DOI: 10.31276/VISTE.2024.0110 LIFE SCIENCES | MEDICINE, PHARMACOLOGY, BIOMEDICAL APPLICATIONS m

Investigating Palmatine’s inhibitory mechanism on type 2
diabetes via molecular docking

Do Thi Hang', Tran Hoang Mai?, Nguyen Thi Phuong?, Bui Thanh Tung?”

'Phuc Yen Regional General Hospital, Phuc Yen Ward, Phu Tho Province, Vietnam
2University of Medicine and Pharmacy, Vietnam National University - Hanoi, 144 Xuan Thuy Street, Cau Giay Ward, Hanoi, Vietnam
SFaculty of Medicine and Pharmacy, Academy of Security Engineering and Technology, Thuan Thanh Ward, Bac Ninh Province, Vietnam

Received 16 October 2024; revised 21 November 2024; accepted 24 March 2025

Abstract:

Type 2 diabetes mellitus (T2DM) is the most common form, accounting for more than 90% of all individuals with
diabetes worldwide. Currently, T2DM is on the rise and is increasingly affecting younger individuals, becoming
a serious public health issue. Palmatine is a natural isoquinoline alkaloid belonging to the protoberberine group.
The purpose of this study was to evaluate the anti-diabetic properties of Palmatine through molecular docking
with several protein targets related to T2DM, such as o-amylase, pyruvate dehydrogenase kinase 4 (PDK4),
o-glucosidase, protein tyrosine phosphatase 1B (PTP1B), aldose reductase (AKR1B1), and 11B-hydroxysteroid
dehydrogenase (11B-HSD1). Lipinski’s rule of five was employed to assess the drug-like characteristics of Palmatine.
The pharmacokinetic properties of Palmatine were evaluated using the pkCSM tool, which aids in predicting its
absorption, distribution, metabolism, excretion, and toxicity (ADMET) profile. The oral bioavailability of Palmatine
was assessed using the SwissADME tool. The results indicated that Palmatine inhibits 11p-HSD1 with the lowest
binding energy (-8.4 kcal/mol). According to Lipinski’s analysis, Palmatine exhibits properties consistent with drug-
like behaviour. The predicted pharmacokinetic parameters suggest that this compound possesses excellent intestinal
absorption. Furthermore, Palmatine demonstrated favourable oral bioavailability. Consequently, additional in vitro
and in vivo research is necessary to further explore the potential of this compound as a future treatment for diabetes.

Keywords: molecular docking, palmatine, protein tyrosine phosphatase 1B, pyruvate dehydrogenase kinase 4, type 2
diabetes, 11p-hydroxysteroid dehydrogenase.
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1. Introduction need for new and enhanced treatment alternatives. T2DM

As reported by the International Diabetes Federation exhibits a complex pathophysiological process driven by

(IDF), approximately 537 million individuals were living
with diabetes globally in 2021. This figure is projected to
rise to 643 million by 2030 and 783 million by 2045. Type
2 diabetes mellitus (T2DM) is the most prevalent form,
accounting for over 90% of all diabetes cases worldwide
[1]. The condition is marked by a relative deficiency of
insulin, resulting from pancreatic B-cell dysfunction, along
with insulin resistance in various organs, which can lead
to dangerous chronic complications such as cardiovascular,
kidney and eye diseases [2, 3]. Currently, T2DM is on
the rise and is increasingly affecting younger individuals,
becoming a serious public health problem. Presently,

the coordinated interaction of multiple factors, contributing
to disease progression. Therefore, targeting various proteins
within the T2DM pathway is crucial [5].

Palmatine is a natural isoquinoline alkaloid of the
protoberberine group, with a structure similar to that of
berberine, and is found in all berberine-containing plants,
albeit in much lower concentrations [6, 7]. In traditional
medicine, this substance has been used to treat jaundice,
liver diseases, hypertension, inflammation, and dysentery
[8]. Numerous studies indicate that Palmatine has anti-
cancer, antioxidant, anti-inflammatory, neuroprotective,

approaches such as metabolic surgery, pharmaceuticals,
and lifestyle adjustments are utilised to manage and prevent
the disease [4]. Nevertheless, the limited effectiveness and
adverse effects of existing medications emphasise a pressing
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antibacterial, and antiviral effects [6]. Furthermore, this
substance also acts as an agent against metabolic syndrome
and its related complications through its antioxidant and
anti-inflammatory properties [9].
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Pancreatic a-amylase hydrolyses carbohydrates into
oligosaccharides [10, 11]. These oligosaccharides are
subsequently broken down into glucose by a-glucosidase.
Once released, glucose molecules are absorbed into the
bloodstream, leading to an increase in blood sugar levels
[12]. Inhibiting a-amylase and o-glucosidase helps to
reduce the rate of starch hydrolysis and prevents sudden
increases in glucose levels, thereby mitigating postprandial
hyperglycaemia. Consequently, these two targets are crucial
in the treatment of T2DM. Pyruvate dehydrogenase kinase
(PDK) is a potential therapeutic target due to its increased
expression in disease states such as diabetes, cancer, and
heart failure [13]. Among the PDK isoforms, PDK4 is
predominantly produced in muscle and heart tissues in
diabetes induced by streptozotocin. In mice lacking hepatic
insulin receptor substrates, the deletion of the Pdk4 gene
improves glycaemic control and glucose tolerance [14, 15].
Protein tyrosine phosphatase 1B (PTP1B) reduces insulin
phosphorylation, leading to insulin resistance in tissues [16].
During chronic hyperglycaemia, elevated blood glucose
concentrations increase flux through the polyol pathway.
Aldose reductase (AKR1B1), the first enzyme in the polyol
pathway, plays a significant role in the development of
microvascular complications in diabetes [17]. The enzyme
11B-Hydroxysteroid dehydrogenase (118-HSD1) converts
cortisone into cortisol [18]. Inhibiting 113-HSD1 may aid in
the treatment of glucocorticoid-related diseases, including
diabetes [19]. As a result, the aforementioned targets are
essential in the mechanism of T2DM.

Molecular docking is a computational technique used
to predict the most favourable positions and orientations in
which a ligand can bind to a target protein [20]. Therefore,
this study evaluates the ability of Palmatine to inhibit type 2
diabetes-related protein targets, such as a-amylase, PDK4,
a-glucosidase, PTP1B, AKRI1B1, and 11B-HSD1 through
molecular docking.

Table 1. Grid box parameters of target proteins.

2. Materials and methods
2.1. Materials

Preparing protein  structures: The structures of
pancreatic a-amylase (PDB ID: 2QV4), PDK4 (PDB ID:
3D2R), a-glucosidase (PDB ID: 3W37), PTP1B (PDB ID:
2QBS), AKR1B1 (PDB ID: 3GS5E), and 113-HSD1 (PDB
ID: 2ILT) were downloaded from a protein data bank
(https://www.rcsb.org/). Using Discovery Studio Visualizer
2021, co-crystal and water molecules were eliminated. Next,
hydrogen atoms were introduced to the protein, followed by
the calculation of Kollman charges and the reconstruction
of the active site through MGL Autodock Tools 1.5.6.
The selection of reference grid box parameters was based
on previously published studies in Web of Science- and
Scopus-indexed journals (Table 1) [21-26]. Finally, these
proteins were saved in *.pdbqt format to prepare for the
docking process.

Preparation of ligands: The 3D structures of Palmatine
and the positive controls (Acarbose, PDK4-IN-1, Metformin,
Epalrestat, INCB-13739) were downloaded from the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/).
These compounds were saved in *.sdf format and converted
to *.pdb format using Discovery Studio Visualizer 2021
software before being optimised by Avogadro software
using the Conjugate Gradient method. Eventually, the
ligands were converted to *.pdbqt format using Autodock
Tools software.

2.2. Methods
2.2.1. Molecular docking

Molecular docking: The ligands were docked into the
active sites of six target proteins utilising Autodock Vina.
Interaction energies between ligands and proteins were
calculated through Autodock Vina’s scoring function.
Molecular interactions for compounds with favourable free
binding energies were visualised using Discovery Studio
Visualizer 2021.

Grid centre

Target Protein Data Bank ID  Grid size Grid spacing

X Y VA
Pancreatic a-amylase 2QVv4 40x40x40 0.375 12.942 47.17 26.2
PDK4 3D2R 50x50x50 0.375 -25.0 -6.8 6.0
a-glucosidase 3W37 60x60x60 0.375 14.310 -27.101 -42.876
PTP1B 20QBS 60x60x60 0.375 46.535 16.643 5.369
AKRI1BI1 3GSE 22%22x32 1.000 22.0 -7.0 23.0
118-HSD1 2ILT 60x60x60 0.375 58.957 105.209 62.493
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Evaluation of docking results: To evaluate the docking
results, the co-crystal ligand was re-docked into the active
site of the target. The process is deemed successful when
the root-mean-square deviation (RMSD) value is 1.5 A or
lower [27]. For Palmatine, binding affinity was evaluated
by examining its interactions with amino acids located in
the active site of the protein, while the interaction energy
was determined using Autodock Vina’s scoring function.
Two crystallised ligands, QV4 for a-amylase (Protein Data
Bank ID: 2QV4) and ADP for PDK4 (Protein Data Bank
ID: 3D2R) were employed for evaluating and optimising
the docking models.

2.2.2. Assessment of Lipinski's rule of five

Lipinski’s rule of five was applied to assess the drug-
like properties of the compound using an online tool (http://
www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp) [28,
29].

2.2.3. Estimation of pharmacokinetics and toxicological
properties

The properties involving ADMET are essential for
evaluating the likelihood of success of developing a new
drug. These parameters of the potential compound were
assessed using the pkCSM tool (https://biosig.lab.uqg.edu.
au/pkcsm/prediction) [30].

2.2.4. Evaluation of oral bioavailability

A bioavailability radar was utilised to assess the
compound’s oral bioavailability through the SwissADME
tool (https://www.swissadme.ch/ index.php) [31].

Alo
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2.2.5. Molecular dynamics simulation

Molecular dynamics (MD) is a technique used to analyse
the physical motion of atoms at the atomic level [32]. We
used Molecular Operating Environment version 2015.10 to
simulate the ligand-protein complex with the least binding
energy pose. The Nosé-Poincaré-Andersen (NPA) equations
of motion were employed in the Molecular Operating
simulation. The MD default
steps and protocols were chosen to optimise the system

Environment dynamics

equilibrium at 600 ps and a 500 ps production run was
carried out at 310 K. We determined RMSD for the entire
ligand-protein complex to evaluate the overall stability of
this system. RMSD was calculated as shown below:

1 .
RMSD = /ﬁZ%V:ldlz

where di represents the distance between atom i at two
different times; N is the total number of atoms in the
complex.

3. Results and discussion
3.1. Results of molecular docking

Before docking, the co-crystallised ligands were re-
docked into the protein’s active site using Chimera software.
The RMSD values for 2QV4 and 3D2R are 0.773 and 1.154
A respectively, both of which are below the 1.5 A threshold,
indicating that the docking process is reliable (Fig. 1).
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Fig. 1. Co-crystallised ligand re-docking results of 2QV4 (left) and 3D2R (right).
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To study the binding ability of Palmatine to targets
related to T2DM, we docked this compound with the
target proteins and compared the results with positive
controls (Acarbose, PDK4-IN-1, Metformin, Epalrestat,
INCB-13739). Acarbose is an oral medication that inhibits
a-glucosidase and a-amylase, and is used to treat T2DM [33,
34]. PDK4-IN-1 is a potent inhibitor of PDK4, which plays
arole in regulating glucose metabolism. Metformin inhibits
PTPI1B [35]. Epalrestat, a potent inhibitor of AKR1B1, has
been used for decades in Japan to treat diabetic peripheral
neuropathy [36, 37]. INCB-13739 is a potential inhibitor of
11B-HSD1, which could be used in the treatment of T2DM
and metabolic syndrome-related disorders [19].

Table 2. The docking results.

Compound Binding energy (kcal/mol)

PubChem
D 20V4 3D2R 3W37 20BS 3GSE 2ILT
Palmatine 19009 -78 66 69 66 -72 -84
Acarbose 41774 -7.3 -8.1
PDK4-IN-1 146026196 -8.8
+ Metformin 4091 -5.9
Epalrestat 1549120 -8.8
INCB-13739 66662059 -9.7

Table 2 shows that Palmatine exhibited binding energies
of -8.4; -7.8; -7.2; -6.9; -6.6; and -6.6 kcal/mol with 2ILT;
2QV4; 3GSE; 3W37; 3D2R; and 2QBS, respectively.
Among the targets, Palmatine binds to 2ILT with the lowest
binding energy (-8.4 kcal/mol). When comparing the free
binding energy with positive controls, Palmatine exhibited
strong binding to the two targets, 2QV4 and 2QBS, with
binding energies of -7.8 and -6.6 kcal/mol, respectively.
These values are lower than those of the positive controls
Acarbose (-7.3 kcal/mol) and Metformin (-5.9 kcal/mol).
Binding energy (kcal/mol) serves as an indicator of the
binding affinity between different ligands or inhibitors and
their corresponding proteins. A lower interaction energy
indicates a stronger affinity of the ligand towards the
receptor protein. Therefore, the ligand demonstrating the
highest affinity may be regarded as a promising candidate

for further investigation.
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The ligand-amino acid interactions between Palmatine
and the six proteins (Fig. 2) show that this compound
primarily interacts through alkyl interactions.

The protein-ligand interactions of Palmatine with the
respective targets indicated that this substance interacts
with numerous amino acids in the active site of the protein,
similar to the positive controls. In the 2ILT protein,
Palmatine interacts with the amino acids ILE121 and
ALA223 via alkyl and pi-alkyl bonds, similar to the positive
control INCB-13739. Additionally, Palmatine inhibited
3GS5E through interactions with the same amino acids as
the positive control Epalrestat, specifically TRP111 and
CYS298, via hydrogen bonding. Furthermore, Palmatine
forms alkyl bonds with several other amino acids of the
respective target proteins. Inhibiting 113-HSD1 (ID: 2ILT)
aids in managing susceptibility to glucocorticoid-related
diseases, such as obesity, diabetes, wound healing, and
muscle wasting [38]. Conversely, aldose reductase serves as
the rate-limiting enzyme in the polyol pathway, facilitating
the conversion of excess D-glucose to D-sorbitol, with
nicotinamide adenine dinucleotide phosphate acting as
a cofactor. This enzyme is essential in the progression of
microvascular complications associated with diabetes [39].

Palmatine has been reported to exhibit potent antidiabetic
and antioxidant effects in both in vitro and in vivo studies.
In vitro, it has been identified as an effective inhibitor of
a-amylase, a-glucosidase, and DPP-IV, enzymes involved
in postprandial glucose metabolism, thereby contributing
to lower blood glucose levels [40]. Specifically, binding
energy values of -6.4 and -7.8 kcal/mol for a-amylase and
a-glucosidase, respectively, were reported, consistent with
our findings. However, our study provides further insights,
revealing that Palmatine interacts with amino acid residues
of a-amylase, such as TRP59, HIS305, TRP58, HIS299, and
TYRG62, compared to the limited interaction with TRP59
and TYR62 described in P. Okechukwu, et al. (2020)
[40]’s research. Moreover, Palmatine also upregulates the
expression of key genes involved in glucose metabolism,
including IRS-1, PI3K, AKT2, and GLUT4, while
simultaneously downregulating PKC expression, effectively
reducing blood glucose levels [41]. Our results align with
these observations, demonstrating that Palmatine inhibits the
enzymes PTP1B and 113-HSD1, leading to enhanced insulin
signalling via the activation of the PI3K/AKT/GLUT4
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Fig. 2. Interaction of Palmatine (left) and positive controls (right) with their respective targets.
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pathway. Additionally, an in vivo study by S.O. Ekeuku,
et al. (2015) [42] further supports the therapeutic potential
of Palmatine, showing its ability to improve blood glucose
levels and reduce oxidative stress. Therefore, these findings
underscore Palmatine’s potential as an antidiabetic agent.

3.2. Results of Lipinski’s rule of five

To be classified as “drug-like”, compounds must satisfy
at least two of the five conditions specified in Lipinski’s rule
of five: (1) Molecular weight must be below 500 Daltons;
(2) Significant lipophilicity (LogP must not exceed 5); (3)
No more than five hydrogen bond donors; (4) No more
than ten hydrogen bond acceptors; (5) Molar refractivity
should fall between 40 and 130. The results for Palmatine
in relation to Lipinski’s rule of five are presented in Table
3. Subsequently, Palmatine was further evaluated for its

pharmacokinetic and toxicological (ADMET) properties.

Table 3. Results of Lipinski’s rule of five.

Acceptors

Molecular Donors of of hydrogen Molar” Drug-
Compound weight hydrogen ol logP  refractivity likeness
bonding (HBD) (HBA) (MR)
Palmatine ~ 352.40 0 4 3.3848 101.80 Yes

3.3. Prediction of absorption, distribution, metabolism,
excretion, and toxicity

The ADMET prediction which
absorption, distribution, metabolism, elimination, and

results, include

toxicity processes, are summarised in Table 4.

Table 4. Predicted outcomes for pharmacokinetics and
toxicity.

Properties Results
Water solubility (log mol/l) -4.194
Absorption Caco2 permeability (log P in 10° cm/s)  0.863
Human intestinal absorption (%) 97.084
VDss (log l/kg) 0.641
Distribution
BBB permeability (log BB) -0.112
CYP2D6 substrate No
CYP3A4 substrate Yes
Metabolism
CYP2D6 inhibitor Yes
CYP3A4 inhibitor No
Excretion Total clearance (log ml/min/kg) 1.246
AMES toxicity Yes
Toxicity
Hepatotoxicity Yes
Skin sensitisation No

Vietnam Journal of Science,
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The absorption capability of the compounds is assessed
according to three criteria: water solubility, permeability
across the Caco2 membrane, and proportion of intestinal
drug absorption. According to Table 4, the compounds
exhibit relatively poor water solubility, with a molar
concentration of approximately 10-* mol/l. Transmembrane
permeability via Caco2 cells (log Papp in 10° cm/s) is
deemed good if it exceeds 0.9; however, Palmatine shows
moderate permeability with a log Papp value of 0.863 in
10°® cm/s. In addition, Palmatine reveals high absorption in
the intestine, achieving a value of 97.084%.

Regarding distribution, compounds are considered to
be effectively distributed to tissues if the log volume of
distribution at steady state (log VDss) is greater than 0.45
[43]. A higher VDss indicates that a drug is more extensively
distributed into tissues rather than remaining in plasma.
Palmatine demonstrates a favourable tissue distribution
with a log VDss value of 0.641. The ability of a drug to
cross the blood-brain barrier is another important factor, as
it can reduce toxicity and side effects or enhance the efficacy
of drugs that act on the brain. Compounds are considered
capable of crossing the blood-brain barrier if their log BB
value exceeds 0.3. However, Palmatine does not cross this
barrier, as indicated by its log BB value of -0.112.

With respect to metabolism, the Cytochrome P450
system, which plays a key role in hepatic drug metabolism,
can be significantly altered by P450 inhibitors. CYP2D6 and
CYP3A4 are the two key polymorphisms of Cytochrome
P450 associated with drug metabolism. Metabolic analysis
of Palmatine indicates that it is a substrate of CYP3A4.

Regarding excretion, Palmatine may be eliminated via
the kidneys, with a total clearance rate of 1.246 (log ml/
min/kg). A high clearance rate suggests effective removal
from the body.

Concerning toxicity, Palmatine does not induce skin
sensitisation; however, it does cause AMES toxicity and
liver toxicity.

3.4. Evaluation of oral bioavailability

In the context of efficacy and toxicity, low bioavailability
is frequently identified as a major factor contributing to
failures in drug development, with oral administration
being the most common delivery method. To evaluate
oral bioavailability, the Radar plot incorporates six key
physicochemical properties: lipophilicity, molecular size,
polarity, solubility, flexibility, and saturation. The acceptable
ranges for these properties are outlined in Table 5.
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Table 5. The specific range of six physicochemical
parameters.

Properties Range

LIPO (Lipophility) -0.7<XLOGP3<+5.0

SIZE 150 g/mol<M V<500 g/mol

POLAR (Polarity) 20A2<TPSA<130A2

INSOLU (Insolubility) -6<Log S (ESOL)<0

INSATU (Insaturation) 0.25<Fraction Csp3<1

FLEX (Flexibility) 0<Num.rotatable bonds<9

The pink region signifies the ideal range for each
characteristic. To be considered drug-like, a compound
must exhibit all six physicochemical properties within this

pink region (Fig. 3).

LIPO

FLEX SIZE

INSATU POLAR

INSOLU

Fig. 3. Bioavailability radar.

Palmatine meets the criteria outlined in the radar
chart, indicating its potential for oral bioavailability.
Our study demonstrated that Palmatine may inhibit these
enzymes including amylase, PDK4, a-glucosidase, PTP1B,
AKRIBI, and 11B-HSDI, which may contribute to its
anti-diabetic activity. Our study is consistent with previous
research findings. X. Tian, et al. (2020) [44] demonstrated
that Palmatine can mitigate impaired glucose tolerance

and enhance insulin resistance in diabetes rats with a high-

DECEMBER 2025 « VOLUME 67 NUMBER 4 RIGLEN Journal of Science,

fat diet. Additionally, Palmatine improved the function of
pancreatic islets, significantly increasing the mass of 3 cells.
Their research revealed that Palmatine could reduce f cell
apoptosis, which is a key factor in the loss of B cell mass
in the models of impaired glucose tolerance. Furthermore,
Palmatine influenced the Mitogen-activated protein kinase
(MAPK) signalling pathway by inhibiting the ERK and
JNK cascades [44]. P. Okechukwu, et al. (2020) [40]
demonstrated that Palmatine can inhibit the enzymes alpha-
amylase, alpha-glucosidase, and dipeptidyl peptidase-1V
(DPP-1V) in vitro with 1C50 values of 1.31, 9.39, and
8.7 uM, respectively. P.N. Okechukwu, et al. (2021) [45]
demonstrated that Palmatine decreased the expression of
chaperone proteins CALR and GRP78. It also increased the
expression of peroxiredoxin 4, protein disulfide isomerase
(PDIA2/3), glutathione-S-transferase, and serum albumin
in diabetic Sprague Dawley rats. Moreover, this compound
also showed the activated antioxidant protein ability,
by protecting cells against reactive oxygen species and
endoplasmic reticulum stress. S.O. Ekeuku, et al. (2015)
[42] demonstrated that administering Palmatine at a dose
of 2 mg/kg body weight for 90 days significantly decreased
blood plasma glucose levels and lipid peroxidation in a
streptozotocin-induced diabetic rat model, compared to the

positive control, Tolbutamide.
3.5. Molecular dynamics results

Based on docking results, Palmatine demonstrated the
strongest binding affinity with the two proteins 2ILT (-8.4
kcal/mol) and 2QV4 (-7.8 kcal/mol). However, its docking
score with 2QV4 is lower than that of the positive control,
Acarbose (-7.3 kcal/mol), suggesting that Palmatine could
be a potential 2QV4 inhibitor. Therefore, we selected these
two targets for molecular dynamics evaluation. The RMSD
and free energy of the complexes are presented in the Figs.

4 and 5.
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The molecular dynamics simulation results of both
complexes demonstrated stability, with the free energy
reaching equilibrium. The RMSD values of the complexes
quickly stabilised at 0.4-0.45 A after approximately 50 ps
for the 2ILT-Palmatine complex and at 0.38-0.42 A after
about 30 ps for the 2QV4-Palmatine complex, respectively.
This indicates that the overall structure of both complexes
maintained stability throughout the 600 ps simulation
period. Although the 2ILT-Palmatine complex exhibited
stronger fluctuations, it displayed lower binding free energy,
suggesting that it binds more readily compared to the 2QV4-
Palmatine complex. This finding is fully consistent with the
docking results presented above, which demonstrated that
the binding free energy of Palmatine with 2ILT is lower
than that with 2QV4. However, to draw more accurate
conclusions, further evaluations of the stability of these
complexes over a longer simulation period are necessary.
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4. Conclusions

This research employs virtual screening through
molecular docking to identify potential targets for diabetes
therapy. The docking scores of Palmatine ranged from -8.4
to -6.6 kcal/mol across several key synthetic pathways
involved in diabetes. Among these, Palmatine exhibited the
strongest inhibitory activity against 113-HSD1, with the
lowest binding energy recorded at -8.4 kcal/mol. The results
indicate that Palmatine is an effective inhibitor, binding well
to various targets related to type 2 diabetes. Furthermore,
this compound demonstrates drug-like properties, as it
meets the criteria of Lipinski’s rule of five, and the predicted
ADMET results suggest good absorption, acceptable oral
bioavailability, but indicate potential genotoxicity and
hepatotoxicity that warrant further investigation. In addition,
the results of molecular dynamics simulations of the
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Palmatine-target complexes are quite stable. Consequently,
further in vitro and in vivo research is necessary to advance
the development of this promising compound as a treatment
for diabetes.

CRediT author statement

Do Thi Hang: Resources, Literature search, Writing;
Tran Hoang Mai: Investigation, Methodology, Software,
Writing; Nguyen Thi Phuong: Software, Validation; Bui
Thanh Tung: Conceptualisation, Design, Supervision,
Critical reviews.

COMPETING INTERESTS

The authors declare that there is no conflict of interest
regarding the publication of this article.

REFERENCES

[1] D.J. Magliano, E.J. Boyko (2021), “Global picture”, IDF
Diabetes Atlas, 10, 10" Edition, International Diabetes Federation,
https://www.ncbi.nlm.nih.gov/books/NBK581940/,  accessed 5
September 2024.

[2] S. Chatterjee, K. Khunti, M.J. Davies (2017), “Type 2
diabetes”, The Lancet, 389(10085), pp.2239-2251, DOI: 10.1016/
s0140-6736(17)30058-2.

[3] S. Menini, C. lacobini, M. Vitale, et al. (2020), “The
inflammasome in chronic complications of diabetes and related
metabolic  disorders”, Cells, 9(8), pp.1-27, DOIL: 10.3390/
cells9081812.

[4] Y. Zheng, S.H. Ley, F.B. Hu (2018), “Global actiology and
epidemiology of type 2 diabetes mellitus and its complications”, Nat.
Rev. Endocrinol., 14(2), pp.88-98, DOI: 10.1038/nrendo.2017.151.

[5] S.R.S. Prakash, S.M. Kamalnath, A.J. Antonisamy, et al.
(2023), “In silico molecular docking of phytochemicals for type
2 diabetes mellitus therapy: A network pharmacology approach”,
Int. J. Mol. Cell. Med., 12(4), pp.372-387, DOI: 10.22088/IIMCM.
BUMS.12.4.372.

[6]J. Long, J. Song, L. Zhong, et al. (2019), “Palmatine: A review
of its pharmacology, toxicity and pharmacokinetics”, Biochimie, 162,
pp.176-184, DOI: 10.1016/j.biochi.2019.04.008.

[7] K. Bhadra, G.S. Kumar (2011), “Therapeutic potential of
nucleic acid-binding isoquinoline alkaloids: Binding aspects and
implications for drug design”, Med. Res. Rev., 31(6), pp.821-862,
DOI: 10.1002/med.20202.

[8] D. Tarabasz, W. Kukula-Koch (2020), “Palmatine: A review of
pharmacological properties and pharmacokinetics”, Phytother. Res.,
34(1), pp.33-50, DOI: 10.1002/ptr.6504.

[9] S.O. Ekeuku, K.L. Pang, K.Y. Chin (2020), “Palmatine as an
agent against metabolic syndrome and its related complications: A
review”, Drug Des. Devel. Ther., 14, pp.4963-4974, DOI: 10.2147/
dddt.S280520.

DECEMBER 2025 « VOLUME 67 NUMBER 4 RIGLEN Journal of Science,

[10] S. Dhital, F.J. Warren, P.J. Butterworth, et al. (2017),
“Mechanisms of starch digestion by a-amylase: Structural basis for
kinetic properties”, Crit. Rev. Food Sci. Nutr., 57(5), pp.875-892,
DOI: 10.1080/10408398.2014.922043.

[11] P.J. Butterworth, F.J. Warren, P.R.J.S.S. Ellis (2011), “Human
a-amylase and starch digestion: An interesting marriage”, Starch-
Stirke, 63(7), pp.395-405, DOIL: 10.1002/star.201000150.

[12] H. Kashtoh, K.H. Baek (2022), “Recent updates on
phytoconstituent alpha-glucosidase inhibitors: An approach towards
the treatment of type two diabetes”, Plants (Basel), 11(20), pp.1-25,
DOI: 10.3390/plants11202722.

[13] S.C. Tso, X. Qi, W.J. Gui, et al. (2014), “Structure-guided
development of specific pyruvate dehydrogenase kinase inhibitors
targeting the ATP-binding pocket”, J. Biol. Chem., 289(7), pp.4432-
4443, DOI: 10.1074/jbc.M113.533885.

[14] P. Wu, K. Inskeep, M.M. Bowker-Kinley, et al. (1999),
“Mechanism responsible for inactivation of skeletal muscle pyruvate
dehydrogenase complex in starvation and diabetes”, Diabetes, 48(8),
pp-1593-1599, DOI: 10.2337/diabetes.48.8.1593.

[15] R. Tao, X. Xiong, R.A. Harris, et al. (2013), “Genetic
inactivation of pyruvate dehydrogenase kinases improves hepatic
insulin resistance induced diabetes”, PLOS ONE, 8(8), pp.1-8, DOI:
10.1371/journal.pone.0071997.

[16] M. Teimouri, H. Hosseini, Z. ArabSadeghabadi, et al.
(2022), “The role of protein tyrosine phosphatase 1B (PTP1B) in
the pathogenesis of type 2 diabetes mellitus and its complications”,
J. Physiol. Biochem., 78(2), pp.307-322, DOI: 10.1007/s13105-021-
00860-7.

[17] O. El-Kabbani, F. Ruiz, C. Darmanin, et al. (2004), “Aldose
reductase structures: Implications for mechanism and inhibition”,
Cell. Mol. Life Sci., 61(7-8), pp.750-762, DOI: 10.1007/s00018-003-
3403-2.

[18] D. Kupczyk, R. Bilski, M. Kozakiewicz, et al. (2022),
“11B-HSD as a new target in pharmacotherapy of metabolic diseases”,
Int. J. Mol. Sci., 23(16), pp.1-14, DOT: 10.3390/ijms23168984.

[19] P. Anagnostis, N. Katsiki, F. Adamidou, et al. (2013), “11beta-
hydroxysteroid dehydrogenase type 1 inhibitors: Novel agents for the
treatment of metabolic syndrome and obesity-related disorders?”,
Metabolism, 62(1), pp.21-33, DOIL: 10.1016/j.metabol.2012.05.002.

[20] P. Badrinarayan, C. Choudhury, G.N.J.S. Sastry, et al. (2015),
“Molecular modeling”, Methods Mol. Biol., 1215, pp.93-128, DOI:
10.1007/978-94-017-9514-2_6.

[21] N. Devang, B. Banjan, V.K. Priya (2023), “Discovery of
novel inhibitor of 11 beta-hydroxysteroid dehydrogenase type 1 using
in silico structure-based screening approach for the treatment of type
2 diabetes”, J. Diabetes Metab. Disord., 22(1), pp.657-672, DOI:
10.1007/s40200-023-01191-8.

Technology and Engineering



m LIFE SCIENCES | MEDICINE, PHARMACOLOGY, BIOMEDICAL APPLICATIONS

[22] M. Fereidoonnezhad, Z. Faghih, A. Mojaddami, et al. (2016),
“A comparative docking studies of dichloroacetate analogues on four
isozymes of pyruvate dehydrogenase kinase in humans”, Indian J.
Pharm. Educ. Res., 50(2), pp.32-38, DOI: 10.5530/ijper.50.2.15.

[23]A. Hamdi, M. Yaseen, W.A. Ewes, et al. (2023), “Development
of new thiazolidine-2,4-dione hybrids as aldose reductase inhibitors
endowed with antihyperglycaemic activity: Design, synthesis,
biological investigations, and in silico insights”, J. Enzyme Inhib.

Med. Chem., 38(1), pp.1-12, DOI: 10.1080/14756366.2023.2231170.

[24] P.T. Lan, N.T. Thu, V.T. Thom, et al. (2023), “Bioactive
compounds
a-glucosidase and protein tyrosine phosphatase 1B inhibitory
activities in vitro and in silico approaches”, Curr. Drug Metab., 20(3),
pp-353-364, DOT: 10.2174/1570180819666220510105202.

from Mimosa pudica leaves extract with their

[25]N. Lolok, S.A. Sumiwi, A. Muhtadi, et al. (2022), “Molecular
docking and molecular dynamics studies of bioactive compounds
contained in noni fruit (Morinda citrifolia L.) against human
pancreatic alpha-amylase”, J. Biomol. Struct. Dyn., 40(15), pp.7091-
7098, DOT: 10.1080/07391102.2021.1894981.

[26] T. Tagami, K. Yamashita, M. Okuyama, et al. (2013),
“Molecular basis for the recognition of long-chain substrates by plant
alpha-glucosidases”, J. Biol. Chem., 288(26), pp.19296-19303, DOI:
10.1074/jbc.M113.465211.

[27] K.E. Hevener, W. Zhao, D.M. Ball, et al. (2009), “Validation
of molecular docking programs for virtual screening against
dihydropteroate synthase”, J. Chem. Inf. Model., 49(2), pp.444-460,
DOI: 10.1021/¢i800293n.

[28] C.A. Lipinski (2004), “Lead- and drug-like compounds: The
rule-of-five revolution”, Drug Discov. Today Technol., 1(4), pp.337-
341, DOI: 10.1016/j.ddtec.2004.11.007.

[29] B. Jayaram, T. Singh, G. Mukherjee, et al. (2012),
“Sanjeevini: A freely accessible web-server for target directed lead
molecule discovery”, BMC Bioinformatics, 13, pp.1-13, DOI:
10.1186/1471-2105-13-s17-s7.

[30] D.E. Pires, T.L. Blundell, D.B. Ascher (2015), “pkCSM:
Predicting small-molecule pharmacokinetic and toxicity properties
using graph-based signatures”, J. Med. Chem., 58(9), pp.4066-4072,
DOI: 10.1021/acs.jmedchem.5b00104.

[31] A. Daina, O. Michielin, V. Zoete (2017), “SwissADME:
A free web tool to evaluate pharmacokinetics, drug-likeness and
medicinal chemistry friendliness of small molecules”, Sci. Rep.,
7(42717), pp.1-13, DOI: 10.1038/srep42717.

[32] T.A. Collier, T.J. Piggot, J.R. Allison (2020), “Molecular
dynamics simulation of proteins”, Methods Mol. Biol., 2073, pp.311-
327, DOI: 10.1007/978-1-4939-9869-2 17.

[33] F.A. Van de Laar, P.L. Lucassen, R.P. Akkermans, et al.
(2005), “Alpha-glucosidase inhibitors for type 2 diabetes mellitus”,
Cochrane Database Syst. Rev., 2005(2), DOIL: 10.1002/14651858.
CD003639.pub2.

Vietnam Journal of Science,

Technology and Engineering

[34] J.A. Balfour, D. McTavish (1993), “Acarbose: An update of
its pharmacology and therapeutic use in diabetes mellitus”, Drugs,
46(6), pp.1025-1054, DOTI: 10.2165/00003495-199346060-00007.

[35] X. Yang, Y. Zhao, Q. Sun, et al. (2019), “Adenine nucleotide-
mediated regulation of hepatic PTP1B activity in mouse models of
type 2 diabetes”, Diabetologia, 62, pp.2106-2117, DOI: 10.1007/
s00125-019-04971-1.

[36] J.W. Steele, D. Faulds, K.L. Goa (1993), “Epalrestat: A
review of its pharmacology and therapeutic potential in late-onset
complications of diabetes mellitus”, Drugs Ageing, 3(6), pp.532-555,
DOI: 10.2165/00002512-199303060-00007.

[37] C. Bailly (2022), “Moving toward a new horizon for the
aldose reductase inhibitor epalrestat to treat drug-resistant cancer”,
Eur. J. Pharmacol., 931, DOI: 10.1016/j.ejphar.2022.175191.

[38] T. Bohme, C.K. Engel, G. Farjot, et al. (2013), “1,1-dioxo-
5,6-dihydro-[4,1,2]oxathiazines: of 11B-HSDI1
inhibitors for the treatment of diabetes”, Bioorg. Med. Chem. Lett.,
23(16), pp.4685-4691, DOI: 10.1016/j.bmcl.2013.05.102.

A novel class

[39] C.L. Kaul, P. Ramarao (2001), “The role of aldose reductase
inhibitors in diabetic complications: Recent trends”, Methods
Find Exp. Clin. Pharmacol., 23(8), pp.465-475, DOIL: 10.1358/
mf.2001.23.8.662134.

[40] P. Okechukwu, M. Sharma, W.H. Tan, et al. (2020), “/n-
vitro anti-diabetic activity and in-silico studies of binding energies
of palmatine with alpha-amylase, alpha-glucosidase and DPP-
IV enzymes”, Pharmacia, 67(4), pp.363-371, DOIL: 10.3897/

pharmacia.67.e58392.

[41] O.P. Nwabueze, M. Sharma, A. Balachandran, et al. (2022),
“Comparative studies of palmatine with metformin and glimepiride
on the modulation of insulin dependent signaling pathway in vitro,
in vivo & ex vivo”, Pharmaceuticals (Basel), 15(11), pp.1-16, DOI:
10.3390/ph15111317.

[42] S.O. Ekeuku, P.N. Okechukwu, G.A. Akowoah, et al. (2015),
“Plasma glucose lowering activity of palmatine and its effect on liver,
kidney and antioxidant enzymes parameters in STZ induced diabetic
rat model”, Curr. Diabetes Rev., 11(4), pp.256-263, DOI: 10.2174/15
73407212666151105185802.

[43] S.M. Sternisha, B.G. Miller (2019), “Molecular and cellular
regulation of human glucokinase”, Arch. Biochem. Biophys., 663,
pp-199-213, DOI: 10.1016/j.abb.2019.01.011.

[44] X. Tian, Y. Zhang, H. Li, et al. (2020), “Palmatine ameliorates
high fat diet induced impaired glucose tolerance”, Biol. Res., 53(39),
pp.1-12, DOI: 10.1186/540659-020-00308-0.

[45] PN. Okechukwu, S.O. Ekeuku, H.K. Chan, et al. (2021),
“Palmatine inhibits up-regulation of GRP78 and CALR protein in an
STZ-induced diabetic rat model”, Curr. Pharm. Biotechnol., 22(2),
pp.288-298, DOI: 10.2174/1389201021666200730124208.

DECEMBER 2025 « VOLUME 67 NUMBER 4



