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Abstract
Background:Obesity is a disease characterized by the abnormal accumulation of adipose tissue in the body, triggering a chronic
subclinical state of inflammation. Bioactive compounds, given their anti-inflammatory properties, are a safe and promising alternative
in controlling the inflammatory condition of obesity. This study describes a systematic review protocol aiming to analyze the anti-
inflammatory molecules mechanisms and compounds action on adipocytes.

Methods:Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) will outline the protocol and
PRISMA to the systematic review. The databases used for research will be PubMed, Science Direct, Scopus, Web of Science, BVS,
and EMBASE. Experimental studies performed on rats andmice with a control group that describes treatment with anti-inflammatory
agents (drugs, nutraceuticals, bio active compounds, among others) at any frequency, time, and dose will be included. Three
independent reviewers will select studies and extract data. The evaluation of the methodological quality of each research will be
performed using the SYRCLE tool. If at least 2 studies show clinical and/or methodological and/or statistical homogeneity, a meta-
analysis will be performed, using the RevMan Analyzes statistical package in Review Manager v.5.3.

Results: In this study, we hope to find a considerable number of articles presenting mechanisms involved in the action of anti-
inflammatory molecules and compounds on adipocytes.

Conclusion: The systematic review produced from this protocol will present evidence on the mechanisms involved in the action of
anti-inflammatory molecules and compounds in adipocytes. It will also contribute to developing new research and new insights about
anti-inflammatory therapies with a future application view.

Recordofsystematic review:This review was registered with the International Register of Prospective Systematic Reviews on
May 18, 2020 (registration: CRD42020182897). Available at: https://www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42020182897.

Abbreviations: 5-LOX= enzyme 5-lipoxygenase, AMPK=AMP-activated protein kinase, BAT= brown adipose tissue, CAPES=
Coordination of Improvement of Higher Education Personnel, CNPq = National Council for Scientific and Technological
Development, COX-2 = enzyme cyclooxygenase, IL-6 = Interleukin-6, iNOS = nitric oxide-synthase induced, NF-kB = factor kappa
B, Nrf2 = nuclear factor erythroid 2-related factor 2, PICOS = population, interventions, control, and study results, PPAR-g =
peroxisome proliferator-activated receptor gamma, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-
Analyses, PRISMA-P= Preferred Reporting Items for Systematic Reviews andMeta-Analyses Protocols, PROSPERO= International
Prospective Register of Systematic Reviews, SREBP-1c = sterol regulatory element-binding protein 1, Syrcle = Systematic Review
Center for Laboratory Animal Experimentation, TLR = Toll-like receptors, TNF-a = Tumor Necrosis Factor alpha, WAT = white
adipose tissue, WHO = World Health Organization.
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1. Introduction Protocols (PRISMA-P), and the systematic review according to
According to the World Health Organization (WHO), the
number of people with obesity in the world has tripled in the last
20years, demonstrating significant and constant growth and
health complications, such as insulin and leptin resistance, and
cardiovascular diseases, among others. Thus, obesity is consid-
ered the fifth leading cause of mortality in the world.[1]

Obesity is a multifactorial disease characterized as an
abnormal accumulation of adipose tissue in the body, triggering
a chronic subclinical state of inflammation.[2] In this condition,
adipose tissue is responsible for increasing the secretion of
inflammatory mediators, such as Tumor Necrosis Factor alpha
(TNF-a) and Interleukin-6 (IL-6) that induce various complica-
tions in chronic and metabolic diseases.[3–7]

Changes in the adipose tissue structure and composition occur
with positive energy imbalance, causing its expansion by hypertro-
phy and/or hyperplasia.[8,9] According to Illesca et al[10], when
suffering from hyperplasia, the adipose tissue causes an inflamma-
tory state,which canbe improvedbymolecules and compounds that
act on inflammation. These actions may be involved in the
transcription factors modulation, such as nuclear factor kappa B
(NF-kB), nuclear factor erythroid 2-related factor 2 (Nrf2), sterol
regulatory element-binding protein 1 (SREBP-1c), and peroxisome
proliferator-activated receptor gamma (PPAR-g). These compounds
may also act in the modulation of the Toll-like receptors (TLR) and
AMP-activated protein kinase (AMPK) signaling pathways, reduc-
ing adipogenesis and promoting energy expenditure and the
transformation of white adipose tissue into brown.[11,12]

Even though obesity treatment is primarily directed to
changing eating habits and changing lifestyles, medications are
used and designed to prevent or control obesity. Many
medications are still used and explicitly designed to prevent
and control overweight, yet advances in pharmacological therapy
are still limited.[13,14] New molecules and compounds have been
promising alternatives reducing the problems related to the
inflammatory condition of obesity, promoting or not weight loss.
Synthetic drugs present several adverse effects, and this fact has
driven more research for nutraceuticals as they may be safer
alternatives to manage obesity.[15–17] Several studies in the
literature address the action of bioactive compounds in adipose
tissue, but studies that gather evidence regarding the mechanisms
of action already established are not yet reported.[15–17]

Given the search for newalternatives for the treatment of obesity
and its direct correlation with inflammation, it is necessary to
understand what mechanisms are involved in the action of these
compounds and molecules on adipose tissue to improve pre-
clinical and clinical studies and future perspective on humans.
2. Methods and analysis

2.1. Protocol and registration

This protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) on May 18, 2020,
with registration number CRD42020182897, and available at
https://www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42020182897.
2.2. Analysis plan

This protocol will be developed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
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the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA), which provides a selection flow diagram
(Fig. 1).

2.3. Eligibility criteria

The articles must meet the eligibility criteria according to the
PICOS (population, interventions, control, and study results),
described in Table 1.
2.4. Inclusion criteria

This review will include Original articles resulting from
experimental studies performed on rats and mice with a control
group, that represents the treatment with anti-inflammatory
agents (medicines, nutraceuticals, bio active compounds, among
others) in any frequency, time and doses.

2.4.1. Exclusion criteria. Documents that are not scientific
articles, case reports, reviews, studies with other animal models,
studies that do not describe the mechanism of action, time of the
experiment, frequency, and doses administered and studies
without a control group.

2.4.2. Search strategy. Searches will be conducted in the
following databases: PubMed; Science Direct; Scopus; Web of
Science; BVS and EMBASE by 3 independent researchers (S.S.C.
N., J.L.C.Q., and A.F.M.), using the complete search strategy
based on the “animal” and “article” search components
(Table 2). No publication date or language restrictions will be
applied.
Initially, the duplicates will be removed from the database,

after that the title and summary will be read. If the 3independent
researchers disagree on the inclusion of any study in the review, a
fourth researcher (A.C.F.N.) will decide whether or not to include
the research. Studies excluded will be recorded, and their reason
for exclusion will be reported in the review. All researchers will
then review the full text of all studies considered eligible for
inclusion. A specific application will be used to conduct
systematic reviews (Rayyan QCRI)[18], and for the management
of references will be applied to the software Mendeley.[19]

2.4.3. Types of results. The primary outcomes include the
identification of the effect of treatment with anti-inflammatory
agents on adipose tissue, as well as the mechanism of action of
these anti-inflammatory agents - reduction of inflammatory
markers as body fat, gene expression and cytokine dosages, such
as IL-1, IL-6, IL-8, TNF-alfa, leptin, resistin, inhibition of the
enzyme cyclooxygenase (COX-2) and nitric oxide-synthase
induced (iNOS), increased levels of adiponectin, reduction of
expression of the enzyme 5-lipoxygenase (5-LOX), better insulin
sensitivity, and PCR reduction.
2.5. Data synthesis and analysis

The extraction of all data will be standardized and performed by
2 independent authors (S.S.C.N., J.L.C.Q.), creating a database
in a pre-designed and previously tested spreadsheet in the Excel
program. The third author (A.F.M.) will verify the discrepancies
and organize the information to construct the original text. The
following information will be presented in this database: author
and year of publication, type of study, number and type of

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020182897
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020182897


Figure 1. Flowchart for selection of study articles based on PRISMA-P.
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control groups, species, sex, weight, age, oral diet, experiment
time, an anti-inflammatory agent used and its mechanism of
action, dosage, time of administration, frequency of administra-
tion, type of administration and vehicle, statistical measures used
and results. If any data is not contained in the article, we will
contact the authors requesting the information.
3

At the end of the studies data analysis, at least 2 studies, if
clinical and/or methodological and/or statistical homogeneity are
found, a meta-analysis will be performed. This will be carried out
using the Rev Man Analyses statistical package in Review
Manager v.5.3. If, however, the studies are considered too
heterogeneous, only one narrative synthesis will be performed.

http://www.md-journal.com


Table 1

Elements of the research question according to the PICOS strategy.

Description Abbreviation Elements of the question

Population P Overweight and/or obese male rats and/or mice
Interventions I Treatment with anti-inflammatory agents (Medicines, nutraceuticals, bioactive compounds, among others)
Control or comparison C Overweight and/or obese or eutrophic male rats and/or mice without treatment
Outcomes O Effect on adipose tissue (mechanism of action
Types of studies S In vivo experimental studies

PICOS = problem, intervention, control, outcomes and study results.
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The random-effects model will be used to account for
anticipated heterogeneity because of the exploratory nature of
animal studies. For dichotomous outcomes, we will derive the
OR and 95% CI for each study. The heterogeneity between the
trial results will be evaluated using a standard I2 test with a
significance level of P .1, and the I2 statistic, which is a
quantitative measure of inconsistency across studies, with a value
of 0% indicating no observed heterogeneity, and values of 50%
showing substantial levels are present. If there is heterogeneity (I2

75%), a random-effects model will be used to combine the trials
to calculate the relative risk (RR) and 95% CI, using the
DerSimonian-Laird algorithm in meta for a package, a meta-
analysis package for R. If possible, funnel plots will also be used
to assess the presence of potential reporting biases. A linear
regression approach will be used to evaluate funnel plot
asymmetry. Adjustments will be performed, if needed in the
studies.
2.6. Subgroup analysis

Subgroup analyses will be performed if relevant data are
available. If possible, the following will be undertaken: species
(stratified per species); type of anti-inflammatory agent (stratified
per agent); duration of treatment; dose; effect dose of anti-
inflammatory agents; mechanism of action of anti-inflammatory
agents.
2.7. Risk of bias and quality assessment

The Systematic Review Center for Laboratory Animal Experi-
mentation (Syrcle) tool will be used to assess the risk of bias.
2.8. Ethics and dissemination

Ethical approval and informed consent are not necessary for this
research because it is a systematic review (use of secondary data).
Table 2

Search strategy for each database.

Database Search Strategy

PUBMED Inflammation and “adipose tissue” and
“Anti-inflammatory agents” and obesity

SCOPUS
SCIENCE DIRECT
WEB OF SCIENCE
BVS
EMBASE
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3. Discussion

The search for new pharmacological approaches for the
treatment of obesity has been reported in the literature, as
conventional drugs used are limited by the non-specificity and
unsustainable adverse effects of weight loss.[20] Most anti-obesity
drugs work by suppressing appetite, increasing neurotransmit-
ters, such as serotonin, norepinephrine, and dopamine, or
inhibiting lipid absorption, such as serotonin, norepinephrine,
and dopamine, or inhibiting lipid absorption.[21] However, many
of these drugs have been associated with an increase in
cardiovascular events and severe side effects, such as pulmonary
hypertension, stroke, psychotic behaviors, risk of dependence,
and gastrointestinal side effects.[20,22,23]

Therefore, studies that address the treatment of obesity with
nutraceutical agents such as anti-inflammatory drugs are very
relevant, considering the growing number of people with this
pathology and the various diseases triggered by adipose tissue
accumulation. A systematic review study discussed the main
mechanisms of action of polyphenols and fatty acids in the diet,
evaluated separately and in combination. These compounds act
as anti-inflammatory agents associated with adipose tissue.
Several routes, including AMPK and the PPAR-g, activate them.
Besides, they may act by the suppression of receptors TLRs and
via NF-kB.[24]

In another systematic review study, Sibuyi et al[12] pointed anti-
obesity strategies based on nanotechnology - using drugs,
peptides, and bioactive compounds - aiming at their effect on
white adipose tissue (WAT) and its vasculature to reverse obesity.
These mechanisms, with strategies aimed at white adipose tissue,
which act by reducing its size, destroying hypertrophic
adipocytes, transforming WAT into brown adipose tissue
(BAT), or inhibiting adipogenesis, may be ideal in the treatment
of obesity and associated comorbidities. Compared to conven-
tional therapy, they have a high tolerance and improved
effectiveness associated with few side effects. The study shows
the need to develop strategies for the treatment of obesity,
targeting therapies mainly in adipose tissue, evaluating the
mechanisms involved in the anti-inflammatory action of
molecules on adipocytes.
Studies that address these mechanisms are still scarce in the

literature, and it is crucial to produce articles that support new
research on the topic. Thus, it is necessary to provide systematic
reviews that focus on the anti-inflammatory agents’ mechanisms
in adipose tissue, considering that the treatment directed to this
tissue has shown to be promising when compared to traditional
medicines. The present protocol will assist in the production of a
systematic review identifying these mechanisms basing new
research and, consequently, assisting in the development of new
therapies used in humans.
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