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Abstract: Obesity is a severe health problem worldwide due to its association with various adverse health consequences. The present study
aims to evaluate the anti-obesity effects of resveratrol, as a natural polyphenol, on the 3T3-L1 adipocytes. PubMed, Scopus, ScienceDirect,
Web of Sciences, and Google Scholar databases were searched up to March 2022 using relevant keywords. All original articles, written in
English, evaluating the anti-obesity effects of resveratrol on the 3T3-L1 adipocytes were eligible for this review. Initially, 4361 records were
found in the electronic search databases. After removing duplicates and irrelevant studies according to the title and abstract, the full text of
the 51 articles was critically screened and 38 in vitro studies were included in this review. Except for one case, all of these studies reported
that different doses (ranged 1–200 μM) of resveratrol treatment have anti-obesity effects on 3T3L1 adipocytes through various mechanisms
such as induction of apoptosis, a decrease of fat accumulation and adipogenesis, promotion of white adipocytes browning, inhibition of
preadipocyte proliferation and consequent differentiation, and up-regulation of miRNA that involved in the antiadipogenic and triacylglycerol
metabolism in white adipose tissue. The findings indicate that resveratrol has anti-obesity effects. Therefore, resveratrol treatment could be
used to prevent and treat obesity and its related disorders. Well-designed randomized clinical trials with different doses of resveratrol are
recommended to be performed on obese subjects.
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Introduction
Obesity is a severe health problem worldwide due to its
association with various adverse health consequences [1].
The prevalence of obesity is increasing year by year. Based
on the World Health Organization (WHO) report, more
than 1.9billion adults aged above 18 yearswere overweight,
and 650 million of them were obese in 2016 [2, 3]. It con-
tributes to various chronic diseases including hypertension,
atherosclerosis, metabolic syndrome, stroke, impaired
glucose tolerance, and specific forms of cancer [4, 5, 6].

Environment, genetic, and lifestyle susceptibility are
involved in the increased risk of obesity [4] and lifestyle fac-
tors such as low physical activity and an unhealthy diet are
important risk factors [7]. The imbalance between energy
intake andexpenditure leads to abnormal body fat accumu-
lation or obesity [8]. At a cellular level, obesity is character-
ized by the increase in the number and size of adipocytes,
which are differentiated from fibroblastic preadipocytes
in adipose tissue [9]. 3T3-L1 adipocytes are a widely used

in vitro model of white adipocytes that display features of
multiple adipocyte lineages such as white and brown
adipocytes [10]. Adipocytes play an important role inmain-
taining metabolic health through functioning not only as
energy storage but also as an active endocrine organ,
regulating whole-bodymetabolic homeostasis, energy con-
sumption, and appetite via secreting beneficial adipokines
such as leptin and adiponectin under normal conditions
[11, 12]. Adipogenesis is a complex process that includes
adipocyte maturation and preadipocyte proliferation in
response to different stimuli and conditions [13]. An
increase in adipocyte size or hypertrophy is the early stage
of obesity and an increase in the number of adipocytes or
hyperplasia is the later stage [14, 15]. Hypertrophy and
hyperplasia lead to an abnormal increase in the levels of
cytokines and hormones secreted from adipose tissue that
result in pathological conditions [16, 17].

Uncontrolled adipogenesis and lipogenesis that lead to
obesity may provide a potential target in the prevention
and treatment of obesity and its related disorders [18, 19].
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The therapeutic benefits of plant polyphenols have raised
great interest in preventing and treating obesity. Resveratrol
(3,5,40-trihydroxy-trans-stilbene), a natural polyphenol
found in the skin of grapes, polygonum cuspidatum, and
other plants, has anti-adipogenic activity and significant
beneficial effects on energy metabolism and related meta-
bolicdiseases[20]. Ithasbeenwidelystudiedfor itsbioactive
properties, such as its antioxidative, anti-inflammatory,
cardioprotective, neuroprotective, and anticancer effects
[21, 22, 23]. It is suggested that resveratrol combats obesity
in mice [24], and provides beneficial effects on obese per-
sons [25]. Some recent studies indicated that resveratrol
through effects on the expression of peroxisome prolifera-
tor-activated receptor γ (PPARγ) and sirtuin 1 inhibits
adipogenesis andprevents theaccumulationof triglycerides,
respectively [26, 27]. Other cases reported that resveratrol
induces apoptosis in the adipocytes [28]. However, no study
comprehensively studied all the anti-obesity effects of
resveratrol. To our best knowledge, there is no systematic
review that evaluates the anti-obesity effects of resveratrol
on the 3T3-L1 adipocytes. Therefore, this study was carried
out to summarize the present evidence of the anti-obesity
effects of resveratrol on the 3T3-L1 adipocytes.

Materials and methods

The protocol of this study was registered and approved by
the Research Vice Chancellor and the Nutrition Research
Center of Tabriz University of Medical Sciences (ethical
code: IR.TBZMED.VCR.REC.1400.581). Moreover, the
protocolof thestudyhasbeenregistered in the International
Prospective Register of Systematic Reviews (PROSPERO)
with the identification number CRD42022297169.

Data sources and search strategy

The present systematic review was conducted based on
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [29] by focusing on
the anti-obesity effects of resveratrol on the 3T3-L1 adipo-
cytes. This study was performed using the MeSH terms
and other related keywords (“obesity” OR “overweight”
OR “body weight” OR “adipose tissue” OR “fat body” OR
“body fat” OR “adipocyte” OR “adipogenesis” OR
“3T3-L1” OR “anti-obesity” AND “resveratrol”) on the
electronic databases including PubMed, ScienceDirect,
Scopus,Web of Sciences, andGoogle Scholar (Search strat-
egy is shown in the Electronic Supplementary Material
[ESM] 1). Moreover, to ensure the inclusion of all eligible
studies, the forward and backward citation was tracked
for all of the included studies. The search was limited until
March 2022.

Eligibility criteria and screening method

Articles published in the English language that examined
the anti-obesity effects of resveratrol on the 3T3-L1 adipo-
cytes were included in the present study. The exclusion cri-
teria were book chapters, conference abstracts, letters,
posters, editorials, commentary, thesis, animal and human
studies, and review articles. Moreover, articles that studied
the effects of resveratrol combination with other compo-
nents oronother functionsof3T3L1adipocytes, and studies
which their full-text was not available were excluded from
this review.

After removing the duplicate studies using the EndNote
software (Version X9; Thomson Reuters, Philadelphia,
PA, USA), two independent investigators initially screened
titles and abstracts of the searched studies based on the
inclusion and exclusion criteria. In the second step, the full
text of papers that were eligible was assessed and studies
that had sufficient information or could meet the prede-
fined criteria were included in this review.

Data extraction

The following data were extracted from selected studies:
the first author’s name, year of publication, type and dose
of treatment, treatment duration, and findings concerning
the anti-obesity effects of resveratrol on 3T3L1 adipocytes.

Assessment of articles’ quality and risk
of bias

The quality of the selected articles was assessed by the two
independent authors using the guideline for assessing the
quality of in vitro studies as suggested by Samuel et al.
[30]. This guideline has 11 items including descriptions of
scientific background, study purpose, studymodel justifica-
tion, study design, cell culture condition, endpoint mea-
surement, endpoint outcome, statistical method, dose- or
concentration-response consideration, results interpreted
and discussed, and study funding. Each item scored 1 and
the overall score was 11. Studies were graded as poor, fair,
and good quality if they met �4, 5 to 8, and �9 items,
respectively [30, 31].

Results

Selection of studies

In the initial search, 4361 records were found in electronic
search databases including PubMed (n=868), Scopus
(n=2627), ScienceDirect (n=505), Web of Sciences (n=65),
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and Google Scholar (n=296). After removing duplicates,
2786 articles remained for further screening. Firstly, arti-
cles were screened according to the title and abstract of
those 2736 studies were excluded because did not reach
theeligibility criteria. Finally, the full textof the51 remained
articles were critically screened of which 13 articles were
excluded because studied the effects of resveratrol in com-
bined with other components (n=1), studied the effects of
resveratrol on the other functions of 3T3L1 adipocytes
(n=11), and studied the effects of resveratrol in human sub-
jects (n=1). No additional articles were found through for-
ward and backward citation tracking of the eligible
studies. Therefore, 38 studies were included in this review
(Table 1). PRISMA diagram for the process of the search
and selection of this review is presented in Figure 1.

Quality of the articles

All of the included studies had good quality ratings and
overall score of 22, 12, and 4 studies was 11, 10, and 9,
respectively. The quality assessment result was shown in
ESM 2.

Characteristics of the included studies

As shown in Table 1, of 38 included studies 26 cases used
resveratrol as treatment, and others used resveratrol
derivatives such as trans-resveratrol, trans-resveratrol-
3-O-sulfate, trans-resveratrol-3’-O-glucuronide, trans-
resveratrol-4’-O-glucuronide, resveratrol encapsulated
lipid nanocarriers, resveratrol encapsulated liposomes,
trans-resveratrol-4՛-O-glucuronide, trans-resveratrol-3-
O-sulfate, pinostilbene hydrate (a methylated resveratrol
derivative), resveratrol-amplified grape skin extracts, red
grape, Vitisin A (a resveratrol tetramer), 3,5-dimethoxy
(4-methoxyphenyl) benzamide, 4-[2-(3,5-dimethoxy phe-
nyl) vinyl] pyridine (DPVP), resveratrol analog ((E)-1,2-di
(3,5-dimethoxy phenyl) ethene), and resveratrol in
dimethyl sulfoxide. Doses of resveratrol that were used in
included studies ranged from 1 to 200 μM and treatment
duration ranged from 15 hours to 8 days.

Ninety-seven percent of our included studies revealed
that resveratrol has anti-obesity effects through various
mechanisms mentioned following. Seven cases evaluated
the effects of resveratrol treatment on apoptosis of 3T3L1
adipocytes except for one study, all of them demonstrated
that resveratrol treatment induced apoptosis. One study
that reported resveratrol does not cause apoptosis but
showed resveratrol decreased lipid accumulation in 3T3L1
adipocytes. Twelve studies assessed the effects of resvera-
trol on adipocyte differentiation 11 cases of them revealed
that resveratrol inhibited 3T3L1 adipocyte differentiation.
All five studies that evaluated the effects of resveratrol

treatment on the browning of 3T3L1 adipocytes indicated
that resveratrol enhanced the browning of white adipo-
cytes. Two studies investigated the effects of resveratrol
treatment onmicroRNA (miR) that involved in the antiadi-
pogenic and demonstrated that resveratrol has an inhibi-
tory effect on adipogenesis through miR-155 up-regulation
and expression of miR-129, miR-328-5p, and miR-539-5p
increased after resveratrol treatment that is relevant for tri-
acylglycerol metabolism in white adipose tissue. Eleven
studies showed that resveratrol treatment prevents lipid
accumulationandadipogenesis andone study reported that
resveratrol inhibits lipolysis in 3T3L1 adipocytes. Noriega-
González et al. also indicated that resveratrol treatment
decreased lipid content consequently declination of mito-
chondrial activity (Table 1).

Discussion

All the includedstudies revealed thatdifferentdoses (1-200
μM) of resveratrol have anti-obesity effects on 3T3L1
adipocytes through induction of apoptosis, inhibition of
preadipocytes proliferation and differentiation, promotion
of browning of white adipocytes, up-regulation of miRNA
that involved in the antiadipogenic and triacylglycerol
metabolism in white adipose tissue, prevention of fat accu-
mulation and adipogenesis, and inhibition of lipolysis,
except for one case. The previous meta-analysis evaluated
the effects of resveratrol on weight loss and reported that
its administration significantly reduced body weight, waist
circumference, bodymass index, and fat mass [32]. Recent
experiments in animalmodels also showed that resveratrol
significantly decreased body weight [33]. The effect of
resveratrol in these models was similar to that of a calorie
restriction regimen. Moreover, it also improved mitochon-
drial function which is compromised in several metabolic
diseases [34]. Resveratrol concentrations applied in the cel-
lular experiments ranged between 5 μM and 100 μM; the
most common concentration was 50 μM [35, 36]. These
concentrations in the in vivo setting were potentially
unachievable. Pharmacokinetic studies showed that after
repeated dosing of 0.5–5.0 g/day for 28 days, the mean
plasma concentration of resveratrol across the four dose
levels ranged from 0.04 to 0.55 nmol/mL (0.04–0.55
μM) [37]. Human studies assessing the efficacy of resvera-
trol are emergingand theoptimaldoseof resveratrol in clin-
ical practice is an unresolved issue [35].

Several studies showed that resveratrol treatment
induced apoptosis in 3T3L1 adipocytes.Chen et al. revealed
that resveratrol treatment could affect the checkpoints in S-
phase (when the DNA synthesis occurs), resulting in decel-
erated cell cycle progression [28]. They also found that
resveratrol treatment increased the dose-dependent loss
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of mitochondrial membrane potential (MMP) indicating
the initiation of cellular apoptosis. These results suggest
that resveratrol has novel effects on the proliferation and
apoptosis of murine 3T3-L1 preadipocytes [28]. Silent
information regulator sirtuin 1 (SIRT1) protein operates as
a nicotinamide adenine nucleotide (NAD+)-dependent
histone deacetylase that is partially localized in the cyto-
plasm in certain cell lines [38], with cytoplasm-localized
SIRT1 leading to increased sensitivity to apoptosis. The
apoptosis enhanced by cytoplasm-localized SIRT1 is
dependent on caspases [39]. Activating caspases such as
types 9 and 3 leads to promoting apoptosis [40]. Chen
et al. showed that the protein level of SIRT1 was increased

in resveratrol-induced apoptotic cells. In addition, the pro-
tein levels of cytochrome C (Cyt C) (During cell apoptosis
Cyt C is released into the cytoplasm) and cleaved caspases
(caspase-9 and caspase-3) were suppressed with SIRT1
siRNA, indicating that enhanced apoptosis by SIRT1 may
be dependent on the regulation of caspases activity [28].

Adenosine monophosphate-activated protein kinase
(AMPK) is a eukaryotic heterotrimeric serine/threonine
kinase and a central sensor of cellular energy. AMPK
activation has been shown to induce apoptosis in human
cancer cells [41, 42] and it can also enhance oxidative-
stress-induced apoptosis in mouse neuroblastoma cells
[43]. These findings indicated that resveratrol also induced
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Figure 1. PRISMA diagram for the process of the search and study selection.
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apoptosis in 3T3-L1 adipocytes by increasing the expression
of SIRT1, which could activate AMPK and suppress protein
kinase B (AKT) activity and further decrease the expression
of survivin [28]. Survivin protein inhibits cell apoptosis by
blocking the activation of caspases [44]. The AMPK activa-
tion reduces cell survival by inhibiting survivin expression
[45] and the AKT-survivin pathway also may mediate
resveratrol-induced apoptosis in preadipocytes [28]. AKT
and AMPK pathways promote the release of Cyt C from
mitochondria and the activation of caspase-9 and
caspase-3, which would finally induce apoptosis in 3T3-L1
preadipocytes [28]. Patel et al. [46] reported that resvera-
trol increased apoptosis and affected adipogenesis in
3T3L1 cells along with modulating protein kinase C delta
(PKCδ) splice variant expression which as a serine/
threonine kinase, plays a central role in apoptosis. PKCδI
promotes apoptosis while PKCδII has an anti-apoptosis
effect [47]. Also, the lactate dehydrogenase (LDH) leaking
ratio, a marker for apoptotic cells, increased in resveratrol
treatment adipocytes. Therefore, resveratrol inducedapop-
tosis through S-phase arrest to inhibit cell proliferation,
increasing the LDH leaking ratio, activating the mitochon-
drial apoptotic signaling pathway with decreases theMMP,
increasing the expression of SIRT1, Cyt C release, the acti-
vation of caspases 3 and 9, elevating phosphorylation and
activation of AMPKa, reducing the phosphorylation level
of AKT, and disruption of PKCδ alternative splicing during
3T3L1 differentiation.

Adipose tissue is classified into white, beige, and brown
based on their distinct origins, metabolic functions, and
anatomical distributions [48, 49]. Brown adipocytes can
occur after thermogenesis stimulation at specific anatomi-
cal sites of white adipose tissue (WAT), defined as WAT
browning [50]. Brown adipose tissue (BAT) can disperse
stored energy as heat through the activation of brown-fat-
specific uncoupling protein 1 (UCP1), which can uncouple
adenosine triphosphate (ATP) production from mitochon-
drial respiration [51]. It has been reported that enhance-
ment of BAT formation and function in WAT is a
promising therapeutic approach to combat obesity and
reduce associated comorbidity [2, 51]. Therefore, exploring
newmolecules for promoting browning is essential, as then
developing novel treatments for severe obesity [2]. All of
our includedstudies thatevaluated theeffectsof resveratrol
on 3T3L1 browning indicated that resveratrol treatment
promoted WAT browning. Findings demonstrated that
resveratrol treatment caused elevating expression of
browning markers such as peroxisome proliferator-acti-
vated receptor gamma coactivator-1 alpha (PGC-1a), PR
domain containing 16 (PRDM16), and UCP1 as well as
SIRT1-mediated activation of AMPK to pAMPK, reduction
of geneexpressions related to lipogenesis PPAR γ, CCAAT/
enhancer-binding protein alpha (C/EBPα), and sterol

regulatory element-binding transcription factor 1
(SREBP-1c)), enhancement of genes related to lipolysis
(adipose triglyceride lipase (ATGL) and hormone-sensitive
lipase (HSL)), activation ofmammalian target of rapamycin
(mTOR), induction of mitochondrial transcription factor A
(TFAM) gene expression, the increase in themitochondrial
to nuclear DNA ratio, and increased mitochondrial oxida-
tive metabolism.

The studies also showed that resveratrol treatment has
anti-obesity effects through various other mechanisms as
follows: inhibiting the 3T3-L1 adipocyte differentiation,
attenuating triglyceride accumulation associated with
upregulation of carnitine palmitoyl-transferase 1a (CPT1a),
inhibiting tumour necrosis factor α (TNFα)-induced lipoly-
sis in mature adipocytes, inhibiting the insulin signaling
pathway in the early phase of adipogenesis and the insulin
receptor (IR) activity (this is likely through a direct physical
interaction between resveratrol and IR), activating gluco-
corticoid receptor and PPARγ, downregulation of the
expression of fatty acid metabolism-related proteins such
as fatty acid synthase (FAS), lipoprotein lipase (LPL),
acetyl-CoA carboxylase (ACC), SREBP1, and PPAR γ and
perilipin protein in differentiated adipocytes, decreasing
glycerol-3-phosphate dehydrogenase (GPDH) and MMP-2
and -9 activity, reducing the protein expression of C/EBP
and fatty acid binding protein (FABP4), blocking the cell
cycle at the G1-S phase transition, causing to remain cells
in the preadipocyte state, increasing p21 expression and
the Rb phosphorylation level, downregulation of cyclin D1
expression, attenuating the expression of cAMP-response
element binding protein (CREB), and increasing miR-129,
miR-328-5p, and miR-539-5p (target genes relevant for
triacylglycerol metabolism in WAT) (Table 1).

The most notable limitation of the present systematic
review was the considerable heterogeneity between the
included studies regarding resveratrol dose, duration of
investigations, and treatment types. Thus, using a different
dose and intervention duration could be a possible explana-
tion for the non-significant results of one included study
[54]. Moreover, different bioavailability of used resveratrol
might impact their results. Nevertheless, this study has
almost comprehensively summarized all the mechanisms
associated with the anti-obesity effects of resveratrol in
3T3L1 adipocytes.

In conclusion, except for one case, all studies included in
this systematic review revealed that resveratrol has anti-
obesity effects on 3T3L1 adipocytes through induction of
apoptosis of 3T3L1 adipocytes, inhibition of 3T3L1 preadi-
pocytes proliferation and consequent differentiation, pro-
motion of browning of white adipocytes, up-regulation of
miRNA involved in the antiadipogenic and triacylglycerol
metabolism in white adipose tissue, prevention of fat accu-
mulation and adipogenesis, and inhibit lipolysis in 3T3L1
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adipocytes. Therefore, the current study indicates that
resveratrol could prevent obesity and its related disorders.
It is recommended that well-designed randomized clinical
trials with different doses of resveratrol and various treat-
mentdurationbeperformedonobese subjects todetermine
the effects of resveratrol in treating obesity.
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