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Abstract. The white adipose tissue (WAT) browning process has become one of the promising methods for managing obesity.
During this process, WAT is transformed into brown-like adipose tissue, which is also known as beige adipose tissue. The
browning process can be activated by several inducers. One of the best candidates is peroxisome proliferator-activated receptor
� (PPAR�) agonist. Nutmeg (Myristica fragrans Houtt) is a natural PPAR�/� partial agonist that is known to contribute to
the browning effect. This study aimed to explore the potential effect of nutmeg seed extract (NuSE) on body weight reduction
and uncoupling protein (UCP)1, UCP2, UCP3, and peroxisome proliferator-activated receptor gamma coactivator-1 PGC-1�
levels in aging rats. Eight male Wistar rats (80 weeks old) were divided into control and treatment groups. Both groups were
fed a standard diet, and the treatment group was given 8.1 mg/kg body weight/day of NuSE via oral gavage for 12 weeks. After
12 weeks, the levels of UCP1, UCP2, UCP3, and PGC-1� from both inguinal WAT (iWAT) and interscapular brown adipose
tissue (BAT) were examined. We observed that the administration of NuSE has no significant effect to the decreasement of
rats body weights (p = 0.464), levels of UCP1 (p = 0.686), UCP2 (p = 0.360), UCP3 (p = 0.076), and PGC-1� (p = 0.200).
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1. Introduction

A fundamental process associated with aging is
dysregulation of the energy homeostasis, and many
age-related genes belong to evolutionarily conserved
pathways that also control energy metabolism, with
the adipose organ as an important metabolic player
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in the regulation of whole-body energy homeosta-
sis [1]. The main parenchymal cells of the adipose
organ are adipocytes, and so far two cell types of
opposing functions have been reported: adipocytes in
the white adipose tissue (WAT) usually store energy
surplus in the form of lipids in two compartments,
the subcutaneous (sWAT) and the visceral (vWAT)
white adipose depot, and are characterized by a large
unilocular lipid droplet and a low density of mito-
chondria, whereas adipocytes in the brown adipose
tissue (BAT) can massively dissipate energy via non
shivering thermogenesis and are characterized by
multilocular small lipid droplets and a high abun-
dance of mitochondria [2]. Several mechanisms are
shown to be associated with BAT decline with aging,
including loss of mitochondrial function, impairment
within the sympathetic system and age-induced alter-
ations in endocrine signals and inflammation. During
aging, there’s a big decline in UCP1 activity, a protein
uniquely expressed within the inner mitochondrial
membrane of brown adipocytes. In particular, mito-
chondrial dysfunction with aging is characterized by
a rise in mitochondrial DNA mutations and a discount
in biogenesis and biological process [3–5].

Recently, the white adipose tissue (WAT) browning
process has become one of the promising methods for
treating obesity. During the browning process, WAT
can be transformed into a brown-like adipose tissue
(also known as a beige adipose tissue) after a cer-
tain stimulation [6, 7]. Activated beige adipose tissue
have exert thermogenic effect which is percent con-
tribution of beige fat to total energy expenditure (7%)
was estimated to be comparable to BAT (6.3%), in an
individual with 100 g of BAT and 15 kg of WAT.

As it was reported that adults only have a lim-
ited number of brown adipose tissue (BAT) [8], the
thermogenic effect exerted by beige adipose tissue
is considered to have more significant metabolic
effect. There are several well-researched inducers
for this process, including �3-adrenergic recep-
tor (�3AR) agonist [9], cold [10], peroxisome
proliferator-activated receptor � (PPAR�) agonist
[11–13], fibroblast growth factor 21 (FGF21) [14],
irisin [15], and exercise [16–18]. Aside from the
inducers aforementioned, several nutraceuticals have
also been proven to stimulate the browning process
through various mechanisms. Several nutraceuticals
that have been demonstrated to exert a browning
effect include resveratrol, quercetin, green tea, cur-
cumin, and berberine [14]. As some natural agonists
of �3AR have been reported to induce the browning
process, the natural agonist of PPAR� has recently

been considered to have the same potency [15, 16].
Among several natural agonists of PPAR�, nutmeg
(Myristica fragrans Houtt) is hypothesized to exert
a browning effect. Several mechanisms are shown to
be associated with BAT decline with aging, includ-
ing loss of mitochondrial function, impairment within
the sympathetic system and age-induced alterations
in endocrine signals and inflammation. During aging,
there’s a big decline in UCP1 activity, a protein
uniquely expressed within the inner mitochondrial
membrane of brown adipocytes. In particular, mito-
chondrial dysfunction with aging is characterized by
a rise in mitochondrial DNA mutations and a dis-
count in biogenesis and biological process. For this
reason, aging could also be related to an impairment
in brown adipogenicity stem/progenitor cell function
and consequently with a discount within the regener-
ative potential of BAT with storage of dysfunctional
brown adipocytes. One of the potential PPAR� ago-
nists, Rosiglitazone, reportedly induces browning of
WAT and increases mitochondrial biogenesis. How-
ever, rosiglitazone as long term treatment are still
debatable for ageing due to its possible side effect
[12]. Therefore, study using natural nutraceutical as
PPAR� agonist such as nutmeg need to do.

Nutmeg, a native herb from the Maluku Island,
Indonesia, and Grenada Island, has been used as herb
and traditional medicine for many centuries [17]. It
has been proven to have numerous beneficial effects
on health, including anti-inflammatory and analgesic
[18], anticonvulsant [19], antibacterial and antifun-
gal [20, 21], antidiabetic and antidyslipidemia [22,
23], as well as antioxidant effects [24, 25]. In 2012,
Lestari et al. reported that nutmeg has partial agonism
effects of both PPAR� and PPAR� [22]. Moreover,
it has been proven to induce mitochondrial biogen-
esis of rats through the increase in the PGC1-1�
expression level [26]. Numerous transcription factors
and pathways are involved in the browning process,
including PGC-1�, PPAR�, and PR domain contain-
ing 16 (PRDM16) [27].

Our previous study demonstrated that nutmeg seed
extract (NuSE) can induce macroscopic and micro-
scopic morphological changes of iWAT, significantly
increase the uncoupling protein (UCP) 3 and PGC-
1� levels, and offer the tendency to increase the
UCP1 and UCP2 levels in young rats. Although
these results indicate that nutmeg potentially alters
the WAT browning process in young rats, its effect
on UCPs and the WAT browning process in aging
rats still remains unclear. During the aging process,
several changes occur, including those that affect
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the physiological functions of the body (e.g., mito-
chondrial function) [28]. Ageing may be considered
as cumulative impaired tissue homeostasis. Ageing
likely involves alteration of several connected bio-
logical process involving redox state, metabolism,
and synthesis-degradation of macromolecules. Sev-
eral studies showed that there are possible crosslink
between mitochondrial dysfunction associated with
increased reactive oxygen species (ROS) production.
Dysfunctional mitochondria predispose to altered
lipid metabolism and may also influenced the quan-
tity and distribution of adipose tissue (i.e., increase
in adiposity and decline in BAT’s function and mass)
[29]. In this study, we aimed to observe the effects of
NuSE as one of the natural nutraceutical with PPAR�
agonist activity on several proteins involved in the
WAT browning process (i.e., UCP1 and PGC-1�) and
other UCPs (i.e., UCP2 and UCP3) in aging rats.

2. Materials and methods

2.1. Nutmeg extract (NuSE)

In this study, we used NuSE that has been purified
from safrole and myristicin owing to their hallucino-
genic and hepatotoxicity effects. The protocols of
extraction and purification have been adopted from
our previous study [30]. The nutmeg extract used
in this study is free safrole and myristicin nutmeg
extract. The dried seeds of Myristica fragrance were
collected during dry season from Maluku and West
Java Island. Thirty kilograms of powdered seed was
extracted with 225 l ethanol 95% at room temperature
using a pilot scale extractor with a circulator rate of
150–200 rpm for 30 minutes. The extract was evapo-
rated at a temperature range of 40–60◦C and pressure
range of 400–500 mmHg [30].

2.2. Ethical statement

The study protocol was reviewed and approved by
the Animal Ethics Committee of Universitas Padjad-
jaran, Bandung, Indonesia, and all animal procedures
were performed according to its guidelines (ethics
approval no. 1080/UN6.KEP/EC/2019).

2.3. Animal model

Eighty-week-old male Wistar rats (n = 8) with
body weights within the range from 400 gram to 520

gram provided by PT Bio Farma, Bandung, Indone-
sia, were used in this study. After adaptation for
1 week, the rats were randomly divided into two
groups: control and NuSE groups. The rats in the
control group were given 2% pulvis gummi ara-
bicum, whereas the rats in the NuSE group were
given 8.1 mg/kg BW/day NuSE via oral gavage for 12
weeks [30]. The specific dose was adjusted accord-
ing to individual body weight. Both groups were fed a
standard diet (containing 20% protein and 4% fat) and
water ad libitum and were kept under the following
conditions: temperature of 24◦C, relative humidity of
55%, and 12-h light–dark cycle. The body weights of
each rat and food consumption were recorded on a
weekly basis using analytic scales. Food consump-
tion (in grams) was calculated as leftover. After 12
weeks, the animals were sacrificed using a carbon
dioxide anaesthesia, and the adipose tissue was then
dissected and stored at –80◦C for further analysis.
In this study, we used subcutaneous (inguinal) WAT
and interscapular BAT from both group (WAT from
control group as negative control, BAT from control
group as positive control and WAT from NuSE group
as treatment sample).

2.4. Western blot analysis

In this study, the protocols of western blot pro-
cedures were adopted from our previous study.
The dissected samples was homogenised in lysis
buffer containing 10 mM Tris-HCl (pH 7.8), 150 mM
NaCl, 1 mM EDTA, 1% Nonidet P-40, and pro-
tease inhibitors. After centrifugation, protein samples
were heat denatured at 96◦C for 5 minutes. Sam-
ples (10 �g/lane) were separated by SDS-PAGE and
were then transferred to a nitrocellulose membrane
(GE Healthcare) for 1 hour at room temperature
and blocked overnight at 4◦C in 2% blocking
reagent (GE Healthcare) in Tris-buffered saline buffer
with 0.1% Tween 20. Immunoblotting was per-
formed using this following : rabbit monoclonal
UCP1 (#U6382) and UCP3 (#U7757) from Sigma-
Aldrich, UCP2 (#89326) from Cell Signalling, and
mouse monoclonal PGC-1� (PA5-38022) and �-
actin (MA5-15739) from Thermo Fisher Scientific
with a 1:1000 dilution with phosphate-buffered saline
with Tween-20 (PBST). Secondary antibody anti-
mouse (C90130-03) and anti-rabbit (C81106-06)
from RND were used with a 1:15000 dilution with
PBST. The LI-COR software was used to analyse the
band intensities.
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Fig. 1. Although body weight demonstrated a decreasing trend in the NuSE group at week 9 until week 12 (A), no significant difference was
observed between both groups at the end of the study (B) and at weeks 3, 6, 9, and 12 (C). Interestingly, significant body weight changes
were found at week 6 to week 9 in both groups (D). No significant difference in weekly food consumption between both groups was observed
(E, F).

2.5. Statistical analysis

Statistical analysis was conducted using the SPSS
software version 25. Homogeneous data were ana-
lyzed via one-way analysis of variance. Statistical
significance was designated at p < 0.05.

3. Results

3.1. NuSE has a tendency to reduce body weight
but does not alter food consumption

After 12 weeks, the average body weight in the
control group demonstrated an increasing trend
(p = 0.503), whereas that in the NuSE group exhib-
ited a decreasing trend (p = 0.464) (Figs. 1A and 1B).
Although we did not find any significant difference
in the body weight changes between the control and
NuSE groups (Fig. 1 C), the body weight changes
in both groups showed a significant difference from

week 6 to week 9 (Fig. 1D). Moreover, no significant
difference was observed in food consumption
between the control and NuSE groups (Figs. 1E
and 1F).

3.2. NuSE has a tendency to increase the UCP1,
UCP2, UCP3, and PGC-1α levels

We observed that NuSE has no significant effect
to the increasement levels of UCP1 (p = 0.686),
UCP2 (p = 0.360), UCP3 (p = 0.076), and PGC-
1� (p = 0.200) in inguinal WAT (iWAT) (Figs. 2A
and 2B).

4. Discussion

We observed that the average body weight of rats
in the NuSE group exhibited an increasing trend,
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Fig. 2. (A) NuSE has a tendency to increase the levels of UCP1, UCP2, UCP3, and PGC-1� (n = 4); (B) representative western blots showed
an increase in UCP1, UCP2, UCP3, and PGC-1� levels in the NuSE group.

whereas that of rats in the control group exhibited a
decreasing tend (Fig. 1A). However, after 12 weeks of
NuSE administration, the average final body weights
in both groups demonstrated no significance differ-
ence (Fig. 1B). These results are slightly different
from those of our previous study on young rats. In
our previous study, we observed that the administra-
tion of NuSE tended to increase the average body
weights of both groups. However, the increase in
the control group was higher. The aging process was
one of the several factors contributing to the body
composition and fat mass changes. Even though the
body weight and total body fat of both rodents and
human tended to increase with age [31], the mus-
cle mass, classical BAT, and beige adipose tissue
tended to decrease during aging [32]. Aging also
caused a decline in lipid metabolism and fatty acid
oxidation, especially in respiring tissue (i.e., skele-
tal muscle) [33]. These differences could possibly
induce the different effect of NuSE on body weight
in young and aging rats. Although nutmeg has been
reported as a potent appetite enhancer [27], this study
demonstrated that it did not alter food consump-
tion in aging rats. Thus, the mechanism of nutmeg
in body weight remains unclear and needs further
investigation.

As nutmeg has been reported to exhibit potency as
dual agonism of PPAR�/� [25], it is considered to
exhibit potency in inducing the WAT browning pro-
cess. Our previous study reported that nutmeg may
indeed affect the WAT browning process in young
rats, as morphological changes in WAT (both macro-
scopic and microscopic) and increases in PGC-1�
and UCP1 levels were observed [34]. In line with
our previous study, an increase in the UCP1 levels in
aging rats was also observed; however, the increase
was not statistically significant (Fig. 2A). We also
found that the administration of NuSE has a tendency
to increase the PGC-1� levels (Fig. 2A). Several stud-

ies reported that chronic administration of PPAR�
and PPAR� agonist can induce PGC-1� expression
[11] In addition, Veronica et al. reported that NuSE
can induce mitochondrial biogenesis in the brain of
young rats, indicated by the upregulation of PGC-
1� [28]. There also another interesting finding that
PPAR � ligand rosiglitazone able to improve glu-
cose metabolism and mitochondrial functionality in
14 months-old mice. Aged mice with Rosiglitazone
treatment showed better insulin sensitivity, glucose
uptake in adipocyte, increased browning in iWAT,
increases oxidative number and mitochondria in mus-
cle [35]. The insignificant results in this study are
possibly caused by nutmeg’s partial PPAR� agonism.
Several studies reported different results of the induc-
tion of partial PPAR� agonist in the WAT browning
process. Ohno et al. suggested that the WAT browning
process requires chronic stimulation with full PPAR�
agonist, whereas partial PPAR� agonist had minimal
or no effect on the browning process [17]. Another
study also reported that although the administration
of weak PPAR� agonist can significantly increase the
Ucp1 expression level, its effect on the browning pro-
cess still remains unclear. Meanwhile, Coelho et al.
reported different results, in which partial PPAR�
agonist can induce thermogenesis-related genes in
visceral WAT, including UCP1 expression [13].

During the aging process, a reduction of both
the function and mass of classical BAT (marked
by the decrease in UCP1) and beige adipose tissue
(marked by the decrease in CD137/TMEM26+) was
observed. The decrease in beige adipose tissue during
aging could be due to the decline in WAT’s abil-
ity to differentiate and SIRT1 level [36]. A previous
study reported that SIRT1 plays a significant role in
the browning process by promoting deacetylation of
PPAR� and facilitating the recruitment and docking
of PRDM16 [37]. The decrease in beige adipose tis-
sue during the aging process could be attributed to
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the insignificant increase in UCP1 and PGC-1� in
this study.

The effect of NuSE on the UCP2 and UCP3
levels has not yet been established. We observed
that a 12-week administration of NuSE can increase
both the UCP2 and UCP3 levels in iWAT of aging
rats; however, both increases were insignificant. Sev-
eral studies reported similar results. Fukui et al.
reported that induction with weak PPAR� agonist
can increase the UCP2 expression; however, the
increase is insignificant [38]. Another research also
observed that induction with PPAR� agonist tends
to increase the UCP2 expression [31]. However, it
remains unclear whether induction with full PPAR�
or PPAR� agonist can significantly increase UCP2.
The gene expression of UCP3 in WAT has been
reported to increase the WAT browning process
induced by thyroid hormones, �3AR, and leptin [32].
However, whether UCP3 was involved in the brown-
ing process remains unclear. A study in 2015 reported
that PPAR� and PGC-1� can upregulate the UCP3
expression in the skeletal muscle [40]. The insignifi-
cant increases in UCP2 and UCP3 in this study might
also be affected by the decline in the muscle mass and
metabolism of fatty acid during aging [31, 33].

Our previous study in young rats reported an
insignificant increase in UCP2 and a very significant
increase in UCP3 protein in iWAT after induction
with partial PPAR�/� agonist. Although both the
UCP2 and UCP3 levels demonstrated tendencies to
increase in this study (Fig. 2A), we suspected that the
aging process contributes to the different results. A
study in 2015 reported that the expression of UCP2 in
rats varies according to the age and organs [33]. The
expression and levels of UCP2 in the liver were higher
in older rats. Meanwhile the expression of UCP2 in
the skeletal muscle was higher in younger rats. The
expression of UCP3 in the skeletal muscle was also
found to be higher in older rats [33]. However, the
roles of these UCPs in the WAT browning process
remain unclear and need further investigation.

5. Conclusion

Taken together, twelve week administration of
NuSE might reduce the body weight of aging rats,
and this effect might not be induced via reduction of
food consumption. Additionally, eventhough, NuSE
show a tendency to increase the levels of UCP1,
UCP2, UCP3, and PGC-1� in the iWAT of aging

rats. Interestingly, the UCP2 and UCP3 levels exhib-
ited tendencies to increase, the role of these UCPs in
the browning process remains unclear. These results
indicate that NuSE may potentially be involved in the
WAT browning process of aging rats. Nonetheless,
further investigation is still needed.
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