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tiadipogenic effect than docosahexaenoic acid in differentiated 3T3-L1 cells. Bulg. J. Vet. 
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The comparative studies of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) effects on 
the amount of lipid droplets (LD) and within adipocytes are limited. In this study, 3T3-L1 mouse 
embryo fibroblasts (ATCC® CL-173™) were expanded up to fifth passage. At the stage of growth 
arrest, the cells were treated with EPA and DHA separately and in combination at 100 μg/mL for 2 
days. Oil Red O staining protocol, subsequent extraction with isopropanol and spectrophotometric 
determination of absorbed dye were used to establish the amount of intracellular lipid droplets depo-
sition. While DHA administration had no significant effect on reduction of LD intracellular deposi-
tion, the EPA treatment decreased optical density (OD) significantly (P<0.05). Furthermore, a syner-
gic effect of combined application of both PUFAs was not observed. In conclusion, EPA provoked 
stronger antiadipogenic effect than DHA suggesting that EPA administration would be more effective 
in already existing obesity.  
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INTRODUCTION 

Over the past decades, obesity and related 
chronic diseases such as type 2 diabetes, 
dyslipidaemia, atherosclerosis and hyper-
tension are growing worldwide. The 
common pathogenetic mechanism of these 

abnormalities is a transient condition 
known as metabolic syndrome. The qual-
ity of dietary fat and the content of long-
chain omega-3 polyunsaturated fatty acids 
(LC-PUFAs) – docosahexaenoic acid 
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(DHA; C22:6n-3) and eicosapentaenoic 
acid (EPA; C20:5n-3) in particular are of 
major importance. Some authors estab-
lished that they affected plasma levels of 
triglycerides and high-density lipoprotein 
cholesterol, which explains to a great ex-
tent their protective role on cardiovascular 
disease, and at the same time stimulate the 
body anti-inflammatory defense mecha-
nisms (Ruxton et al., 2004). 

Recently, a number of studies were 
conducted, showing the main role of adi-
pose tissue in the development of meta-
bolic syndrome (Laclaustra et al., 2007; 
Slawik & Vidal-Puig, 2007; Dodson et 
al., 2011). Thus in turn allows reducing 
the negative effects of obesity by modu-
lating its secretory function by n-3 LC-
PUFAs. 

The 3T3-L1 mouse adipocytes are 
widely used as a system model for study 
of adipocyte differentiation (Rosen et al., 
1979) and exploration of metabolic disor-
ders of adipose tissue for more than 30 
years. Peroxisome proliferator-activated 
receptors (PPARs) are transcription fac-
tors that are bound and activated by fatty 
acids and fatty acid derivatives. It is as-
sumed that the expression of PPARγ regu-
lated genes depends on the length and 
extent of fatty acids unsaturation which is 
also relevant to the lipid droplets forma-
tion during adipocytes differentiation 
(Bernlohr et al., 1997; Takahashi & Ide, 
1999). It is acknowledged that EPA is an 
agonist and a regulator of PPARγ gene 
expression, and that prolonged treatment 
with EPA appears to inhibit its expression 
in certain fat depots (Chambrier et al., 
2002). 

Some authors reported that EPA-rich 
feeding reduced the amount of adipose 
tissue and inhibited the development of 
obesity in rats (Rustan et al., 1993). With 
regard to adipocytes themselves, EPA 

induces the expression of genes related to 
the biosynthetic processes in mitochondria 
and oxidative metabolism, increasing lip-
ids catabolism (Flachs et al., 2005; Flachs 
et al., 2009). In addition, EPA is also 
relevant to the synthesis of some adipoki-
nes such as leptin and adiponectin (Flachs 
et al., 2009). They improve insulin sensi-
tivity (Kamohara et al., 1997; Yamauchi 
et al., 2001), although the data on their 
plasma concentrations and deposition in 
adipocytes are contradictory. Most recent 
studies have revealed that in cell cultures 
of human adipocytes, EPA and DHA in-
creased the secretion of adiponectin by 
88% and 47% respectively, 48 hours after 
the treatment (Tishinsky et al., 2011). 

Despite the numerous studies in last 
few years, investigations on the differen-
tial effect of EPA and DHA on the amount 
of the adipocytes and the formation of the 
lipid droplets within, are limited. There-
fore further investigations on differenti-
ated 3T3-L1 cell cultures are needed to 
clarify the effect of the independent and 
co-administration of n-3 LC-PUFAs on 
adipocytes and their usage in the preven-
tion and treatment of metabolic syndrome. 

MATERIALS AND METHODS 

3T3-L1 mouse embryo fibroblasts 
(ATCC® CL-173™) were expanded up to 
fifth passage in basic culture media (basal 
media-BM), consisting of Dulbecco's 
Modified Eagle Medium (DMEM – low 
glucose), 10% (v/v) foetal bovine serum 
(FBS), L-glutamine and antibiotic solution 
(penicillin G, streptomycin, amphotericin 
B) (Sigma), at 37 oC, in a humidified 5% 
CO2 atmosphere, till obtaining 95% con-
fluence, in 25 cm2 tissue flasks. Then the 
cells were reseeded in 24-well plates at a 
density of 5×104/mL, cultured at same 
conditions for three days and left another 
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24 hours to achieve density-dependent 
inhibition of cell division. 

At this stage, depending on the treat-
ment, two major experimental groups 
were formed, each of them comprising se-
veral subsets (5 wells each, n=5): 

1) Group of non-induced cells 

 BM (basal medium), in which the cells 
were grown only in basal medium for 
21 days; 

 CM (control medium) – the cells were 
grown in culture medium consisting of 
DMEM (high glucose), 10% FBS,  
L-glutamine and antibiotic solution 
(penicillin G, streptomycin, ampho-
tericin B). This group was used to dif-
ferentiate the degree of spontaneous 
induction;  

 AMM (adipocyte maintainance me-
dium) consisting of DMEM (high glu-
cose), 10% FBS, L-glutamine, 10 
μg/mL insulin and antibiotic solution 
(penicillin G, streptomycin, ampho-
tericin B), in which the cells were 
grown for 21 days; 

2) Group of induced cells 

Cells from all subsets of this main 
group were treated for three days with 
adipocyte inducing medium (AIM) con-
taining DMEM (high glucose), 10% FBS, 
L-glutamine, 0.1 mM 3-isobutyl-1-methyl-
xanthine (IBMX), 0.05 mM indomethacin, 
1 μM dexamethasone, 10 μg/mL insulin 
and antibiotic solution (penicillin G, strep-
tomycin, amphotericin B). After this in-
duction period, the cells were divided into 
respective subgroups and treated as fol-
lows: 
 CM: treated with control medium 

alone (CM) for 18 days; 
 AMM: treated with maintenance me-

dium alone (AMM) for 18 days. After 
this period, the cells were cultured in 

control medium (CM) for 2 additional 
days; 

 EPA: treated with maintenance me-
dium for 18 days, and cultured in con-
trol medium (CM) supplemented with 
EPA at concentration of 100 μg/mL 
for 2 additional days; 

 DHA: treated with maintenance me-
dium for 18 days, and cultured in con-
trol medium (CM) supplemented with 
DHA at a concentration of 100 μg/mL 
for 2 additional days; 

 EPA+DHA: treated with maintenance 
medium for 18 days, and cultured in 
control medium (CM) with the addi-
tion of EPA and DHA at a concentra-
tion of 100 μg/mL for 2 additional 
days. 
After finishing the cycle of adipogene-

sis (3 days in induction media + 18 days 
in maintenance media) and treatment of 
cells with PUFAs either separately or in 
combination, the Oil Red O staining pro-
tocol (Sigma), subsequent extraction with 
isopropanol and spectrophotometric de-
termination of absorbed dye was applied 
to establish the amount of intracellular 
lipid droplets deposition. 

At the end of the trial, cells from ex-
perimental and control groups were 
washed twice with PBS and fixed with 
10% (vol/vol) neutral buffered formalin 
for 30 min at room temperature. During 
fixation a fresh working solution of Oil 
Red O (Sigma) was prepared by mixing 
three parts 0.5% Oil Red O in isopropanol 
stock solution with two parts of dd H2O, 
allowed to stay at room temperature for 10 
min and filtered through filter paper  to 
remove the unresolved stain particles 
(Yang et al., 2011). Fixed cells were 
washed twice with PBS, and each well 
was filled up with 300 µL Oil Red O 
working solution and incubated for 30 min 
at room temperature. The stain was dis-
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carded, the cells were triple washed with 
distilled water, and images were taken 
using an inverted Telaval Carl Ziess 
JENA (Germany) microscope equipped 
with a MDCE-5 high resolution ocular 
camera (China). Further, immediately 
after washing procedure, the wells were 
dried and each stained well filled up with 
1 mL 100% isopropanol for 10 min at 
room temperature to extract the accumu-
lated Oil Red O stain from the intracellu-
lar lipid droplets. The optical densities 
(OD) of collected eluates were measured 
at 490 nm using EvolutionTM 300 UV Vis 
spectrophotometer (Thermo Scientific, 
USA) and the grade of absorbance was 
presented as mean value of tree con-
secutive measurements for each sample.  

Statistical analysis 

Preliminary results were processed by 
statistical software Statistica v. 6.1 (Stat-
Soft Inc., 2002). Descriptive statistics 
methods were used to determine the 
means and standard deviations (± SD). 
Post hoc LSD test was used, to evaluate 
the antiadipogenic features of PUFAs on 
the mean values of the observed index in 
differentiated 3T3-L1 cell cultures at  
three levels of statistical significance: 
P<0.05; P<0.01 and P<0.001. 

RESULTS  

During the experiment the cells were suc-
cessfully differentiated into mature (adult) 
adipocytes (Fig. 1 and 2).  

Spontaneous adipogenesis in unin-
duced cells group (Fig. 1, BM and CM) 
was observed only in single cells. In CM, 
many cells deposited small, oval, located 
around the nucleus lipid droplets (LD-
lipid droplets). 

Over 80% of the cells in AMM were 
in adipogenesis. Part of the cells was ob-
served to increase the volume of the LD 

and tended to aggregate. In addition, 
mean±SD OD values in this subgroup – 
1.154±0.17 were significantly (P<0.001) 
higher compared to BM (0.560±0.02) and 
CM (0.702±0.04) (Fig. 3). 

 
Basal medium (BM) 

 
Control medium (CM) 

 

Induction+AMM 

Fig. 1. Microscopic images of 3T3-L1 from 
uninduced (BM and CM) and induced un-
treated (Induction + AMM) cell groups at the 
end of the experimental period, Oil Red O 
staining. Scale bar 200 μm. 
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Before induction 

 

Six days after induction 

 

At the end of induction 

Fig. 2. Light-microscopic pictures of 3T3-L1 
of induced cells, native preparations. Scale bar 
200 μm. 

 
In the group of induced untreated 

cells, OD values (Fig. 3) were higher for 
AMM (1.348±0.15) compared to CM 
(1.176±0.08) (P<0.05); this was also the 
highest mean OD value among all other 
groups. 

In the induced and treated cells group, 
a decrease in OD after EPA application 
alone (1.130±0.05; P<0.01) or in combi-
nation with  DHA (1.154±0.13; P<0.01) 
was established, compared to the induced 
and non-treated cells (AMM). Although 
the DHA treatment had no significant ef-
fect on reduction of LD intracellular 
deposition, the average OD values 
(1.271±0.07) in this subgroup were lower 
compared to AMM. Furthermore, the 
EPA administration alone decreased sig-
nificantly OD (P<0.05) as compared to 
the group treatedonly with DHA. 

DISCUSSION 

The major finding of this study is that 
EPA provokes stronger in vitro antiadi-
pogenic effect than DHA in differentiated 
3T3-L1 cells. The combined effect was 
similar to that of EPA suggesting no syn-
ergism of both omega-3 PUFAs concern-
ing their antiadipogenic properties. 

Non-induced and induced, untreated 
cells groups were used to monitor the adi-
pogenesis process. Gradual significant 
increase of OD values in non-induced 
cells (BM, CM and AMM) was a quanti-
tative expression of the adipogenesis de-
pending on the presence of high levels of 
glucose and insulin in the medium. Al-
though some authors suggest that insulin 
is the most powerful regulator of adipo-
genesis (Klemm et al., 2001), the reported 
maximum significantly higher OD values 
in untreated and induced by AMM cells, 
demonstrated the presence of additional 
factors affecting the degree of cells induc-
tion. 

According to the traditional protocols, 
induction of differentiation in the stage of 
cell confluence by hormonal cocktail con-
sisting of insulin, DXM, and 3-isobutyl-1-
methylxanthine, preadipocytes can diffe-
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rentiate into mature adipocyte cells, ex-
pressing specific adipocyte genes and 
accumulating triacylglycerol lipid droplets 
(Cornelius et al., 1994). The synergistic 
interaction in combined activation of these 
three signal pathways in the initial phase 
of differentiation is essential for the full 
development process of adipogenesis 
(Gregoire et al., 1998; Ntambi & Young-
Cheul, 2000; Petersen et al., 2008), and 
its ultimate goal is the activation of 
PPARγ. In this aspect, our results in the 
untreated groups proved the successful 
differentiation of preadipocytes into adi-
pocytes and confirmed the data of the 
above mentioned authors. 

It is known that n-3 PUFAs directly af-
fect the activity of PPARs (Flachs et al., 
2009). Although EPA is an agonist and 
positive transcriptional gene regulator of 
the PPARγ1 (Chambrier et al., 2002), 
prolonged treatment with EPA in differen-
tiating adipocytes decreased significantly 
the intracellular deposition of lipid drop-
lets in our experiments. In this respect, 
during the process of cell differentiation 
into adipocytes, a mechanism protecting 

cells from intracellular lipid deposition is 
probably activated. This defense mecha-
nism is presumably similar to the effect of 
EPA on some genes involved in the ex-
pression of lipid catabolism (Flachs et al., 
2005; 2009). The results of the present 
study showing significant decrease in OD 
after EPA treatment alone compared to 
untreated and induced cells (AMM), indi-
rectly supports this assumption. It is inter-
esting to note that OD values in this sub-
group were very similar and not statisti-
cally different compared to induced CM 
and non-induced AMM. Probably EPA 
affected not only the expression of lipo-
lytic enzymes, but also the insulin path-
way for maintaining adipogenesis in its 
later stages, preventing further deposition 
of lipid droplets in cells. On the other 
hand, if there was a superimposition of 
these two mechanisms maybe the rate of 
decrease would be more strongly expres-
sed. Therefore, additional studies are nee-
ded to further elucidate this hypothesis.  

There are still disagreements regarding 
the mechanism of DHA action. Some au-
thors found that DHA added at the time of 
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Fig. 3. Optical density at 490 nm (mean±SD; n=5 for all groups) 
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3T3-L1 differentiation, inhibited this 
process by inducing cells apoptosis and 
thus reduced their volume and weight re-
spectively (Kim et al., 2006; Prostek et 
al., 2014). On the other hand, it was noted 
that PUFA, including DHA, suppressed 
the intracellular deposition of triglycerides 
in 3T3-L1 during the same period 
(Madsen et al., 2005). The reported trend 
of OD decrease in this subgroup compa-
red to induced and non-treated AMM 
showed that DHA exhibited an antiadipo-
genic effect even if applied after the pe-
riod of cell differentiation. Furthermore, 
in addition to the DHA influence on the 
cell apoptosis, Kim et al. (2006) noted an 
enhancement of the lipolytic processes in 
already mature adipocytes as a result of 
treatment of the cells with this polyunsatu-
rated fatty acid. In this respect, our results 
rather confirmed that DHA reduced the 
intracellular deposition of lipid droplets 
even after the period of cell differentia-
tion.  

Based on obtained results it could be 
concluded that EPA had a stronger an-
tiadipogenic effect compared to DHA. 
According to some authors, EPA and 
DHA affect preadipocyte differentiation 
in a different way. For example, DHA 
treatment of 3T3-L1 during the differen-
tiation was not associated with activation 
of the inflammatory response and the au-
thors suggested that this DHA effect even 
improves lipid deposition in adipose tis-
sue (Ganesan et al., 2012). On the other 
hand, EPA modulates lipid metabolism by 
induction of the lipolytic genes expression 
and suppresses those associated with adi-
pogenesis in 3T3-L1 (Lee et al., 2008).  

In the present study the combined cell 
treatment with both PUFAs significantly 
decreased fat droplets deposition in the 
cells, but obtained values were similar to 
those after EPA treatment alone, and that 

was mainly due to the effect of EPA. Fi-
nally, the comparative analysis on the 
adipogenic effect of both PUFAs showed 
significant antiadipogenic effect of EPA, 
either alone or co-applied with DHA. 
Synergism between EPA and DHA was 
not observed and probably the established 
changes after combined application were 
due to the EPA activation influence on the 
lipolytic factors. This study raised new 
questions about the mechanism of action 
of EPA and DHA. Therefore, additional 
studies are needed to further elucidate the 
gene expression levels of some key en-
zymes and factors involved in lipogenesis 
and lipolysis to clarify the molecular 
mechanisms of the stronger antiadipo-
genic effect of EPA. 

The present results confirmed the an-
tiadipogenic properties of omega-3 PU-
FAs on differentiated 3T3-L1 cell culture. 
However, EPA provokes stronger antiadi-
pogenic effect than DHA suggesting that 
EPA administration would be more effec-
tive in already existing obesity. 
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