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Abstract The objective of this study was to investigate the
effects of a hypodermic injectable solution comprised of an LPM
LB meso solution containing Melissa officinalis L. leaf extract
(LPM) on the lipogenesis in the 3T3-L1 cells line. The lipid
accumulation measured by oil red o staining in the 3T3-L1
adipocytes treated with LPM, which was reduced in a dose
dependent manner and showed 91.7 to 62.9% compared to control
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group. Its effectiveness with a 50% solution was significantly
higher than the hydroxycitric acid (positive control) treatment
without showing cell cytotoxicity. In a quantitative real-time PCR,
it was demonstrated that the LPM treatment appeared to up-
regulate the mRNA expression of the adipogenesis-related genes,
which included the peroxisome proliferator-activated receptor
gamma (50% concentration) while down-regulating the CCAAT-
enhancer binding protein alpha (50% concentration) and the sterol
regulatory element-binding protein 1c (10, 25, and 50% concentrations).
The results from the current study suggest that the LPM could be
useful biomaterials that can inhibit obesity in the 3T3-L1 cells,
which could possibly be by regulating the specific adipogenic
gene transcription factors.
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Introduction

The formation of the adipocytes through adipogenesis, differentiation
of the pre-adipocytes to the mature adipocytes from the cell
expansion leads to the enhanced lipid accumulation, and it causes
obesity [1]. Obesity causes complicated health problems that
include dyslipidemia, carcinogenesis, cardiovascular disease, and
type-2 diabetes [2]. Common strategies to reduce the incidences
of obesity are diet changes, drug treatments, physical activity, and
surgery [3]. The United States Food and Drug Administration has
approved drugs for obesity treatments, such as orlistat and
lorcaserin to combat obesity, but the consumers and the
pharmaceutical industry are looking for an alternative solution due
to the side effects and the low success rate [3,4]. Natural bioactive
substances extracted from plants, which are known to provide
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various biological benefits in numerous body systems, have been
suggested to prevent obesity [S]. In particular, natural compounds
derived from food are considered safe and acceptable for patients
compared to synthetic therapeutics [6]. It is essential to establish
an exact and a non-toxic dose of natural compounds within a cell
system in order to confirm the quality and the safety of a
therapeutic natural product [7].

Melissa officinalis L. (Labiatae; lemon balm) is a medicinal
plant that has been widely used as an ethno medical treatment for
cardiovascular disease, inflammation, neurotoxicity, and depression
[7,8]. Its biological activities, particularly the antioxidant activity,
is attributed to the phenolic acids, such as rosmarinic acid, gallic
acid, and caffeic acid [8]. In addition, it was reported that a diet
supplemented with lemon balm extract that mainly contained
caffeic acid and rosmarinic acid reduced the adipogenesis in 3T3-
L1 and inhibited the adipocyte hypertrophy in high fat diet-
induced obese C57BL/6J mice [9]. Regarding injectable biologics
to stimulate lipolysis, research interests regarding the use of
natural compounds have shown to prove the clinical efficacy with
an oral intake are growing due to safety [10]. Even though lemon
balm has been shown to provide lipolysis activity, the effect of a
hypodermic injectable solution that consisted of lemon balm leaf
extracts as whole natural products on lipogenesis has not been
studied.

The differentiation process of adipocytes is modulated through
the inter-connected regulation of transcription factors that include
CCAAT-enhancer binding protein (CEBP), a peroxisome proliferator-
activated receptor (PPAR), and sterol regulatory element-binding
protein (SREBP) [1,4]. Among the adipogenic transcription
factors, the CCAAT-enhancer binding protein alpha (CEBP) is
involved in the late stages of the adipogenesis process and
regulates the expression of the target genes that lead to the
adipocyte development [11]. The peroxisome proliferator-activated
receptors (PPARs) ligands are one of the main factors for the
change of the obesity-associated comorbidities and for the energy
balance [12]. Particularly, the peroxisome proliferator-activated
receptor gamma (PPARY) is known to play a role in the multiple
metabolic action and the cellular action, which include the
regulation of lipid metabolism, anti-inflammatory properties, and
the suppression of oxidative stress [13,14]. Activation of the
PPARY leads to stimulate the development and the differentiation
of the fresh adipocytes in the 3T3 cells [15,16]. The SREBP is
another transcription factor involved in the cell adipogenesis, the
lipid homeostasis, and the adipocyte differentiation [17].

Thus, the purpose of the current study was to evaluate the effect
of the LPM LB meso solution containing Melissa officinalis L.
leaf extract (LPM) on the cell cytotoxicity, the lipid accumulation,
and the adipocytes gene modulation by various transcription
factors, which included CEBPa, CCA AT-enhancer binding protein
beta (CEBPp), PPARy, and SREBP1, by using the 3T3-preadipocyte
cell model system.

Materials and Methods

Sample preparations

A hypodermic injectable LPM LB meso solution containing
Melissa officinalis L. leaf extract (LPM) was obtained from SKY
BIO. In detail, the LPM was mixed with about 0.02% mellissa
officinalis leaf extract, aqua, sodium chloride, propylene glycol,
methylpropanedial, tyrosine, aesculus hippocastanum (horsechestnut)
seed extract, juglans regia (walnut) seed extract, focus vesiculosus
extract, methysilanol mannuronate, sorbic acid, adenosine
phosphate, and disodium adenosine triphosphate.

3T3-L1 cell culture and adipocytes

The 3T3-L1 cells obtained from the American Type Culture
Collection (ATCC, Manassas, VA) were maintained containing
Dulbecco’s modified Eagle’s medium (DMEM, Biotechnics Research,
Inc., Lake Forest, CA, USA) supplemented with a 10% bovine
calf serum (Gibco, Thermo Fisher Scientific, Waltham, MA, USA)
and a 1% penicillin/streptomycin solution (Biotechnics Research,
Inc., Lake Forest, CA, USA) and incubated to culture conditions
at 37 °Cin 5 % CO,. 10 pg/mL of insulin in a DMEM containing
a 10% fetal bovine serum (FBS), 0.5 mM of isobutylmethylxanthine,
and 0.5 pM of dexamethasone was treated into the 3T3-L1 pre-
adipocytes for 2 days to induce adipocyte differentiation. Then,
the cells were maintained in a 10% FBS/DMEM medium with
10 pg/mL of insulin for another 2 days (D4), and they were then
cultured for an additional 4 days (D8). On D9, the cells that had
more than a 90% differentiation with the lipid content were
quantified by measuring the absorbance at 500 nm using a
microplate reader (Thermo Scientific, San Jose, CA, USA).

Measurement of Cell Viability
3-(4-5-dimethylthiazol-2-y1)-2.5-dyphenyltetrazolium bromide (MTT)
assay to measure the metabolic activity and against the cell cytotoxicity
was conducted in the 3T3-L1 adipocytes. A 3T3-L1 cell (5x10°%/
well) was seeded in 96 well plates (SPL life Science, Pocheon,
Republic of Korea), and it was then treated with various doses (1,
5,10, 25, 50, and 100%) of the products. It was stained with a 200
pL MTT solution and then incubated for 4 h at 37 °C. After the
incubation, 100 pL of dimethyl sulfoxide was added to solubilize
the resultant formazan crystals. The values of the cell viability
were measured at 570 nm using a microplate reader (Thermo
Scientific):

Cell viability (%)
= Optical density (Average of sample — Average of blank) x100
Optical density (Average of control — Average of blank)
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Table 1 Primers for sequences of transcription factors including
enhancer-binding protein (CEBP), peroxisome proliferator-activated
receptor (PPAR), and sterol regulatory element-binding protein (SREBP)

Target Gene Direction Sequence (5'-3")

. F AGA GCT ACG AGC TGC CTG AC
p-Actin R AGC ACT GTG TTG GCG TAC AG
CEBPa F GAACAGCAACGAGTACCGGGTA

R GCCATGGCCTTGACCAAGGAG
F GGAGACGCAGCACAAGGT
CEBPp R AGCTGCTTGAACAAGITCCG
F ATGGATTGCACATTTGAAGACATGCTC
SREBPlc R CCTGGGCTGCTGGGGCCT
PPARy F CCAGAGCATGGTGCCTTCGCT
R CAGCAACCATTGGGTCAGCTC

Lipid accumulation by oil red o staining

The degree of adipocyte hypertrophy was measured as the lipid
accumulation by the oil red O staining in the 3T3 cells. PBS was
then fixed in a 3.7% (w/v) formaldehyde solution that was used
for washing the 3T3 cells, and they were then washed again in
distilled water and a 60% isopropanol solution. The cells treated
with the oil red o solution were kept in an incubator for 1 hour.
Then, the stained cells were washed with distilled water several
times before they were photographed. The images were analyzed
using an optical microscope (OLYMPUS model CKX41SF,
Tokyo, Japan) at a 200x magnification and then spectrophotometric
quantification was conducted at 500 nm.

mRNA preparation and Quantitative Real-time PCR

Total RNA was extracted from the cells using an easy-spin total
RNA extraction kit (Intron Biotechnology, Sungnam, Korea) and
complementary DNA (cDNA) was subsequently synthesized
utilizing the iScript™ cDNA Synthesis Kit (Biorad, Foster City,
California, USA). mRNA levels of CEBPa,, CEBP, sterol regulatory
element binding protein-1c (SREBPIc), and PPAR were estimated
by Real-time PCR in StepOnePlus equipment (Applied Biosystems,
California, MA, USA) using 2X SYBR Green Master Mix (Takara,
Shiga, Japan). Expression levels of mRNA were normalized using
[-actin and analyzed to AACt methods for quantification. Primers
for Primer sequences were designed as shown in Table 1.

Statistical analysis

All experiments were performed 4 times or 3 times, and the data
is expressed as the mean + standard deviation (SD) for the
independent experiments. The mean difference between the
groups was analyzed by one-way ANOVA using GraphPad Prism
3.0 (Graphpad, San Diego, CA, USA). A p value of less than 0.05
was considered statistically significant.
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Fig. 1 The cell viability of LPM doses according to concentration and
ICsy of LPM dose against in 3T3 adipocytes. The data results are offered
as mean+ SEM. *** means significantly different at p <0.001 from
negative control

Results and Discussion

Effect of LPM on cell viability in the 3T3-L1 adipocyte

In order to measure the cell viability using an MTT assay,
different concentrations of the LPM LB meso solution comprising
of the Melissa officinalis extraction (LPM) were treated in the
3T3-L1 adipocytes for 4 hours. The cell viability of the 3T3 cell
ranged from 106.9 to 87.8% of the control group with a 0 to 50%
solution, but a 100% solution induced cell cytotoxicity by showing
7.1% of the control cell (Fig. 1). A concentration to inhibit 50%
of the cell viability (ICsy) value was determined to be 66.13%
(Fig. 1), which indicates that a 100% LPM solution could be
specific with the decrease in the cell viability of the mature
adipocytes. Further studies to investigate the effect of the LPM on
the lipolysis and the lipid metabolism were further conducted
within 50% of the LPM solution.

Effect of LPM on the lipid accumulation in the 3T3-L1
adipocyte

The inhibitory effect of the LPM on the lipid accumulation was
confirmed by the red color with the oil red O staining in the 3T3-
L1 adipocytes (Fig. 2). It was observed that the addition of the
LPM appeared to suppress the lipid accumulation compared to the
negative controls in the representative images (Fig. 2A). According
to this quantitative data obtained by quantifying the red colored
portion, 10, 25, and 50% LPM solution contained lipid contents of
91.75+2.34, 86.85+0.89, and 62.87+3.25%, respectively, compared
to the untreated control cells (Fig. 2B). It was significant that in a
dose dependent manner it decreased by 1.2 (p <0.01), 1.1 (p <0.001),
and 1.6-fold (p <0.001) at 10, 25, and 50% of the solution,
respectively. In contrast to the negative control group, the
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Fig. 2 The effects of the LPM on lipid accumulation in the 3T3-L1 adipocytes: Histology of the representative oil red O stained 3T3 cells sections
(original magnification x200) (A) and the quantitative analysis of the lipid accumulation. The data results are offered as mean+ SEM (B). *p <0.05,
**p <0.01, and ***p <0.001 versus the negative control group. **p <0.001 versus the positive control. LPM; LPM LB meso solution containing

Melissa officinalis L. leaf extract, HCA; hydroxycitric acid

treatment of the positive control group (hydroxycitric acid, HCA)
had a decreased lipid content by 82.96%. Particularly, a 50% LPM
solution was found to have a 1.3-fold decrease in lipid content
compared to the HCA treated cells (p <0.001). This implies that
either the whole Melissa officinalis L., extracts or the specific
components in the LPM could induce the inhibition of the lipid
accumulation. Similar to our finding, it was revealed that Melissa
officinalis L. extract induced a decrease in the lipid accumulation
in the 3T3 adipocytes [9].

Effect of LPM on the adipogenic gene expression in the 3T3-
L1 adipocyte

The mechanism of inhibiting the lipid accumulation by the LPM
was further elucidated by the mRNA expression of the genes
modulating adipogenic process (CEBPa, CEBPf, SREBPIc, and
PPARy). The LPM significantly induced the up-regulation of the
gene expression for the CEBPB (p <0.001) and the PPARy
(p <0.05) compared to the control group (Figs. 3B, C). On the
other hand, the treatment with the LPM decreased the mRNA
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Fig. 3 The effect of the LPM on the gene expression of lipid metabolism-related transcription factors in 3T3-L1 adipocytes. The cell lysates were
quantitation to real-time PCR for (A) CEBPa., (B) CEBP, (C) PPARy, and (D) SREBPIc. B-Actin was used as a loading control. The data results are
offered as mean + SEM. *p <0.05, **p <0.01, and ***p <0.001 versus the negative control group. LPM; LPM LB meso solution containing Melissa

officinalis L. leaf extract (LPM), HCA; hydroxycitric acid

expression of the genes CEBP4 and SREBPIc (Figs. 3A, D).
According to the gene expression data obtained, the positive
control (HCA) significantly decreased for the CEBPa (p <0.05)
and the SREBPlc (p<0.01) compared to the negative control
group. On the other hand, the expression of the CEBPA and the
PPARYy were not significantly affected and similar to the negative
control group. The expression of the CEBPa was significantly
decreased by 1.6-fold with a 50% LPM solution (p <0.05), which
was similar to the positive control group by 1.8-fold. The
expression of the SREBP1c was significantly decreased by 1.3,
2.3, and 3.6 folds at a 10% LPM solution (p <0.01), a 25% LPM
solution (p <0.01), and a 50% LPM solution (p <0.001), respectively.
Also, the SREBP1c 50% LPM solution decreased by more than
2.5 folds than the treatment for the positive control group (HCA).

Among the CEBP, the CEBPa was expressed early in the
adipocyte differentiation program, and the activation of the
CEBPB promotes the CEBPa and the PPARy expression [1].
Interestingly, our results found that the mRNA expression of the
CEBPa was down-regulated, while the mRNA expression of the
CEBPp was upregulated by the LPM (Figs. 3A, B). It was also
demonstrated that activation of the PPARY expression seemed to

be promoted according to the activating of the CEBPp. Previous
studies also found increases in the hydrolysis of the triglyceride-
rich lipoproteins, secretion of the adiponectin, and insulin
sensitivity in the mature adipocytes. White the adipose tissue
(WAT) and the brown adipose tissue (BAT) have antagonistic
functions and in contrast to the WAT, the BAT has the ability to
release energy in the form of heat [13,18]. The appearance of
brown-like cells at the WAT depot is caused by colds, exercise, or
pharmacological treatment, such as the PPARy agonists [13]. The
previous study reported that activation of the PPARY transcriptional
function stimulates the brown adipogenesis, and the relatively
large amounts of BAT were associated with weight loss [18]. The
current study increased the expression of PPARy, which could be
specific to the brown adipose tissue. The results from the current
study concluded that 50% of the LPM solution seems to decrease
the lipid accumulation by increasing the PPARy expression and by
also decreasing the CEBPa and the SREBP1 levels. The current
study suggests the possible mechanisms of the LPM to inhibit
adipogenesis, which include 1) adipogenic differentiation in the
terminal stage could be inhibited by decreasing the CEBPa., 2) the
BAT associated with weight loss could be induced by increasing
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the expression of the PPARy, and 3) the enzyme activity on the
lipid synthesis could be suppressed by down-regulating the gene
expression of the SREBPI1c.

In conclusion, the current study investigated the effects of a
hypodermic injectable solution compromising by Melissa officinalis
L. leaf extract (LPM) on lipogenesis in the 3T3-L1 cells line. An
LPM treatment that has up to a 50% solution reduced the lipid
accumulation in the 3T3-L1 adipocytes. Regarding the adipogensis
related transcription factors, the LPM up-regulated the expression
of the PPARy that promoting the hydrolysis of the triglyceride-
rich lipoproteins and the secretion of adiponectin and insulin
sensitivity in the mature adipocytes. It also down-regulated the
expression of the CEBPa and the SREBP1c that was responsible
for the adipogenic differentiation in the terminal stage and lipid
synthesis enzymes, respectively, which resulted in prevention of
adipogenesis. The results from the current study suggest that the
LPM could be useful ingredients for hypodermic injector
ingredients to regulate obesity. Future studies on in vivo and
clinical trials are needed for the safety and the efficacy to validate
the results observed with in vitro models.
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