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Diabetes mellitus (DM) is a prevalent global metabolic disorder, with an increasing incidence in
Indonesia. Clinacanthus nutans L. has been traditionally used for its hypoglycemic properties, yet
its precise mechanism of action remains unclear. This study aimed to assess the effects of C.
nutans partitions on glucose consumption and to predict their potential interaction with GLUT4
through in silico analysis. A bioassay-guided partition approach was employed to partition C.
nutans. Insulin resistance was induced in C2C12 myoblasts using 0.75 mM palmitic acid, followed
by treatment with C. nutans partitions at concentrations of 500, 250, and 125 pg/mL. Glucose
consumption was quantified using the GOD/PAP assay, with statistical significance at p<0.05.
Moreover, molecular docking analysis was conducted to evaluate the binding affinity of C. nutans
bioactive compounds to GLUT4. Results indicated that the insoluble partition of C. nutans
significantly enhanced glucose uptake in insulin-resistant C2C12 cells at 500 pg/mL (p = 0.0021)
and 250 pg/mL (p = 0.0198) compared to untreated controls. However, molecular docking
analysis did not reveal direct binding interactions between C. nutans compounds and GLUTA4. In
conclusion, the insoluble partition of C. nutans effectively improves glucose consumption in
insulin-resistant C2C12 cells, though its mechanism of action does not appear to involve direct
GLUT4 modulation. These findings suggest that C. nutans holds promise as a complementary
therapy for insulin resistance, aligning with Sustainable Development Goal (SDG) 3 by
contributing to alternative treatments for type 2 diabetes mellitus (T2DM) and SDG 9 by fostering
pharmaceutical innovation and sustainable plant-based therapies.

Keywords: Clinacanthus nutans, Diabetes, Glucose Transporter Type 4 (GLUT4), Bioassay
guided partition, Glucose uptake.

Introduction

Subsequently, activated Akt facilitates the translocation of GLUT4,
which is a glucose transporter protein, to the cell membrane. GLUT4 is

Diabetes mellitus (DM) is a major global health threat and

one of the leading causes of mortality. Its prevalence continues to rise
annually, with an estimated 9.3% of the global population affected in
2019, a figure projected to increase to 10.9% by 2045.* Furthermore,
studies suggest that glucose-lowering treatments for type 2 diabetes
(T2D), including synthetic medications and insulin therapy, may pose
more risks than benefits, particularly for elderly individuals.?
Consequently, the development of safer and more effective
antihyperglycemic therapies remains an urgent priority.
Three key proteins—IRS-1, Akt, and GLUT4—play essential roles in
the pathophysiology of diabetes mellitus (DM). When insulin binds to
its receptor, it activates insulin receptor substrate-1 (IRS-1), a signaling
mediator that transmits the insulin signal into the cell. IRS-1 becomes
active upon phosphorylation at its tyrosine-612 residue. This activation
leads to the phosphorylation of Akt, a cytosolic kinase, at its serine-473
residue.
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responsible for mediating glucose uptake from the bloodstream into the
cytosol.*5 Dandang Gendis (Clinacanthus nutans) is an indigenous
plant in Indonesia that has been traditionally used as a herbal remedy
for lowering blood glucose levels. Several studies have demonstrated
its antihyperglycemic properties. The extract of C. nutans has been
shown to significantly reduce blood glucose levels in Wistar rats with
diabetes when administered at a dose of 75 mg/kg body weight.® Its
ethanolic extract contains bioactive compounds, including flavonoids,
saponins, and tannins, which are recognized for their antidiabetic
potential.” Flavonoids regulate blood glucose levels by enhancing
insulin secretion, promoting B-cell proliferation in the pancreas,
reducing insulin resistance, and alleviating inflammation in muscle
cells.® Saponins contribute to glucose homeostasis by restoring insulin
signalling, stimulating insulin release from [-cells, inhibiting
gluconeogenesis, and suppressing o-glucosidase activity.® Tannins
enhance glucose uptake by activating key mediators in the insulin
signaling pathway, such as phosphoinositide 3-kinase (PI3K) and
mitogen-activated protein kinase (p38 MAPK), while also promoting
GLUT4 translocation.

A study using a diabetic rat model investigated the effects of a four-
week intervention with methanol extract of Clinacanthus nutans
(CNME). The results demonstrated a significant reduction in total
cholesterol  (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), and atherogenic index (Al) levels in serum. In
addition, CNME enhanced vascular antioxidant capacity, reduced
inflammation in blood vessels, and decreased intima-media thickness
(IMT) of the aorta. These effects were comparable to those observed
with metformin treatment, indicating CNME’s potential in mitigating
atherosclerotic risk in type 2 diabetic (T2D) rats.'* Furthermore, C.
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nutans extract was found to lower malondialdehyde (MDA) serum
levels, as well as the pro-inflammatory cytokines tumor necrosis factor-
alpha (TNF-a) and interleukin-6 (IL-6). Particularly, administration of
C. nutans extract at doses of 75 and 150 mg/kg body weight increased
the size of the pancreatic islets of Langerhans in diabetic rats.*?
Bioassay-guided partition is a widely used method for isolating
bioactive compounds from complex extracts, utilizing biological
activity assays and thin-layer chromatography (TLC) for continuous
monitoring.*® This approach has been instrumental in drug discovery.
For instance, bioassay-guided fractionation has successfully been
applied to isolate bioactive constituents from Physalis angulata (locally
known as ciplukan) and Kappaphycus alvarezii (red algae).'*** In the
present study, bioassay-guided partition was employed to separate and
evaluate the biological activity of two partitions derived from C. nutans.
In addition, molecular docking analysis was conducted to predict the
potential binding affinity of C. nutans bioactive compounds with
GLUT4. This study contributes to Sustainable Development Goal
(SDG) 3 by promoting accessible healthcare solutions and to SDG 9 by
advancing research and innovation in herbal medicine.

Materials and Methods

This research has received recommendations from the Ethics
Committee of Faculty of Medicine, Public Health, and Nursing, Gadjah
Mada University (UGM) with protocol no.: KE/1047/07/2024.

Materials

Clinacanthus nutans L. was collected from Bantul Region, Yogyakarta
(-7.8415480, 110.3351337), in January 2024 and was taxonomically
identified at the Department of Pharmaceutical Biology, Faculty of
Pharmacy, Gadjah Mada University, under voucher specimen number
1870/UN1/FA.2/BF/PT.01.06/2024. The study utilized the following
materials: Dulbecco’s Modified Eagle Medium (DMEM, Gibco, Lot:
2512444), Fetal Bovine Serum (FBS, Sigma, Lot: 001671877), Horse
Serum (HS, Sigma, Lot: 22B441), antibiotics (Elabscience, Lot:
GY1142RN8913), Bovine Serum Albumin (BSA, Elabscience, Lot:
DI102260R2362), and the GOD/PAP kit (DSI, Lot: 60159945).
Methods

Cell culture and differentiation

The C2C12 cell line (ATCC-CRL-1772) was obtained from the
Department of Pharmacology and Therapy, Faculty of Medicine, Public
Health, and Nursing, Gadjah Mada University. The cells were used at
passage 30. C2C12 myoblasts were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) with 10% fetal bovine serum (FBS) at 37°C,
5% COa. Cells were then differentiated using DMEM containing 2%
horse serum (HS) under the same incubation conditions (37°C, 5%
CO2). The cells’ morphology was observed using Inverted Light
Microscope (CKX41, Olympus, Japan), with 100x magnification.
Experiments were conducted after 3—4 days of differentiation. Both the
growth and differentiation media were refreshed every 1-2 days.

Bioassay guided partition of C. nutans

Approximately 300 grams of dried C. nutans leaf powder was extracted
through maceration using 1 litre of methanol, following a previously
described protocol.** This process yielded two distinct extracts: a
methanol extract and a chloroform extract. The biological activity of
each extract was evaluated using a glucose consumption assay, while
the extraction efficiency was monitored through thin-layer
chromatography (TLC), employing a benzene:ethyl acetate (3:1)
mobile phase.

Two grams of the active methanol extract was dissolved in
benzene and centrifuged (PLC-05, Gemmy, Taiwan) at maximum speed
for 10 minutes. The supernatant (soluble partition) was collected, while
the pellet (insoluble partition) was re-dissolved in benzene and
centrifuged again. This process was repeated until the supernatant
appeared as clear as possible. As with the extraction process, the success
of the partitioning was monitored using thin-layer chromatography
(TLC) with a benzene:ethyl acetate (3:1) mobile phase. In addition, the
biological activity of each partition was assessed using a glucose
consumption assay.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Induction of insulin resistance, treatment, and glucose consumption
assay

C2C12 cells were seeded at a density of 3 x 103 cells per well in a 96-
well plate. Upon full differentiation, the cells were divided into four
groups: palmitic acid control (KPA) and treatment groups (P1, P2, and
P3). To induce insulin resistance, the culture medium was replaced with
100 pL of serum-free DMEM containing 0.75 mM palmitic acid (PA).
After 16 hours of PA incubation, the cells exhibited insulin resistance
and were prepared for subsequent treatment.

To identify the active extract, treatment was administered by replacing
the PA-containing medium with 100 pL of serum-free DMEM
containing either 500 pg/mL (P1), 250 pg/mL (P2), or 125 pg/mL (P3)
of the polar or non-polar extract. The cells were then incubated for 24
hours. Similarly, to determine the active partition, insulin-resistant cells
were treated by replacing the PA-containing medium with 100 puL of
serum-free DMEM containing 500 pg/mL (P1), 250 ug/mL (P2), or 125
ug/mL (P3) of the soluble or insoluble partition. The incubation period
was maintained for 24 hours.

After 24 hours of treatment incubation, the cells were exposed to 100
pL of 100 nM insulin to activate the insulin signaling pathway.
Following a 1-hour incubation, the glucose concentration in the culture
medium was assessed using the GOD/PAP assay (DSI, catalog number
125009983021). Glucose concentration was measured at 490 nm
(iMark Microplate Absorbance Reader, BioRad, USA) and quantified.
Statistical analysis was performed using one-way ANOVA in GraphPad
Prism 9, with significance set at p < 0.05. All experiments were
conducted in triplicate, and data were collected three times per
replication.

Molecular docking of GLUT4

The three-dimensional structures of GLUT4 (PDB ID: 7WSM) and
isomaltose, a homolog of a-glucosidase (PDB ID: 3AJ7),'6 were
retrieved from the Protein Data Bank (PDB). The phytochemical
composition of C. nutans®” was screened using Lipinski’s Rule of Five
as the selection criterion, yielding six compounds: four flavonoids, one
steroid, and one phenolic acid. Protein preparation was performed
using AutoDockTools 1.5.7, where the GLUT4 structure was
preprocessed by removing water molecules, adding Gasteiger charges,
and incorporating polar hydrogen atoms. To validate the docking
protocol, a RMSD (root-mean-square deviation) was calculated using
PyMOL, with the method considered valid if the RMSD value was <2
A.18 Once docking system validity was confirmed, the interactions
between proteins and compounds were visualized and analyzed using
BioVia Discovery Studio 2021. Binding affinity values were
determined using AutoDock Vina.

Results and Discussion

Culture and differentiation of C2C12 cells

Prior to differentiation, C2C12 cells remained in the myoblast stage,
exhibiting a spindle-like morphology. These myoblasts required
approximately 96 hours of culture to reach 70-80% confluence. Once
confluence was achieved, the growth medium was replaced with the
differentiation medium to induce the transition into myotubes. The
differentiated myotubes displayed an elongated, tubular morphology
and expressed various proteins characteristic of human muscle cells,
including GLUT4. This protein is commonly used to investigate the
insulin signalling pathway in response to exercise, pharmacological
agents, natural compounds, and glucose uptake mechanisms.®
Morphological changes indicative of differentiation became evident as
early as two days after the introduction of the differentiation medium.
The complete differentiation process required an additional 96 hours, as
illustrated in Figure 1.

Bioassay guided partition of C. nutans

Thin-layer chromatography (TLC) analysis revealed distinct
chromatographic profiles between the methanol and chloroform
extracts of C. nutans. Both solvents are capable of eluting semi-polar
natural compounds;*® however, methanol preferentially extracts more
polar compounds, whereas chloroform is more effective at dissolving
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Figure 1: Differentiation process of C2C12 cells. Cells were viewed under 100x magnification. (A): myoblast, confluency of 70-80%,
(B): myotube (HO), (C): myotube (H+1), (D): myotube (H+2), (E): myotube (H+3); (F): myotube (H+4).

non-polar compounds. As shown in Figure 2, the chloroform (1) and
methanol (I1) extracts exhibited prominent peaks at Rf 0.75 and Rf 0.7,
respectively, with comparable intensity under UV light at 254 nm and
366 nm. In addition, multiple peaks were observed in both extracts,
suggesting the presence of similar chemical constituents. However, the
methanolic extract displayed lighter peak intensities in some regions.

(o] 8]
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0,25

Figure 2: Thin-layer chromatography of C. nutans’s extracts.
(A): Visualisation under UV 254 nm, (B): Visualisation under
UV 366 nm. (I): Chloroform extract, (11): methanol extract.

No significant increase in glucose uptake was observed in the
chloroform extract of C. nutans or in the palmitic acid control group
(Figure 3). Interestingly, lower concentrations of the methanol extract
(250 pg/mL and 125 pg/mL) did not show a significant difference from

the control group. However, treatment with 500 pg/mL of the methanol
extract resulted in a statistically significant enhancement of glucose
consumption in insulin-resistant C2C12 cells in comparison to the
palmitic acid control group (p value = 0.0299).
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Figure 3: The difference in glucose consumption of each group
of treatment using C. nutans’s extracts. (P1): 500 pg/mL, (P2):
250 pg/mL, (P3): 125 pg/mL were the insulin-resistant cells
treated with C. nutans’ extracts. (KPA): the control group for
insulin-resistant cells. This group was only given palmitic acid.
* represent P-value < 0.05, while (ns) represents not significant.

To enhance purification, the methanolic extract of C. nutans was further
partitioned via centrifugation. Thin-layer chromatography (TLC)
analysis (Figure 4) confirmed the success of the partitioning process,
as no identical or duplicated spots were observed between the two
partitions. This partition resulted in a soluble partition and an insoluble
partition.  The soluble partition primarily contained non-polar
compounds, as evidenced by its complete elution in the non-polar
mobile phase. In contrast, the insoluble partition consisted of semi-polar
to polar compounds.
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Figure 4: Thin-layer chromatography of C. nutans’s partitions.
(A): Visualisation under UV 254 nm, (B): Visualisation under
UV 366 nm. (I): The soluble partition, (I1): The insoluble
partition.
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While the soluble partition did not exhibit a significant effect on glucose
consumption, the insoluble partition of C. nutans demonstrated a
significant enhancement to uptake glucose in insulin-resistant C2C12
cells in comparison to the palmitic acid control group (Figure 5).
Among the three tested concentrations, the 500 pg/mL and 250 pg/mL
treatments of the insoluble partition yielded statistically significant
increases in glucose consumption, with p values of 0.0021 and 0.0198,
respectively.

Molecular docking of GLUT4

Among the 29 compounds identified in the leaves of C. nutans,® six
compounds met Lipinski’s Rule of Five criteria (Table 1). These six
compounds were soluble in methanol but insoluble in benzene,
indicating their likely presence in the insoluble partition of C. nutans.
Their three-dimensional (3D) structures were retrieved from the Protein
Data Bank (PDB) using the following IDs: gallic acid (PDB ID: 4Z5X),
caffeic acid (PDB ID: 1KOU), kaempferol (PDB ID: 6M8B), catechin
(PDB ID: 4C94), luteolin (PDB ID: 4QYA), and quercetin (PDB ID:
1H1I).

Table 1: Screening results of the C. nutans’s compounds based on Lipinski’s Rule of five

Lipinski’s Rule of 5
Compound MW H-bond H-bond
No. Compound LogP o
Group (<500 Acceptors Donors (<5) Violation
<
Da) (<10) (<5)
1. Steroid Gallic acid 170.12 5 4 0.7 0
2. Phenolic acid Caffeic acid 180.16 4 3 1.2 0
3. Kaempferol 286.24 6 4 1.9 0
4. . Catechin 290.27 6 5 0.4 0
Flavonoid
5. Luteolin 286.24 6 4 1.4 0
6. Quercetin 302.23 7 5 1.5 0

The visualization of receptor-ligand interactions can be interpreted
based on two key factors: the type of bonds formed and their respective
distances. Various types of interactions can occur between a receptor
and a ligand, including hydrogen bonds, Van der Waals forces, and
unfavorable bumps. Among these, hydrogen bonds possess the highest
bond energy. Bond strength is also influenced by bond distance. Shorter
bond distances generally result in stronger interactions, whereas bond
lengths exceeding 3 A typically correspond to weak binding affinity.2°
On the other hand, unfavorable bumps are a type of bonds which could
occur due to the unfavorable probability when water interacts with
proteins. This interaction can lead to increased enthalpy and entropy.?
Based on the three-dimensional (3D) visualization using BioVia
Discovery Studio 2021, none of the six tested compounds exhibited
direct binding interactions with GLUT4. However, kaempferol and

caffeic acid demonstrated binding affinity toward another key receptor
in the insulin signaling pathway, i.c., a-glucosidase/isomaltose (Table
2). Since the 3D structure of o-glucosidase remains unresolved,
isomaltose was used as a homologous model for molecular docking
analysis.’® The docking analysis revealed that kaempferol formed
hydrogen bonds with several residues of isomaltose, including proline
at position 8 (distance: 4.28 A), threonine at position 10 (distance: 4.20
A), and glutamic acid at position 11 (distance: 3.71 A). In addition,
kaempferol exhibited unfavorable bumps with serine residues at
positions 4 and 5, with bond distances ranging from 1.24 A to 3.90 A.
Caffeic acid also demonstrated binding interactions with isomaltose,
forming three distinct types of bonds. A hydrogen bond was observed
with ’tar:e aspartic acid residue at position 519, with a bond distance of
4.97 A.
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Table 2: 3D and 2D visualisations of interactions between the six compounds of C. nutans with GLUT4 and isomaltose proteins

Molecular Docking

Compound . . - .
Affinity Interaction Affinity Interaction
(kcal/mol) (with GLUT4) (kcal/mol) (with Isomaltose)
Kaempferol -9.4
Catechin -9.5
Luteolin -9.6
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Quercetin -9.4
Gallic acid -6.3
Caffeic acid -9.2

@
\S/. (35
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Figure 5: The difference in glucose consumption of each group
of treatment using C. nutans’s partitions. (P1): 500 pg/mL,
(P2): 250 pg/mL, (P3): 125 ug/mL were the insulin-resistant
cells treated with C. nutans’ partitions. (KPA): the control
group for insulin-resistant cells. This group was only given
palmitic acid. * represent P-value < 0.05, ** represent P-value
<0.01, while (ns) represents not significant.

In addition, several unfavorable bumps were detected with multiple
amino acid residues, including asparagine (2.40 A to 4.25 A), leucine
(2.53 Ato5.73 A), and threonine (2.66 A to 4.02 A). Moreover, caffeic
acid formed a n-lone pair interaction, a type of non-covalent bond that
stabilizes interactions between a lone pair of electrons and a w-System.
This bond has been suggested to contribute to the structural stability of
both DNA and proteins.??

The effect of C. nutans’s extracts and partitions on C2C12-insulin
resistant cells

Several studies have explored the antidiabetic potential of C. nutans
through in vitro and in vivo models. However, none have utilized
insulin-resistant C2C12 cells as a diabetic model. One in vitro study we
identified did not employ any cell lines but instead used a dialysis tube
as a model system.” In addition, most existing studies have relied on in
vivo models, typically assessing antidiabetic activity through o-
glucosidase inhibition assays or blood glucose level measurements.?
Our study is the first to successfully separate bioactive compounds from
C. nutans using bioassay-guided partition while employing insulin-
resistant C2C12 cells as a diabetic model. Furthermore, we provide
novel insights into the potential mechanism of action of C. nutans by
predicting its interaction with the GLUT4 receptor through molecular
docking analysis.

This present study further reinforces findings from previous research
demonstrating the potential of C. nutans leaf extract in improving
insulin resistance.?#?> C. nutans has been reported to exhibit both
antihyperglycemic and antioxidant properties, which play a crucial role
in mitigating insulin resistance.?*?8 Insulin resistance is a precursor to
type 2 diabetes and occurs when cells fail to respond effectively to
insulin, leading to persistently elevated blood glucose levels. Several
factors contribute to insulin resistance, including obesity,?® oxidative
stress,% and inflammation. Saturated fatty acids, such as palmitic acid,
are known to promote inflammation and exacerbate insulin resistance
in peripheral tissues.®! One of the main characterizations of insulin
resistance is the reduced synthesis and translocation of GLUT4, a
glucose transporter predominantly found in adipocytes and muscle
cells.®? Several other plant extracts, including bay leaves, black seed,
and Artemisia annua, have been shown to enhance GLUT4
translocation.

Based on our molecular docking analysis, we propose that C. nutans
does not directly affect GLUT4 but instead influences another key
protein in the insulin signaling pathway, i.e., a-glucosidase. o-
Glucosidase is an intestinal enzyme responsible for carbohydrate
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digestion, and its inhibition can slow glucose absorption, thereby
preventing postprandial hyperglycemia. Consequently, a-glucosidase
inhibitors serve as a well-established therapeutic strategy for managing
diabetes.®* Kaempferol and caffeic acid, identified in C. nutans, could
be further isolated and explored as lead compounds for developing safer
and more effective antidiabetic drugs, specifically targeting o-
glucosidase inhibition. Previous studies have demonstrated that both
kaempferol and caffeic acid exhibit potent a-glucosidase inhibitory
activity.3>-38

This present study has several limitations. First, we lack direct evidence
that C. nutans enhances GLUT4 translocation, as we did not perform
ELISA or Western blot analysis to confirm its expression or membrane
translocation. Second, although previous studies have established that
quercetin is a potent a-glucosidase inhibitor,***° our molecular docking
analysis did not support these findings. We hypothesize that this
discrepancy arises from our use of an a-glucosidase homologous
protein as the receptor in the docking simulations. To address this, we
recommend re-docking using different a-glucosidase homologous
proteins for further validation. Despite these limitations, we propose a
novel hypothesis suggesting that a-glucosidase inhibition may
indirectly influence GLUT4 translocation and enhance glucose uptake
in cells.

Conclusion

The findings of this study indicate that the insoluble partition from the
methanol extract of C. nutans demonstrated stronger glucose-lowering
activity compared to the soluble partition, particularly at concentrations
of 500 and 250 pg/mL. However, molecular docking analysis suggests
that the mechanism of action of these bioactive compounds does not
involve direct binding to GLUT4. This study contributes to Sustainable
Development Goal (SDG) 3 (Good Health and Well-Being) by
advancing herbal-based strategies for managing type 2 diabetes mellitus
(T2DM). In addition, this study also aligns with SDG 9 (Industry,
Innovation, and Infrastructure) by supporting innovation in herbal
medicine and sustainable pharmaceutical research.
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