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ABSTRACT Andrographolide has been shown to have a pharmacological effect as an antidiabetic. Nevertheless, the
comprehensive mechanism of action has yet to be determined. Andrographolide is a primary component of the sambiloto
herb (Andrographis paniculata (Burm.f.) Nees), in which a simple isolation process can obtain high yields. This study aimed
to explain the anti-diabetic effect of andrographolide compared to pioglitazone (a positive control) on glucose uptake by
measuring the expression levels of peroxisome proliferator-activated receptor gamma (PPARy) and glucose transporter type
4 (GLUT-4) genes in 3T3-LI mouse adipocytes as an in vitro model. The differentiation of mature adipocytes from 3T3-L1
fibroblasts was induced with 3-isobutyl-1-methylxanthine, dexamethasone, and insulin. Andrographolide was provided
through direct isolation from A. paniculata herbs. The gene expression was detected using the reverse transcription-
polymerase chain reaction (RT-PCR). Pioglitazone and andrographolide significantly increased glucose uptake capability.
Andrographolide was able to increase the mRNA levels of PPARy and GLUT-4 compared to pioglitazone with the best
concentration at 5.6 pM. In conclusion, andrographolide can improve glucose uptake by increasing mRNA levels of PPARy
and GLUT-4 that encodes protein, which are key factors for glucose homeostasis. Therefore, this finding further establishes

the potency of andrographolide from A. paniculata as an antidiabetic.
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1. Introduction

In 2019, the International Diabetes Federation (IDF) esti-
mated that 483 million people worldwide suffer diabetes
mellitus (DM) with a prevalence of 9.3%. According to
the IDF, diabetic patients will rise to 578 million in 2030
and 700 million in 2045. Among them, type 2 DM is
the most common case, recorded in as much as 90% of
all diabetes cases globally (Zheng et al. 2018). Obesity
is a condition that is intimately correlated to the occur-
rence of type 2 DM and other metabolic diseases. At the
cellular level, obesity is defined by a rise in the size and
amount of adipocytes in adipose tissue (Al-Goblan et al.
2014). Obesity-related adipose tissue failure to adequately
store excess energy resulted in ectopic lipid deposition, de-
creased insulin sensitivity (resistance), and eventually type
2 DM (Chait and den Hartigh 2020). Insulin is essential
for maintaining glucose homeostasis in skeletal muscles,
adipose tissue, and the liver. Insulin resistance is charac-
terized by a reduced sensitivity and response to metabolic

activation of the insulin receptor, and it is linked to several
metabolic diseases and hemodynamic disruptions (Shoel-
son et al. 2006).

Peroxisome proliferator-activator receptor gamma
(PPARYy) has tissue-specific effects that are most promi-
nent in adipose tissue. PPARy regulates the expression
of adipocyte-secreted factors in adipose tissue (Ahmadian
et al. 2013). PPARy activation increases fatty acid uptake
and sequestration in adipose tissue, improves insulin sen-
sitivity, and eventually upregulates glucose uptake genes
(Hauner 2002; Sugii et al. 2009; Gandhi et al. 2013). As
a result, adipose tissue is a critical therapeutic target for
treating insulin resistance of type 2 DM.

Insulin sensitivity can be improved with drugs that
primarily act as activators of PPARy, such as thia-
zolidinediones (TZDs), i.e., pioglitazone and rosigli-
tazone.  The treatment with TZDs influenced and
changed the expression of signaling molecules of the in-
sulin signaling cascade (insulin receptor substrate (IRS),
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phosphatidylinositol-3-kinase (PI3K), protein kinase-B
(PKB/Akt), endothelial nitric oxide synthase (eNOS), 5-
AMP kinase, glucose transporter type 4 (GLUT-4)) con-
nected with improvement of insulin sensitivity and en-
dothelial dysfunction (Fasshauer et al. 2000; Ahmadian
et al. 2013; Sugii et al. 2009; Kvandova et al. 2016).
PPARYy activation through binding by TZDs will improve
insulin sensitivity, increase the rate of glucose transporter
type 4 (GLUT-4) synthesis and translocate GLUT-4 to
the cell plasma membrane, which will help control blood
sugar levels (Wang et al. 2016). TZDs have been impli-
cated in various side effects, including typical weight gain,
peripheral edema, and a higher risk of cardiac hypertro-
phy (Basu et al. 2006; Horita et al. 2015). Side effects
have been observed in synthetic drugs. Hence, traditional
medicines are evolving as viable options.

Efforts to develop traditional medicines are still very
interesting and challenging, including extracts (Fajrin
et al. 2020; Wigati et al. 2017), fractions (Harwoko
et al. 2014), and isolates (Nugroho et al. 2011) from
plants. Andrographis paniculata is a medicinal plant that
has long been used in Asia to treat various ailments.
Antioxidant (Rafat et al. 2010), hepatoprotective (Maiti
et al. 2010), anticancer (Malik et al. 2021), antimalaria
(Widyawaruyanti et al. 2014), and antihyperglycemic (Nu-
groho et al. 2012) are some of the pharmacological effects
of this herb. Andrographolide is the key compound found
in A. paniculata. Nugroho et al. (2013) found that the
andrographolide-enriched extract from A. paniculata herb
reduces blood glucose levels and improves pancreatic beta
cells in streptozocin-induced diabetic rats. The influence
of andrographolide has been shown to improve insulin sen-
sitivity by increasing glucose uptake, activating insulin
signaling, and suppressing the signaling activation of nu-
clear factor kappa-B (NF-kB) by tumor necrosis factor-
alpha (TNF-a) in 3T3-L1 cells (Jin et al. 2011). Further-
more, andrographolide has been shown to suppress PPARy
expression in the early stages of differentiation, inhibiting
3T3-L1 cells differentiation into mature adipocytes; as a
result, it has the potential to treat obesity and diabetes con-
ditions (Jin et al. 2012). Recently, a study reported that a
combination fraction of A. paniculata herb and Centella
asiatica herb increased the expression of the PPARy and
GLUT-4 genes in 3T3 L1 adipocytes with resistance in-
sulin (Fitrawan et al. 2018). Aside from these findings,
the essential role of andrographolide in anti-diabetic ac-
tivity and the underlying mechanisms remain unknown.

In our previous study, the isolated andrographolide
from the A. paniculata at the concentrations of (0.8-7 pM
(LC50=10.771 uM) did not lead to cell toxicity in 3T3-L1
pre-adipocytes (Novitasari et al. 2020). Therefore, this
study aimed to investigate the effect of andrographolide,
isolated from A. paniculata on glucose uptake concerning
the expression of PPARy and GLUT-4 at mRNA levels.
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2. Materials and Methods

2.1. Cell culture

Swiss albino 3T3-L1 fibroblasts obtained from the Amer-
ican Type Culture Collection (ATCC® CRL-1658TM,
Manassas, VA) were cultured in DMEM (Dulbecco’s
Modified Eagle Medium) growth medium containing
high glucose (12800058, Gibco) supplemented with 10%
bovine serum (BS) (16170078, Gibco) and 1% peni-
cillin/streptomycin (P/S) (15140148, Gibco), and were in-
cubated at 37 °C in a humidified atmosphere of 5% CO,.
The cells were then sub-cultured every 2-3 days on a 100-
mm petri dish with an estimated 90% confluence.

2.2. Adipocyte differentiation

3T3-L1 pre-adipocytes differentiation was carried out by
replacing the cell growth medium with another medium
containing DMEM (high glucose), 10% fetal bovine
serum (FBS) (26140095, Gibco), and MDI cocktail
(IBMX (3-isobutyl-1-methylxanthine) 0.25 pM (17018,
Sigma Aldrich), dexamethasone 0.25 pM (D1756, Sigma
Aldrich), and insulin 1 pg/mL (10305000, Sigma Aldrich).
The cell density was about 1x10* cells/mL in a 35-mm
petri dish. On the third day, the medium was changed to
one containing high glucose of DMEM, 10% FBS, 1% P/S,
and 1 pg/mL insulin (10305000, Sigma Aldrich). The cells
were maintained for up to ten days, and the medium was
changed every two to three days. Early adipocytes were
observed by measuring the expression of adiponectin and
C/EBPa genes, while mature adipocytes were observed by
oil-red o (ORO) staining.

2.3. Oil red O (ORO) staining

Cells were harvested on the tenth day after differentiation,
and lipid accumulation was measured using ORO stain-
ing as proof of cell differentiation. ORO solution is pre-
pared by dissolving 0.7 g of ORO powder (00625, Sigma
Aldrich) in 200 mL of 100% isopropanol (107022, Merck)
stirred overnight, then was filtered through a 0.22 pM
membrane and kept at 4 °C in a dark. The cells on the dish
were washed three times with phosphate-buffered saline
(PBS)-10x, then 1 mL of 10% formalin (47608, Sigma
Aldrich) was added. The cells were incubated for 1 h or
more at room temperature. After removing the formalin,
the cells were washed with 60% isopropanol and air-dried
at room temperature. The cells were incubated at room
temperature for 10 min after adding ORO solution. The
ORO solution was discarded and the cells were washed
with ddH;O. The cells were then observed under a micro-
scope to identify the lipid droplets. The accumulation of
colored lipids was quantified by spectrophotometer at 520
nm by adding 1 mL of 100% isopropanol to the cells for
each dish.

2.4. Treatment of andrographolide

The isolated andrographolide was obtained from the iso-
lation of A. paniculata by Novitasari et al. (2020). The
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isolated andrographolide and positive control (pioglita-
zone (C30277, Sigma Aldrich) was dissolved with DMSO
0.03% (1029524000, Merck). Before administering the
treatment, the medium was changed into a serum-free
DMEM medium. The andrographolide isolate (1.4, 2.8,
and 5.6 pM), positive control (pioglitazone 0.02 pM), and
negative control (DMSO 0.03%) were administered on
mature adipocytes in the serum-free DMEM medium and
incubated for 24 h at 37 °C incubator with 5% CO, aera-
tion. Crude extract of A. paniculata (30 pg/mL) was also
provided to 3T3-L1 cells separately to compare its effect
to the active isolate.

2.5. RNA extraction

Total RNA of 3T3-L1 cells was extracted using Ribo-Ex™
reagent (302001, GeneAll). Briefly, 3T3-L1 cells were
lysed in the reagent before being extracted with chloro-
form (102444, Merck) and precipitated with 2-propanol
(107022, Merck) at 4 °C. Ethanol 75% (108543, Merck)
was used to wash off the rest of the reagent. Prior to use,
the pellet was suspended in nuclease-free water (NFW)
(P1193, Promega) and stored at -20 °C. The RNA concen-
tration and purity level (A260/280) were determined using
the NanoDrop 2000c spectrophotometer (Thermo Fisher
Scientific, USA) at 260 and 280 nm. The absorbance at
260 nm determines the total nucleic acid content, whereas
the absorbance at 280 nm determines the purity of the sam-
ple. The yield ratio A260/280 2.0 was considered pure.

2.6. cDNA synthesis

The RNA (1 pg) was reverse transcripted into cDNA using
ReverTra Ace®qPCR RT Master Mix (FSQ201, Toyobo)
according the manufacturer protocol. Briefly, the RNA
was incubated for 5 min at 65 °C. The reverse transcription
formula was carried out in a total volume of 10 pL of 1 pg
RNA, 2 pL of 5% RT master mix, 0.5 pL. of 5% RT master
mix no RT-control, and NFW. The reaction was proceeded
at 37 °C for 15 min and heated to 98 °C for 5 min. Prior
to use, the cDNA as the reverse transcription product was
stored at -20 °C.

TABLE 1 Primers used to amplify the region of interest in PCR

2.7. Polymerase chain reaction (PCR)

Polymerase chain reaction (PCR) was used to ana-
lyze genes that play a role in adipocyte differentiation
(adiponectin and C/EBPq) and antidiabetic effect through
upregulation of PPARy and GLUT-4 expressions. Table
1 shows nucleotide sequences of primers used for PCR.
The gene amplification reaction was carried out in a 25
L reaction containing 12.5 pL. Go Taq Green master mix
(M7122, Promega), a pair of primer target genes at a fi-
nal concentration of 1 pM, a pair of internal controls (f-
actin) at a final concentration of 0.2 pM, 3 pL of cDNA,
and NFW. The PCR conditions for each target gene are the
same and generally consist of initial denaturation for 5 min
at 95 °C, followed by 30-35 cycles of denaturation at 95
°C for 30 seconds, primer annealing at 58-60 °C for 30
seconds, and elongation at 72 °C for 10 min. The T3000
Thermocycler (BiometraPCR) was used. PCR samples
were electrophoresed using agarose gel containing ethid-
ium bromide (1558011, Invitrogen) and detected using a
UV lamp on GelDoc (Biorad). Band intensity was de-
termined using analysis Image J (National Institutes of
Health, Bethesda, MD; v 1.24) and adjusted for B-actin.

2.8. Glucose uptake assay

The ratio of total glucose administered to glucose levels
obtained after incubation was used to calculate glucose
uptake. The amount of glucose that reacts with anthrone
in concentrated sulfuric acid is calculated to determine
the glucose levels. The anthrone reagent (1014680010,
Merck), was prepared by dissolving it in 75% H)SO4
(1007312511, Merck). After incubating for at least 2 h
the reagent was ready and can be used within 24 h.

On 6-well plates, pre-adipocytes and mature
adipocytes were grown to approximately 1x10* cells/mL
and maintained in a growth medium containing high
glucose DMEM containing 10% FBS and 1% P/S. After
80% confluence, the cells were treated with DMSO
0.03% (negative control), pioglitazone 0.02 pM (positive
control), and andrographolide at the concentrations of
1.4; 2.8; and 5.6 pM for 24 h, incubated at 37 °C in

Gene names Primer sequences PCR product (bp)
F: 5-CCCTTGCTTTTTGCACCTCC-3’

Adiponectin 192
R: 5-AATCCTTGGCCCTCTGAGAT-3'

C/EBPa F: 5-CCCTTGCTTTTTGCACCTCC-3 118
R: 5-GCTTTCTGGTCTGACTGGGG-3’
F: 5-TTCTCAAGGGTGCCAGTTTC-3’

PPARg 198
R: 5-AATCCTTGGCCCTCTGAGAT-3’

GLUT-4 F: 5-ACTCTTGCCACACAGGCTCT-3 174
R: 5-AATGGAGACTGATGCGCTCT-3'

B-actin F: 5-ACCCACACTGTGCCCATCTA-3' 289

(internal control)

R: 5-CGCAACCGCTCATTGCC-3’

Abbreviations: PCR, polymerase chain reaction; F, Forward sequence; R, Reverse sequence; C/EBPa, CCAAT/enhancer-binding protein-a;
PPARYy, peroxisome proliferator activated receptor gamma; GLUT-4, glucose transporter type 4.
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a humidified atmosphere of 5% CO,. The media was
discarded the next day, and the cells were washed three
times with PBS-10x. Furthermore, in each treatment,
the cells were given 2 mL of DMEM (no glucose) with
an additional 200 pg/mL d-glucose (G8270, Merck),
incubated at 37 °C in a humidified atmosphere of 5%
CO,, and sampled by taking 100 pL (duplo) of each well
at 2, 4, 6, and 8 h. These cells can consume glucose during
incubation, allowing the remaining sugar in the media to
be measured, as well as the glucose level. After sampling,
100 pL of 75% H,SO, and 400 pL anthrone reagent were
added to each tube sample. The tube was incubated for 15
min in a 100 °C water bath before being placed in a dark
room for few minutes. A spectrophotometer (BioRad)
set to 625 nm was used to measure the optical density.
A linear regression equation based on the standard curve
between the glucose concentration in the medium and the
absorbance generated at 625 nm was used to calculate the
percentage of glucose uptake. The following equations
were used to calculate the amount of glucose consumed
by the cell.

Glucose uptake

= (Initial glucose — Residual glucose in the medium)

M
% Glucose uptake
Imiti _ . ) )
_ (Initial glucose ReAsz-dual glucose in the medium) < 100%
Initial glucose
@

2.9. Statistical analysis

Data are shown as mean + standard error (SE). IBM SPSS
Statistic for Macintosh version 25 was used to conduct the
statistical analysis. The data obtained were analyzed with
one-way ANOVA and continued with the least significant
difference (LSD) post hoc test. The significance value was
set at p < 0.05.

3. Results and Discussion

3.1. Expression of C/EBPa, adiponectin, PPARy, and
GLUT-4 during 3T3-L1 adipocytes differentiation

Differentiation of adipocytes consists of stages, i.e., pre-
adipocytes, early adipocytes, mature adipocytes, and ad-
vanced adipocytes (Fajas 2003). Following induction with
an MDI cocktail, 3T3-L1 fibroblasts can differentiate into
lipid-laden adipocytes in about one week. The cocktail
triggered the adipogenicity program and directed them
to various stages of adipogenesis (Sarjeant and Stephens
2012). Mature adipocytes were used in this study to as-
sess isolated andrographolide. C/EBPa and adiponectin,
two genes involved in early differentiation, and PPARYy as
well as GLUT-4, genes involved in the terminal stages of
differentiation and glucose homeostasis, were observed in
this experiment.

The early adipocytes stage emerges within three days
of removing the MDI media. Figure la showed that
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adiponectin expression increased 1.5-fold compared to
pre-adipocytes (p < 0.05). In addition, the increase
in C/EBPa expression in early adipocytes was 1.7-fold
higher than in pre-adipocytes (p < 0.05), as shown in Fig-
ure 1b. After ten days of differentiation, mature adipocytes
were formed in this study. PPARy was 1.7-fold more ex-
pressed in mature adipocytes than in pre-adipocytes (p <
0.05), as shown in Figure 1c. Furthermore, GLUT-4 ex-
pression was increased in mature adipocytes 1.4-fold more
than in pre-adipocytes (p < 0.05) (Figure 1d).

Substantial evidence suggests that PPARy and C/EBP«a
are master regulators of adipocyte formation and differ-
entiation, and adipogenesis (Lefterova et al. 2008). The
expression of functional PPARy was required for adipoge-
nesis both in vitro and in vivo. During the early stages of
differentiation, C/EBPS and C/EBPf; are expressed at high
levels in response to hormonal induction to trans-activate
C/EBPa and PPARy (Moseti et al. 2016). Activation of
PPARy and C/EBPa drives cells toward terminal differ-
entiation and induces the expression of adipocyte-specific
genes such as adiponectin, GLUT-4, and lipoprotein lipase
(LPL) (Sarjeant and Stephens 2012; Moseti et al. 2016;
Fanetal. 2019). According to Fu et al. (2005), adiponectin
promotes cell proliferation, is involved in adipogenesis,
enhances lipid content, and improves the insulin sensitiv-
ity of the glucose transport system in adipose tissues.

3.2. Oil Red O (ORO) staining on 3T3-L1 cells

The differentiation of pre-adipocytes into adipocytes was
also assessed based on increased synthesis and accumula-
tion of lipid in the cells. Staining techniques, such as lipid
droplet (LD) staining with ORO reagent, are used in vitro
to analyze these cells (Fan et al. 2019). Adipocytes will
stain red after ORO staining, with optical density increas-
ing linearly based on the number of lipid accumulation.
The experiments revealed that mature adipocytes ac-
cumulated lipid 3-fold greater than pre-adipocytes (p <
0.05) and 2.3-fold greater than early adipocytes (p < 0.05).
In contrast, the early adipocytes only gave 1.4-fold greater
than pre-adipocytes (p < 0.05). Figure 2 depicts the mor-
phological appearance of 3T3-L1 cells after ORO staining.

3.3. Profile of glucose uptake in pre-adipocytes and
mature adipocyte cells

The following preliminary test was performed to assess
the difference in glucose uptake ability between pre-
adipocytes and mature adipocytes in normal and solvent-
induced (DMSO 0.03%). The onset of glucose absorption
in mature adipocytes was earlier than in pre-adipocytes
(Figure 3a). The percentage of glucose absorption in both
cells had steadily increased over time. Pre-adipocytes and
mature adipocytes had 61.75% and 73.71% glucose up-
take capacities at the eighth hour, respectively (p < 0.05).
In addition, DMSO-induced mature adipocytes had a glu-
cose uptake capacity of 67.82%, which was lower than that
of mature adipocytes (p < 0.05). This data suggests that
DMSO indirectly reduced the ability of mature adipocytes
to take up glucose. Mature adipocytes-DMSO induced
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FIGURE 1 Expression genes during 3T3-L1 cells differentiation. (a) Adiponectin mRNA levels in early adipocytes. (b) C/EBPa mRNA levels
in early adipocytes. (c) PPARy mRNA levels in mature adipocytes. (d) GLUT-4 mRNA levels in mature adipocytes. Results are mean values +
SE (n=3). *p < 0.05 indicates a significant difference in comparison to this of pre-adipocytes (control).

will be used as negative controls in the study.

In previous research by Tjandrawinata et al. (2011),
the percentage of glucose uptake in mature adipocytes was
higher than in pre-adipocytes. Our findings suggested that
mature adipocytes modeling was adequate, as the percent-
age of glucose absorption in mature adipocytes was higher
than in pre-adipocytes (p < 0.05). As shown in Figure 1,
PPARy and GLUT-4 expression were increased in mature
adipocytes, implying that PPARy activation in the termi-
nal stage resulted in increased expression of adipocyte-
specific marker genes such as GLUT-4. Increased GLUT-4
expression increases glucose uptake and insulin sensitivity
(Fu et al. 2005; Wang et al. 2016).

3.4. Effect of andrographolide on glucose uptake

The glucose absorption capacity of the research sample
was tested on mature adipocytes in this experiment. Glu-
cose uptake capacity of andrographolide (1.4, 2.8, 5.6
HM) and pioglitazone (0.02 pM) in mature adipocytes was
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shown in Figure 3b. The experiment demonstrated that ab-
sorption occurs in all groups within 2 h of treatment and
that the longer the treatment, the greater the absorption (2-
8 h). All groups experienced an increase in glucose uptake
capacity compared to the DMSO 0.03% (negative control).
However, after 2 h of treatment, both the andrographolide
group and the positive control (pioglitazone) showed neg-
ligible absorption potential. The maximum absorption ca-
pacity at 8 h in the positive control (pioglitazone 0.02 pM)
was 92.71%, while the andrographolide treatment group
1.4, 2.8, and 5.6 pM were 83.97%, 93.85%, and 98.89%,
respectively (p < 0.05). This study suggested that the iso-
lated andrographolide provides similar capabilities to pi-
oglitazone in inducing glucose uptake activity.

3.5. Effect of andrographolide on PPARy and GLUT-4
expression

The experiment was carried out by calculating PPARy and
GLUT-4 mRNA levels in mature adipocytes from the test
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FIGURE 2 ORO staining assay. The morphological appearance of 3T3-L1 cells was observed under the microscope at 4x10 magnification
after ORO staining. Increased ORO-stained cells are associated with pre-adipocytes differentiation into mature adipocytes due to lipid
accumulation. (a) Pre-adipocytes. (b) Early adipocytes. (c) Mature adipocytes. Results are mean values + SE (n=3). *p < 0.05 indicates a
statistically significant difference in comparison to that of control cells.

sample. Figure 4 showed that PPARy and GLUT-4 mRNA
levels increased in all treatment groups after treatments in
mature adipocytes compared to the control. The admin-
istration of andrographolide 1.4 pM resulted in a 1.1-fold
increase in PPARy expression compared to DMSO 0.03%
(negative control) (p > 0.05). Andrographolide 2.8 and
5.6 pM increased PPARy expression by 1.3-fold and 1.8-
fold, respectively, compared to DMSO 0.03% (negative
control) (p <0.05). The experiment was also carried out on
the crude extract of A. paniculata herbs, in which PPARy
levels enhanced 1.3-fold compared to DMSO 0.03% (p <
0.05). The positive control (pioglitazone 0.02 pM) gave
an increase of PPARy expression 1.4-fold higher than the
negative control (p < 0.05). Figure 4a displays all of the
data.

Meanwhile, administration of 1.4, 2.8, and 5.6 pM an-
drographolide, respectively, increased GLUT-4 expression
by 2.4-fold, 2.7-fold, and 2.9-fold compared to DMSO
0.03% (p < 0.05). In comparison, the provision of crude
extract provided an increase of only 1.2-fold compared to
DMSO 0.03% (negative control) (p < 0.05). Pioglitazone
0.02 pM showed an increase of GLUT-4 expression by 1.5-
fold greater than DMSO 0.03% (p < 0.05). All of the data
is shown in Figure 4b. These findings show that andro-
grapholide administration increased GLUT-4 and PPARy
expression significantly more than pioglitazone and crude
extract (p < 0.05). This proved that andrographolide is re-
sponsible in upregulating PPARy and GLUT-4 expression.
Andrographolide may influence the PPARy pathway and
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stimulate glucose uptake.

One of the types of DM therapy is the oral drug thia-
zolidinediones (TZDs) class, such as rosiglitazone and pi-
oglitazone. TZDs are PPARy agonists that act as insulin
sensitizers in treating DM type 2 with insulin resistance
(Soccio et al. 2014). PPARy, downregulated during tissue
insulin resistance, is the molecular target for treating type
2 diabetes. In addition, activation of PPARYy alters the tran-
scription of several genes involved in lipid and glucose
metabolism, including those encoding lipoprotein lipase,
adipocyte fatty acid-binding protein, fatty acid transporter
protein, glucokinase, fatty acyl-CoA synthase, and GLUT-
4 (Cignarelli et al. 2013; Blanchard et al. 2016; Pereira
et al. 2019). However, these agonists of PPARYy are associ-
ated with various side effects, including weight gain, fluid
retention, edema, and congestive heart failure (Ahmadian
et al. 2013; Horita et al. 2015).

Glucose transporter (GLUT) activation is critical in
the insulin signaling cascade, resulting in effective glu-
cose disposal into peripheral tissues. The two integral iso-
forms of glucose transporter proteins found in adipose tis-
sue, GLUT-1 and GLUT4, regulate body glucose home-
ostasis and play a role in tissue glucose uptake. Glucose
transporter type 1 (GLUT-1) participates in low intensity
of glucose uptake. Glucose transporter type 4 (GLUT-
4) plays the primary role in regulating glucose homeosta-
sis through translocation and activation, subsequently trig-
gered by the insulin-dependent PI3K/Akt pathway (Cao
et al. 2010; Gandhi et al. 2013; Bao et al. 2020). Further-
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FIGURE 3 Andrographolide increases glucose uptake in mature
adipocytes. (a) Profile of glucose uptake on pre-adipocytes and ma-
ture adipocytes and negative control (mature adipocytes + DMSO
0.03%). (b) Glucose uptake levels in mature adipocytes respond
to andrographolide (1.4, 2.8, and 5.6 uM) and pioglitazone (0.02
UM). The results are shown as mean values = SE (n=3). A, Andro-
grapholide; Pio, Pioglitazone 0.02 uM. *p < 0.05 indicates a statis-
tically significant difference in comparison to that of control cells.

more, upregulated PPARy can enhance insulin sensitivity
by increasing the number of adipocytes and the expression
of genes such as adiponectin and GLUT-4 (Anusree et al.
2014).

Our study demonstrated that administration of andro-
grapholide over time increases glucose uptake ability, de-
pendent on the concentration. Consequently, the glucose
uptake effect of andrographolide in this study predicted
that PPARy upregulation in mature adipocytes might en-
hance GLUT-4 expression. The study shows that andro-
grapholide enhances the expression of PPARy and GLUT-
4 on mRNA levels in mature adipocytes similar to or even
greater than pioglitazone. As a result, andrographolide
may have the same action as pioglitazone to increase cel-
lular glucose uptake and insulin sensitivity; thus, it can be
used as an alternative therapy for type 2 DM. This study
is expected to add to existing research on A. paniculata
and aid in understanding the antidiabetic effect of a single
isolated andrographolide from this herb.

4. Conclusions

In the study, andrographolide isolated from sambiloto
herbs (A. paniculata (Burm.f.) Nees) was exhibited to im-
prove the glucose uptake on 3T3-L1 adipocytes by increas-
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(fold change;

(@)

DMSO CE Pio Ald4 A28 AS56
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"
5
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FIGURE 4 Effect of andrographolide on gene expression. (a) PPARy
mRNA levels after treatments in mature adipocytes. (b) GLUT-4
mRNA levels after treatments in mature adipocytes. The results are
shown as mean values + SE (n=3). A, Andrographolide (1.4, 2.8 and
5.6 uM); Pio, Pioglitazone 0.02 uM; CE, Crude extract 30 mg/mL.
*p < 0.05 indicates a statistically significant difference compared to
that of DMSO (control).

ing PPARy and GLUT-4 expression, thus, it has the poten-
tial to develop as an antidiabetic therapeutic agent.
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