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Chronic low-grade inflammation plays an important role in 
insulin resistance and the development of type 2 diabetes in obese 
people. Adipocytes, the most abundant cell type in adipose tissue, 
could produce various types of cytokines responsible for chronic 
inflammation. The purpose of the present study was to investigate 
the preventive effect of oxyresveratrol and Puag-Haad, which is the 
oxyresveratrol-enriched aqueous extract from Artocarpus lakoocha 
Roxb., on the inflammation and insulin resistance demonstrated by 
adipocytes. The release of pro-inflammatory cytokines, including 
TNF-α, IL-1β, and IL-6, were monitored to evaluate the inflammatory 
status of the adipocyte cells during the 3T3-L1 adipocytes maturation 
period. Intracellular lipid accumulation and glucose uptake were 
measured to assess adipogenicity and insulin sensitivity status of 
mature adipocytes, respectively. The results showed that 3T3-L1 
adipocytes substantially secreted IL-6 but not TNF-α, IL-1β. Further, 
IL-6 secretion was correlated with lipid quantity accumulated in the 
adipocytes. Oxyresveratrol and Puag-Haad predominantly exhibited 
anti-inflammatory activity in a dose-dependent manner, inhibiting IL-
6 release but showed less effect on lipid accumulation. 3T3-L1 
adipocytes treated with Puag-Haad (40 µg/mL) for 15 days showed 
significant decreases in fat accumulation and IL-6 secretion and 
promoted the glucose uptake. These outcomes indicate an 
improvement in insulin sensitivity. Taken all together, the data 
indicates that Puag-Haad is an interesting natural substance that 
should be further studied for its preventive effect on obese-mediated 
inflammation and the consequences of insulin resistance and type 2 
diabetes. 
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INTRODUCTION 

Diabetes Mellitus (DM) is one of the largest global health emergencies of 
the 21st century. The International Diabetes Federation estimates the number 
of patients with diabetes will reach 642 million by 2040, a 55% increase from 
2015 (Ogurtsova et al., 2017). Globally, between 90–95% of cases are type 2. 
Type2 (T2DM) is characterized by insulin resistance which is a pathological 
condition whereby cells fail to respond normally to insulin which leads to high 
blood glucose levels (Schinner et al., 2005). Chronic inflammation is an 
important link between obesity and insulin resistance. During the development 
of obesity, macrophage infiltration in adipose tissue contributes to inducing the 
state of low-grade inflammation, and consequently the reduction in insulin 
sensitivity of insulin responsive cells such as adipocytes and muscle cells (Van 
Greevenbroek et al., 2013). In obese subjects, pro-inflammatory cytokines, 
such as tumor necrosis factor alpha (TNF-α), interleukin 1 beta (IL-1β), and 
interleukin 6 (IL-6), were higher than in lean subjects (Nehete et al., 2014; 
Popko et al., 2010; Vugic et al., 2020). Cytokine levels were also found to be 
involved with the phosphorylation of insulin receptor substrate-1 (IRS-1) and 
glucose uptake indicating an insulin resistance condition (Fantuzzi, 2005; Meng 
et al., 2010). Thus, modulation of inflammatory responses in adipose tissue 
may consequently improve insulin sensitivity, making inflammatory responses 
a potential target to attenuate insulin resistance and T2DM development. 

In Thailand, Artocarpus lakoocha Roxb. is locally known as “Ma-Haad”.  
A product prepared by extracting the heartwood of this plant with boiling water, 
known as “Puag-Haad” has been traditionally used as an anti-helminthic 
(Preyavichyapugdee et al., 2016). The major compound found in Puag-Haad is 
oxyresveratrol which is highly enriched in the range of 780.1 and 837.5 mg/g 
(Maneechai et al., 2009). Anti-inflammatory activities of oxyresveratrol-
enriched A. lakoocha extract (Hankittichai et al., 2020) and oxyresveratrol  
(Lee et al., 2015; Wei et al., 2017) were demonstrated as suppressing 
lipopolysaccharide (LPS)-induced production of cytokines and mediators in 
RAW264.7 murine macrophage cell lines. Oxyresveratrol was also reported as 
a potential agent for modulating metabolic conditions such as obesity and 
diabetes. Oxyresveratrol increased insulin secretion in INS-1 pancreatic β-cell 
line and ameliorated insulin resistance in mice fed with high-fat diet (Park  
et al., 2017). In streptozotocin-induced diabetic mice, oxyresveratrol reduced 
fasting plasma glucose and increased glucose transporter 2 (GLUT2) levels in 
hepatic cells (Ahn et al., 2017). Oxyresveratrol supplementation improves 
various biochemical parameters as well as the expression of proteins related to 
lipid and glucose metabolism in high-fat diet-fed mice (Choi et al., 2018;  
Tan et al., 2017). Oxyresveratrol was reported to suppress lipid accumulation 
and induced thermogenic gene expression in adipocyte cell lines (Choi et al., 
2018). According to these reports, oxyresveratrol exhibited anti-inflammation 
properties and other beneficial effects in lipid and glucose metabolism 
dysfunctions. The effect of oxyresveratrol and oxyresveratrol-enriched extract 
(Puag-Haad) on pro-inflammation and insulin resistance status in cultured 
adipocyte cells was therefore the focus of the present study in which the effect 
of oxyresveratrol and Puag-Haad on the secretion of pro-inflammatory 
cytokines including TNF-α, IL-1β, and IL-6 in differentiated 3T3-L1 adipocytes 
were investigated. Also, their effect on insulin resistance was assessed by 
measuring the insulin-induced glucose uptake in fully mature adipocytes. 
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MATERIALS AND METHODS 

Chemical 

2-NBDG (2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2Deoxyglucose) 
was purchased from Invitrogen™ (Thermo Fisher, Waltham, MA). 3-Isobutyl-
1-methylxanthine (IBMX), dexamethasone, Oli Red O, isopropanol, 3-[4,5-
dimethylthiazol-2-yl]-2,3-diphenyl tetrazolium bromide (MTT), insulin, and 
oxyresveratrol were purchased from Sigma-Aldrich (St. Louis, MO). Dulbecco 
modified Eagle medium (DMEM), calf bovine serum (CBS), fetal bovine serum 
(FBS), trypsin/EDTA, and penicillin/streptomycin were purchased from GIBCO 
(Carlsbad, CA).  Mouse IL-1 beta/IL-1F2 DuoSet ELISA kit, Mouse IL-6 DuoSet 
ELISA kit, and Mouse TNF-alpha DuoSet ELISA kit were purchased from R&D 
systems (Minneapolis, MN). Puag-Haad was obtained from Origin Plant Co., 
Ltd., (Samutprakan, Thailand), which had been prepared by boiling A. lakoocha 
wood chips in water, collecting the bubble foam, and finally drying the collected 
material. Puag-Haad used in this study contained 5.67% phenolic compounds 
and traces of flavonoids while the main content was oxyresveratrol (~65%) by 
HPLC analysis (Wongon and Limpeanchob, 2020). 

3T3-L1 cell culture and differentiation  

Mouse 3T3-L1 pre-adipocytes (CL-173™) were purchased from American 
Type Culture Collection (ATCC, Manassas, VA). 3T3-L1 cell culture preparation 
and differentiation were performed with slight modifications (Trisat et al., 
2020). 3T3-L1 pre-adipocytes were grown in high glucose-DMEM 
supplemented with 10% CBS and 100 U/mL penicillin and 100 μg/mL 
streptomycin. Cells were incubated at 37°C in a humidified incubator with 5% 
CO2. To induce cell differentiation, 3T3-L1 pre-adipocytes were cultured in 
differentiation medium (high glucose-DMEM supplemented with 10% FBS,  
1 µM dexamethasone, 0.5 mM IBMX, and 10 µg/mL insulin) for 3 days. After 
day 3, the cells were cultured with maintenance medium (high glucose-DMEM 
supplemented with 10% FBS and 10 µg/mL insulin) for a further 15 days in 
which the cultured medium was replaced every 3 days. 

Cell viability determination  

3T3-L1 cell viability was analyzed using MTT assay (Duangjai et al., 
2018). Briefly, 3T3-L1 cells were seeded at 3×103 cells per well in 96-well 
plates. After differentiation, the cells were treated with various concentrations 
of oxyresveratrol (1-100 µM) or Puag-Haad (2-40 µg/mL) for either 24 h or 15 
days. Two hours prior to the end of the treatment, MTT was added into the 
medium at 0.5 mg/mL final concentration. The formazan crystals produced in 
viable cells were dissolved in 200 µL DMSO, and the absorbance was measured 
at 595 nm wavelength using a microplate reader. 

Determination of lipid accumulation in adipocyte   

Lipid accumulation in the cultured 3T3-L1 cells was determined by Oli Red 
O staining in both the absence and presence of oxyresveratrol or Puag-Haad. 
Oli Red O staining was performed according to previous reports (Che et al., 
2021; Trisat et al., 2020). After treatment, the cells were washed with PBS, 
fixed with 10% v/v formalin for at least 1 h, rinsed with 60% isopropanol, and 
stained with 3.5 mg/mL Oil Red O solution for 10 min. After three times 
washing with PBS, the stained oil droplets inside the cells were lysed with 100% 
isopropanol and the absorbance was read by a microplate reader at wavelength 
510 nm.  



 

Open access freely available online NAT. LIFE SCI. COMMUN. 2024. 23(1): E2024005 

 

4 Natural and Life Sciences Communications: https:// cmuj.cmu.ac.th 

Determination of pro-inflammatory cytokines by ELISA 

3T3-L1 cells were treated with various concentrations of oxyresveratrol 
or Puag-Haad for indicative time periods depending on the experimental 
conditions. The medium was collected, centrifuged, and the supernatant was 
tested for pro-inflammatory cytokines (TNF-α, IL-1β and IL-6) using ELISA kits. 
The ELISA procedures were conducted according to the instruction manual 
provided in the assay kit purchased.  

Determination of glucose uptake in adipocytes 

3T3-L1 cells were cultured onto 96-well clear bottom black plates and 
treated with various concentrations of oxyresveratrol or Puag-Haad for 
indicative time periods depending on the experimental conditions. 
Determination of glucose uptake in adipocytes was performed using a 2-NBDG 
fluorescent assay, adapted from a previous study (Choi et al., 2021). Prior to 
measuring the glucose uptake, the culture medium was replaced with glucose 
free DMEM containing 1 µg/mL insulin and 25 µM 2-NBDG, a fluorescent 
glucose analog. After incubating for 3 h, the medium was removed, the cells 
were washed with PBS three times, and the fluorescence was measured by a 
microplate reader (485 nm excitation and 535 nm emission wavelengths). 

Statistical analysis 

All data are represented as mean ± standard error of the mean (SEM) of 
at least three separate experiments. The data were analyzed by analysis of 
variance (ANOVA) followed by the least significant different (LSD) tests and 
paired-sample t-Test. P ˂ 0.05 was considered statistically significant. 

RESULTS  

 Lipid accumulation and pro-inflammatory cytokines release during 
3T3-L1 adipocyte maturation 

Throughout the 15 days of 3T3-L1 adipocyte maturation (Figure 1A),  
the accumulation of intracellular lipids was determined by Oil red O staining 
(Figure 1B). The level of intracellular lipids continuously increased, and the day 
3 value was more than doubled by day 9 (Figure 1C). The secretion of  
pro-inflammatory cytokines; TNF-α, IL-1β, and IL-6 was measured every 3 
days over the 15-day period (Figure 2A). Without lipopolysaccharide (LPS) 
induction, the mature adipocytes secreted IL-6 in significant levels after day 9 
of maturation (Figure 2D). In contrast to IL-6, the secretions of TNF-α and  
IL-1β did not obviously appear during the 15 days period of adipocyte 
maturation (Figures 2B and 2C). As well, the secretion of IL-6 from the mature 
adipocytes seems to correlate with the degree of intracellular lipid accumulation 
(Figure 3). These data suggest that mature adipocytes are filled with lipids and 
express certain properties of pro-inflammatory cells. 
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Figure 1. Lipid accumulation of 3T3-L1 adipocytes. Schematic outline 
of the experimental setup: after differentiation, 3T3-L1 adipocytes 
were cultured in maintenance media which were replaced every 3 days 
(A). Lipid accumulations were determined by Oil Red O staining and 
observed under a microscope (40x) (C) and quantitatively analyzed  
by dissolving lipid droplets with isopropanol and measuring the 
absorbance at 510 nm (B).  Data are expressed as mean ± SEM  
(n = 4-6). *P ˂ 0.05, **P ˂ 0.01 compared with day 3. 
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Figure 2. The release of pro-inflammatory cytokines from 3T3-L1 
adipocytes. Schematic outline of the experimental setup: after 
differentiation, 3T3-L1 adipocytes were cultured in maintenance media 
which were replaced every 3 days (A). TNF-alpha (B), IL-1β beta (C), 
and IL-6 (D) were measured from those removed media.  Data are 
expressed as mean ± SEM (n = 4-6). *P ˂ 0.05, **P ˂ 0.01 compared 
with D3-6. 
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Figure 3. Lipid accumulation and IL-6 secretion of 3T3-L1 adipocytes 
during 15 days of maturation.  Data are expressed as mean ± SEM  
(n = 4-6). *P ˂ 0.05, **P ˂ 0.01 compared with data at day 3. 

Oxyresveratrol and Puag-Haad suppressed IL-6 secretion from mature 
3T3-L1 adipocytes 

The releases of IL-6, measured at days 12-15 (Figure 4B), were 
suppressed in a dose-dependent manner in the presence of oxyresveratrol or 
Puag-Haad for the entire 15 days of 3T3-L1 adipocyte maturation (Figure 4A). 
In the tests, all concentrations of oxyresveratrol significantly inhibited lipid 
accumulation in the adipocytes whereas Puag-Haad reduced the accumulated 
lipids level at 40 µg/mL (Figure 4C). During the 15 days of the incubation 
period, cell viabilities were higher than 80% in the presence of either tested 
compound, indicating a nontoxic effect on the adipocytes (Figure 4D). These 
data suggest that oxyresveratrol and Puag-Haad both demonstrate a significant 
anti-pro-inflammatory activity whereas their anti-adipogenesis or lipid 
accumulation reduction activity was less intense. 
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Figure 4. The effect of oxyresveratrol and Puag-Haad on lipid 
accumulation and IL-6 release in mature 3T3-L1 adipocytes. Schematic 
outline of the experimental setup: after differentiation, 3T3-L1 
adipocytes were cultured in maintenance media in the presence of 
oxyresveratrol or Puag-Haad in which media were replaced every 3 
days (A). IL-6 were measured from D12-15 media by ELISA kit (B).  
Lipid accumulations were determined by Oil Red O staining (C) and cell 
viability were assessed by MTT assay (D).  Data are expressed as mean 
± SEM (n = 4-6). *P ˂ 0.05, **P ˂ 0.01 compared with untreated cells.  
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Effect of oxyresveratrol and Puag-Haad on glucose uptake into mature 
3T3-L1 adipocytes 

During 3T3-L1 adipocyte maturation, glucose was increasingly taken-up 
into the adipocytes over the 15 days period, with varying levels of up-take on 
different days (Table 1), with the highest increase (40%) occurring on day 6 of 
maturation. The insulin-stimulated glucose uptake was reduced at and after 9 
days of maturation (Table 1), implying that fully mature adipocytes lose their 
insulin sensitivity over time. 

Table 1. Glucose uptake of adipocytes at different stage of cell maturation. 

Age of maturation 
(days) 

Fluorescent intensity Effect of insulin 
(% increase) No insulin Insulin 

                     3 645 ± 8 711 ± 35 11 ± 11 

                     6 961 ± 66 1,345 ± 92** 41 ± 3 

                     9 989 ± 26 1,176 ± 45** 19 ± 2 

                    12 1,173 ± 19 1,423 ± 23** 21 ± 2 

                    15 1,470 ± 65 1,688 ± 67** 16 ± 3 

Note: Glucose uptake was determined using fluorescent glucose derivative. n = 3-15, *P ˂ 0.05, **P ˂ 0.01; no insulin vs insulin 

 
After 3T3-L1 adipocytes were pre-treated with oxyresveratrol or Puag-

Haad for 15 days maturation period, both of the pre-treated samples showed 
a higher uptake of glucose than the untreated sample. Significant increases 
were observed in the oxyresveratrol pre-treated sample, at 25 and 50 µM 
concentrations of oxyresveratrol (Table 2). The Puag-Haad pre-treated sample 
showed only a small increase in glucose uptake, but this was not significant. In 
insulin-stimulated condition, Puag-Haad showed increased insulin sensitivity at 
40 µg/mL concentration only, which was a significant increase with a 28% 
glucose uptake (Table 2). The oxyresveratrol pre-treated sample showed no 
increase whatever in the presence of insulin. It should be noted that the uptake 
of glucose and insulin sensitivity were monitored over a 3 h period with the 
uptake of fluorescent glucose derivatives being measured in the absence of 
both oxyresveratrol and Puag-Haad. So that the effects on glucose uptake were 
expected to be the result of changes on cellular response occurred during 15 
days of oxyresveratrol or Puag-Haad pre-treatment. 

To investigate the direct effect of oxyresveratrol and Puag-Haad on both 
the uptake of glucose and insulin sensitivity, mature adipocytes: cultured for 
15 days and which had not been pre-treated with oxyresveratrol and  
Puag-Haad, were monitored for 3 h with oxyresveratrol and Puag-Haad added. 

The results showed that Puag-Haad at a concentration of 40 µg/mL significantly 
promoted glucose uptake. However, there was no significant insulin sensitivity 
observed (Table 3). 
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Table 2. Glucose uptake of adipocytes pre-treated with oxyresveratrol or Puag-Haad for 
15 days. 

Conditions Concentrations 
Fluorescent intensity Effect of insulin 

(%increase) No insulin Insulin 
Untreated cells  1,470 ± 65 1,688 ± 67** 16 ± 3 

Oxyresveratrol (µM) 

25 1,844 ± 178# 1,922 ± 197 4 ± 2 

50 1,891 ± 119## 1,921 ± 73 3 ± 5 

100 1,468 ± 88 1,559 ± 87 8 ± 8 

Puag-Haad (µg/mL) 

10 1,751 ± 229 1,869 ± 81 13 ± 14 

20 1,772 ± 111 2,028 ± 158# 15 ± 8 

40 1,549 ± 86 1,986 ± 157** 28 ± 3 

Note: Glucose uptake was determined at the end of 15 days pre-treatment with oxyresveratrol or Puag-Haad. n = 5-14, *P ˂ 0.05, **P ˂ 0.01; 
no insulin vs insulin, #P ˂ 0.05, ##P ˂ 0.01; untreated vs treated cells 

 
 

Table 3. Direct effect of oxyresveratrol and Puag-Haad on the glucose uptake of 
adipocytes. 

Conditions Concentrations 
Fluorescent intensity Effect of insulin 

(%increase)    No insulin   Insulin 

Untreated cells     1,470 ± 65 1,688 ± 67**      16 ± 3 

Oxyresveratrol (µM) 

25    1,639 ± 124 1,680 ± 117        3 ± 6 

50    2,011 ± 192## 1,820 ± 142       -8 ± 8 

100    1,531 ± 91 1,517 ± 73       -1 ± 3 

Puag-Haad (µg/mL) 

10    1,400 ± 83 1,504 ± 27        8 ± 4 

20    1,519 ± 165 1,593 ± 134        6 ± 5 

40    1,863 ± 186# 1,996 ± 191#        9 ± 8 

Note:  Glucose uptake was determined at the end of 15 days cell maturation, oxyresveratrol or Puag-Haad was present during 3 h of glucose uptake 
assay. n = 5-14, *P ˂ 0.05, **P ˂ 0.01; no insulin vs insulin, #P ˂ 0.05, ##P ˂ 0.01; untreated vs treated cells 

 
 
DISCUSSION 

Obesity is associated with a state of chronic low-grade inflammation 
which is an important mechanism leading to insulin resistance (Trayhurn and 
Wood, 2004; Van Greevenbroek et al., 2013). Previous studies have reported 
that high fat diet-induced obese mice developed insulin resistance and 
exhibited increased expression of several cytokines such as IL-6 and TNF-alpha 
(Meng et al., 2010). Serum concentration of both IL-6 and TNF-alpha in obese 
human subjects were found to be high (Popko et al., 2010). In addition to 
energy storage, adipose tissue plays a role in immunity functions because it 
contains various immune cells (Makki et al., 2013). As well as immune cells, 
adipocytes also could secrete various types of pro-inflammatory cytokines 
(Fantuzzi, 2005; Makki et al., 2013). In the present study, fully mature 3T3-
L1 adipocytes, without endotoxins-induction, dramatically secreted IL-6, and 
the levels of released IL-6 were positively correlated with the degree of 
intracellular lipid accumulation. In agreement with a previous study, (Ahmed 
and Si, 2021) differentiated 3T3-L1 adipocytes increasingly secreted IL-6 over 
increasing length of culturing periods. In the present study, the secretion of 
TNF-α and IL-1β from adipocytes was not clearly observed which suggests that 
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IL-6 is the main cytokine released from fatty adipocytes. A previous study 
reported that adipocytes, especially from omental fat, released substantial 
quantities of IL-6 (Fried et al., 1998). In human subjects, circulating levels of 
IL-6 are expressed predominantly in adipocytes, correlated with adiposity, 
which is associated with weight loss (Makki et al., 2013). Greater amounts of 
IL-6 than TNF-α and IL-1β were released in obese subjects with a BMI >40 
(Kern et al., 2001; Fain et al., 2004) and when IL-6 receptors were highly 
expressed in the subcutaneous adipose tissues of obese subjects (Sindhu  
et al., 2015). These observations indicate that IL-6 could be the major  
pro-inflammatory cytokine indicators of the inflammatory status of fatty 
adipocytes and are associated with the development of insulin resistance. 

In the present study, IL-6, released from fully mature adipocytes, were 
demonstrated as being important components responsible for the reduction of 
insulin sensitivity of these cells. The influence of IL-6 on insulin resistance has 
been demonstrated in both primary hepatocytes and HepG2 cell lines, (Senn 
et al., 2002) as well as in mice models (Klover et al., 2003). IL-6-treated 
adipocytes diminished protein expression of IR-β subunit, IRS-1, and glucose 
transporter-4 (GLUT4) supporting its roles in insulin resistance induction in 
adipose cells (Lagathu et al., 2003). 

A. lakoocha extract was previously reported to inhibit LPS-mediated 
production and secretion of cytokines and chemokines from macrophage cell 
(Hankittichai et al., 2020). A. lakoocha is known for its high content of 
stilbenoids, especially oxyresveratrol, which are predominant in the heartwood 
of the plant. Oxyresveratrol exhibits anti-inflammatory effect by inhibiting 
cytokine production in LPS-stimulated macrophages (Lee et al., 2015) and also 
showed anti-obese effects in high-fat diet fed obese mice and suppressed lipid 
accumulation in the 3T3-L1 adipocytes(Choi et al., 2018). However, the direct 
anti-inflammatory effect of A. lakoocha and oxyresveratrol in adipocytes has 
not been clearly demonstrated. The present study showed that the release of 
pro-inflammatory cytokine IL-6 from mature 3T3-L1 adipocytes is dose-
dependently suppressed by oxyresveratrol and Puag-Haad. In LPS-stimulated 
RAW264.7 cells, oxyresveratrol reduced mRNA and protein expressions of  
IL-6 by suppressing the phosphorylation of IκBα and translocation p65 NFκB 
subunit into the nucleus (Lee et al., 2015; Wei et al., 2017). Oxyresveratrol 
also suppressed the phosphorylation of protein kinase B (Akt) and c-Jun  
N-terminal kinases (JNK) and p38 mitogen-activated protein kinases (MAPKs) 
in LPS-induced inflammatory responses (Lee et al., 2015). A. lakoocha 
ethanolic extract suppressed LPS-stimulated macrophage through the 
inhibition of NFκB and MAPK signaling pathways (Hankittichai et al., 2020). The 
evidence on immune cells demonstrates that the inhibitory activity of 
oxyresveratrol and Puag-Haad on IL-6 in mature adipocytes could be also 
responsible for the inhibition of MAPK and/or NF-κB signaling pathways.  

In the present study, by the development of insulin resistance in fully 
mature adipocytes, cultured for 15 days was the cause of reduced insulin-
induced glucose uptake. Pro-inflammatory cytokine IL-6 was also thought to 
play a critical role in decreasing insulin response of adipocytes. Glucose uptake 
and glucose consumption of insulin-responsive tissues; hepatocyte, myocyte, 
and adipocyte, were decreased after TNF-α and IL-6 treatments (Lagathu  
et al., 2003; Yang et al., 2015). In adipose tissue biopsies, collected from 
insulin-resistant individuals, glucose transporter-4 (GLUT4) was down 
regulated, and the secretion of IL-6 was increased compared to insulin-
sensitive adipose tissues (Almuraikhy et al., 2016). The main role of GLUT4 is 
to provide insulin-stimulated glucose uptake into insulin-responsive tissues. 
The disruption of the GLUT4 resulted in the reduction of 2-deoxyglucose uptake 
into skeletal muscle by 85–90% and into white adipose tissue by 65% in mice  
(Kotani et al., 2004). 
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The increase in insulin sensitivity of mature adipocytes was also 
demonstrated in the present study, after the mature adipocytes had been 
treated with Puag-Haad. The direct effect of Puag-Haad on glucose uptake in 
mature adipocytes was also observed. Puag-Haad at the concentration of  
40 µg/mL, exhibited the highest potential in terms of suppression of IL-6 
release and lipid accumulation, as well as promoting insulin sensitivity. This 
concentration of Puag-Haad is equivalent to 106 µM oxyresveratrol, but 
oxyresveratrol at 100 µM did not clearly affect insulin sensitivity and glucose 
uptake in a adipocyte model. Thus, in addition to oxyresveratrol, other 
bioactive components in Puag-Haad such as artocarpin, norartocarpin, 
norcycloartocarpin, cycloartocarpin, and resorcinol might also play some role 
in such activities (Gautam, 2014). In high fat-diet mice, oxyresveratrol 
upregulated mRNA GLUT4 levels in both visceral fat and muscle cell and 
consequently improved blood glucose levels (Tan et al., 2017). So that 
oxyresveratrol and oxyresveratrol-enriched extracts have been shown to have 
high potential and should be required in further studies.  

CONCLUSION 

Fully mature 3T3-L1 adipocytes substantially secreted IL-6 but not  
TNF-α and IL-1β. The secretion of IL-6 is well correlated with the degree of 
intracellular lipid accumulation in the adipocytes which suggests the 
inflammatory status of fatty adipocyte cells. Oxyresveratrol and Puag-Haad 
exhibited anti-inflammatory activity in adipocytes through the inhibition of  
IL-6 release. Puag-Haad showed its potential to enhance insulin sensitivity 
since it promoted the insulin-dependent glucose uptake in fully mature 3T3-L1 
adipocytes. Oxyresveratrol and other ingredients in Puag-Haad might be 
responsible for such activities and their potential in the prevention of 
inflammation and the subsequent insulin resistance in obese subjects should 
be further investigated. 
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