
Research article

N-Acetylcysteine affects obesity-related
protein expression in 3T3-L1 adipocytes
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Objectives: Oxidative stress plays critical roles in the pathogeneses of diabetes, hypertension, and
atherosclerosis, but its effect on fat accumulation is still unclear. In this study, we analyzed the role of the
well-known antioxidant and a glutathione (GSH) precursor N-acetylcysteine (NAC) in fat accumulation and
the expression of obesity-associated proteins.
Methods: We studied the effects of 10 μM NAC on obesity-related protein expression in cultured 3T3-L1
preadipocytes, which are able to differentiate into mature adipocytes and accumulate lipids.
Results: NAC treatment inhibited fat accumulation and reduced the expression of obesity-related proteins,
including monoamine oxidase A, heat shock protein 70 (HSP70), aminoacylase -1 (ACY-1), and
transketolase.
Discussion: Our results suggest that the effects of NAC on triglycerides (Tgs) and protein expression are
correlated. In support of this, we showed that NAC treatment affected both the Tg synthesis pathway and
the expression levels of proteins implicated in human obesity.
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Introduction
Obesity is a chronic and progressive disease that affects
a significant proportion of the world’s population. It is
a risk factor for many other diseases, such as diabetes,
hypertension, stroke, cardiovascular disease, various
types of cancer, and metabolic syndrome.1 An increase
in the number and size of adipocytes contributes to the
etiology of obesity; therefore, understanding the
process of adipogenic differentiation of pre-adipocytes
is crucial for the development of therapies that address
obesity.
To study the mechanisms involved in adipocyte for-

mation, many researchers employ 3T3L-1 mouse
fibroblasts.2 These cells form adipocyte-like cells
when injected into animals and have proven useful
for obesity-related research as many in vivo studies
have recapitulated in vitro observations.3,4

Triglyceride (Tg) accumulation is closely correlated

with adipogenic differentiation and expression of adi-
pogenic transcription factors, such as C/EBPs
(CCAAT/Enhancer Binding Proteins) and PPARγ
(peroxisome proliferator-activated receptor γ). These
transcription factors are considered ‘master regulators’
of adipocyte-specific gene transcription because their
expression is required to obtain a mature adipocyte
phenotype.5–8

Recent studies have described a correlation between
systemic oxidative stress and obesity in humans.9

In line with these results, animal models have shown
that antioxidant enzymes activities play fundamental
roles in obesity.10 However, changes in oxidative
metabolism during differentiation of preadipocytes to
adipocytes have not been clearly explored. We pre-
viously demonstrated that reactive oxygen species
(ROS) levels increase together with Tg accumulation
during adipogenic differentiation. Because increases
in ROS levels can affect cell viability, antioxidant
enzymes such as superoxide dismutase (SOD) are
expressed concomitantly to maintain oxidative
balance during differentiation to avoid deleterious
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effects on cell viability.11 Accordingly, the use of anti-
oxidants as regulators of adipogenic differentiation
has recently been discussed,12,13 and it is important
to clarify whether the relationship with antioxidants
is a correlation or causation. In this context, we are
interested in the role of glutathione precursors, such
N-acetylcysteine (NAC). Wang et al. recently showed
that mice that consumed NAC exhibited increased
O2 consumption and decreased body fat;14 whereas
Gou et al. suggested that beta-mercaptoethanol
(BME), also a glutathione precursor, enhanced adipo-
genic gene marker expression and lipid accumulation,
effects associated with downregulation of inflamma-
tory cytokine expression during adipogenic differen-
tiation.15 However, they did not measure
intracellular GSH levels following BME treatment
and reported that others had described controversial
findings regarding oxidative stress and antioxidant
effect on lipid accumulation.15

We previously demonstrated that antioxidants are
effective for treating several pathologies.16–19 In a
recent report, we evaluated the possible benefit/detri-
ment of the use of NAC during adipogenesis in this in
vitro 3T3L-1 mouse fibroblast model. Specifically, we
demonstrated that NAC inhibits Tg accumulation
and C/EBPβ and PPARγ expression; while it pro-
motes increased GSH during 3T3-L1 preadipocyte
differentiation.20 Our previous results indicate that
ROS levels increase during adipogenic differentiation,
which leads to a consequent increase in SOD activity.
Our earlier kinetic experiments demonstrated that
NAC caused a decrease in PPARγ expression, presum-
ably by affecting C/EBPβ expression, without altering
AKT signaling.20 In this study, we analyzed the effects
of NAC on the expression of proteins associated with
human obesity during adipogenesis. Moreover, we
analyzed proteins involved in oxidative stress, such
as monoamine oxidase A (MAOA) and heat shock
protein 70 (HSP70), as well as proteins related to
amino acid metabolism and carbohydrate metabolism
that were recently evaluated in this model, aminoacy-
lase-1 (ACY-1) and transketolase (TKT).21

Materials and methods
Cell cultures and drugs
Swiss 3T3-L1 cells (mouse preadipocytes) were
obtained from the American Type Culture Collection
(Rockville, MD, USA). Cells were cultured in
Dulbecco’s modified Eagle medium (DMEM) sup-
plemented with 25 mmol/l glucose and 10% fetal
bovine serum (FBS) at 37°C with 5% CO2.
N-Acetyl-L-cysteine (NAC), the fluorescent probe
CM-H2DCFDA, and all other reagents (except when
specified) were purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA). NAC was dissolved in

DMEM (25 mmol/l glucose, 10% FBS), and
DMEM was also used as vehicle (control treatment).

Differentiation of 3T3-L1 preadipocytes into
adipocytes
3T3-L1 preadipocytes (derived from the Swiss 3T3
parental line) were first cultured in MDI media
(DMEM (25 mmol/l glucose, 10% FBS) with
0.5 mmol/l 3-isobutyl-1-methyl xanthine (M),
0.1 μM dexamethasone (D), and 2 μmol/l insulin (I))
for 48 hours. Then, the cells were incubated in fresh
DMEM (25 mmol/l glucose, 10% FBS) containing
2 μmol/l insulin for 3 days and finally in DMEM
(25 mmol/l glucose, 10% FBS) for the remainder of
the experiment. Day 0 of differentiation is marked
when the cells are introduced to MDI media. At day
10, 70–80% of cells dramatically increased their Tg
content and generated refractive droplets easily obser-
vable by microscopy or by Oil Red O staining.22 We
considered MDI-treated cells as differentiating cells
(DCs) and vehicle-treated cells as control cells (CCs).

In indicated plates, 10 μmol/l NAC was added at
day 0 of differentiation to the MDI medium (DCN).
At the indicated times, the cells were washed once
with 0.01 M phosphate-buffered saline (PBS) at
room temperature, scraped into the 0.5 ml water, and
frozen for further analysis. For western blots, cells
were lysed with a buffer containing 1% sodium
dodecyl sulfate (SDS) in 60 mmol/l Tris-HCl, boiled
for 10 minutes, centrifuged at 15 000 rpm (4°C) for
10 minutes, and frozen for further analysis.

Determination of Tg and protein levels
Tg accumulation was assessed using a TG color GPO/
PAPAA kit (Wiener Laboratory, Rosario, Argentina).
Tg content is expressed as g Tg/g protein. Proteins
were quantified by the Bradford method using crystal-
line bovine serum albumin (BSA) as a standard.23

Results are presented as the average of four indepen-
dent experiments (mean± SD).

MTT assay
To evaluate the toxicity of NAC treatment, MTT
(Bromide 3-[4,5-dimethylthiazol-2-yl]-2,5-difeniltetra-
zol) viability assays were performed.24 While this
assay detects living cells, it can also be used to
measure cell proliferation. The technique is based on
the presence of mitochondrial enzymes in viable cells
that reduce the MTT dye to produce a purple color.
A stock solution of 5 mg/ml MTT was prepared,
and the dye was diluted in complete media (DMEM;
25 mmol/l glucose, 10% FBS), to a working concen-
tration of 1 mg/ml. Cells were seeded at
20 × 104 cells/well, and 300 μl MTT was added to
each well. After incubation for 1 hour, the medium
was removed, and the cells were treated with 200 μl
ethanol for 10 minutes. The resulting solution in
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each well was transferred to a 96-well plate, and its
absorbance was measured at 550 nm by a spectropho-
tometer. To further evaluate toxicity, we performed
assays in which cell viability was determined under
different NAC concentrations: 10, 20, 50, and
100 μmol/l. The absorbance of control values (CC)
was considered as 100%, and the results are presented
as percentages of CC. The results represent the
averages of four independent experiments (mean±
SD).

Proliferation assay
To evaluate the toxicity of NAC treatment, cells
(50 × 104) were seeded on a plate and cultured in the
presence of vehicle or 10 μmol/l NAC. At the indi-
cated times, cells were counted. Viable cells were dis-
criminated by trypan blue stain exclusion. The
results shown are the average of four independent
experiments (mean± SD).

Western blot analysis
3T3-L1 cells were lysed in sample buffer (1% SDS,
60 mmol/l Tris-HCl), boiled for 10 minutes, and centri-
fuged at 15 000 rpm (4°C) for 10 minutes. Proteins
(10 μg from each sample) were then separated on 15%
SDS-polyacrylamide gels and transferred to nitrocellu-
lose membranes (Amersham; GE Healthcare, Little
Chalfont, UK). After transfer, membranes were
soaked in blocking buffer (5% BSA, 0.4% Tween, and
1 mmol/l ethylenediaminetetraacetic acid in 0.01 M
PBS) for 1 hour and incubated overnight with a
primary antibody at 4°C. To detect the western blot
signal, membranes were probedwith horseradish-conju-
gated secondary antibodies (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and then treated with the
enhanced chemiluminescence (ECL) substrate kit
(Amersham ECL Plus Western Blotting Detection
System; GE Healthcare). The primary antibodies
included anti-FABP4 (Eurogentec, Seraing, Belgium),
anti-TKT (HPA Reagents), anti-ACY-1 (Sigma-
Aldrich), anti-HSP70 (Stressgen Bioreagents, Victoria,
BC, Canada) and anti-MAOA (Sigma-Aldrich). In all
cases, expression was normalized to glyceraldehyde 3-
phosphate dehydrogenase expression. Samples were
obtained at days 0 (CC), 2, 4, 6, 8, and 10 of differen-
tiation in the absence and presence of 10 μmol/l NAC
(DC2 and DCN2, DC4 and DCN4, DC6 and
DCN6, DC8 and DCN8, DC10 and DCN10, respect-
ively). These results are the average of three indepen-
dent experiments (mean± SD).

Statistics
Statistical analysis was performed by one-way analysis
of variance followed by post hoc analysis.25

Results
To induce differentiation, 3T3-L1 preadipocyte
growth media (DMEM) was replaced with MDI
media (day 0). At day 10 of this differentiation proto-
col, 70–80% of the cells were considered fully differen-
tiated because they contained refractive lipid droplets
as detected by microscopy. Fully differentiated cells
(DCs) had almost six times the level of Tg in vehicle-
treated cells (CC) (1.20± 0.12 g Tg/g protein (DC)
vs. 0.23± 0.05 g Tg/g protein (CC), P< 0.01). We
have previously shown that ROS levels, SOD and
GPx activity increased in DCs.20 Interestingly, Tg
accumulation in 10 μmol/l NAC-treated DC was con-
siderably reduced and similar to the levels observed in
CC (0.21± 0.1 g Tg/g protein (DCN)). A time-course
assay to evaluate the effect of NAC on Tg levels
showed a significant decrease in Tg content, with a
similar kinetic as observed in CC (Fig. 1).
Importantly, 10 μmol/l NAC was not toxic to cells,

even after 10 days of treatment (Figs. 2 and 3). NAC
toxicity was evaluated by MTT (Fig. 3A) and prolifer-
ation (Fig. 3B) assays. Because MTTassay results were
reported to be influenced by antioxidant com-
pounds,26 we performed a proliferation assay to
confirm the data, and similar results were obtained
in time-course assays with NAC. Furthermore, NAC
treatment did not lead to any toxic effects in vehicle-
treated cells (10 μmol/l NAC-treated control cells:
CCN, data not shown). These cells had comparable
Tg content to CC (0.20± 0.08 Tg/g protein (CCN)
vs. 0.23± 0.05 g Tg/g protein (CC), no significant
difference was observed). In a dose-dependent assay,
we found that NAC doses from 10 to 100 μmol/l
were not harmful to cells (Fig. 4).

Figure 1 Triglyceride accumulation in 3T3-L1 during
adipogenic differentiation. NAC was added at day 0 and
replaced every day for 10 days (DCN). The results are the
average of four independent experiments (mean± SD).
*P< 0.01, MDI-treated cells (DCs) vs. control cells (CCs).
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Figure 2 NAC effect on 3T3-L1 cells at day 10 of differentiation. (A) Control cells (CCs), (B) and (C) MDI-treated cells (DCs), (D)
MDI+ 10 μmol/l NAC-treated cells (DCN). Representative results from one of four independent experiments with similar results
are shown.

Figure 3 NAC effect on cell viability during adipogenic differentiation. Comparison of MDI cells (DCs) andMDI+ 10 μmol/l NAC-
treated cells (DCN). Cells were harvested at indicated times. (A) MTT assay was performed, control cells (CCs) absorbance was
considered as 100%. (B) Cell were counted, and viable cells were evaluated by trypan blue stain exclusion, control cells (CCs)
number was considered as 100%. Data are presented as percentages of control cells. The results are the average of four
different experiments (mean± SD).

Figure 4 Concentration-dependent effect of NAC on cell viability. MDI cells were treated with 10 μmol/l NAC (DCN10), 20 μmol/l
NAC (DCN20), 50 μmol/l NAC (DCN50) or 100 μmol/l NAC (DCN100). Control cells (CCa), MDI-treated cells (DC) and MDI–NAC-
treated cells were harvested at day 10, and MTT assays were performed. The absorbance of vehicle-treated cells (CCs) was
considered 100% cell viability. The results shown are the averages of four different experiments (mean± SD).

Calzadilla et al. N-Acetylcysteine affects obesity-related protein expression in 3T3-L1 adipocytes

Redox Report 2013 VOL. 18 NO. 6213



Since NAC treatment led to decreased Tg levels
during adipogenic differentiation, we evaluated the
effect of this antioxidant on the expression of
obesity-related proteins. We focused on proteins that
are differentially expressed during adipogenesis.
Fatty acid-binding protein 4 (FABP4, ap2) is an
obesity-related protein that is a well-studied marker
of adipocyte differentiation;21 its expression signifi-
cantly increased after day 4 of differentiation in
MDI-treated cells and peaked at day 10. Meanwhile,
NAC treatment significantly inhibited FABP4
expression (Fig. 5). At day 10, FABP4 expression

levels in NAC-treated cells were only 2% of the levels
observed in DC.
Next, we studied proteins related to cellular stress in

obesity, such as HSP70 and MAOA. We observed that
HSP70 protein levels remained constant throughout
differentiation with no significant differences in
expression from that observed in control cells
(Fig. 6A). HSP70 expression was similar in DC and
DCN until day 6, but significantly fell in DCN at
days 8 and 10 (day 8: 1.04± 0.02 (DC) vs. 0.76±
0.05 (DCN), P< 0.05; day 10: 1.42± 0.22 AU (DC)
vs. 1.05± 0.10 AU (DCN), P< 0.01). On the other

Figure 5 FABP4 expression during adipogenic differentiation. The values represent fold increases in protein expression
compared to control cells (CCs). The bars shown are the averages of three different experiments (mean± SD). Representative
results from one of three independent western blot experiments with similar results are shown. Results are expressed as
arbitrary units; *P< 0.01 MDI–NAC-treated cells (DCN) vs. CCs; *P< 0.01 MDI-treated cells (DC) vs. CCs.

Figure 6 HSP70 (A) and MAOA expression (B) during adipogenic differentiation. The values represent fold increases in protein
expression compared to control cells (CC). The bars shown are the averages of three different experiments (mean± SD).
Representative results from one of three independent western blot experiments with similar results are shown. Results are
expressed as arbitrary units; *P< 0.01 MDI–NAC-treated cells (DCN) vs. MDI-treated cells (DC) at day 10.
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hand, MAOA expression significantly increased in DC
compared to CC (P< 0.01) throughout differentiation
(Fig. 6B). Despite NAC treatment, MAOA expression
steadily increased during the first 8 days of differen-
tiation protocol in NAC-treated cells (DCN), with
similar or even higher protein expression levels in
DCN than DC. Therefore, no significant difference
in MAOA expression during the first 8 days was
observed between DC and DCN, but MAOA
expression significantly dropped at day 10 in DCN
(50.0± 1.6 AU (DC) vs. 2.5± 1.6 AU (DCN), P<
0.01) to a level that was not significantly different
from control cells (Fig. 6B).
Proteins related to amino acid and carbohydrate

metabolism, such as TKTand ACY-1, are upregulated
during differentiation in a similar fashion to FABP4
expression.21 We observed a similar pattern for TKT
and ACY-1 expression in untreated DC. The differen-
tiation protocol provoked a significant increase in
TKT expression in DC from day 8 (day 8: 1.24±
0.03 AU (DC) vs. 1.00± 0.02 AU (CC), P< 0.01;
day 10: 1.60± 0.09 AU (DC) vs. 1.00± 0.02 AU
(CC), P< 0.01), correlating with the Tg increase.
Meanwhile ACY-1 protein showed similar expression
in DC and CC until day 10, when ACY-1 expression
was significantly increased (ACY at day 10: 1.27±
0.01 AU (DC) vs. 1.00± 0.11 AU (CC), P< 0.01).
However, as shown in Fig. 7, NAC treatment inhibited
expression of both proteins from day 8 onward: TKT
(day 8: 1.24± 0.03 AU (DC) vs. 0.98± 0.10 AU
(DCN), P< 0.05; day 10: 1.60± 0.09 AU (DC) vs.
0.88± 0.20 AU (DCN), P< 0.01) and, ACY-1
(day 8: 0.96± 0.04 AU (DC) vs. 0.81± 0.01 (DCN),
P< 0.05; day 10: 1.26± 0.02 AU (DC) vs. 0.79±
0.01 AU (DCN), P< 0.01).

Discussion
The effects of free radical formation and oxidative
stress during adipogenesis have just started to gain
scientific attention. While still controversial, there is
increasing evidence that suggests a role for oxidative
stress and free radicals in promoting adipogenesis.27,28

By using NAC as an antioxidant, it was shown that
ROS are involved in the differentiation of 3T3-L1
preadipocytes.20 In addition, NAD(P)H oxidase
family (Nox 4) has been implicated in ROS production
at early stages of preadipocyte differentiation.29 The
3T3-L1 cell line is routinely used as a model to study
the adipocyte differentiation pathway in physiologi-
cally severe hyperglycemic condition (25 mmol/l
glucose in culture medium) with insulin-resistant and
lipid-laden adipocytes upon differentiation. Some
reports evaluated the effect of lower glucose culture
medium (4 mmol/l glucose) and showed that this
euglycemic condition differs from the initial model in
insulin sensitivity upon differentiation, while 3T3-L1
preadipocytes were able to differentiate.30 In both con-
ditions, ROS levels increased during cell differen-
tiation, and antioxidant enzyme activity appeared to
be sufficient to allow cell survival since fully differen-
tiated adipocytes were observed.

We initially tested the toxicity of various NAC con-
centrations (10, 20, 50, and 100 μmol/l) and found
that this antioxidant was highly tolerated by cells. Tg
content was significantly higher in fully DCs com-
pared to vehicle-treated cells at day 8 of differentiation.
However, we showed that NAC inhibited Tg accumu-
lation in adipocytes undergoing differentiation. We
used the lowest concentration of NAC (10 μmol/l)
that exerted the maximum inhibitory effect on Tg
accumulation. We reasoned that NAC-mediated

Figure 7 TKT (A) and ACY-1 expression (B) during adipogenic differentiation. The values represent fold increases in protein
expression compared to control cells (CC). The bars shown are the averages of three different experiments (mean± SD).
Representative results from one of three independent western blot experiments with similar results are shown. Results are
expressed as arbitrary units; *P< 0.01 MDI–NAC-treated cells (DCN) vs. MDI-treated cells (DC) at day 10.
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inhibition of Tg accumulation occurs as a result of its
effect on the expression of key adipogenic transcrip-
tion factors. Cells were identified as adipocytes based
on their ability to accumulate Tg and express fat-
specific proteins, such as FABP4 (ap2) and
PPARγ.31 We found that FABP4 expression was sig-
nificantly increased during differentiation but was
drastically inhibited by NAC treatment.
Expression of obesity-related proteins in humans

was recently evaluated in a proteomics study.21 The
results implicated TKT and ACY-1 in the pathophy-
siology of obesity. In this study, both proteins were
highly expressed in fully DCs at day 10. However,
NAC treatment reduced Tg accumulation, as well as,
significantly inhibited TKT and ACY-1 expression.
TKT is a thiamine diphosphate dependent enzyme
that catalyzes reactions in the pentose phosphate
pathway, which is important for the production of
reduced nicotinamide-adenine dinucleotide phosphate
(NADPH) that is involved in the fatty acid biosyn-
thesis pathway. In mature adipocytes, one of the
main functions of TKT is to produce NADPH and
promote lipogenesis.21 Thus, our results suggest that
NAC affects a metabolic pathway that links Tg and
TKT; we observed that TKT expression increased
from day 8, which correlated with the Tg increase in
DCs. Based on these findings, we could speculate
that NAC impaired the protein increase from day 8
to day 10. As a consequence, NAC could affect lipo-
genesis and might decrease Tg accumulation in
NAC-treated cells. Interestingly, expression of ACY-
1, which functions in the catabolism of acylated
amino acids, is also altered in models of obesity,21

and ACY-1 levels increased in fully differentiated
3T3-L1 cells. Here, we observed a significant increase
in ACY-1 at day 10 of the differentiation pathway, as a
possible consequence of Tg increase. We found that
NAC treatment decreased its expression to levels com-
parable to non-differentiated cells, correlating with Tg
content decrease.
Expression of HSP70 and MAOA, proteins related

to oxidative stress, has been associated with obesity.
HSP70 is a heat shock protein that belongs to a
family of intracellular proteins found in all eukaryotes.
It serves as a chaperone of protein folding and func-
tions to maintain cellular homeostasis in response to
stress.32 HSP70 expression is increased in adipose
tissue of the obese,21,33 suggesting that HSP70 has a
protective role in obese subjects. HSP70 expression
was previously evaluated in 3T3-L1 cells undergoing
differentiation34 and was related to oxidative stress.35

Here, we observed that HSP70 expression levels are
similar in fully differentiated adipocytes and control
preadipocytes cells. Because increased SOD and GPx
activities were previously reported during adipogenic
differentiation,20 we could speculate that no increase

of this heat shock protein was observed in fully differ-
entiated adipocytes because antioxidant enzyme
activities were sufficient to overcome the deleterious
effects of ROS. In this context, we observed that
NAC treatment significantly decreased HSP70
expression at day 8, and we could attribute this result
to the antioxidant effects of NAC on ROS.
MAOA is a mitochondrial enzyme involved in oxi-

dative deamination catabolism of neurotransmitters
and exogenous amines; recent reports have shown
that MAOA expression levels may be predictive of
body mass index changes in adolescents and young
adults.36 In accordance with previous reports
showing that MAOA is highly expressed in human adi-
pocytes,37 we observed an upregulation of its
expression during adipogenic differentiation in 3T3-
L1; this is the first time that MAOA expression was
evaluated in the 3T3-L1 preadipocyte differentiation
pathway. While this pattern was sustained in NAC-
treated cells in the first 8 days of differentiation,
MAOA levels significantly dropped by day 10, corre-
lating with a Tg decrease.
Taken together, our results indicate that NAC

affects multiple targets that coordinately function to
alter the oxidative and metabolic states of adipocytes.
Antioxidant use is commonly discussed nowadays; we
could consider that individuals in the western world
are already overloaded with antioxidant dietary sup-
plements, such as food preservatives and vitamins.
Antioxidant food additives, such as sodium sulphite,
sodium benzoate, and curcumin, have been shown to
suppress leptin release in lipopolysaccharide-treated
murine adipocytes, and the involvement of antioxidant
food supplements in obesity should be discussed.38

Ciardi et al. tested food preservatives with antioxi-
dant- and/or radical-scavenging properties, which
could play a role in interfering with the signal trans-
duction cascades that modulate leptin production;
their results showed decreased leptin release from
3T3-L1 cells during differentiation and suggested
that a state of inflammation may be prerequisite for
the effect on leptin.39 Because obesity is associated
with inflammation, the effect of co-incubation of anti-
oxidants with lipopolysaccharide could be a more
accurate model of obesity; here we only evaluated
the effect of a single one antioxidant in an in vitro
model. Other free radical scavengers, such as curcu-
min, showed controversial effects. It could suppress
the lipolysis response to tumor necrosis factor-α and
catecholamines in 3T3-L1 adipocytes.40 Meanwhile,
others reported its ability to inhibit the activity of
specific adipogenic transcription factors, such as
PPARγ,41 and the resulting lower oxidative state
might explain both the beneficial effects of curcumin
on inflammation and decreased cellular lipid
content. Finally, other antioxidants, such as
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benzoates, could inhibit lipolysis in wild-type murine
adipocytes,42 whereas flavonoids, phenolic acids, and
tocotrienol showed anti-adipogenic effects in 3T3-L1
cells.43,44

We evaluated the effect of NAC on the 3T3-L1 cell
line during adipogenic differentiation, and our results
suggest that NAC affects Tg accumulation and
obesity-related protein expression. However, more
studies are needed to investigate the potential impact
of NAC on obesity development or treatment. It is
unclear to what extent any conclusion from the
present in vitro study can be extrapolated to the situ-
ation in vivo, but diets with antioxidants, such as
NAC, could have a regulatory effect on adipogenic
pathways.
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