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Abstract: Zingerone is a non-volatile pungent compound mostly found in ginger which is a herbal medicine
used for various purposes. The anti-obesity actions of ginger and zingerone have also been documented. This
study was aimed to investigate the effects of zingerone on adipocyte lipolysis in adipocytes isolated from
Normmal Pellet Diet (NPD)-fed rats and High Fat Diet (HFD)-fed rats. Adipocyte suspensions were prepared from
the epididymal fat pads of male Wistar rats by using the collagenase digestion method The concentrations of
Free Fatty Acid (FFA) in the incubation media were used as an index of adipocyte lipolysis. Zingerone at the
concentration of 1,000 uM significantly increased both basal lipolysis and isoprenaline (0.1 pM)-induced
lipolysis in adipocytes derived from the NPD-fed rats with the FFA concentrations of 682.92+37.00 pM mL ™
Packed Cell Volume (PCV) hand 1,361.51462.90 uM mL ™" PCV/ h, respectively (p<0.05; n = 4). In adipocytes
derived from the HFD-fed rats, zingerone at any concentration tested had no effect on the basal lipolysis.
Zmgerone only at the concentration of 100 uM sigmficantly stimulated the 1soprenaline-induced lipolysis with
the FFA concentration of 1,383.88+36.73 uM mL™" PCV/h (p<0.05;n=4) in adipocytes derived from the
HFD-fed rats. In conclusion, zingerone appeared to produce less lipolytic actions in adipocytes derived from
the HFD-fed rats. The reason for the lower lipolytic response to zingerone in HFD-derived adipocytes should
be mvestigated further, especially in the molecular aspects.
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INTRODUCTION

Obesity which 15 a consequence of an umbalance
between energy intake and energy expenditure, is an
unportant risk factor for several diseases such as
hypertension, dyslipidemia, type 2 diabetes and several
types of cancers (Kopelman, 2000). Over accumulation of
adipose tissue in the body also contributes to the
pathogenesis of insulin resistance which is implicated in
several chrome metabolic and cardiovascular disorders
(Samuel et al., 2010). The prevalence of obesity 1s
continuously increasing globally. Sedentary lifestyle and
over food consumption, especially a high amount of fat
mtake, are the major causes of obesity (Biro and Wiern,
2010). Adipocyte lipolysis, which is characterized by a
breakdown of stored triglyceride in adipocytes, plays a
crucial role in the regulation of fat mass (Arner, 2005).
Thus, modulation of adipocyte lipolysis 1s one means to
reduce fat mass and ameliorate obesity

Ginger (thizome of Zingiber officinale Roscoe) has
been used widely as a condiment in oriental foods and

beverages. Tt has also been known as a herbal medicine
for the treatment of various disorders such as common
cold, gastromtestinal disorders, motion sickness, diabetes
(Karim et al., 2011), metabolic disorder and also obesity
{Westerterp-Plantenga et af., 2006, Kundu et al., 2009).
The anti-obesity actions of ginger extracts have been
documented in chemical- and high fat diet-induced obese
mice (Goyal and Kadnur, 2006, Han et al, 2005).
However, the biologically active components in ginger
producing such anti-obesity actions are still not clearly
established. Zingerone 1s one of the non-volatile pungent
compounds mostly found in ginger. Tt was reported that
zingerone increased catecholamine secretion from the
adrenal medulla (Kawada et al, 1988). Thus, it is
suggested that the favorable effect of zingerone on
adiposity is partly due to its catecholamine-releasing
action. Zingerone was found to inhibit obesity-induced
inflammatory responses by suppressing adipose tissue
macrophage accumulation and activation and intubiting
release of monocyte chemoattractant protein-1 (MCP-1)
from adipocytes (Woo et al., 2007). Additionally, it was
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evidenced that zingerone produced its anti-obestiy action
in ovariectomised rats possibly through an activation of
adipocytes lipolysis (Han et al, 2008). It 13 currently
unknown whether zingerone produce the lipolytic
stimulating action in adipocytes derived from animals fed
with high fat diet which is an established model of
diet-induced obesity. This study was aimed to investigate
the effects of zingerone on adipocyte lipolysis in 1solated
adipocytes derived from high fat diet-fed rats and to
compare its actions to those found in adipocytes derived
from normal diet-fed rats.

MATERIALS AND METHODS

Preparation of adipocytes: Sixteen male Wistar rats
welghing 140-160 g were obtamed from the National
Laboratory Animal Center, Mahidol University, Thailand.
The animals were kept at constant temperature (25+£1°C)
with a 12 h dark-light cycle. After acclimatization period of
one week, the rats were randomly divided mto two
groups. The rats in the first group (n = 8) were fed with
Normal Pellet Diet (NPD) (C.P. mice feed food no. 082,
Bangkok, Thailand) (NPD-group) whilst the rats in the
second group (n= 8) were fed with lugh fat diet
(HFD-group). The fat content in NPD and HFD are
approximately 12 and 60% of total energy, respectively.
High fat diet was prepared according to the formulation of
Srimivasan ef al. (2005) with slight modification. The
animals were fed ad libitum and freely accessed to water.
After three weeks, the rats were sacrificed by CO,
overdose and epididymal fat pads were dissected for
preparation of adipocyte suspension. All procedures
performed with the animals were approved by the animal
research ethic committee, Mahasarakham Umversity,
Thailand.

Adipocytes were solated according to the method of
Rodbell (1964) with some modifications. Briefly, the
epididymal fat pads were rinsed with Hanks buffer
contaimng 5 mM glucose and 0.5 % bovine serum albumin
(S1gma) (BSA, withless than 0.005% (w/w) free fatty acid).
Hanks physiological solution containing (in mM): 5.6 KCl,
138 NaCl, 4.2 NaHCO,, 1.2 NaH,PO, 2.6 CaCl, 1.2 MgCl,
10 HEPES, pH 7.4 (with NaOH). The tissues were cut into
small pieces and then digested with 0.5 mg mL™
collagenase type IT enzyme at 37°C. Tsolated adipocytes
were filtered through nylon mesh and then rinsed twice
with collagenase free Hanks buffer. After the second
wash, the adipocytes were resuspended with Hanks
solution into 1:1 (v/) proportion to give a final volume of
the cell suspension at about 8-15 ml., depending on the
volume of adipocytes. The cell suspension was
transferred to a fresh Nalgene conical flask and stored

the water bath at 37°C before performing experiments. All
experiments were conducted at the Faculty of Pharmacy,
Mahasarakham Umversity, Thailand during 1st December
2010 to 14th February 2011.

Adipocyte lipolysis: Adipocytes were incubated for
60 min n microfuge tubes at 37°C with Hanks buffer, pH
7.4, containing 5 mM glucose, 0.5% BSA and various
concentrations of zingerone (Sigma) at 10 pM, 100 uM
and 1,000 pM. For stimulated lipolysis study, the
experiments were performed in the presence of
1soprenaline (Sigma) at the concentration of 0.1 uM. The
final volume of the incubations was adjusted to 1 mL.
After 1 h incubation, the cell free incubation media were
collected and the concentrations of Free Fatty Acid (FFA)
were measured by using non-esterified fatty acid assay kit
from WAKQO Chemicals (Japan).

Statistical analysis: The results are expressed as
mean+SEM. Statistical analysis was performed by using
one-way analysis of variance (ANOVA) followed by
Bonferroni post hoc test. Statistical tests were performed
using SPSS software version 16.0 (SPSS Inc., Chicago,
Ilinois, USA). The data was considered as sigmficantly
different when p-value <0.05.

RESULTS

Body weight and epididymal fat pad weight: The body
weight of the rats was recorded at the beginning of the
experiment (day 0) and every week thereafter
(day 7, 14, 21 and 28). There was no difference m the body
weight of the rats fed with NPD or HFD
(Table 1). However, the epididymal fat weight of HFD-fed
rats (2.18+0.18/100 g of body weight, n =8) was
significantly higher than that of NPD-fed control rats
(1.43£0.11/100 g of body weight n = 8) with the p-value of
<0.05.

Effects of zingerone in adipocytes derived from the NPD-
fed rats (NPD-group): The FFA concentration in the basal
condition without adding any lipolytic-stimulating agents
was 535.32414.79 uM mL ™' Packed Cell Volume (PCV) h
(Fig. 1). Zingerone at the concentration of 1,000 uM

Table 1: Body weight of NPD-fed rats and HFD-fed rats (Mean+S EM)

Body weight (g)
Day NPD (n=8) HFD n=8)
0 147.50+1.64 143.75+2.63
7 183.75+£3.24 177.50+2.50
14 233.75£4.98 225.00+£6.27
21 267.50+£7.01 267.50+6.75
28 203.75+£8.22 286.25+£7.78
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Fig. 1. Effects of zingerone on basal adipocyte lipolysis in
the NPD-group. The results are expressed as the
MeantSEM (n = 4). *p<0.05 when compared with
basal lipolysis (One-way ANOVA)
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Fig. 2: Effects of zingerone on isoprenaline-induced
lipolysis in the NPD-group. The results are
expressed as the MeantSEM (n = 4). Adipocytes
were treated with 0.1 pM isoprenaline under the
condition shown. *p<0.05 when compared with
isoprenaline-induced lipolysis (One-way ANOVA)

significantly increased adipocyte lipolysis in the
NPD-group with the  FFA concentration  of
682.92437.00 pM mL ™ PCV/h (p<0.05) (Fig. 1). Zingerone
at the lower concentrations used (10 pM and 100 pdM)
caused a slight increase in the basal lipolysis, with
the FFA concentrations of 643.51+18.88 and
614.96+17.21 pM mL~" PCV/h, respectively (Fig. 1).
However, these FFA levels were not significantly different
from that of the basal lipolysis.

Isoprenaline (0.1 pM) caused a significant lipolytic
stimulation in adipocytes derived from the NPD-group,
with the FFA concentration of 1,026.18+60.85 pM mL ™'
PCV/ h (p<0.05) (Fig. 2). The FFA level in the presence of
1soprenaline was approximately 191% of that in the
absence of isoprenaline (basal lipolysis). Zingerone
at  the highest concentration used (1,000 pM)
significantly increased the isoprenaline-induced lipolysis
(FFA concentration of 1,361.51+62.90 pM mL ™~ PCV/h
(p=10.05). When zingerone at the concentrations of 10 uM
and 100 pM was added, the 1soprenaline-induced lipolysis
was slightly increased (FFA  concentrations of
1,222.91+40.46 and 1,208.00£42.83 pM mL ™" PCV/ h,
respectively). However, these FFA levels did not reach a
signmficant difference when compared to that in the
presence of isoprenaline alone (Fig. 2).
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Fig. 3: Effects of zingerone on basal adipocyte lipolysis in
the HFD-group. The results are expressed as the
MeantSEM (n=4)
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Fig. 4: Effects of zingerone on isoprenaline-induced
lipolysis m the HFD-group. The results are
expressed as the MeantSEM (n = 4). Adipocytes
were treated with 0.1 pM isoprenaline under the
condition shown. *p<0.05 when compared with
soprenaline-mduced lipolysis (One-way ANOVA)

Effects of zingerone in adipocytes derived from the HFD-
fed rats (HFD-group): The FFA concentration in the basal
lipolytic condition of the HFD-fed group was
562.75423.92 uM mL ™" PCV/ h. This was not different
from the basal lipolytic level in the NPD-group described
above. Zingerone at any concentration tested did not
significantly increase the basal lipolysis in adipocytes
derived from the HFD-fed rats. The FFA concentrations
in the presence of zingerone at 10 uM, 100 pM and
1,000 pM were 710.02463.60, 694.32+49.01 and
762.35+57.47 pM mL ™" PCV/ h, respectively (Fig. 3).
Tsoprenaline at the concentration of 0.1 uM
significantly increased adipocyte lipolysis in the
HFD-group with the FFA concentration of
1,119.88+25.62 uM mL " PCV/ h(p<0.05) (Fig. 4). The FFA
level in the condition of isoprenaline-induced lipolysis
was approximately 199% of the basal lipolysis in
adipocytes derived from the HFD-fed rats. The lipolytic
action of 1soprenaline in the HFD-group was not different
from that in the NPD-group described above. Zingerone
only at the concentration of 100 uM sigmficantly
stimulated  the isoprenaline-induced lipolysis  in
adipocytes derived from the HFD-fed rats, with the FFA
concentration of 1,383.88436.73 uM mL ™ PCV/h (p<0.03)
(Fig. 4). However, at the concentrations of 10 and
1,000 pM, zingerone did not produce a significant increase
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in the isoprenaline-induced lipolysis in adipocytes
derived from the HFD-group (Fig. 4). The FFA
concentrations in the presence of isoprenaline and
zingerone (10 pM and 1,000 ph) were 1,234.06+20.88 and
1,246.96£70.36 uM mL ™" PCV/ h, respectively (Fig. 4).

DISCUSSION

There was no difference in the body weight of the
rats fed with two different types of diet (Table 1). Harris
(1991) also showed that after 3 weeks of feeding, the body
weight of the rats fed with HFD was not different from
that of the rats fed with NPD. Conversely, the weight of
epididymal fat pads in the HFD-fed rats was significantly
higher than that in the NPD-fed rats. This is in agreement
with the results of Naim et af. (1985) which reported the
higher amount of epididymal fat pads in the rats fed with
HFD. Additionally, Collin et al. (2006) also showed that
after 3 weeks, the rats fed with HFD had a significantly
higher value in the visceral fat pad weight. From their
study, there was also no statistical difference in the body
weight between the NPD-fed rats and the HFD-fed rats
after 3 weeks.

Zmngerone only at the concentration of 1,000 uM
significantly increased the basal lipolysis in adipocytes
derived from the NPD-fed rats (Fig. 1). This finding 1s in
accordance with the results from the study of Han et al.
(2008) which reported that a sigmficant increase m the
basal lipolysis was found only when 1,000 uM zingerone
was used. From their study, zingerone at the lower
concentrations tested (1 uM, 10 uM and 100 uh) slightly
mcreased the basal lipolysis but these were not
significantly different. These are similar to the results
presented here in this study.

In adipocytes derived from the NPD-fed rats, the FFA
level in the presence of isoprenalme (0.1 uM) was
approximately 191% of the basal lipolysis. This was not
dissimilar from the results reported by Zhang et al. (2009),
in which 0.1 uM isoprenaline stimulated lipolysis with the
FFA level of approximately 200% of the basal lipolysis.
Zingerone only at the concentration of 1,000 uM caused
a significant merease in the 1soprenaline-induced lipolysis
(Fig. 2). The FFA level in the presence of isoprenaline and
1,000 pM zingerone was approximately 132% of the
isoprenaline-induced lipolysis. From the study of
(Han et al,, 2008), zingerone at 1,000 uM significantly
increased norepinephrine (1 pg mL ™" )-induced lipolysis,
with the FFA level of approximately 1,600% of
norepinephrine-induced lipolysis. Tt was reported from
their studies that zingerone at the concentrations of
10 and 100 pM  also significantly increased
norepinephrine-mduced lipolysis, with the FFA levels of
approximately 200 and 400% of norepinephrine-induced

lipolysis, respectively (Han et al., 2008). However, these
lower concentrations of zingerone did not cause an
increase in the isoprenaline-induced lipolysis in the
current study. Han et ol (2008) also showed that the
lipolytic stimulating action of zingerone was associated
with the translocation of hormone-sensitive lipase enzyme
from the cytosol into the lipid droplets in adipocytes. The
difference in the lpolytic response of zingerone
(in term of percentage of the lipolytic stimulating
agent-induced lipolysis) between the studies may be due
to the difference in lipolytic stimulating agents used.
Norepinephrine is a non-selective «- and B-adrenoceptor
agonist whilst isoprenaline is a selective P-adrenoceptor
agonist (Griffith, 2008). The EC50s of norepinephrine and
isoprenaline for their lipolytic stimulating activity are
1.04x107 and 3.46x107° M, respectively (Farias-Silva
et al., 1999). Thus, the lipolytic stimulating potency of
1soprenaline 18 higher than that of norepinephrine. The
difference in the levels of lipolytic stimulation induced by
1soprenaline and norepmephrine may partly be
responsible for the dissimilar actions of zingerone
between studies.

The level of basal lipolysis in adipocytes derived
from the NPD-fed rats was similar to that i adipocytes
derived from the HFD-fed rats. This is in accordance to
the results reported by Garcia-Diaz et af. (2009) n which
there was no difference in the basal lipolytic responses
between adipocytes 1solated from the HFD-group and the
NPD-group. This is also similar to the results reported
earlier by our group (Pulbutr and Rattanakiat, 2010).
However, this is contrary to the results from the study of
Collin et al. (2006) which reported that after 3
week-feeding, the HFD-derived adipocytes had a higher
level of the basal lipolysis compared to that of the
NPD-derived adipocytes.

The level of isoprenaline-induced lipolysis 1n
adipocytes derived from the NPD was not different from
that in the HFD-fed adipocytes. This is similar to the
results of Collin et al (2006) which showed that after
3 weeks, 1soprenaline (0.1 pM)-mduced lipolysis was
similar between the NPD-group and the HFD-group.
However, Portillo ef al. (1999) reported the lower lipolytic
response to dobutamine (a selective Pl-agonist) and
BRL.37344 (a selective f3-agonist) in adipocytes derived
from the HFD-fed rats. The investigators suggested that
this may be due to a loss of Bl and P3-adrenoceptors in
HFD-derived adipocytes (Portillo et al., 1999). Since
1soprenaline can activate all three types of p-adrenoceptor
(p1-, P2-, p3-), thus its lipolytic stimulating efficacy is
possibly not affected by HFD-feeding.

In adipocytes derived from the rats fed with HFD, the
lipolytic response of zingerone was different from that in
adipocytes derived from the rats fed with NPD. Zingerone
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at any concentration tested could not produce a
significant increase in the basal lipolysis 1 the
HFD-group (Fig. 3). Additionally, only zingerone at the
concentration of 100 pM sigmficantly stimulated the
1soprenaline-mmduced lipolysis in adipocytes derived from
the HFD-fed rats (Fig. 4). Collectively, the lipolytic actions
of zingerone are likely to be less effective in adipocytes
derived from the HFD-fed rats. The effects of HFD on
some key components involving in adipocyte lipolysis
such as perilipin, hormone-sensitive lipase enzyme,
adipocyte ftriglyceride lipase enzyme, have been
documented (Collin et ai., 2006; Gaidhu et al., 2010). The
alterations of these proteins may partly be the reason for
the dissumilar responses to zingerone in adipocytes
derived from the different diet-fed rats.

Interestingly, Zhang et al. (2007) reported the
depletion of both protem and mRNA expressions of
transient receptor potential vanilloid type 1 (TRPV1) in
visceral adipose tissue from mice on high fat diet. TRPV1
is a non-selective cation channel presented in various
tissues  including visceral adipose  tissue
(Zhang et al., 2007). TRPV] has been found to be
implicated in  adipocyte including
adipogenesis and adipocyte lipolysis (Zhang et al., 2007,
Motter and Ahern, 2008). Zingerone exerted an agonistic
action on TRPV1 with the EC50s of 7.41x107M and
5.75x10™" M in cells expressing rat and human TRPV1,
respectively (Witte et al., 2002). The concentrations used
n this study are also in the range of TRPV1 activation. If
zingerone caused a lipolytic stimulation via the activation
of TRPV1, the depletion of TRPV1 expression 1s thus
likely to be involved in the lower lipolytic actions of
zingerone n adipocytes derived from the HFD-fed rats.
Further experiments are thus needed to prove thus
speculation.

metabolism

CONCLUSION

Zmgerone at the concentration of 1,000 pM produced
a sigmficant mcrease in both basal lipolysis and
1soprenaline-mmduced lipolysis in adipocytes derived from
the NPD-fed rats. Generally, adipocytes derived from the
HFD-fed rats are less sensitive to the lipolytic stimulating
action of zingerone. Zingerone at any concentration
tested did not produce a significant change in the basal
lipolysis. The isoprenaline-induced lipolysis was
stimulated by zingerone only at the concentration of
100 pM in the HFD-group. Further experiments should be
performed to explore the lower responses to zingerone in
the HFD-fed derived adipocytes, especially i the
molecular aspects.
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