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Abstract

Metabolic syndrome (MS) is currently emerging globally and increases the risk of dangerous
chronic diseases. Obesity involving inflammatory mediators secreted by adipocytes appears to be the
major cause. While white adipose tissue (WAT) functions as energy storage, brown adipose tissue
(BAT) involves in thermogenesis and is known to have the ability to dissipate energy. Currently,
researchers are developing BAT through the browning mechanism of adipose tissue to prevent and
cure MS. The extract derived from nutmeg, a tropical seed of Myristica fragrans, has a peroxisome
proliferator-activated receptor y (PPARy) agonistic effect which is known to stimulate brown
adipocytes development. PPARYy activation stimulates the expression of uncoupling protein 1 (UCPI),
uncoupling protein 2 (UCP2), and uncoupling protein 3 (UCP3). In the present study, we explore
nutmeg-induced stimulation of UCP1, UCP2, and UCP3 protein level characterization shift in 3T3-
L1 cell lines which indicates the browning mechanism of adipose tissue exerted by nutmeg. Nutmeg
was first extracted and 3T3-L1 cell lines taken from ATCC were used which were grown in
Dulbecco’s Modified Eagle Medium (DMEM). Cells were treated with nutmeg extract (NuSE) with
dose: 0.01; 0.1; 1; and 10 ppm. Western blot and ImageJ software were used for protein analysis and
all experimental data were analyzed using SPSS. Results showed that NuSE stimulates the increase
of UCP1 and UCP2 protein levels significantly at a 10-ppm dose. This suggests that polyphenol-
containing malignant in NuSE has the probability to regulate PPARy which potentially alters
characteristics of white adipose tissue in 3T3-L1 cell lines.
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INTRODUCTION

Metabolic syndrome (MS), a cluster of
diseases that increases the risk of
cardiovascular diseases, is currently a major
global health problem. Obesity, as one of its
causes, is getting an increase in number.!
According to WHO, 1.9 billion adults were
overweight and 650 million of those were
obese in 2016. This leads to an estimated
increase in the prevalence of coronary heart
disease by 97%, cancers by 61%, and type 2
diabetes by 21% in 2030.> Adipocytes and
their associated inflammatory mediators are
known to act as signaling processes in
overweight and obesity pathogenesis.>

In addition, adipocytes secrete various
adipokines  which  contribute to the
development of obesity-associated insulin
resistance that leads to atherosclerosis and
MS.* Moreover, inflammation of adipose
tissue stimulates the accumulation of
macrophages which gives rise to impaired
adipocyte functioning as well as insulin
resistance and subsequent MS.>®  White
Adipose Tissue (WAT), which functions to
store energy in a form of triglyceride and to
maintain the energy homeostasis of the human
body,” has turned out to be an active endocrine
organ producing adipokines such as
adiponectin, leptin, visfatin, omentin, resistin,
and TNF- .8

Stefanie Carobbio et al suggest that
obesity-induced metabolic problem occurs as a
consequence of the mismatch between adipose
tissue demands needed by positive energy
balance and storage space supply determined
by adipose tissue expandability.® The
accumulation of the immoderate amount of
visceral fat typically induces the dysfunction
of adipose tissue expandability, therefore,
amassing ectopic triglyceride which accounts
for MS and cardiovascular diseases.®
Meanwhile, the Brown Adipose Tissue (BAT),
another type of adipose tissue, controls energy
balance by producing heat through non-
shivering thermogenesis (NST)! in which
energy expenditure occurs.> Uncoupling
protein 1 (UCP1) or thermogenin, a typical
inner mitochondrial membrane protein, has an
immense role in BAT thermogenesis.* UCP1

increases mitochondrial proton conductance,*
thus dissipates the proton gradient across the
inner mitochondrial membrane, uncouples the
electron transfer system from ATP synthesis,
and induces energy to produce heat.!® Due to
its considerable ability to dissipate energy,
BAT is presently developed as a fascinating
way to prevent and cure MS and its subsequent
morbidities.216

Consequently, in  searching for
groundbreaking therapeutics for obesity,
additional signaling molecules that stimulate
brown adipocyte development have been
identified.}” Some mechanisms such as
norepinephrine signaling through the p3-
adrenergic receptor (ADRB-3)!1° and P1-
adrenergic receptor (ADRB-1)? activation,
fibroblast growth factor 21 (FGF21)
activation,?! peroxisome proliferator-activator
receptor-a (PPAR-a) activation,?? apelin-APJ
signalin,?® sirtuin 5 (SIRT5) regulation,?* and
peroxisome proliferator-activator receptor-y
(PPAR-y) activation?® have been shown to
stimulate brown adipocytes development. In
the search for molecule activators of BAT and
brite or beige cells, dietary® and
pharmacological?’” treatments are being
investigated.

Nutmeg, a tropical seed derived from
Myristica fragrans,® has been believed to
impart several bioactivities, one of which is
anti-obesity.? In addition, an Encyclopedia of
Traditional Medicinal Plants by Yuniarti et al
states that nutmeg has antidyslipidemic and
antidiabetic effects. To strengthen this, Keri
Lestari et al conducted research on the type 2
diabetes mellitus rat model proving that
safrole-removed nutmeg extract could grant
antidiabetic and antidyslipidemic effects due
to its potential natural PPARa/y.%° Haruya
Ohno, et al declare the causative connection
between PPARy agonists and white-to-brown
fat conversion in which the full agonism of
PPARYy is needed to activate the brown fat gene
program in subcutaneous white fat.3*
Furthermore, Linda et al conducted research in
rats and mice to which PPARY agonists were
given. In the final analysis, in vivo PPARYy
activation could stimulate the expression of
UCP1, uncoupling protein 2 (UCP2), and
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uncoupling protein 3 (UCP3) in BAT.*
Therefore, the stimulation of UCP1, UCP2,
and UCP3 protein level characterization shift
in cell lines has become an indicator of the
browning mechanism of adipose tissue. In this
present study, we explore nutmeg as one
complementary and alternative medicine
(CAM) to treat MS including obesity and
diabetes mellitus through its browning adipose
tissue mechanisms. The aim of the present
study is to investigate the effects of nutmeg on
the alteration of the characteristics of WAT in
3T3-L1 cell line. First, 3T3-L1 cell lines are
seeded until 70-80% confluence, next treated
with nutmeg extract (NUSE) and incubated,
then harvested and the expressed proteins are
analyzed using electrophoresis, and at last, the
result is conferred from the data. The
characterization shift of UCP1,% UCP2,%* and
UCP3% proteins detected by increasing bands
during the electrophoresis procedure can be
used to establish the direct relationship
between nutmeg extract treatment and the
browning mechanism of adipose tissue.

METHODS

Preparation of Nutmeg Extract (NuSE)
Nutmeg was obtained from the seeds of
Myristica fragrance which were collected
during the dry season from Maluku and West
Java Island, Indonesia. The dried seeds were
ground into 30 kilograms of powder. The
powder was extracted by 225 L, 95% ethanol
using a pilot-scale extractor with a rate of 150-
200 rpm for 30 minutes into liquid. The liquid
was evaporated at 40-60°C, 400-500 mmHg
into 5.2 kilograms of solid extract of the
nutmeg seed. Nine hundred grams of the solid
extract was prepared for safrole removal using
pilot-scale column chromatography. During
the removal step, 130 liters of a mixture of n-
hexane: ethyl acetate (9:1) was used as the
mobile phase at 6 liters/minute flow rate from
which the eluates were discarded. The residue
was eluted with 100 liters of methanol and then
collected and dried at 50°C of evaporation.
After the removal step, analysis for safrole
residue was conducted by using a high-
performance liquid chromatography system.

Lastly, safrole-free nutmeg extract was ready
to be used for the treatment.

Cell culture and adipocyte
differentiation Murine 3T3-L1 (ATCC® CL--
173™) preadipocytes were obtained from
American Type Culture Collection (ATCC)
with catalog number 30-2002 and biosafety
level 1 (Manassas, VA). Cells have been tested
and found negative for ectromelia virus
(mousepox). Cell lines from ATCC have been
thoroughly authenticated using cytochrome C
oxidase | gene (COI analysis) to rule out inter-
species contamination and short tandem repeat
(STR) profiling to distinguish between
individual human cell lines and to rule out
intra-species contamination. Cells should be
kept in the liquid nitrogen vapor phase if
continued storage was necessary. Cells were
grown in Dulbecco’s Modified Eagle Medium
(DMEM) 4.5 g/l glucose and supplemented
with 10% v/v calf serum in a humidified 5%
CO2 atmosphere at 37°C. The 3T3-L1 cells
were cultured to ~70-80% confluence in a 24-
well plate. Cells were treated with or without
NUuSE in proliferation for 3 days with dose:
0,01; 0,1; 1; and 10 ppm.

Western blot analysis (WB) 3T3-L1
preadipocytes left untreated or induced with
NuSE for the indicated times were washed
with Phosphate-Buffered Saline (PBS) and
scraped into Sodium Dodecyl Sulfate (SDS)
lysis buffer (60 mM Tris-HCI, pH 6.8, 1%
SDS) for whole-cell lysates. The cells were
harvested and processed in vitro extraction. 24
well were added by 120 pL/well of lysis
solution. Lysis solution consists of lysis buffer
(Radioimmunoprecipitation (RIPA) buffer)
and sample buffer in a ratio of 1:1. Protein
inhibitors and Dithiothreitol (DTT) were
added later in the ratio of 1:100. All samples
were heated at 960C for 5 minutes and snap-
frozen on the ice for 2-3 minutes. The same
amount of protein was loaded in all cases, and
[-actin was used as a loading control, 10 pL of
protein were separated on sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) for two hours and a half. SDS-
PAGE was transferred to a nitrocellulose
membrane (GE Healthcare) by electrophoresis
for half an hour. 2% blocking reagent that
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consists of 0,25% Bovine Serum Albumin
(BSA) in Phosphate Buffer Saline Tween-20
(PBST) was added. Membrane
immunoblotting was conducted using primary
antibodies Caspase-3 catalog number 14220
and Caspase-9 catalog number 9508 from Cell
Signaling with a dilution of 1:300 then
incubated at 40C overnight. The signals were
imaged by LI-COR Odyssey. Protein band
thickness was analyzed by using Imagel
software (NIH). Blots were stripped by
stripping buffer from Thermo Scientific and
reprobed using B-actin as an internal control
for protein level monitoring.

Statistical Analysis Experimental data
were analyzed using IBM SPSS Statistics 25
and results are presented as the mean *
standard error of the mean from 3 independent
experiments (3 wells for each set of data). One-
sample T-Test was used for statistical analysis
with p<0.05 and p<0.001 were considered
statistically significant.

RESULT

Western Blot result of UCP1, UCP2,
UCP3 expression in 3T3-L1 cell lines was
shown in Figure 1. Based on the observation,
UCP1 protein level fluctuated as NuSE dose
increased from 0.01; 0.1; 1; to 1 ppm with an
increasing trend. Notably, based on statistical
analysis, UCP1 protein level was only
significantly increased (2.5 folds) with NuSE
10 ppm treatment compared to the control
group (p<0.05) (Figure 2). Additionally, it was
only UCP1 protein level that exclusively
increased (1.4 folds) in 3T3-L1 cell line which
was beforehand treated with dexamethasone as
a positive control. However, UCP2 and UCP3
protein  level remained constant with
dexamethasone treatment.
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Figure 1. NuSE induced the stimulation of
UCP1, UCP2, and UCP3 characterization
shift in 3T3-L1 cell lines. Representative
Western Blot showing the stimulation of
UCP1, UCP2, and UCP3 characterization in
3T3-L1 cell lines treated with NuSE with
doses 0f 0,01;0,1;1;10 ppm and with standard
medium differentiation for 3 days. B-actin
was used as internal loading control.
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Figure 2. A graph showing UCP1, UCP2, and
UCP3 protein level characterization shift in
3T3-L1 cell lines. Data were normalized with
[-actin and presented as the mean + standard
error of the mean. *p<0.05 was considered
significant. Data were tested with One
Sample T-Test with 95% confidence interval.

On the contrary, NuSE treatment
imparted a different pattern of effects on
UCP2 protein level expression pattern in
3T3-L1 cell lines. Different from UCP1,
UCP2 protein level had a decreasing trend
following an increasing NuSE dose from
0.01; 0.1; to 1 ppm. However, as well as in
UCP1, NuSE 10 ppm treatment significantly
increased UCP2 protein level (1.2 folds) in
3T3-L1 cell lines (p<0.05) (Figure 2).

In the same way as UCP1, NuSE
treatment also imparted an increasing trend
of UCP3 protein level expression patterns in
3T3-L1 cell lines. However, unlike UCP1
and UCP2, there were no statistically
significant results in UCP3 protein level
increase in NUSE-treated 3T3-L1 cell lines
(Figure 2).

DISCUSSION

According to the experiment results,
there were alterations in UCP1, UCP2, and
UCP3 protein expression patterns. UCP1 and
UCP2 protein levels in 3T3-L1 cell lines
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increased significantly following NuSE 10
ppm treatment (p<0.05) (Figure 2). UCPL1 is
the main protein that is involved in
thermogenesis.*® The alterations are due to the
PPARY agonist activity obtained from NuSE
treatment. Coelho et al stated that PPARy
agonists are able to activate the browning of
WAT, marked by UCP1 and other protein
markers.3” Macelignan (nutmeg content),
which contains polyphenols, is known to play
a role as a PPARy agonist.*® During PPARY
agonist-PPARy receptor binding, adipogenic
gene programs initiation occurs involving
coactivators such as CREB-binding protein
(CBP), histone acetyltransferase p300 (p300),
cluster of differentiation 36 (Cd36), fatty acid-
binding protein 4 (Fabp4), adiponectin, and
fatty acid synthase (Fasn).**! PPARy recruits
a positive regulatory domain containing 16
(PRDM16), EBF Transcription Factor 2
(EBF2), and euchromatic histone lysine
methyltransferase 1 (EHMT1) and forms
PPARy/ PRDMI16/ EHMT1/ EBF2
transcription complex to stimulate the
expression of target genes in adipogenesis
such as UCP1, UCP2, and UCP3. This process
promotes the differentiation of brown and
beige adipocytes from their precursors, Myf5+
and Myf5- through the browning mechanism
of adipose tissue. In line with the data (Figure
1 and 2), the increasing level of UCP1 and
UCP2 protein levels demonstrates the presence
of the browning mechanism of adipose tissue
exerted by NuSE treatment in 3T3-L1 cell line.

UCP1 and UCP2 protein level increase
shown by our data (Figure 2) is paralleled with
several journal reports. Lee MS et al have also
observed UCP protein level increase in a dose-
dependent manner in 3T3-L1 cells which were
treated earlier with a polyphenols-containing
substance such as epigallocatechin gallate.*>*3
A study published by Kelly et al stated that
PPARy and PPARa mediate the regulation of
UCP1, UCP2, and UCP3 gene expression.
Thiazolidinedione-treated rats and mice
experienced an increase in UCP1, UCP2, and
UCP3 mRNA expression levels.*> This is
paralleled to what we found in Figure 2. In
addition, it is noted that the highest NUSE dose
(10 ppm) increases UCP1 and UCP2 protein

levels significantly (p<0.05). Therefore, NuSE
needs to be administered in a higher dose to
induce significant responses since low-dose
NUuSE just increases the protein level vaguely.
In a previous study published by Lesmana et
al, nutmeg extract was used as a single dose,
and readjusting the dose was required to
address a more optimal browning process.® In
the present study, we have successfully
complemented that previous research by
readjusting the nutmeg extract into specific
doses of 0.01; 0.1; 1; 10 ppm. We conclude
that nutmeg in a higher dose is more effective
in increasing uncoupling proteins than in the
lower one. Future studies are needed to
increase the dose in the interest of knowing
more optimal effects of nutmeg extract.

UCP2 and UCP3 may have roles in
thermogenesis***’ Previous studies showed
that PPARy*® and PPARa* agonists may
induce UCP2 and UCP3 expressions. UCP2
and UCP3 were suspected to play roles in
browning adipose tissue although the exact
mechanism remained unclear.®® However, in
our study we found that the effect of NuSE
treatment on UCP2 and UCP3 protein
expression patterns was not as significant as in
UCP1. Moreover, UCP2 had a different
protein expression pattern. It is shown that
there is a contrarily decreasing trend in UCP2
protein levels following an increasing NuSE
dose (Figure 2). There are some factors that
drive these effects into nonlinear responses.
One of those may be due to a hermetic
response, a dynamic adaptive response, or
biological plasticity of a living system in
response to intermittent mild stressors, which
can cause the nonlinear dose-response
relationship in which low versus high doses of
an agent can impart effects in opposite
directions.>®°2 There are several known herbal
traditional complementary medicine (TCM)
that may act through hormetic dose-response
mechanisms in which stimulatory effects
appear at low doses and inhibitory effects
appear at high doses in vitro.>® One of the
examples is the major active component of
Rhizoma coptidis, berberine, which has been
shown to cause an apparent hermetic effect on
cells.> In addition, a study conducted by
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Abraham Peper analyzed aspects of the
relationship between drug dose and drug
effect. It was concluded that the effect of a
specific dose was not easy to predict owing to
some rationales, such as compensatory
response and tolerance level. An exceeding
compensatory response compared to the
normal drug effect will obtain a negative drug
effect, thus making the correlation between
drug dose and its effect more intricate to
predict.>® Taken together, nonlinear response
of UCP protein level increase in 3T3-L1 cell
lines at increasing NUSE dose might be due to
those affecting factors above.

In our experiments, we used
dexamethasone as a positive control.
Dexamethasone has a significant role in the
differentiation process of 3T3-L1 cell lines.
Throughout adipocyte differentiation, there are
various induced enzymes and transcription
factors such as CCAAT/enhancer binding
protein [ (C/EBPB), CCAAT/enhancer
binding protein a (C/EBPa), and PPARy.%>8
Several studies have sought for methods and
model systems in differentiating
preadipocytes. Various chemical stimulants
were found to stimulate preadipocyte
differentiation, such as insulin and
isobutylmethylxanthine (IBMX).% Insulin and
dexamethasone have become a differentiation
medium for 3T3-L1 preadipocytes.®® Insulin
promotes preadipocyte differentiation via a
signaling network involving multiple insulin
receptor substrates (IRSs). It plays specific
roles by activating transcriptional events
involving phosphoinositide 3-kinase (PI3K)
pathway.51%? \Whereas dexamethasone is
involved in preadipocyte differentiation by
regulating the expression of nuclear factors
such as PPARy, C/EBPa, and Id2. The
presence of dexamethasone is really pivotal
that its absence will result in poorly
differentiated adipocytes.®

Based on our data, UCP1 was the only
protein which appeared to increase 1.4 folds
following the treatment with dexamethasone
as positive control, while UCP2 and UCP3
protein level remain unchanged. Previous
study conducted by Katharina Weber et al
showed similar result to this. In the study,

glucocorticoids do not significantly change
UCP3 expression both in vitro and in vivo.%
On the contrary, some other studies suggest
opposite results. Emiko Kasahara et al
conducted an animal study and suggested that
stress-induced glucocorticoid release
upregulated UCP2 expression in mice
analyzed by real-time PCR.®® Additionally,
Poggioli et al concluded in their study that
there was a marked drop in UCP1 mRNA
levels in high fat-fed animal,®® which was just
the reverse to what we found. However,
findings may vary due to different research
objects, methods, confounding, and detection
tools. Thus, our results could become a
reference for future research development in
adipocytes differentiation.

Further studies are needed to confirm
whether nutmeg specifically induces the
browning mechanism of white adipose tissue
through PPARY activation. PPARy inhibitors
may be used to evaluate whether it may
interfere the browning mechanism. In addition,
observing specific WAT genes may also be
helpful. Decreasing the level of WAT genes
such as AdipoQ and adiponectin may reflect
that nutmeg specifically induces the browning
WAT process. Furthermore, in vivo studies
encompassing feeding and giving exercise
training towards rats or mice could assist
researchers in finding out if physical activity
may enhance the nutmeg effect in the
browning mechanism of WAT.

CONCLUSION

There are alterations of protein
expression pattern in UCP1, UCP2, and UCP3.
At NuSE 10 ppm, we found significant results
in the increase of UCP1 and UCP2 protein
levels (p<0.05). However, NUSE treatment on
UCP2 and UCP3 protein expression patterns
were not as significant as in UCP1 owing to
several underlying factors. Otherwise,
although UCP3 protein level had an increasing
trend, we found no significant results in UCP3
protein expression pattern in NuSE-treated
3T3-L1 cell lines. We suggest that malignant
(polyphenolic content) in NuSE acts as a
hormone-like substance which plays important
role in adipocyte differentiation by regulating
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PPARy. Therefore, we conclude that there is a
possibility that nutmeg potentially alters the

characteristics of WAT in 3T3-L1 cell lines.

DAFTAR PUSTAKA
1. Engin A. The Definition and
Prevalence of Obesity and Metabolic

Syndrome. In:  Advances in
Experimental Medicine and Biology.
2017. p. 1-17.

2. Keaver L, Webber L, Dee A, Shiely F,
Marsh T, Balanda K, et al. Application
of the UK Foresight Obesity Model in
Ireland: The Health and Economic
Consequences of Projected Obesity
Trends in Ireland. Bassaganya-Riera J,
editor. PLoS ONE. 2013 Nov
13;8(11):€79827.

3. Greenberg AS, Obin MS. Obesity and
the role of adipose tissue in
inflammation and metabolism. The
American Journal of Clinical Nutrition.
2006 Feb 1;83(2):461S-465S.

4. Kang YE, Kim JM, Joung KH, Lee JH,
You BR, Choi MJ, et al. The Roles of
Adipokines, Proinflammatory
Cytokines, and Adipose Tissue
Macrophages in Obesity-Associated
Insulin Resistance in Modest Obesity
and Early Metabolic Dysfunction.
Lopez Lluch G, editor. PLOS ONE.
2016 Apr 21;11(4): e0154003.

5. Aouadi M, Tencerova M, Vangala P,
Yawe JC, Nicoloro SM, Amano SU, et
al. Gene silencing in adipose tissue
macrophages regulates whole-body
metabolism in obese mice. Proceedings
of the National Academy of Sciences.
2013 May 14;110(20):8278-83.

6. Olefsky JM, Glass CK. Macrophages,
Inflammation, and Insulin Resistance.
Annual Review of Physiology. 2010
Mar 17;72(1):219-46.

7. White MF, Copps KD. The
Mechanisms of Insulin Action. In:
Endocrinology: Adult and Pediatric.
Seventh Ed. Elsevier; 2016. p. 556-
585.e13.

10.

11.

12.

13.

14.

15.

16.

Rosen  ED,  Spiegelman BM.
Adipocytes as regulators of energy
balance and glucose homeostasis.
Nature. 2006 Dec 13;444(7121):847—
53.

Carobbio S, Pellegrinelli V, Vidal-Puig
A. Adipose Tissue Function and
Expandability as Determinants of
Lipotoxicity and the Metabolic
Syndrome. In:  Advances in
Experimental Medicine and Biology.
2017. p. 161-96.

Tchernof A, Després JP.
Pathophysiology of Human Visceral
Obesity: An Update. Physiological
Reviews. 2013 Jan;93(1):359-404.
Mescher AL. Junqueira’ s Basic
Histology Text & Atlas (14th ed.). Mc
Graw Hill. 2016;

Cypess AM, Kahn CR. Brown fat as a
therapy for obesity and diabetes.
Current Opinion in Endocrinology,
Diabetes and  Obesity. 2010
Apr;17(2):143-9.

Palou A, Pico C, Bonet ML, Oliver P.
The uncoupling protein, thermogenin.
The  International  Journal  of
Biochemistry & Cell Biology. 1998
Mar;30(1):7-11.

Nicholls DG, Locke RM. Thermogenic
mechanisms in brown fat.
Physiological Reviews. 1984
Jan;64(1):1-64.

Hiroshima Y, Yamamoto T, Watanabe
M, Baba Y, Shinohara Y. Effects of cold
exposure on metabolites in brown
adipose tissue of rats. Molecular
Genetics and Metabolism Reports.
2018 Jun; 15:36-42.

Betz MJ, Enerbick §S. Targeting
thermogenesis in brown fat and muscle
to treat obesity and metabolic disease.




Vol. 5, No. 1, Agustus 2021 — Februari 2022

Jurnal llmu Faal Olahraga

17.

18.

19.

20.

21.

22.

23.

Nature Reviews Endocrinology. 2018
Feb 23;14(2):77-87.

Gesta S, Tseng YH, Kahn CR.
Developmental Origin of Fat: Tracking
Obesity to Its Source. Cell. 2007
Oct;131(2):242-56.

Ramseyer VD, Granneman JG.
Adrenergic regulation of cellular
plasticity in brown, beige/brite and
white adipose tissues. Adipocyte. 2016
Apr 2;5(2):119-29.

Grujic D, Susulic VS, Harper ME,
Himms-Hagen J, Cunningham BA,
Corkey BE, et al. B3-Adrenergic
Receptors on White and Brown
Adipocytes Mediate B3-Selective
Agonist-induced Effects on Energy
Expenditure, Insulin Secretion, and
Food Intake. Journal of Biological
Chemistry. 1997 Jul
11;272(28):17686-93.

Bronnikov G, Houstek J, Nedergaard J.
B-Adrenergic, cAMP-mediated
stimulation of proliferation of brown
fat cells in primary culture: Mediation
via B1 but not via B3 adrenoceptors.
Journal of Biological Chemistry.
1992;267(3):2006—13.

Fisher FF, Kleiner S, Douris N, Fox
EC, Mepani RJ, Verdeguer F, et al.
FGF21 regulates PGC-la  and
browning of white adipose tissues in
adaptive thermogenesis. Genes and
Development. 2012;

Rachid TL, Penna-de-Carvalho A,
Bringhenti 1, Aguila MB, Mandarim-
de-Lacerda CA, Souza-Mello V.
Fenofibrate  (PPARalpha  agonist)
induces beige cell formation in
subcutaneous white adipose tissue
from diet-induced male obese mice.
Molecular and Cellular Endocrinology.
2015;

Than A, He HL, Chua SH, Xu D, Sun
L, Leow MKS, et al. Apelin Enhances
Brown Adipogenesis and Browning of
White  Adipocytes. Journal  of

24.

25.

26.

217.

28.

29.

30.

Biological Chemistry. 2015 Jun
5;290(23):14679-91.

Shuai L, Zhang LN, Li BH, Tang CL,
Wu LY, Li J, et al. SIRTS Regulates
Brown Adipocyte Differentiation and
Browning of Subcutaneous White
Adipose Tissue. Diabetes. 2019
Jul;68(7):1449-61.

Shen Y, Su Y, Silva FJ, Weller AH,
Sostre-Colon J, Titchenell PM, et al.
Shared PPARo/y Target Genes
Regulate Brown Adipocyte
Thermogenic Function. Cell Reports.
2020 Mar;30(9):3079-3091.e5.

Okla M, Kim J, Koehler K, Chung S.
Dietary Factors Promoting Brown and
Beige  Fat  Development  and
Thermogenesis. Advances in Nutrition:
An International Review Journal. 2017
May 15;8(3):473-83.

Bonet ML, Oliver P, Palou A.
Pharmacological and nutritional agents
promoting browning of white adipose
tissue. Biochimica et Biophysica Acta
(BBA) - Molecular and Cell Biology of
Lipids. 2013 May;1831(5):969-85.
Arumugam G, Purushotham B, Swamy
MK. Myristica fragrans Houtt.:
Botanical, = Pharmacological, and
Toxicological Aspects. In: Natural Bio-
active Compounds. Singapore:
Springer Singapore; 2019. p. 81-106.
Tajuddin, Ahmad S, Latif A, Qasmi IA,
Amin KMY. An experimental study of
sexual function improving effect of
Myristica fragrans Houtt. (nutmeg).
BMC Complementary and Alternative
Medicine. 2005 Dec 20;5(1):16.
Lestari K, Diantini A, Barliana MI,
Achmad TH, Subarnas A, Mutakin, et
al. Potential Natural Dual Agonist
PPARo/y-induced Antidiabetic and
Antidyslipidemic Properties of
Safrole-Free Nutmeg Seed (Myristica
fragrans Houtt) Extract. The Natural
Products Journal. 2019 Jul
23;9(3):248-53.

8




Vol. 5, No. 1, Agustus 2021 — Februari 2022

Jurnal llmu Faal Olahraga

31. Ohno H, Shinoda K, Spiegelman BM,
Kajimura S. PPARY agonists Induce a
White-to-Brown  Fat  Conversion
through Stabilization of PRDMI16

Protein. Cell Metabolism.
Mar;15(3):395-404.

32. Kelly LJ, Vicario PP, Thompson GM,
Candelore MR, Doebber TW, Ventre J,
et al. Peroxisome Proliferator-
Activated Receptors y and o Mediate in
Vivo Regulation of Uncoupling Protein

(UCP-1, UCP-2, UCP-3)

Expression. Endocrinology. 1998 Dec

1;139(12):4920-7.

33. Shen W, Wang Y, Lu SF, Hong H, Fu S,
He S, et al. Acupuncture promotes
white adipose tissue browning by
inducing UCP1 expression on DIO
mice. BMC Complementary and
Alternative Medicine. 2014 Dec

16;14(1):501.

34. Chen YC, Yu YH. The potential of

brown adipogenesis and browning in
marrow-derived
mesenchymal stem cellsl. Journal of

porcine bone

Animal Science. 2018
7:96(9):3635—44.

35. Pohl EE, Rupprecht A, Macher G,
Hilse KE. Important Trends in UCP3
Investigation. Frontiers in Physiology.

2019 Apr 30;10:1-11.

36. Lesmana R, Siannoto M, Nugraha GI,
Goenawan H, Feinisa AK, Pratiwi YS,
et al. Nutmeg extract potentially alters
characteristics of white adipose tissue
in rats. Veterinary Medicine and
Science. 2021 Jan 3;2020(00):1-9.

37. Coelho MS, de Lima CL, Royer C,
Silva JB, Oliveira FCB, Christ CG, et
al. GQ-16, a TZD-Derived Partial

PPARy  Agonist, Induces

Expression of Thermogenesis-Related
Genes in Brown Fat and Visceral White
Fat and Decreases Visceral Adiposity
in Obese and Hyperglycemic Mice.
Makishima M, editor. PLOS ONE.

2016 May 3;11(5):1-20.

38.

el

40.

41.

42.

43.

44,

Abourashed EA, El-Alfy AT. Chemical
diversity and pharmacological
significance  of the secondary
metabolites of nutmeg (Myristica
fragrans  Houtt.).  Phytochemistry
Reviews. 2016 Dec 10;15(6):1035-56.
Ma X, Wang D, Zhao W, Xu L.
Deciphering the Roles of PPARY in
Adipocytes via Dynamic Change of
Transcription Complex. Frontiers in
Endocrinology. 2018 Aug 21;9:1-10.
Salma N, Xiao H, Mueller E,
Imbalzano AN. Temporal Recruitment
of Transcription Factors and SWI/SNF
Chromatin-Remodeling Enzymes
during Adipogenic Induction of the
Peroxisome Proliferator-Activated
Receptor y Nuclear Hormone Receptor.
Molecular and Cellular Biology. 2004
Jun 1;24(11):4651-63.

Takahashi N, Kawada T, Yamamoto T,
Goto T, Taimatsu A, Aoki N, et al.
Overexpression and  Ribozyme-
mediated Targeting of Transcriptional
Coactivators CREB-binding Protein
and p300 Revealed Their
Indispensable Roles in Adipocyte
Differentiation through the Regulation
of Peroxisome Proliferator-activated
Receptor y. Journal of Biological
Chemistry. 2002 May;277(19):16906—
12.

Wang S, Moustaid-Moussa N, Chen L,
Mo H, Shastri A, Su R, et al. Novel
insights of dietary polyphenols and
obesity. The Journal of Nutritional
Biochemistry. 2014 Jan;25(1):1-18.
LEE MS, KIM Y. (—)-
Epigallocatechin-3-gallate Enhances
Uncoupling Protein 2 Gene Expression
in 3T3-L1 Adipocytes. Bioscience,
Biotechnology, and Biochemistry.
2009 Feb 23;73(2):434-6.

Boss O, Samec S, Dulloo A, Seydoux
J, Muzzin P, Giacobino JP. Tissue-
dependent  upregulation of rat
uncoupling protein-2 expression in

9




Vol. 5, No. 1, Agustus 2021 — Februari 2022

Jurnal llmu Faal Olahraga

45.

46.

47.

48.

49.

50.

51.

response to fasting or cold. FEBS
Letters. 1997;

Caron A, Labbé¢ SM, Carter S, Roy
MC, Lecomte R, Ricquier D, et al. Loss
of UCP2 impairs cold-induced non-
shivering thermogenesis by promoting
a shift toward glucose utilization in
brown adipose tissue. Biochimie.
2017,

Gong DW, He Y, Karas M, Reitman M.
Uncoupling protein-3 is a mediator of
thermogenesis regulated by thyroid
hormone, B3-adrenergic agonists, and
leptin.  Journal of  Biological
Chemistry. 1997;

Lin J, Cao C, Tao C, Ye R, Dong M,
Zheng Q, et al. Cold adaptation in pigs
depends on UCP3 in beige adipocytes.
Journal of Molecular Cell Biology.
2017 Oct 1;9(5):364-75.

Fukui Y, Masui S, Osada S, Umesono
K, Motojima K. A new
thiazolidinedione, NC-2100, which is a
weak PPAR-gamma activator, exhibits
potent antidiabetic effects and induces
uncoupling protein 1 in white adipose
tissue of KKAy obese mice. Diabetes.
2000 May 1;49(5):759-67.

Nakatani T, Tsuboyama-Kasaoka N,
Takahashi M, Miura S, Ezaki O.
Mechanism for peroxisome
proliferator-activated receptor-o
activator-induced up-regulation of
UCP2 mRNA in rodent hepatocytes.
Journal of Biological Chemistry. 2002;
Bell IR, Ives JA, Wayne BJ. Nonlinear
Effects of Nanoparticles: Biological
Variability from Hormetic Doses,
Small Particle Sizes, and Dynamic
Adaptive Interactions. Dose-Response.
2014 Apr 7;12(2): dose-response.1.
Calabrese EJ, Mattson MP. Hormesis
provides a generalized quantitative
estimate of Dbiological plasticity.
Journal of Cell Communication and
Signaling. 2011 Mar 25;5(1):25-38.

52.

53.

54,

55},

56.

57.

58.

59.

Calabrese EJ. Hormetic mechanisms.
Critical Reviews in Toxicology. 2013
Aug 23;43(7):580-606.

Teschke R, Melchart D, Xuan TD.
Hormesis and dose-responses in herbal
traditional Chinese medicine (TCM)
alone are insufficient solving real
clinical TCM  challenges and
associated herbal quality issues.
Longhua Chinese Medicine. 2018;1:3—
3.

Bao J, Huang B, Zou L, Chen S, Zhang
C, Zhang Y, et al. Hormetic effect of
berberine attenuates the anticancer
activity of chemotherapeutic agents.
PLoS ONE. 2015;

Peper A. Aspects of the Relationship
between Drug Dose and Drug Effect.
Dose-Response. 2009 Apr 1;7(2):dose-
response.0.

Vishwanath D, Srinivasan H, Patil MS,
Seetarama S, Agrawal SK, Dixit MN,
et al. Novel method to differentiate 3T3
L1 cells in vitro to produce highly
sensitive adipocytes for a GLUT4
mediated glucose uptake using
fluorescent glucose analog. Journal of
Cell Communication and Signaling.
2013 Jun 6;7(2):129-40.

Yoo W, Lee J, Park S, Kim YS, Lim C,
Yoon E, et al. Albumin expression is
required for adipocyte differentiation
of 3T3-L1 cells. Biochemical and
Biophysical Research
Communications. 2010
Jun;397(2):170-5.

Morris NJ, Ross SA, Lane WS,
Moestrup SK, Petersen CM, Keller SR,
et al. Sortilin is the major 110-kDa
protein in GLUT4 vesicles from
adipocytes. Journal of Biological
Chemistry. 1998;

Balachandran A, Guan H, Sellan M,
van Uum S, Yang K. Insulin and
Dexamethasone Dynamically Regulate
Adipocyte 11B-Hydroxysteroid
Dehydrogenase Type 1.

10




Vol. 5, No. 1, Agustus 2021 — Februari 2022

Jurnal limu Faal Olahraga

Endocrinology.
Aug;149(8):4069-79.

2016 Jul 26;6(1):26791.

1;48(4):691-8.

1;24(5):1918-29.

Mar 9;44(3):377-86.

2002 Jan 1;143(1):177-84.

2015;22(5):279-92.

mice. Obesity. 2013;n/a-n/a.

60. Arimochi H, Sasaki Y, Kitamura A,
Yasutomo K. Differentiation
preadipocytes and mature adipocytes
requires PSMBS. Scientific Reports.

61. Gagnon A, Chen CS, Sorisky A.
Activation of protein kinase B and
induction of adipogenesis by insulin in
3T3-L1 preadipocytes: contribution of
phosphoinositide-3,4,5-trisphosphate
versus phosphoinositide-3,4-
bisphosphate. Diabetes. 1999 Apr

62. Tseng YH, Kriauciunas KM, Kokkotou
E, Kahn CR. Differential Roles of
Insulin Receptor Substrates in Brown
Adipocyte Differentiation. Molecular
and Cellular Biology. 2004 Mar

63. Zilberfarb V, Siquier K, Strosberg AD,
Issad T. Effect of dexamethasone on
adipocyte differentiation markers and
tumour necrosis factor-a expression in
human PAZ6 cells. Diabetologia. 2001

64. Weber K, Briick P, Mikes Z, Kiipper
JH, Klingenspor M, Wiesner RIJ.
Glucocorticoid Hormone Stimulates
Mitochondrial Biogenesis Specifically
in Skeletal Muscle. Endocrinology.

65. Kasahara E, Sekiyama A, Hori M,
Kuratsune D, Fujisawa N, Chida D, et
al.  Stress-Induced Glucocorticoid
Release  Upregulates  Uncoupling
Protein-2 Expression and Enhances
Resistance to  Endotoxin-Induced
Lethality. Neuroimmunomodulation.

66. Poggioli R, Ueta CB, e Drigo RA,
Castillo M, Fonseca TL, Bianco AC.
Dexamethasone  reduces  energy
expenditure and increases
susceptibility to diet-induced obesity in

11




