surrogate
outcomes will be [1] ω3 fatty acid concentration in
bloodstream, [2] association between GPR120 and βarr2
proteins, and [3] ω3 fatty acid concentration into
PBMCs. In the second part, after chronic treatment (28
days of supplementation), the primary outcome will be
considered the reduction (upper to 10%) in the TNFα
and IL6 protein contents in PBMCs. Both parts of the
intervention will be carried out in PBMC and leukocytes.
Outcomes such as body weight, waist circumference,
and glycemia will not be considered due to short supple-
mentation time and study aim.

Eligibility
Eligibility criteria will be overweight or obese subjects
(BMI > 24.9 kg/m [2]), with visceral adiposity (waist cir-
cumference > 80 cm for women and > 94 cm for men)
[38], the age range of 19–75 years. Outpatients, who
were for the first time consulted by an expert physician,
from January 2016 to December 2018, at the Hepatology
Clinic of the Federal University of Sergipe, Aracaju,
Brazil, were diagnosed with non-alcoholic fatty liver dis-
ease (NAFLD) using ultrasound and laboratory tests.
The exclusion criteria will consider any history of
chronic liver diseases, such as viral or drug hepatitis,
confirmed Wilson disease, primary hemochromatosis,
suffering from hyper or hypothyroidism, cancers, dia-
betes mellitus type 1, diabetes mellitus type 2 in insulin
therapy, obesity due to excessive use of corticosteroids,
Cushing’s syndrome, patients with chronic infections,
autoimmune diseases, in abuse of alcohol, in use of hep-
atotoxic drugs, pregnant, and breastfeeding women.
Additionally, patients who are not able to participate in
the standardized anthropometric evaluation in the study,
such as patients with amputated limbs and those who
cannot answer the questionnaires, such as the ones with
neurological diseases, will not be eligible. Patients with
acute myocardial infarction and stroke in the last 5 years
are precluded from participating. Individuals taking anti-
inflammatory drugs and who in the last 3 months before
the study made use of nutritional supplements contain-
ing oils, fats, or fatty acids will be excluded. Those who
had a weight loss of more than 10% of body weight in
the last 3 months will also be excluded.

Sample size calculation
The sample size calculation was carried out using the G *
Power 3.1.9.2 software, and the following values and infor-
mation were considered: [1] two groups (control and
treatment) and [2] effect size d = 1.15 considering the
variation of TNFα/βactin protein observed in the study by
Huang et al. (2016) [39]. In this study, the control group
showed 0.45±0.04 (average of arbitrary units ± standard
deviation) for TNFα while the telmisartan treated group
showed 0.36±0.04 [39]. As in the reference study [39],
three types of drugs were used (telmisartan, cyclosporine,
and 4-aminopyridine), and the least effective was chosen,
understanding that eating will have a possible minor effect
concerning hypertensive drugs. This procedure may re-
duce type II error, [3] type I error α = 0.05, and [4] sam-
pling power (1 - β) = 85% [5]. The sample size needed was
16 individuals in each group. However, considering a 40%
dropout rate, it will be selected 22 per group.

Recruitment
Patients’ volunteers will be recruited from the Hepatol-
ogy Clinic via a phone call to interview and screen
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participants according to inclusion and exclusion cri-
teria. For each participant, there will be a maximum of
10 attempts to make calls upon the first contact asking
participants to fill the questionnaire; if he/she cannot fill
the questionnaire, another ten attempts to conduct the
phone interview will be made. For a participant to be eli-
gible, one has to agree to answer a screening question-
naire based on the Surveillance of Risk Factors and
Protection Survey for Chronic Non-Communicable Dis-
eases by Telephone Interviews (Vigitel) [40]. Then, an-
other interview will be scheduled to confirm the data
obtained by phone and the nutritionist will explain the
study procedures and consent form to the participants.
Participants who agree to participate in the study will
sign the consent form and go through the initial assess-
ment. Then, 44 individuals will be randomly drawn for
participation in the study, and subsequently, they will be
randomized into the study groups: placebo and ω3. To
maintain confidentiality, each participant will be codified
with a number, and only one co-author of the study will
have the complete name and data of the participants.

Assessments to randomization
Before the randomization, an assessment will be made,
including a questionnaire about sociodemographic data,
alcoholism, smoking, prescription drugs, anthropometric
assessment, and body composition (through bioelectric
impedance). A blood sample collection will be per-
formed for assessment of plasma glucose levels, insulin,
ferritin, glycated hemoglobin, total cholesterol, HDLc
and LDLc lipoproteins, triacylglycerol, alanine amino-
transferase, aspartate aminotransferase, and C-reactive
protein at the Hepatology Clinic.

Randomization
The distribution between groups, placebo or ω3, will be
randomly assigned into groups, placebo or ω3. A se-
quence number will be generated by SPSS 25.0 under
the ratio of 1:1. The numbers will be placed in a sealed
envelope and randomly distributed to the participants.
After, participants will be listed in ascending order based
on biochemical and anthropometric variables, grouped
in blocks of two, and then allocated to each of the
groups in an equalized manner to ensure group homo-
geneity. All eligible individuals by the users of the selec-
tion will receive a unique and non-transferable code. An
independent data manager, who is not involved in clin-
ical practice or patient recruitment, will create the
randomization sequence.

Interventions
Omega-3 and placebo
The ω3 capsules were donated by Naturalis®, Nutrition
and Pharma Company, São Paulo, Brazil. Each capsule

contains 1 g of fish oil in the form of triglycerides, which
is equivalent to about ≈ 750 mg of ω3 ([EPA–190 mg;
DHA–550 mg], Table 1). The quality of the oil was cer-
tified by mass spectrometry (as shown by the Omega-3
determination method below). The heavy metals are
under a minimum limit allowed daily intake (arsenic [<
0.1 ppm], cadmium [<0.01 ppm], lead [<0.05 ppm], and
mercury [<0.005 ppm]). Placebo pills consist of 1 g of
mineral oil and were donated by the Catalent Pharma,
Inc., Company, Sorocaba, Brazil.

Procedures
Figure 1A illustrates the simplified acute and chronic
intervention design, and Fig. 1B illustrates the overall de-
sign and subject flow through the study. Participants
may be withdrawn from the study at their request. Upon
the first meeting, after being fully informed about the
study and all risk factors, patients will be asked to sign
the informed consent form. At this moment, the clinical
questionnaire will be administrated. Instructions on a
blood collection and body bioelectrical impedance test
will be given. A second meeting will follow to conduct
the randomization of the groups. Body composition and
anthropometric profiles will be assessed, and the blood
will be collected from all participants. Participants will
be instructed to fill three dietary records. After
randomization and 12 h of fasting, in the third meeting,
the acute supplementation phase will begin. Initially,
participants will perform the bioelectrical impedance test
before the blood collection and before the ingestion of
three capsules of placebo or three capsules of ω3 (total-
ing 2.2 g of ω3 [EPA–570 mg, DHA–1650 mg]), depend-
ing on the group in which they were randomized. In the
meantime, because they have to wait for 3 h for the sec-
ond blood collection to assess the ω3 bioavailability and
ability to activate the GPR120 receptor, a 24-h recall
(R24h), three dietary records will be administered and
physical activity level, and anthropometric profiles will
be evaluated. At the end of this meeting, an amber plas-
tic flask protecting the capsules from light and oxygen
will be provided to each participant, containing capsules
available for 28 days of supplementation (3 caps/day or
2.2 g of ω3). Two days after this last meeting, the pa-
tients will report by phone call their R24h. At the last
meeting and after 12 h fasting, all these assessments will
be repeated.

Blinding
The practitioners, participants, outcome assessors, and
statisticians will be kept blinded to treatment allocation
throughout the trial. No toxic/adverse effects, beyond
eructation, have been reported in previous studies using
Omega-3 in a similar dose adopted by this study. Cap-
sules will be prepackaged into opaque and identical
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containers labeled with codes by a local pharmacy, with
the investigator’s details and supplementation instruc-
tions. This ensures the total blinding of both the partici-
pants and investigators. In the event of adverse events,
clinicians will be able to unblind participants if they con-
sider this necessary.

Safety, compliance monitoring, and participant retention
During follow-up, once a week, participants will report
adverse events by phone, which is expected such as
eructation, followed by uncomfortable gastric odor. The
weekly contact will also promote participant retention to
complete the study. In the case of significant adverse ef-
fects, the participant will be evaluated by the medical
service from the hospital. Together with medical service,
the nutritionist leader of this project will be responsible

for participant stopping. Treatment compliance will be
assessed by the plasma fatty acid content of patients at
the beginning and the end of the experiment, which will
be analyzed using a gas-chromatograph coupled to a
mass spectrometer [41, 42]. See the experimental design
of the interventions in Fig. 1 and the detailed schedule
of assessments depicted in Table 2.

Anthropometric data
Anthropometric (body weight, height, waist-to-height
ratio, waist and neck circumferences, and four skin
folds) and body composition (electric bioimpedance)
data will be assessed at baseline and post-
intervention, following respective standardized guide-
lines and cut-offs [38, 43–46].

Table 1 Fatty acid composition of a capsule containing 1 g of pure fish oil

Carbons/insaturations/ω-position Nomenclature (IUPAC) mg/g

C8:0 Octanoic acid, methyl ester 0.0411

C10:0 Decanoic acid, methyl ester 0.0564

C14:0 Methyl tetradecanoate 0.3816

C16:0 Hexadecanoic acid 1.4015

C16:1 Hexadecenoic acid 0.6626

C18:0 Methyl stearate 1.8020

C18:1 (ω9) Octadecenoic acid 3.6400

C18:2 (ω6) Octadecadienoic acid 0.3841

C18:3 (ω3) Octadecatrienoic acid 0.1981

C19:0 Nonadecanoic acid 0.1619

C20:1 cis-11-Eicosenoic acid 3.5847

C20:1 cis-13-Eicosenoic acid 0.5901

C20:2 (ω3) 8,11-Eicosadienoic acid 0.4160

C20:2 (ω6) 11,14-Eicosadienoic acid 0.4051

C20:3 Eicosatrienoic acid 0.2284

C20:4 (ω6) Eicosatetraenoic acid 1.6491

C21:0 Heneicosanoic acid 0.3023

C20:5 (ω3) Eicosatetraenoic acid 19.0560

C22:0 Docosanoic acid 0.8260

C22:1 Docosenoic acid 6.3434

C22:4 (ω6) Docosatetraenoic acid 0.3351

C22:6 (ω3) Docosatetraenoic acid 55.0547

C24:0 Tetracosenoic acid 2.4781

∑SAT 7.45

∑MONO 14.8208

∑POLY 77.7266

∑ω6 2.7734

∑ω3∗ 74.3087

IUPAC International Union of Pure and Applied Chemistry, ω Omega, Σ sum, SAT saturated fatty acids, MONO monounsaturated fatty acids, POLY polyunsaturated
fatty acids. *EPA, DHA plus other ω3 species
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Food intake
Food intake data will be obtained before and after
supplementation using two R24h and three dietary re-
cords using the photographic record. Two R24h will
be performed on non-consecutive days during the
week and one at the weekend. The two R24h will be
held on non-consecutive days, one in the third meet-
ing and another after 2 days by phone call. The

intake of each food item will be transformed into
daily consumption (grams or milliliters). After, total
caloric intake, nutrients (carbohydrates, proteins, fats,
vitamins, and minerals) and other specific compo-
nents (fibers, carotenoids, sugars, and fatty acids) will
be calculated according to the nutritional composition
of each source food provided priority by the Brazilian
Food Composition List (TACO) [47] and by the

Fig. 1 Experimental interventions scheme and detailed subject flow. A After the screening and randomization period, the selected participants
will be fasting for 12 h. At the hospital service, body composition will be carried out, followed by the blood collection for biochemical and mass
spectrometry analysis. Immediately, participants will take their placebo or ω3 capsules and wait for 3 h. Anthropometric measurements will then
be performed, the same collections will be repeated, and another part of the blood will be separated to an immunoprecipitation test to verify
the association between GPR120 and βarr2 proteins. After 30 days of supplementation, all measurements will be repeated with the inclusion of
immunoblot blood tests and polymorphic GPR120 gene analysis. B Detailed flow through the study. ω3 Omega-3. IPAQ International Physical
Activity Questionnaire
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Household Budget Survey data (IBGE, 2010) [48]
when food is not found in the first one, with the help
of Microsoft Excel (v. 2016) and SPSS (v. 22) software
to organize and analyze the data. The values of en-
ergy consumption, nutrients, food groups according
to nutritional similarity, and food groups according to
the degree of industrial processing derived from the
four 24hRs will be disattenuated (corrected by intra-

individual variability), generating unique values for
each item. This will be achieved through the PC-SIDE
program (Department of Statistics, Iowa State Univer-
sity, Iowa, USA) developed by the National Research
Council and Iowa State University [49]. Moreover,
consumption values will be adjusted for energy intake
by the residual method [50]. The outpatients will be
instructed not to change their dietary patterns.

Table 2 Schematic schedule of enrolment
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Physical activity
The IPAQ (International Physical Activity Question-
naire) validated for the Brazilian population will be used
to assess physical activity levels [51]. After being mea-
sured, the outpatients will be instructed not to change
their physical activity patterns.

Prescribed medications
As described in the eligibility session, only patients
under anti-inflammatory therapy will be excluded. There
are no restrictions for any other medications; however,
any alteration on prescribed medications will need to be
immediately communicated.

PBMC isolation
After blood collection into heparinized tubes, the sam-
ples will be prepared with the use of histopaque-1077
(Sigma, St. Louis, MO, USA). In brief, 15 mL of the
blood will be carefully layered onto 15 mL of histopaque.
Bands containing the mononuclear cells, leukocytes, and
red cells will be collected separately. The PBMCs will be
washed with saline, centrifuged, and the supernatant re-
moved [52]. This step will be repeated twice, and three
parts of the cell suspension will be destined for immuno-
blotting/immunoprecipitation, RT-qPCR, and lipid pro-
file analysis. Neutrophils and red blood cells will be
lysed using a standard lysis buffer and re-suspended in
Trizol® reagent (Life Technologies), storing at −80 °C for
RT-qPCR analysis.

Immunoblotting and immunoprecipitation analysis
After isolation, PBMCs and neutrophils will be immedi-
ately homogenized in solubilization buffer at 4 °C [1%
Triton X-100, 100 mmol/L Tris–HCl (pH 7.4), 100
mmol/L sodium pyrophosphate, 100 mmol/L sodium
fluoride, 10 mmol/L EDTA, 10 mmol/L sodium orthova-
nadate, 2.0 mmol/L PMSF, and 0.1 mg aprotinin/mL].
For these cells or plasma proteins, the quantification of
total protein will be carried out according to the
bicinchoninic acid method [53]. Samples containing 50
μg of protein extracts will be separated by SDS–PAGE,
transferred to nitrocellulose membranes, and blotted
with antibodies against inflammatory markers: TNFα,
MCP1, IL1β, IL6, IL10, JNK, and TAK1; ER-stress
markers: ATF1, ATF6, IRE1, XBP1, CHOP, eIF2α, and
eIF4; and ω3 pathway markers: GPR120, βarr2, and
TAB1/2. In some experiments, the association between
GPR120 and βarr2 or βarr2 and TAB1/2 will be evalu-
ated by performing immunoprecipitation. Samples of
total protein extracts containing 200 μg of protein will
be used for immunoprecipitation with antibodies against
GPR120, βarr2, or TAB1/2 and protein G-sepharose at
4 °C overnight, followed by SDS/PAGE and will be
transferred to nitrocellulose membranes and blotting

with respective antibodies. The bands will be labeled by
chemiluminescence and its visualizations performed by
GBOX-Chemi-XX6 from Syngene® (Cambridge, Eng).

Gene expression
Leukocytes and PBMCs re-suspended in Trizol® reagent
(Life Technologies) will be submitted to RNA extraction
according to the manufacturer’s instructions. Reverse
transcription reaction will be performed using a com-
mercially available set of High Capacity cDNA Archive
Kit (Applied Biosystems, USA). The cDNA will be pre-
pared from 1 μg of mRNA, with random hexamer
primers, for 10 min at 25°C, 2 h at 37 °C, and 4 °C there-
after on a PCR thermocycler Gene (Applied Biosystems,
USA). The resulting cDNA will be diluted to a final con-
centration of 5 ng/μL to constitute a matrix in further
experiments. For real-time quantitative PCR amplifica-
tion, the TaqMan system (Thermo Scientific®) using spe-
cific probes and primers (Tnfα, Il1β, Il6, Il10, Ire1, Perk,
and Atf6) gene evaluation will be used, and Gapdh will
be used as a constitutively expressed gene in these cells.
The 7500 real-time qPCR equipment (Applied Biosys-
tems®) will perform fluorescence readings. Expression
levels of the target gene transcribed in each sample will
be calculated by the comparative Ct method (formula
2ΔCt) after normalization with the endogenous gene
(Gapdh) from Applied Biosystems®.

Gpr120 gene polymorphism—R270H variant
The GPR120 gene variant R270H (rs116454156) poly-
morphism will be genotyped using the Taqman allelic
discrimination technique in the 7500 real-time qPCR
equipment (Applied Biosystems®), following the method
proposed by Ichimura et al. (2012) [36].

Omega-3 fatty acid determination from capsules, blood,
and cells
Fifty μL of oil obtained directly from ω3 capsules will be
submitted to saponification and esterification following
the method of Hartman and Lago [54]. To determine
the free fatty acid profile from the blood, 150 μL of the
plasma will be directly methylated according to the pre-
viously described procedure (Shirai et al., 2005) [55].
Fatty acid methyl esters will be analyzed using a gas
chromatograph coupled to the mass spectrometer
(model GCMS-QP2010 Ultra; Shimadzu) and a fused-
silica capillary Stabilwax column (Restek Corporation,
U.S.) with dimensions of 30 m × 0.25 mm internal diam-
eter coated with a 0.25-μm-thick layer of polyethylene
glycol. The experimental conditions will be followed by
the method described by Cintra et al., 2012 [4].
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Data treatment and statistical aspects
A steering committee will be organized for trial
supervision. The process of data collection and man-
agement will be monitored by them. The committee
may recommend and request the principal investiga-
tor to make some changes to the plan. To increase
the security and data quality, the records will be in-
putted at the bank by one person and checked by an-
other one. Data analysis will be performed according
to the intention-to-treat principles [56]. The software
Statistical Package for Social Sciences (SPSS), v. 22.0,
will be used for data entry and analysis. Statistical
analysis will be performed through descriptive ana-
lysis, with numerical variables expressed as the mean
and standard deviation (SD) or median and interquar-
tile range. All data will be subjected to the Shapiro-
Wilk normality test. First, a two-way analysis of vari-
ance will be performed to check intra- and intergroup
differences. Time will be added as a repeated factor,
treatment as an independent factor, and the other
variables (e.g., anthropometric data, food intake, blood
analysis) as covariates.
The paired Student’s t test or Wilcoxon’s test will be

used to compare the time effects. The Student’s t test
and Mann-Whitney U test will be used to investigate
group differences (placebo and treatment). All tests will
be considered significative P<0.05. After trial comple-
tion, the principal investigator (PI) will be responsible
for data archiving and preservation. Only investigators
can access data. The PI will be responsible to terminate
the trial at any moment.

Reporting of the study results
At the end of the experimental period, the results of the
biochemical and anthropometric analysis will be deliv-
ered to patients in person. Also, at the end of the study,
a meeting will be planned to discuss the results individu-
ally. Absent patients will receive their summarized re-
sults by email.

Discussion
Due to the multifaceted ω3’s ability to modulate inflam-
mation [17, 22, 26, 28], it is not surprising to find ω3 as
a panacea; however, this most widely investigated nutri-
ent still has many unsolved questions. Several non-
controlled biases and confounding factors compromise
the real interpretation of ω3 actions, even those well
controlled and with a high number of participants [57].
To elucidate some points related to ω3 fatty acids in hu-
man health, we designed a triple-blinded, randomized
placebo-controlled intervention trial. This study has
an experimental design, followed by an acute and
chronic intervention in overweight and NAFLD par-
ticipants, with different molecular approaches from

other studies. If our strategy works, it can contribute
to improving the rationale of new studies considering
the solutions proposed ahead. Despite our objectives
being related to w3 actions in NAFLD patients, the
original studies included in our protocol were selected
from cardiovascular outcomes, as this was the most
investigated area of study, which contained an appro-
priate sample size to demonstrate and achieve statis-
tical significance. In addition, many of these studies
used similar dosages of ω3 allowing comparisons
among studies.
The EPA and DHA are the most studied among ω3

species; however, this remains without any
standardization related to its origin, whether from flesh
fish or capsules. De Mello et al. (2009) [58] compared
the effect of fatty vs lean fish intake on inflammatory
markers in patients with coronary heart disease. After 8
weeks, no differences were found between the groups.
The authors used six types of fatty fishes (salmon, rain-
bow trout, Baltic herring, tuna, whitefish, or vendace);
however, the fish’s flesh fatty acid profile was not deter-
mined before the intervention, and the variation can be
high among them. In fishes such as trout (Oncorhyn-
chus mykiss) and salmon (Salmo salar), DHA is the pri-
mary ω3 prevalent type in the whole body, although
fatty acids are distributed differently among their tis-
sues. Betancor et al. (2017) [59] tested different diets
for salmons and found in the control group (wild type)
6.8% of DHA in the flesh, similar to 6.2% in the flesh of
rainbow trout found by Cintra et al. (2006) [60]. Des-
pite being considered as fatty fishes, the lipid depots
are out of the muscle, undisputedly the most used part
in studies with humans. Betancor et al. (2017) [59] also
found 25% of DHA in the liver of salmon, similar to the
27% on trout observed by Satué et al. (1996) [61]. Other
conditions hard to control for are the fish gender [61]
and stage of sexual maturation [62], both of which in-
fluence the fatty acid composition in all of the fish
parts.
Considering these difficulties, we will adopt ω3 supple-

mentation by capsules, even though there are several
considerations to be noticed. One struggling question
among the studies is the lack of oil quality monitoring in
capsules [57, 63]. We previously tested some supplement
brands, choosing the one with the highest similarity to
the natural profile found in wild fishes from cold water.
The capsules were submitted to fatty acid profile deter-
mination by a gas-chromatography coupled to a mass
spectrometer, an approach considered the gold standard,
and should be obligatory before interventions due to
routine adulteration [63, 64]. In our study, we had access
to the pharmaceutical company and traced the capsules,
following the encapsulation process, since their origin
(including placebo [mineral oil] capsules). The fresh
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capsules will also be tested a day before the beginning of
the study.
Dose determination of ω3 supplement is as important

as its quality. No standardized dose has been used in the
literature and most of the doses used are considered very
high. It is common to find well-controlled trials using
ω3 associated or not with beneficial effects, under low or
high doses. Considering low ω3 doses, a recently ran-
domized placebo-controlled trial showed 12.933 partici-
pants treated with 840 mg/day of ω3 capsules (EPA 460
mg and DHA 380 mg) during 5.3 years, aiming for pri-
mary prevention (myocardial infarction, stroke, and car-
diovascular mortality) [29]. The authors did not find
evidence of the differences in outcomes of major cardio-
vascular events. On the other hand, the GISSI-
Prevenzione Trial tested in 2.836 patients, a very similar
ω3 dose (850 mg EPA+DHA/day [1:2]) during 3.5 years,
and found a reduced rate of death, non-fatal myocardial
infarction, and stroke [65]. When ω3 doses were in-
creased, the same incongruences (major cardiovascular
events) were noticed. Sixteen mild-hypertension patients
taking two daily ω3 capsules (each capsule containing
EPA 460 mg and DHA 380 mg), during 3 months, did
not have their blood pressure altered after treatment
[66], while another study followed 23 hypertensive pa-
tients using 4 g/day ω3 (each capsule containing EPA
465 mg and DHA 375 mg) during 2 months, found a
very significant reduction on systolic (P<0.03) and dia-
stolic (P<0.003) blood pressure [67]. Here, we decided to
use 2.2 g of ω3 (3 capsules, 1 g each, containing EPA 190
mg and DHA 550 mg, Table 1), an intermediary ω3 dose
found in relevant studies [34, 68].
Still regarding the dosage, the EPA: DHA blend is an-

other non-standard characteristic presenting several di-
vergent results when EPA or DHA is predominant [12,
69, 70, 71]. The difficulty in this interpretation is wors-
ening once a recent study showed the prominent and
very consistent reduction in the risk of ischemic events,
cardiovascular death, and hypertriglyceridemia on 4.089
patients using 2 g of icosapent ethyl [21]. The icosapent
ethyl is a highly purified ω3 from EPA (C20:5), differen-
tiating itself because it contains two more carbons after
the ester bond (C22:5). It is also important not to con-
found it with docosapentaenoic acid (DPA), which has
the same number of carbons and double-bounds (C22:
5), without natural occurrence [21].
The nutrigenomic approaches have clarified relevant

differences between EPA and DHA molecules. During
10 weeks, under experimental obesity and NAFLD in-
duced by a high-fat diet, mice supplemented with EPA
or DHA exhibited distinct transcriptomic responses in
the liver and muscle. In advanced NAFLD (steatohepati-
tis associated with fibrosis marks), the DHA reduced
genes encoding liver fibrosis and immune cell

recruitment, while EPA increased genes associated with
cell cycle renew, without affecting the DHA targets [72].
In steatotic Zucker rats (genetic model for obesity and
comorbidities) supplemented with EPA or DHA for 8
weeks, both fatty acids were useful through different sig-
naling pathways. The EPA reduced the hepatic gluco-
neogenesis by inhibiting the FoxO1 transcription factor
into the nucleus, while DHA reduced the fatty acid syn-
thase (FAS) enzyme independent of FoxO1 modulation
[73]. Despite distinct EPA and DHA actions, the synergy
between the two appears to be most effective for global
health.73 Here, we chose the capsule containing a natural
blend similar to what is found in fishes from cold water
(Table 1).
Undisputedly, the wrong placebo selection is one of

the most significant limitations to pair the comparisons.
Oils such as corn, sunflower, and safflower are exuber-
ant sources of linoleic acid (ω6–C18:2), without or with
insignificant ω3 (ALA–C18:3) content [47]. Despite ω6
being an essential fatty acid, its excess could induce in-
flammation due to high prostaglandins (PGE2, PGI2,
TXA2) bioconversion [74, 75]. The relevance of ω6:ω3
ratio is currently questionable; however, it is still recom-
mended to maintain this proportion around 5:1 (ω6:ω3).
In western or highly industrialized societies, 20:1 is
pointed as a risk to diseases with an inflammatory back-
ground [76]. Then, the use of ω6 sources as a placebo
could overestimate the possible ω3 benefits [67, 77]. On
the other hand, olive oil has a broad spectrum of re-
markable actions due to high oleic fatty acid (C18:1–ω9)
and phenolic compounds [78], underestimating the ω3
benefits. It is not an easy decision; however, molecular
investigations have been contributing to reducing the
probability of errors associated with fatty acid receptor
homology.
The GPR40 is the receptor used by oleic fatty acid to

control the intracellular inflammation cascade, similar to
ω3, blocking TAK1 phosphorylation [79]; however, in
humans, GPR40 has 10% of homology with GPR120
[80]. These receptors are promiscuous for both oleic and
ω3 fatty acids, causing misinterpretation through cross-
talk signaling [79]. After oleic cell entrance, it binds and
activates the PGC1-α (PPAR-γ Co-activator 1-alpha)
protein, which induces the nuclear translocation of c-
MAF protein, a transcriptional factor responsible for
interleukin-10 (IL10) gene transcription, the most potent
anti-inflammatory interleukin [81]. Thus, through dis-
tinct manners, olive oil can mask the possible ω3 bene-
fits [30, 34, 66]. Here, the mineral oil will be adopted
because it has a low probability of interfering in the pro-
posed outcomes or digestive emollient action at this
dose [82].
GPR120 is the main ω3 receptor [17] present in sev-

eral tissues [79], respondings rapidly when this molecule
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is present. Experimentally, 2, 3, or 4 h after administra-
tion of a single dose of a rich ω3 source (flaxseed oil),
the GPR120 pathway was activated in the liver, muscle,
adipose tissue [79], aorta [42], and retina [41] of obese
and insulin-resistant mice. In comparison to the placebo,
the ω3-treated group had the βarr2 attracted to GPR120.
So far, this approach has not been tested in humans and
could reflect the acute action of ω3 fatty acids, and its
undescribed antiinflammatory detailed mechanism. We
do not expect a reduction in inflammatory markers
acutely (after 3 or 4 h); however, if GPR120 will bind to
βarr2, the existence of this possibility will be firstly evi-
denced in humans. The choice for peripheral blood
mononuclear cells (PBMCs) was supported by two stud-
ies that identified the presence of GPR120 on macro-
phage surface infiltered in mice aorta [42] and on
Kupffer cells in the liver [83]. Raptis et al. (2014) showed
the ω3 anti-inflammatory action through TAK1 inhib-
ition, mediated by βarr2 connected to GPR120, which
changed the Kupffer polarization from M1 to M2
phenotype, mitigating inflammatory stress in the liver
[83].
After acute ω3 testing, subjects will be supplemented

with ω3 or placebo for 4 weeks, in accordance to Jiménez-
Gómez et al. (2009) [84] and Ras et al. (2014) [85], who re-
spectively showed the reduction on IL6 mRNA content in
PBMCs or reduction on hypertriglyceridemic and hyper-
cholesterolemic patients treated with ω3 in capsules dur-
ing 4 weeks. Not distant, the ER-stress response is
intimately connected to inflammatory signaling, counter-
balance inflammation, and apoptosis [4, 13, 42]. In hepa-
tocytes, ER stress has a remarkable capacity to adapt to
extracellular and intracellular changes to ensure that vital
hepatic metabolic functions are preserved. However, in
humans, numerous disturbances (e.g., hyperlipidemia, in-
flammation, drugs) can disturb the hepatocyte ER homeo-
stasis contributing to hepatic lipid metabolism
dysregulation and liver disease [86]. Mozzini et al. (2014)
[87] described a correlation between ER-stress in PBMC
and coronary artery disease. In this sense, we decided to
test this correlation in NAFLD subjects and its possible re-
versal after ω3 supplementation.
GPR120 variation, a non-synonymous mutation

(p.R270H), has been associated with obesity in humans
[36]. To study such mutations/polymorphisms, large sam-
ple size is needed. Although this trial has a few numbers
of participants to test for mutations, a test of the GPR120
variation will be conducted to guarantee all known aspects
that may be associated with the GPR120 functioning.
Thus, considering the lack of conclusive data regarding

the ω3 fatty acid in mediating the resolution of inflamma-
tion and its consequences through GPR120 in immune
cells of overweight/obese and NAFLD individuals, the
present study is crucial for the characterization of the

signaling mechanisms and molecules that mediate these
effects.

Strengths and limitations of study design
The strengths of this study include the triple blinding
(participants, investigators, and statistical analyst), the
ω3 and placebo capsules quality being monitored from
the factory development to the blood serum bioavailabil-
ity and ω3 PBMC incorporation. Limitations include pa-
tients taking statins, as the pleiotropic beneficial effects
of statin could mask the ω3 benefits.
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