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Ramie Leaf Extracts Suppresses Adipogenic Differentiation in
3T3-L1 Cells and Pig Preadipocytes
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ABSTRACT: The present study was carried out to evaluate the anti-obesity effect of different concentrations of extracts of hot air-
dried ramie leaf (HR) and freeze-dried ramie leaf (FR) in 3T3-L1 cells and pig preadipocytes. To analyze the effect on cell proliferation,
cells were treated with 25 pg/mL or 100 pug/mL HR or FR extract for 2 days. Cell differentiation was evaluated by measuring glycerol-3-
phosphate dehydrogenase and lipoprotein lipase (LPL) activities and intracellular triglyceride content. Treatment with either HR or FR
extracts inhibited the proliferation of 3T3-L1 cells and pig preadipocytes in a dose-dependent manner. HR extract treatment inhibited the
differentiation of both cell types more effectively than FR treatment. The extent of triglyceride accumulation decreased significantly in
both cells following either HR or FR treatment. Furthermore, LPL activity significantly decreased after treatment with HR or FR extract.
These results indicated that HR and FR extracts may inhibit proliferation and differentiation of 3T3-L1 cells and pig preadipocytes.
Further studies are needed to explore the anti-obesity effect of HR and FR extracts. (Key Words: Ramie Leaf, Preadipocytes,

Proliferation, Differentiation, Obesity)

INTRODUCTION

Obesity is considered a public health problem and is
caused when energy intake exceeds energy expenditure.
Obesity is closely linked to metabolic diseases such as
diabetes, hypertension, heart disease, and cancer (Cao,
2007). Adipogenesis is a sequence of events that includes
adipose tissue proliferation and differentiation, and lipid
accumulation (Fernyhough et al., 2007). Obesity causes
normal or excessive fat accumulation and adipocyte
differentiation (Gonzalez-Castejon et al., 2011). Many
studies have shown that plant-derived foods have the
potential to reduce obesity (Boeing et al, 2012).
Furthermore, understanding the anti-obesity mechanism of
plant-derived products will help prevent obesity. In vitro
and in vivo evidence suggests that natural compounds
inhibit obesity by inhibiting adipocyte differentiation and
altering lipid metabolism (Yun, 2010).
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Ramie (Boehmeria nivea L.) belongs to the family
Urticales and is widely cultivated in Asian countries such as
Korea, India, and China. Ramie is used as a traditional
herbal medicine and has been shown to have antioxidant,
anti-hepatitis B virus, anti-inflammatory, and antifungal
effects (Lee et al., 2009; Xu et al., 2011; Wei et al., 2014).
Ramie is a rich source of amino acids, vitamins, minerals,
dietary fibers, and flavonoids (Lee et al., 2009). Recent
studies have shown that the physiochemical composition
and the antioxidant properties of ramie vary between hot-
air-dried ramie leaf (HR) and freeze-dried ramie leaf (FR)
(Kim et al., 2014a, b). However, the effect of preparation
method on its anti-adipogenic effect has not yet been
evaluated. In the present study, we used 3T3-L1 cells,
clonal line of preadipocyte that was capable of
differentiating adipocyte and porcine preadipocytes (Green
and Kehinde, 1975). Pig has been used as an ideal model
due to its similar metabolic features, cardiovascular systems,
and organ sizes with humans (Houpt et al., 1979; Spurlock
and Gabler, 2008; Litten-Brown et al., 2010). It may be
very helpful to understand the effect of HR and FR extracts
on adipogenesis using these model.
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MATERIALS AND METHODS

Preparation of ramie leaf extract

Ramie leaf was purchased at a local market in Gwangju,
Korea. It was rinsed in water and blanched in boiling water
for 1 minute. Afterwards, the blanched portion was drained
of water. HR was prepared by placing in a 60°C hot-air
oven for 40 h. FR was dehydrated at —70°C for 72 h. HR
and FR powders were added with 80% ethanol solution.
Using a heating mantle, solutions were heated at 65°C for 9
h with constant stirring and then filtered through filter paper.
Samples were concentrated on a rotary evaporator and
stored at —70°C, before analysis.

3T3-L1 cell culture conditions

3T3-L1 murine preadipocytes were obtained from
American Type Culture Collection (Manassas, VA, USA)
and cultured as described previously (Chen et al., 1997).
For the proliferation experiments, cells (1x10°) were plated
in 6-well plates and media were changed every 2 days. To
induce cell differentiation, cells (3x10%) were plated in 6-
well plates and were grown to confluence in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
10% (v/v) fetal bovine serum (FBS). Media was changed
every 2 days until 14 days. On day 1, confluent cells were
changed to differentiation medium, which consisted of 10
pg/mL insulin, 1 uM dexamethasone and 0.5 pM 3-isobutyl-
I-methylxanthine (IBMX) in DMEM supplemented with
10% FBS. From day 2, media was replaced with 10 ng/mL
insulin in DMEM supplemented with 10% FBS. Stock
solutions of Ramie leaf were prepared in dimethyl sulfoxide
(DMSO) and diluted with medium prior to experimental
procedures.

Pig preadipocyte isolation

Pig preadipocytes were obtained from newborn male
pigs. The back fat tissue taken from the pigs were treated
with collagenase treatment. The isolated tissue was digested
with collagenase for 40 minutes at 37°C. After removal of
undigested tissue using nylon mesh, tissue was centrifuged
at 1,500xg, 10 minutes. The cell pellet was placed into a
Krebs-Ringer Bicarbonate buffer, centrifuged at 1,796xg
for 10 mins, and cells were collected.

Pig preadipocyte cell culture conditions

Pig preadipocyte cells were cultured as described
previously (Suryawan et al., 1997). For the proliferation
experiments, cells (5x10°) were plated in DMEM/F-12
supplemented with 10% (v/v) FBS. Differentiation was
initiated by the addition of insulin (600 pg/mL), transferrin
(1 pg/mL), and hydrocortisone (500 pg/mL) in DMEM/F-
12 media with 10% FBS.
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Determination of cell viability

Cells were treated with DMSO (control) or various
concentrations of each Ramie leaf extract for 2 days. Cells
were washed with phosphate-buffered saline (PBS) and
cells were collected cells using trypsin. After centrifugation,
cell proliferation was determined using a hemocytometer
and the trypan blue exclusion assay.

Measurement of cell differentiation

Glycerol-3-phosphate dehydrogenase (GPDH) activity
was measured according to the method of Wise and Green
(1979). After removing the culture media, differentiated
cells were washed with PBS and lysed in a pH 7.4 buffer
consisting of 0.25 M sucrose, 5 mM Tris base, 1| mM
ethylenediaminetetraacetic acid, and 1 mM dithiothreitol.
After centrifugation, GPDH activity in the supernatant was
measured.

Quantification of triglyceride content

Cellular triglyceride content was isolated from the
supernatants of differentiated cells by homogenization.
Supernatant (5 pL) was mixed with free glycerol assay
reagent (160 ul) in a 96-well plate. After incubation for 5
mins at 37°C, the absorbance of the solution was measured
at 540 nm using a microplate reader. The absorbance was
measured again after adding triacylglycerol reagent (40 pL).

Measurement of lipoprotein lipase expression

Lipoprotein lipase (LPL) activity was measured by
detecting liberated 3H triolein substrate emulsion according
to previously reported method (Nilsson-Ehle and Schotz,
1976). LPL activity was expressed as units of fatty acid
released per gram of tissue.

Statistical analysis

All data are expressed are meanststandard error. All
results were compared by one-way analysis of variance
using the statistical package of social science (SPSS)
program. Group means were considered significantly
different at p<0.05.

RESULTS

Ramie leaf extract inhibited the viability of 3T3-L1 cells
and pig preadipocytes

Initially we examined the effect of ramie leaf extracts
on viability of 3T3-L1 cells and pig preadipocytes. As
shown in Figure 1A, the viability of 3T3-L1 cells did not
show any difference between HR and FR extract at 24 h
(data not shown), but examined the significance of 100
pg/mL HR or FR extract after 48 h. Treating pig
preadipocytes with 25 pg/mL or 100 pg/mL HR or FR



1340

Lee et al. (2016) Asian Australas. J. Anim. Sci. 29:1338-1344

A 120

Cell number
(% of control)

-
» (=2 © o
o o o o

N
o

o

pg/mL 0 25

= Hot air drying
DOFreeze drying

100

B 120

Cell number
(% of control)

-
» (=23 (-3 o
o o o o

n
o

0
pg/mL 0 25

mHot air drying
DOFreeze drying

100

Figure 1. Effects of hot air-dried ramie leaf (HR) or freeze-dried ramie leaf (FR) extracts on viability of 3T3-L1 preadipocytes (A) and
pig preadipocytes (B) after 2-day treatment. Cell viability was determined by counting cells with a hemocytometer. Reported values are
meanststandard error. ¢ Significantly different (p<0.05) compared with each control by one-way analysis of variance followed by

Tukey's test. Each experiment was repeated at least triple.

extract significantly inhibited their viability after 48 h
(Figure 1B). These results indicated that HR and FR
extracts reduced the viability of pig preadipocytes at lower
concentrations than that required for 3T3-L1 cells.

Ramie leaf extract reduced differentiation of 3T3-L1
cells and pig preadipocytes

We analyzed the effect of ramie leaf extract on the
differentiation of 3T3-L1 cells and pig preadipocytes.
Compared to DMSO treatment (control), the treatment of
3T3-L1 cells with 100 pg/mL HR or FR extract for 48 h
resulted in 36% and 34% inhibition, respectively, of GPDH
activity. The two drying methods did not affect 3T3-L1 cell
differentiation following treatment for 48 h (Figure 2A).
The HR extract inhibited the differentiation of pig
preadipocytes at 100 pg/mL. However, the FR extract
suppressed the differentiation in a concentration-dependent
manner (Figure 2B). These data indicate that the HR extract
is superior to FR extract in inhibiting the differentiation of
pig preadipocytes.

Effect of ramie leaf extract on lipid accumulation in pig
preadipocytes

We measured the effect of ramie leaf extract on lipid
accumulation in pig preadipocytes. Figure 3 shows the

proliferation of pig preadipocytes after 2 days of cultivation.

After 4 days of cultivation, cells had reached confluency. At
6 days, compared to the control, HR and FR extract
treatment at a concentration of 100 ug/mL inhibited lipid
accumulation in pig preadipocytes. This finding indicates
that HR and FR extract inhibited adipocyte differentiation.

Ramie leaf extract inhibited triglyceride accumulation
in 3T3-L1 cells and pig preadipocytes

To explore the effect of ramie leaf extract on
intracellular triglyceride accumulation, 3T3-L1 cells and
pig preadipocytes were exposed to HR and FR extract for 6
days. HR and FR extract at a concentration of 25 pg/mL
decreased triglyceride levels by 11.6% and 9.6%,
respectively. HR and FR extract at a concentration of
100 pg/mL reduced triglyceride levels by 29.9% and 26.6%,
respectively (Figure 4A). Triglyceride accumulation in pig
preadipocytes was inhibited by 15% following treatment
with HR extract at 25 pg/mL; 100 pg/mL HR inhibited
triglyceride accumulation by 44.5%. FR extract also
decreased triglyceride content in pig preadipocytes, but no
significant changes were observed at 25 pg/mL (Figure 4B).
These results demonstrate that both ramie leaf extracts
inhibited the accumulation of triglycerides in 3T3-L1 and
preadipocytes and that HR extract was more effective than
FR extract in inhibiting triglyceride accumulation.
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Figure 2. Effects of hot air-dried ramie leaf (HR) or freeze-dried ramie leaf (FR) extracts on differentiation of 3T3-L1 cells (A)
and pig preadipocytes (B). Cell differentiation was determined by glycerol-3-phosphate dehydrogenase (GPDH) activity. Reported values
are meanststandard error. *° Values with different superscripts are significantly different at p<0.05 according to Tukey's test.
# Significantly difference compared with freeze drying at p<0.05 according to Student's #-test. Each experiment was repeated at least

triple.

Ramie leaf extract inhibited lipoprotein lipase activity in
3T3-L1 cells and pig preadipocytes

Because LPL is a key factor in the development of
obesity (Wang and Eckel, 2009), we evaluated the effect of
HR and FR extracts on LPL activity in 3T3-L1 cells and pig

Control |

FR

0 day 2 day

preadipocytes. As shown in Figure 5A, compared to the
control, treatment with 100 pg/mL HR or FR significantly
inhibited LPL activity in 3T3-L1 cells. In pig preadipocytes,
treatment with HR extract decreased LPL activity at both
concentrations 25 pg/mL and 100 pg/mL (Figure 5B). HR

4 day 6 day

Figure 3. Micrographs showing differentiation of pig preadipocytes treated with air-dried ramie leaf (HR) or freeze-dried ramie leaf (FR)
extracts. Pig preadipocytes treated with HR or FR extracts (100 pg/mL) were incubated for 6 days. Each experiment was repeated at least

triple.
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Figure 4. Hot air-dried ramie leaf (HR) or freeze-dried ramie leaf (FR) extracts decreased triglyceride accumulation in 3T3-L1 cells (A)
and pig preadipocytes (B). Reported values are means+tstandard error. *© Values with different superscripts are significantly different at
p<0.05 according to Tukey's test. * Significantly difference compared with freeze drying at p<0.05 according to Student's ¢-test. Each

experiment was repeated at least triple.

extract treatment showed more sensitive than FR extract
treatment on inhibition of LPL activity at 25 pg/mL
concentration. These findings imply that HR and FR extract
inhibited LPL activity in both 3T3-L1 cells and pig
preadipocytes.

DISCUSSION

Obesity is caused by the growth and expansion of
adipose tissue (de Ferranti and Mozaffarian, 2008).
Adipocyte differentiation and fat accumulation are closely
linked to obesity (Féve, 2005). In the present study, we
evaluated the effect of HR or FR extract treatment on the
proliferation and differentiation of 3T3-L1 cells and pig
preadipocytes at concentrations of 25 and 100 pg/mL. The
3T3-L1 cell line and primary preadipocytes are useful
models for studying the differentiation of preadipocytes into
adipocytes (Kim and Moustaid-Moussa, 2000; Feve, 2005).

Hot-air and freeze drying are common methods for
preserving food and feed (Ratti, 2001). Food preparation
methods can affect the nutritional and functional qualities of
the food. We have investigated to compare the
physicochemical composition and antioxidative properties
between HR and FR (Kim et al., 2014a, b). There were no
significant differences in moisture, crude protein, crude fat,
crude ash, and carbohydrate content depending on the

drying methods, but the dietary fiber content was
significantly higher in FR than in HR. In addition, the
contents of vitamin A, E, and C, total minerals, total organic
acids and total free sugars in HR were significantly higher
than those in the FR. Phenolic compounds such as
flavonoids and chlorogenic acid are considered to be the
major contributors to the antioxidant ability of plants (Ong
et al, 2013). Total polyphenolics, flavonoids, and
chlorogenic acid contents in HR and FR used in this
experiment were found to be 132.50+2.76 and 138.00+2.64
tannic acid equivalent mg/g dry matter (DM), 119.00£1.15
and 124.25+0.58 rutin equivalent mg/g DM, and
15.2440.65 and 15.78+0.53 mg/g, respectively. Several
studies have shown that the antioxidant capacities of natural
products depend on the drying method used (Kim et al.,
2007; Ferreira and Luthria, 2010; Glimiisay et al., 2015).
Our previous study revealed that both HR and FR extracts
had a high 2,2-diphenyl-1-picrylhydrazyl radical
scavenging activity and high total flavonoid contents (Kim
et al., 2014b), but that there was no difference between
them (Chen et al., 1997). Oxidative stress is caused by an
imbalance between pro-oxidants and antioxidants and it
plays a critical role in the pathology of various diseases
(Furukawa et al., 2004). Low levels of oxidative stress
allow cells to maintain a normal redox status, but high
levels damage cell composition and function (Yu, 1994).
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Figure 5. Effects of hot air-dried ramie leaf (HR) or freeze-dried ramie leaf (FR) extracts on lipoprotein lipase (LPL) activity in 3T3-L1
cells (A) and pig preadipocytes (B). Reported values are means+standard error. ® Values with different superscripts are significantly
different at p<0.05 according to Tukey's test. Each experiment was repeated at least triple.

Obesity increases oxidative stress and induces lipid
peroxidation (Vincent and Taylor, 2006). Excessive levels
of lipid in the blood can induce elevated oxidative levels in
vivo and in vitro (Furukawa et al., 2004; Vincent and Taylor,
2006). In this study, we observed that HR and FR extract
treatment inhibits the proliferation and differentiation of
3T3-L1 cells and pig preadipocytes in a dose-dependent
manner (Figure 1 and 2). Furukawa et al. (2004)
demonstrated that reactive oxidative species was produced
during differentiation of 3T3-L1 cells into adipocytes
(Furukawa et al., 2004). Therefore, inhibition of
proliferation and differentiation by HR and FR extracts
which contain high levels of antioxidants may have the
potential to prevent obesity.

In this study, HR and FR extract treatment decreased
lipid accumulation in 3T3-L1 cells and pig preadipocytes
(Figure 4A, 4B). A dose of 100 pg/mL HR extract
significantly inhibited triglyceride accumulation in pig
preadipocytes. It inhibited the proliferation and
differentiation of 3T3-L1 cells in a similar manner. These
results indicated that HR and FR extract-mediated decrease
of proliferation and differentiation might affect the

accumulation of lipid in 3T3-L1 cells and pig preadipocytes.

Further studies are needed to assess the underlying
mechanism. To our knowledge, this study is the first to

demonstrate that after HR and FR extract reduce
differentiation of and lipid accumulation in 3T3-L1 cells
and pig preadipocytes.

LPL has an important role in lipoprotein metabolism,
the hydrolysis of triacylglycerols into free fatty acids, and
the formation of monoglyderides from plasma lipoproteins
(Wang and Eckel, 2009). LPL acts as a gatekeeper enzyme
that determines the amount of free fatty acid that enters
cells. Semenkovich et al. (1989) reported that differentiated
3T3-L1 cells had increased levels of the LPL gene and
enzyme activity. The results of the present study revealed
that HR and FR extract treatment decreases the expression
of LPL in 3T3-L1 cells and pig preadipocytes (Figure 5A,
5B). These indicate that the inhibition of LPL activity
following HR and FR extract treatment was, at least in part,
caused by the inhibition of differentiation of both cells.
Interestingly, at a low dose of HR extract (25 pg/mL), the
LPL activity at the cellular level decreased compared to FR
treatment, suggesting that HR may have an inhibitory effect
on LPL activity in pig preadipocytes.

CONCLUSION

In summary, treatment with HR and FR extract inhibits
the proliferation and differentiation of, lipid accumulation,
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and LPL activity in 3T3-L1 cells and pig preadipocytes.
Therefore, we suggest that extracts of natural products such
as HR and FR extract may have potential to reduce obesity.
Further studies are needed to clarify and compare the
mechanism of these two extracts in adipocytes.
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