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ABSTRACT

Helicteres isora Linn. (H. isora) has revealed great potential in antioxidant, anti-
inflammatory, antidiabetic, and hypolipidemic activities in diabetic rats. Fruits and roots of
this plant previously exhibited the antihyperglycemic and hypolipidemic activities. There has
been no research study about the direct effects of H. isora extract on lipid metabolism in
adipocytic cells. Thus, the objectives of this study were to determine if ethanol crude extract
from H. isora fruit would affect 3T3-L1 adipogenesis and fat accumulation within mature
adipocytes as well as hormone-sensitive lipase (HSL) and adiponectin gene transcription.
Adipogenesis and fat accumulation were assessed by measuring the amount of triglyceride
within fat droplets formed in the cytoplasm of 3T3-L1 mature adipocytes. It was found that
ethanol crude extract of H. isora fruit (500 pg/mL) significantly induced adipocyte
differentiation and slightly increased fat accumulation (no significance) within 3T3-L1 mature
adipocytes presented as triglyceride/protein ratio (%fold change). In addition, adiponectin
and HSL mRNA levels, determined by real-time RT-PCR, were significantly reduced in
ethanol crude extract-treated cells. These results indicate that the ethanol crude extract of H.
isora fruit probably induces obesity by increasing of both number (adipogenesis) and size (fat
accumulation) of adipocytes. Ethanol fruit extract of H. isora might not be useful for diabetic
prevention.

Keywords: Adipogenesis; Fat accumulation; Adiponectin; H. isora fruit; Hormone sensitive

lipase

*Corresponding author: psiripurkpong@gmail.com doi: 10.14456/scitechasia.2020.53



P. Siripurkpong and M. Fungkrajai | Science & Technology Asia | Vol.25 No.4 October - December 2020

1. Introduction

Helicteres isora Linn. (H. isora) is
tropical trees and shrubs with axillary
flowers and fruits consisting of five twisted
carpels found in Asia, including the Indian
Subcontinent, South China, the Malay
Peninsula, Myanmar, Sri Lanka, and Saudi
Arabia. Also, H. isora has been found in
Thailand, named as Porkabid or Porbid. H.
isora is a medicinal plant belonging to the
family of Sterculiaceae which exhibits
several pharmacological effects. This plant
contains several compounds such as
phenols, flavonoids, alkaloids, glycosides,
phytosterols, carotenoids, and tannins [1].
Different parts of this plant exhibit different
compounds, which have different properties
[2]. Stems of this plant are used as
anthelmintic, while fruits are used as colic,
anticonvulsant, and abdominalgia [3]. In
addition, the water extract of H. isora fruit
inhibits reverse transcriptase from avian
myeloblastosis virus [4] and has an anti-
HIV-1 activity [5]. Acetone fruit extract of
H. isora has a strong antioxidant activity
(96.44%) compared to hexane, and
isopropy! alcohol extracts [6]. This plant
also has antidiabetic and hypolipidemic
activities. Hot water extracts of H. isora
fruit cause significant antioxidant activity
and moderate antidiabetic activity by
increasing the glucose uptake activity in the
isolated rat hemidiaphragm model [7] and in
the rodent skeletal muscle cells [8]. The
hypolipidemic effect from an aqueous
extract of H. isora bark is observed in
streptozotocin (STZ)-induced diabetic rats.
After 3 weeks of bark extract treatment, the
rats exhibit a significant reduction in serum
and tissue cholesterol, phospholipids, free
fatty acids, and triglycerides [9]. The
antinyperglycemic  and  hypolipidemic
activities of H. isora root extracts are also
found in alloxan-induced diabetic rats.
Blood glucose, total cholesterol,
triglycerides, and urea levels are reduced in
alloxan-induced diabetic rats after 10 days
of treatment with butanol and aqueous
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ethanol extracts of H. isora root. Both
extracts are able to restore the pancreatic
islets, kidney glomeruli, and liver to its
normal size [10]. Ethanol crude extract
from H. isora fruits is able to restore the
lipid levels of diabetic rats to near normal
levels after 45 days of treatment [11].

Obesity is an enlargement of
adipose tissue to store excess energy intake.
Hyperplasia (increasing cell numbers by
adipocyte differentiation) and hypertrophy
(increasing cell size by fat accumulation)
are two possible growth mechanisms [12].
Obesity is a risk factor for type 2 diabetes
caused by insulin resistance. Previous
studies show that H. isora has great
potential in terms of antidiabetic, anti-
inflammatory, antioxidant and
hypolipidemic activities. However, there
has been no study about the direct effects of
H. isora extract on fat accumulation and
adipocyte differentiation (adipogenesis) in
vitro. Thus, the effects of ethanol crude
extract from H. isora fruit on 3T3-L1
adipogenesis and fat accumulation,
including changing of adipocyte-specific
genes expression such as hormone-sensitive
lipase (HSL) and adiponectin genes, were
investigated in this study. These results will
provide some information to understand the
effects of ethanol crude extracts from H.
isora fruits on lipid metabolism, which may
be useful for type 2 diabetes prevention and
treatment in the future.

2. Materials and Methods
2.1 Materials

Mouse 3T3-L1 pre-adipocytes were
obtained from American type culture
collection (ATTC®CL173; Manessas, VA,
USA). Dulbecco modified Eagle medium
(DMEM), and fetal bovine serum (FBS)
were purchased from Gibco (Gibthai,
Thailand). Dexamethasone, 3-isobutyl-1-
methylxanthine (IBMX), and insulin were
purchased from Sigma-Aldrich (St. Louis,
Mo, USA). TRIzol reagent was purchased
from Invitrogen (Carlsbad, CA, USA).
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DNAse and the ImProm-II™ Reverse
Transcription System were purchased from
Promega (Madison, WI, USA). The iTaq™
Universal SYBR® Green Supermix was
from Bio-Rad (Hercules, CA). Stanbio
LiquiColor® triglyceride reagent was
obtained from Stanbio Laboratory (Boerne,
Texas, USA). Pierce® BCA Protein Assay
Kit was from Thermo Scientific (Rockford,
IL, USA)

2.2 Ethanol crude extract from Helicteres
isora fruits

Dried Helicteres isora Linn. fruits
were purchased from Vejpong Pharmacy
Company, Bangkok, Thailand. They were
ground, passed through sieve no.60, and
kept in a well-closed container before use.
Dried and crushed fruits (500 @) were
macerated in 95% ethanol (3.0 L) for 1 day
at room temperature and filtered (1st
filtrate). Sludge was macerated in 95%
ethanol again for two days and filtered (2nd
filtrate).  The second filtrate was mixed
with the first one before it was dried by
rotary evaporation and kept in an amber
well-closed container at 4°C. The amount
of powder crude extract was calculated
(1.85% yield) and kept at 0-4°C until used
by dissolving with 95% ethanol or dimethyl
sulfoxide (DMSO).

2.3 Effects of ethanol crude extract on
3T3-L1 adipogenesis

Pre-adipocyte 3T3-L1 cells were
cultured at 37°C, 5% CO2 in adipocyte
medium; 10% FBS in DMEM containing 25
mM  glucose (DMEM/High glucose)
supplemented with 100 U/mL penicillin and
100 pg/mL streptomycin.  Ten thousand
pre-adipocyte 3T3-L1 cells per well were
seeded in 6-well plates and cultured in
adipocyte medium until there were 80-100%
confluent cells. Then, pre-adipocyte 3T3-
L1 cells were started the adipocyte
differentiation by adding the adipocyte
medium supplemented with adipogenesis
inducer (0.5 mM IBMX, 250 nM
dexamethasone) for two days.  Then,
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adipogenesis inducer was substituted with
insulin (5 ng/mL) for two days. After that,
cells were further incubated in adipocyte
medium without insulin supplement for
three days. During seven days of adipocyte
differentiation, cells were treated with
ethanol crude extract (25, 50, 100, 250 and
500 pg/mL) and DMSO as a control. After
seven days of differentiation, cells were
harvested and kept at -70°C for triglyceride
and protein determination.

2.4 Effects of ethanol crude extract on fat
accumulation in  3T3-L1  mature
adipocytes

Pre-adipocyte 3T3-L1 cells were
grown to confluence in 6-well plates and
stimulated after two days of post-confluence
with the adipogenesis induction medium
(adipocyte medium supplemented with 0.5
mM IBMX, 250 nM dexamethasone, and 5
ug/mL insulin) for 2 days. Then, cells were
cultured in 3T3-L1 adipocyte medium
supplemented with 5 ug/mL insulin for 4-6
days. The 3T3-L1 adipocyte medium was
changed every two days. After 3T3-L1
adipocytes attained maturity in at least 80
percent of the cells, mature adipocytes were
treated with ethanol crude extract (25, 50,
100, 250 and 500 pg/mL) and DMSO as a
control for 24 hours. After that, cells were
harvested and kept at -70°C for triglyceride
and protein determination.

2.5 The triglyceride and protein ratio
Cells were lysed with 5%Triton X-
100 at 95-100°C for 30 min. The cell lysate
determined the triglyceride contents using
Stanbio LiquiColor® triglyceride reagent
(Quantitative ~ enzymatic  colorimetric
method) according to the manufacturer's
protocol. Pierce® BCA Protein Assay Kit
was used to determine protein in the cell
lysate based on the bicinchoninic acid
(BCA) colorimetric method. Protein
concentration in each lysate indirectly
represented the numbers of cells in each
well. The fold changes of lipids within the
cells during adipogenesis or fat
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accumulation were normalized with proteins
and presented as the triglyceride/ protein
ratio.

2.6 The effects of ethanol crude extract on
the expression of adipogenic genes by
Real-time PCR

3T3-L1 mature adipocytes, obtained
from pre-adipocyte 3T3-L1 adipogenesis as
mentioned above, were treated with ethanol
crude extract (250 and 500 pg/mL) and
DMSO as a control for 24 hours. After that,
cells were harvested and kept at -70°C for
RNA isolation and adipogenic gene
expression by real-time RT-PCR.

Total RNA was isolated from 3T3-L1
mature adipocytes using TRIzol reagent
according to the manufacturer's protocol,
and residual DNA contamination was
removed by DNAse. cDNA synthesis was
performed by the ImProm-II™ Reverse
Transcription System according to the
manufacturer's protocol.

PCR amplifications were done by
Real-time PCR using the iTaq™ Universal
SYBR® Green Supermix. Specific primer
sequences (synthesized by Integrated DNA
technologies, Singapore) used in this
experiment are shown in Table 1.
Quantification of gene expression was

enabled using CFX96 Touch-Real time PCR
Systems (Bio-Rad, USA) and Bio-Rad CFX
manager software. Briefly, the cDNA was
denatured at 95°C for 3 min followed by 35
cycles of PCR (95°C, 5 sec for denaturation
step, 60°C, 30 sec for annealing and
extension steps). Melting curve analysis for
PCR products was performed at the final
step, beginning from 65°C to 95°C (0.5°C
increment, 5 sec/step). The MRNA levels of
all genes were normalized using actin as a
reference gene. The differences in gene
expression between ethanol crude extract-
treated cells and control were presented as
the relative expression ratios (R) or fold
changes calculated using the delta-delta
method (R=2722¢").  All results were
obtained from at least three independent
experiments.

2.7 Statistical analyses

The results are expressed as the
meanzSEM  for triplicate of three
independent experiments. Treatments were
compared by one-way ANOVA using
Tukey’s posthoc test or Dunnett's Multiple
Comparison Test to identify statistical
differences at p<0.05.

Table 1. Primer sequences and PCR product sizes for Real time-PCR.

Name primer sequences PCR (bp) Ref.
HSL F: 5-~AGDCACCAGCCAACGGATAC-3' 239 Using Primer3
R: 5'-ATCACCCTCGAAGAAGAGCA-3' and BLAST
Adiponectin F: GAAGATGACGTTACTACAAC 704 [13]
R: GGTAGTTGCAGTCAGTTGGT
Actin F: AAGAGAGGTATCCTGACCCT 218
R: TACATGGCTGGGGTGTTGAA
R: TGGCCCTAAGTATTCAAGTTCTG
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3. Results and Discussion

Since H. isora fruit exhibits the
anti-diabetic and hypolipidemic activities
[10, 14], the direct effects of ethanol crude
extract from H. isora fruit on 3T3-L1
adipogenesis and fat accumulation in mature
3T3-L1 adipocytes, including the gene
expression of adiponectin and hormone
sensitive lipase, were studied.

3.1 The effects of ethanol crude extract on
3T3-L1 adipogenesis

3T3-L1 pre-adipocytes were treated
with the adipogenesis induction medium
(see Methods and Materials).  During
adipogenesis, fat droplets are accumulated,
and pre-adipocytes become  mature.
Therefore, to detect adipogenesis, the
triglyceride within the fat droplets were
determined, and amounts of the cells per

well  were estimated by  protein
determination. The adipogenesis control,
ethanol crude extract-untreated cells,

showed the triglyceride/protein ratio as 100
percent. For ethanol crude extract-treated
cells, the fold changes (percent) of the
triglyceride/protein  ratio compared to
adipogenesis control were 150.54+16.73,
186.12+22.63, 193.88+22.63, 211.09+22.71
and 290.60+54.69 for 25, 50, 100, 250 and
500 ug/mL ethanol crude extract treatments,
respectively. Increasing the concentration
of ethanol crude extract to 500 pg/mL

increased the triglyceride/protein ratio.
Particularly, 500 pg/mL ethanol crude
extract-treated cells were significantly

increased in the triglyceride/protein ratio
compared to adipogenesis control (p>0.05)
(Fig. 1).

For the 3T3-L1 adipogenesis study,
the higher the triglyceride/protein ratio, the
higher the mature adipocyte production.
The result showed ethanol crude extract of
H. isora fruit (500 pg/mL) was able to
induce the adipocyte differentiation. It is
known from the previous study that ethanol
(80%) crude extract from H. isora fruit can
induce the cell differentiation of human
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colon cancer cells (RCM-1) by increasing
the ducts resembling villiform structures
[15]. They found that the ethanol extract of
H. isora effectively induced RCM-1 cell
differentiation, while other solvent extracts
(hexane, dichloromethane, and water)
showed no significant effect. This finding
suggests that some specific compounds, for
example, mainly phenolic compounds in
ethanol crude extract of H. isora fruits [16],
might induce the 3T3-L1 adipogenesis.
However, there were no previous studies
about the other major compounds in ethanol
crude extract from H. isora fruits.

Effect of Ethanol crude extract
on 3T3-L1 Adipogenesis

3

g

(Fold change)
N
8

Triglyceride/Protein ratio
8

S

Ethanol crude extract concentration
(ng/mL)

Fig.1. Effect of ethanol crude extract of H. isora
fruit on adipocyte differentiation (Adipogenesis)
presented as fold change (percent) of
triglyceride/protein ratio. These results are
shown as mean £SEM from three experiments.
* p<0.05 vs Control-DMSO.

3.2 The effects of ethanol crude extract on
fat accumulation in 3T3-L1 mature
adipocytes

The fold changes of fat accumulation
within the 3T3-L1 mature adipocytes
between ethanol crude extract treated- and
untreated-cells (control) were determined by
triglyceride/protein ratio. The ethanol crude
extract-untreated cells were set the
triglyceride/protein ratio as 100 percent.
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Effect of ethanol crude extract on
Fat accumulation in 3T3-L1 mature adipocytes
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Fig. 2. Effect of ethanol crude extract of H. isora
fruit on fat accumulation within 3T3-L1 mature
adipocyte presented as fold change (percent) of
triglyceride/protein ratio.  These results are
shown as mean £SEM from three experiments.
* p<0.05 vs Control-DMSO.

The percent of fold changes in ethanol crude
extract treated-cells were 114.14+7.88 (25
pg/mL), 125.93+18.27 (50  pg/mL),
120.74+£8.23 (100 pg/mL), 126.40+7.55
(250 pg/mL) and 135.49+12.51 (500
ug/mL) compared to control. However,
there was no significant difference in fat
accumulation between these ethanol crude
extract-treated cells and control (p>0.05)
(Fig. 2).

Although ethanol crude extract from
the fruit of H. isora has revealed the
hypolipidemic activity in streptozotocin-
induced diabetic rats [11], our results
showed that ethanol crude extract of H.
isora  fruit  slightly increased fat
accumulation within the mature 3T3-L1
adipocytes (no significance).

3.3 Real-time RT-PCR and primer
specificity

RT-PCR experiments yielded a single
band of expected PCR product size on 2%
agarose electrophoreses gels (Table 1 and
Fig. 3 D). Additionally, a melting curve
analysis revealed single product-specific
melting temperatures as  follows:
adiponectin (83.0°C), HSL (81.0°C), and
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actin (82.4°C) (Fig. 3 A-C). No primer-
dimers or non-specific PCR products were
observed during 35 cycles of the real-time
PCR amplification protocol. Optimal and
identical real-time amplification efficiencies
(E) of target genes (adiponectin, HSL) and
the reference gene (actin) are presumed as
E=2.

3.4 The effects of ethanol crude extract on
adipogenic genes in 3T3-L1 mature
adipocytes

For the study of gene expression in
mature adipocytes, two adipogenic genes
were investigated; adiponectin and hormone
sensitive lipase (HSL) in this study. The
relative  adiponectin -~ mRNA  levels
(mean£S.E.M. values) in cells treated with
250 and 500 pg/mL were 0.43+0.06-fold,
0.30£0.06-fold, respectively (Fig.4A). The
significant decrease was found only at 500
ug/mL of ethanol crude extract compared to
controls (p<0.05). The relative expression
ratios of HSL mRNA levels in cells treated
with 250 and 500 upg/mL were 0.83+0.22-
fold, 0.31% 0.06-fold, respectively. There
was a significant decrease in ethanol crude
extract-treated cells at a concentration of
500 pg/mL compared to untreated controls
(p<0.05) (Fig.4B).

Our results showed that ethanol crude
extract of H. isora fruit slightly increased fat
accumulation within the mature 3T3-L1
adipocytes. Furthermore, the hormone-
sensitive lipase MRNA transcription was
decreased in mature adipocytes treated with
ethanol crude extract compared to untreated
control. HSL regulates adipocyte lipolysis
by catalyzing the triglyceride, a storage lipid
within the cell, into glycerol and free fatty
acids [17]. Thus, a possible explanation for
this finding of reduced HSL mRNA
transcription might be the reason for a slight
increase in fat accumulation within the
mature adipocytes [18].

Adiponectin is a peptide hormone
mainly synthesized by adipocytes in adipose
tissues [19]. Decreased plasma adiponectin
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is associated with insulin resistance, type-2
diabetes [20] and cardiovascular diseases
[21]. In 500 ug/mL ethanol crude extract-
treated mature adipocytes, adiponectin
mRNA transcription significantly decreased,
whereas fat accumulation slightly increased.
It is possible that the more increased fat
accumulation within the mature adipocyte,
the more decreased adiponectin mRNA
transcription [22-23].  Our results were

Melt Peak

Adiponectin: Tm 85.0 °C

-d{RFUYT

T T +—
65 70 75 80 85 95

Temperature, Celsius

Melt Peak

Actin: Tm 83.5 °C

-A{RFU)AT

+ T
7% 80 85

Temperature, Celsius

consistent with decreased adiponectin level
in obesity [24] and diabetics [25-26]. These
results indicate that the ethanol crude extract
of H. isora fruit probably causes obesity
because of the increasing of both number
(adipogenesis) and size (fat accumulation)
of adipocytes. Ethanol fruit extract of H.
isora might not be useful for obesity and
diabetic prevention.

Melt Peak

HSL: Tmaso e i g

-d(RFUNAT

U
85 90

65 70 75 80
Temperature, Celsius

Adiponectin 704 bp

HSL 239 bp —
Actin 218 bp

Fig. 3. Melting peak analysis of PCR products for adiponectin (A), HSL (B), and actin (C). Ethidium
bromide-stained agarose gel separation of specific amplicons of adiponectin, HSL and actin (D).
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Effect of Ethanol crude extract
A. on Adiponectin gene transcription
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-
o
1

(fold change)

Adiponectin mRNA

Ethanol crude extract concentration
(ug/mL)

Effect of Ethanol crude extract
on HSL gene transcription
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Fig. 4. Effect of ethanol crude extract of H. isora fruit on adiponectin (A) and hormone sensitive lipase
(B) transcription within 3T3-L1 mature adipocyte reported relative to that of actin mRNA (reference

gene) as means +S.E.M. (n=3), *P<0.05, relative to control.

4. Conclusion

Ethanol crude extract of H. isora fruit
might not be suitable for diabetic prevention
and treatment due to its effects on adipocyte

differentiation, fat accumulation, and
adiponectin transcription.
Acknowledgments

We would like to thank the

Department of Medical Technology, Faculty
of Allied Health Sciences, Thammasat
University, for providing research facilities.
This work was financially supported by
Thammasat University. The authors declare
no conflicts of interest.

References

[1] Gayathri P, Gayathri Devi S. Screening
and quantitation of phytochemicals and
nutritional components of the fruit and
bark of Helicteres isora. 2010.

[2] Kumar N, Singh AK. Plant profile,

phytochemistry and pharmacology of

Avartani (Helicteres isora Linn.): A

review. Asian Pacific journal of tropical

biomedicine. 2014;4(Suppl 1):522-6.

122

3]

[4]

[5]

(6]

[7]

(8]

Al-Yahya MJF. Phytochemical studies of
the plants used in traditional medicine of
Saudi Arabia. 1986.

Kusumoto 1, Shimada I, Kakiuchi N,
Hattori M, Namba T, Supriyatna SJPR.
Inhibitory effects of Indonesian plant
extracts on reverse transcriptase of an
RNA tumour virus (1). 1992;6(5):241-4.

Otake T, Mori H, Morimoto M, Ueba N,
Sutardjo S, Kusumoto IT, et al. Screening
of Indonesian plant extracts for

anti-human immunodeficiency virus—
type 1 (HIV-1) activity. 1995;9(1):6-10.

Raaman N, Balasubramanian KJJAIR.
Antioxidant and anticancer activity of
Helicteres isora dried fruit solvent
extracts. 2012;1(3):148-52.

Suthar M, Rathore GS, Pareek A.
Antioxidant and Antidiabetic Activity of
Helicteres isora (L.) Fruits. Indian J
Pharm Sci. 2009;71(6):695-U8.

Gupta RN, Pareek A, Suthar M, Rathore
GS, Basniwal PK, Jain D. Study of
glucose uptake activity of Helicteres isora



P. Siripurkpong and M. Fungkrajai | Science & Technology Asia | Vol.25 No.4 October - December 2020

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Linn. fruits in L-6 cell lines. Int J
Diabetes Dev C. 2009;29(4):170-3.
Kumar G, Murugesan AG.

Hypolipidaemic activity of Helicteres
isora L. bark extracts in streptozotocin
induced diabetic rats. Journal of
ethnopharmacology. 2008;116(1):161-6.

Venkatesh S, Madhava Reddy B,
Dayanand Reddy G, Mullangi R,
Lakshman M. Antihyperglycemic and
hypolipidemic effects of Helicteres isora
roots in alloxan-induced diabetic rats: a
possible mechanism of action. Journal of
natural medicines. 2010;64(3):295-304.

Boopathy Raja A, Elanchezhiyan C,
Sethupathy S. Antihyperlipidemic
activity of Helicteres isora fruit extract on
streptozotocin induced diabetic male
Wistar rats. Eur Rev Med Pharmacol Sci.
2010;14(3):191-6.

Jo J, Gavrilova O, Pack S, Jou W, Mullen
S, Sumner AE, et al. Hypertrophy and/or
Hyperplasia: Dynamics of Adipose
Tissue Growth. PL0S computational
biology. 2009;5(3):e1000324-¢.

Fujimoto N, Matsuo N, Sumiyoshi H,
Yamaguchi K, Saikawa T, Yoshimatsu H,
et al. Adiponectin is expressed in the
brown adipose tissue and surrounding
immature tissues in mouse embryos.
Biochim Biophys Acta. 2005;1731(1):1-
12.

Suthar M, Rathore GS, Pareek A.
Antioxidant and Antidiabetic Activity of
Helicteres isora (L.) Fruits. Indian journal
of pharmaceutical sciences.
2009;71(6):695-9.

Rattanamaneerusmee A, Thirapanmethee
K, Nakamura Y, Bongcheewin B,
Chomnawang MT. Chemopreventive and
biological activities of Helicteres isora L.
fruit  extracts. Res Pharm  Sci.
2018;13(6):484-92.

Jain A, Sinha P, Desai NS. Estimation of
flavonoid, phenol content and antioxidant

123

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

potential of Indian screw tree (Helicteres
isora L.). International Journal of
Pharmaceutical Sciences And Research.
2014;5(4):1320-30.

Ryden M, Jocken J, van Harmelen V,
Dicker A, Hoffstedt J, Wiren M, et al.
Comparative studies of the role of
hormone-sensitive lipase and adipose
triglyceride lipase in human fat cell
lipolysis. Am J Physiol Endocrinol
Metab. 2007;292(6):E1847-55.

Sztalryd C, Komaromy MC, Kraemer FB.
Overexpression of hormone-sensitive
lipase prevents triglyceride accumulation
in  adipocytes. J  Clin  Invest.
1995;95(6):2652-61.

Nedvidkova J, Smitka K, Kopsky V,
Hainer V. Adiponectin, an adipocyte-
derived protein. Physiol Res.
2005;54(2):133-40.

Sheng T, Yang K. Adiponectin and its
association with insulin resistance and
type 2 diabetes. J Genet Genomics.
2008;35(6):321-6.

Hug C, Lodish HF. The role of the
adipocyte  hormone adiponectin in
cardiovascular  disease. Curr  Opin
Pharmacol. 2005;5(2):129-34.

Asayama K, Hayashibe H, Dobashi K,
Uchida N, Nakane T, Kodera K, et al.
Decrease in serum adiponectin level due
to obesity and visceral fat accumulation
in children. Obes Res. 2003;11(9):1072-
9.

De Rosa A, Monaco ML, Nigro E,
Scudiero O, D'Andrea M, Pilla F, et al.
Tissue-specific downregulation of the

adiponectin "system": possible
implications for fat accumulation
tendency in the pig. Domest Anim

Endocrinol. 2013;44(3):131-8.

Slutsky N, Vatarescu M, Haim Y,
Goldstein N, Kirshtein B, Harman-
Boehm I, et al. Decreased adiponectin
links elevated adipose tissue autophagy



P. Siripurkpong and M. Fungkrajai | Science & Technology Asia | Vol.25 No.4 October - December 2020

[25]

with adipocyte endocrine dysfunction in
obesity. Int J Obes (Lond).
2016;40(6):912-20.

Daimon M. [Decreased serum levels of
adiponectin as a risk factor for
development of type 2 diabetes]. Nihon
Rinsho. 2005;63 Suppl 2:642-5.

124

[26]

Yaturu S, Bridges JF, Subba Reddy DR.
Decreased levels of plasma adiponectin in
prediabetes, Type 2 diabetes and
coronary artery disease. Med Sci Monit.
2006;12(1):CR17-20.



