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Abstract

Diabetes Mellitus (DM) is a serious metabolic disease with several treatments available for
managing it, however, they can be expensive and have side effects. Medicinal plants have been
used for many years to treat numerous diseases. Mitragyna speciosa (M. speciosa) plant has been
shown to have anti-diabetic properties in preclinical studies. Hence, this study aimed to investigate
the phytochemical compositions and anti-diabetic effects of M. speciose, using both in vivo and in
silico approaches. In the in vivo study, experimental diabetes was induced in Swiss albino mice
using the drug alloxan (150 mg/kg). Four groups of diabetic mice were taken. Two of the groups
were given extracts at doses of 200 mg/kg and 400 mg/kg respectively. Diabetic mice treated with
the reference drug, glibenclamide (5mg/kg) were chosen as a positive control, and mice with only
vehicles were considered as a negative control. The Oral Glucose Tolerance Test (OGTT) and the
acute toxicity test were performed. In the in silico study, molecular docking and dynamics were
performed for the identification of the plant compounds that could effectively bind with the DPP4
receptor. Analysis of the study suggested that the lethal dose (LD50) values were greater than 2000
mg/kg, indicating that a dose below this level can be selected. The OGTT results showed that both
doses of M. speciose extracts significantly reduced blood glucose levels (P<0.0001). However,
neither dose exhibited a significantly higher blood glucose reduction compared to glibenclamide
(5 mg/kg) (P > 0.05). Phytochemical screening and the ADMET profile analysis suggested four
key compounds: Mitragynine, Corynantheidine, Corynoxine, and Speciociliatine in M. speciosa.
The molecular docking analysis revealed these four compounds as potential antidiabetic agents
considering their high binding affinity to the DPP4 receptor. These compounds were also found

to be stable in the DPP4 binding pocket, as evidenced by the molecular dynamics simulation.
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Lastly, it can be demonstrated that the in silico experiments confirmed M. speciosa extracts to be

capable of reducing blood glucose levels because of the presence of compounds.

Keywords: In vivo, In silico, OGTT, ADMET, Simulation, Diabetes Mellitus

Introduction

Diabetes mellitus (DM) is a set of metabolic disorders where the blood glucose levels remain
elevated or hyperglycemic for an extended duration. The most widespread type of diabetes is Type
2 diabetes mellitus (T2DM), which accounts for 95% of all cases in contrast to Type 1 diabetes
(T1DM) [1]. Type 1 diabetes develops when the body is unable to produce insulin, while in type
2 diabetes, the body becomes resistant to insulin. Additionally, changes in multiple genes and their
products can potentially contribute to the development of type 2 diabetes [2], [3]. Effective
management of type 2 diabetes typically involves improving insulin sensitivity and reducing
hyperglycemia through lifestyle modifications, pharmacological treatments, and monitoring of
blood glucose levels [4]. Several recent studies have highlighted the importance of insulin therapy
for the effective management of diabetes [5]. However, there are still some challenges associated
with insulin therapy, including the potential for weight gain, hypoglycemia, and injection site

reactions. Over the past few decades, DM treatment methods have been substantially improved

[6]-{8].

Anti-diabetic medications, however, can have substantial side effects, including hypoglycemic
coma, and liver and kidney diseases [9]. According to the World Health Organization (WHO),
adding medicinal plants to the diet can help manage diabetes [10], [11]. A total of four billion
people in developing countries use medicinal plants to treat diseases such as DM[12], [13].

Preclinical and clinical studies have demonstrated the effectiveness of herbs, vitamins, and plant


https://doi.org/10.1101/2023.11.08.566341
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.08.566341; this version posted November 13, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-ND 4.0 International license.

compounds in lowering blood sugar [14], [15]. For example, researchers have found that zinc
intake controls insulin receptors and elevates insulin activity [16]. Another study showed that
garlic prevents diabetic retinopathy in adult albino rats [17]. The antidiabetic phytochemicals have
been identified based on the differences in their chemical structures [18], [19]. Some of the major
classes of phytochemicals are Alkaloids, aromatic acids, carotenoids, coumarins, essential oils,
flavonoids, glycosides, organic acids, phenols and phenolics, phytosterols, protease inhibitors,

saponins, steroids, tannins, terpenes, and terpenoids [20]—[24].

Despite the promising findings, plant-derived compounds with pharmacoinformatics elucidation
for the identification of novel therapeutics against diabetes have been understudied, and further
research is needed to fully understand the therapeutic potential and safety of M. speciosa [30],
[31]. Previous studies have been confined to the identification of the compounds of Mitragyna
speciosa, their pharmacological effects, and their clinical implications [32]. However, the present
study will provide the opportunity to explore new potential compounds from M. speciosa and to

reveal the molecular mechanism of these compounds in the receptor.

M. speciosa and the other species of the genus Mitragyna share several common phytochemical
compounds [33]. The use of Mitragyna species in the treatment of diabetes has been supported by
a number of ethnobotanical in vitro and in vivo evidence, although this claim has not been
scientifically confirmed [34]. Therefore, the purpose of this study was to ascertain the scientific
basis for the traditional use of M. speciosa in the treatment of diabetes using methanolic extracts
on diabetic mice that had received an alloxan injection. We then revealed the mechanism of action
of the compounds of M. speciosa in the receptors in terms of their binding affinity and stability

through computational studies. This comprehensive study will provide insights into the enhanced
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perception of the drug-likeness of the phytochemicals from kratom and the drug-protein interaction

of these compounds for the future blueprint to be contemplated as antidiabetic drugs.

2. Methods

2.1 Collection, Preparation, and extraction of plant material

The M. speciosa leaves were collected from Rangamati, Bangladesh. The Plant Biotechnology
Division of the National Institute of Biotechnology performed the taxonomic identification. The
leaves of M. speciosa were set to air dry at room temperature in a shady spot for a week. For the
extraction process, the dried plant material was manually ground into a fine powder. The dried and
powdered M. speciosa leaves were properly dissolved in methanol and then left at room
temperature for 72 hours with constant magnetic stirring. The mixture was then extracted from the
methanolic extract and filtered. About 100g of the dried methanolic crude extract was collected.
For the experiment, the freeze-dried methanolic extract was preserved in the refrigerator. After

that, the crude extract of dried plants was reconstituted in a suitable solvent for oral use.

2.2 Experimental animals

We used adult Swiss albino mice that were eight weeks old and weighed between 24 and 35 g. The
animals were raised in the animal house using polypropylene cages at a temperature of 23 + 2°C
with a 12 h/12 h light/dark cycle [35]-[38]. The animals were given regular food pellets and water
throughout the experiment, with the exception of the fasting period. The study protocol was
approved by the Plant Biotechnology Division of the National Institute of Biotechnology, and the
animals were handled and cared for in compliance with the ethical guidelines for the use of lab

animals.

2.3 Induction of experimental diabetes
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A glucometer was used to assess the weight and fasting blood glucose levels of Swiss albino mice
after they had been fasting for 12—14 hours. Following this, a single intraperitoneal injection of
fresh alloxan monohydrate solution (150 mg/kg body weight) was administered to the mice,
leading to the development of diabetes. Alloxan was prepared with 0.5 mL of sodium citrate at pH
4.5 prior to injection. The animals were then supplied with food and water after thirty minutes
of alloxan induction [39], [40]. Following a 48-hour alloxan injection, the plasma blood glucose
levels of each animal were measured using tail blood, and the blood glucose levels of animals with

fasting were greater than 200 mg/dL [41], [42].

2.4 Oral glucose tolerance test (OGTT)

The animals were kept fasting but had access to water for 24 hours before conducting the OGTT
experiments. A 1 mL/kg dose of oral glucose solution (2 g/kg body weight) was given. Blood
glucose levels were obtained at 0, 30, 60, 90, and 120 minutes after the glucose was administered

[35].

2.5 Acute toxicity test

Acute toxicity tests on the crude extract were performed after the animals had fasted the previous
night and only consumed water [43]. Five groups were created, and each group had eight mice.
The vehicle was provided only to the control group. 1000, 2000, and 4000 mg/kg of crude extract
of M. speciosa were given to the treatment group [44]. Animals were closely observed for any
visible toxicities or unusual behaviors for the first four hours after receiving the extract, such as
agitation, tremors, diarrhoea, lethargy, weight loss, or paralysis [45]. After that, they were observed
every day for two weeks to check if there had been any changes to their general behavior or other

physical activities. Food became available 4 hours after extract administration.
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2.6 Experimental Design

The five groups of mice (both male and female) were selected for this study. Group 1 mice were
non-diabetic and served as the naive control group, receiving only the vehicle DMSO. Group 2
mice were diabetic and were employed as a negative control along with a vehicle. Group 3 is a
positive control including a vehicle and glibenclamide (5 mg/kgb.w). Group 4 received 400

mg/kgb.w of the extract, while Group 5 received 200 mg/kgb.w of the extract in a vehicle [42].

2.7 Virtual screening of phytochemicals

The plant extracts were subjected to preliminary phytochemical screening using standard
protocols to determine the presence or absence of secondary metabolites such as alkaloids,
steroidal compounds, phenolic compounds, flavonoids, saponins, tannins, and anthraquinones.
The plant compounds of M. speciosa leaves that may serve as anti-diabetics, as well as the other
compounds discovered through laboratory study, were identified through extensive literature
research. Seven (7) compounds of M. speciosa leaves were selected after extensive investigation,
while others were discarded. The two-dimensional (2D) and three-dimensional (3D) structures of

the compounds were extracted from the PubChem database [46].

2.8 Preparation of Target Protein

The crystal structure (3D) "5T4H" of the target protein dipeptidyl peptidase 4 (DPP4) of Homo
sapiens was retrieved in the protein data bank (PDB) of the Research Collaboratory for Structural
Bioinformatics (RCSB) PDB [47]. The PDB structure was cleaned up using the Discovery Studio
4.0 client to get rid of the connected ligands, water atoms, hetams, and A chain (Supplementary

Figure 1).

2.9 Pharmacoinformatics Elucidation (ADMET Profiling)
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The ADME (absorption, distribution, metabolism, and excretion) profiles of seven active
compounds found in M. speciosa leaves were identified using ADMETlIab 2.0 and the pkCSM
online servers [48], [49]. The distribution features of these compounds were examined using
pkCSM, while the adsorption, metabolism, and excretion of diverse substances were investigated
using ADMETIab 2.0. Graph-based signatures were used by the pkCSM to identifty ADMET
characteristics and support drug development. The ProTox-II server was used to calculate seven
toxicity parameters, including hepatotoxicity, carcinogenicity, immunotoxicity, and mutagenicity
[50]. The ProTox-II service uses a variety of machine learning methods, molecular similarity, and

pharmacophore analysis to predict various toxicity endpoints.

2.10 Energy minimization of the protein

Using a variety of force folds, the Swiss PDB Viewer was used to minimize the energy of the
chosen 3D structures [51]. The software allowed for the minimization and computation of the
electrostatic and van der Waals energy of the protein. With the help of van der Waals and
electrostatic energies, the protein was able to achieve a stable, low-energy state. The potential
energy of the protein was also examined using the reduction approach for better accuracy of the

protein structure and function.

2.11 Structural optimization of the compounds

The Avogadro program was utilized to optimize the selected compounds, providing the compounds
with better arrangements with the lowest energy [52]. The optimized structures serve as a starting
point for further computations, including docking investigations, quantum chemistry calculations,

and simulations of molecular dynamics. By using Avogadro for structural optimization, we were
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able to produce novel compounds with the needed attributes while also guaranteeing the

dependability and accuracy of our findings.

2.12 Active Site Analysis

CASTp was utilized to locate the active site and pocket of the DPP4 protein [53]. This program
employs a sophisticated algorithm to calculate the three-dimensional solvent-accessible surface
area of the protein, giving users a comprehensive view of the active site, including the precise

location of the pocket and potential binding sites for small molecules.

2.13 Molecular Docking Analysis

Molecular docking is a computational technique for predicting the binding of small molecule
ligands (such as drug candidates) to a receptor or protein target of interest [54]. In our research,
we utilized AutoDock tools to simulate docking [55]. In the beginning, we added polar hydrogen
to our target receptor protein DPP4 (PDB: 5T4H_B) and saved it as a PDBQT file in AutoDock.
In order to observe its interaction with drug compounds, the prepared crystal structure of ST4H B
was then covered with a grid box parameter based on the binding site residues. For each compound,
the dimensions (X =70, Y = 38, and Z = 50) and center (X = -11.527, 57.458, and Z = 27.219) of
the grid box were set, as well as the grid box spacing (1.0). The torsional bonds were then liberated
from the ligands and formatted as PDBQT files. pyMOL and Discovery Studio were used to

visualize the protein-ligand interactions [56], [57].

2.14 Molecular Dynamics

DPP4 and ligand complexes stability (Mitragynine, Corynantheidine, Corynoxine, and
Speciociliatine) stability was determined under specific physiological conditions. A 100 ns

simulation was performed with GROningen MAchine for Chemical Simulations aka GROMACS
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(version 5.1.1) [58]. The simulation information was gathered to calculate the root mean square
deviation (RMSD), root mean square fluctuation (RMSF), the radius of gyration (Rg), and solvent-
accessible surface area (SASA) data. MD simulations were performed on the “bioinfo-server”
running on the Ubuntu 18.4.5 operating system located at the Bioinformatics Division, National
Institute of Biotechnology. Graphs were visualized and plotted using the QtGrace package

visualization tool.

2.15 Statistical analysis

The GraphPad Prism software was used for the statistical analysis. An Analysis of Variance
(ANOVA) was carried out between the groups, and a P-value of less than 0.05 was considered to

be statistically significant [59].

3. Results

The overall workflow has been demonstrated in Figure 1 and the location of the sample collection

has been shown in Figures 2A and 2B.

3.1 OGTT and dose selection

For this investigation, male and female mice with blood glucose levels higher than 200 mg/dL
were selected. The OGTT experiments yielded intriguing results in non-diabetic mice, as a
significant difference was observed after the glucose induction in the response of mice at given
intervals of 60, 90, and 120 minutes. However, the baseline blood glucose level (BGL) was reached
in non-diabetic mice after 180 minutes, as expected (Figure 3A and 3B). In contrast, diabetic mice
were not able to reach their baseline blood glucose levels at 180 minutes, despite the blood glucose

levels being high at 60 minutes, 90 minutes, and even 180 minutes (Figure 3A and 3B). The area
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under the curve (AUC) of the control and treated mice was also significant (Figure 3C and 3D).
Since the extracts did not manifest any explicit toxicity signs in mice, they were confirmed to be
safe up to a dose level of 4000 mg/kg body weight. Two weeks later, the alterations were carefully
observed, and it was found that there had been no significant changes in the animal’s sensory or

motor ability, weight, sluggishness, respiration, paralysis, convulsions, or mortality.

3.2 Effect of Plant Extracts on Blood Glucose Levels in Alloxan-induced Diabetes in Mice

The blood glucose levels were measured in 5 groups of male and female mice. The extracts treated
groups (200mg/kg and 400mg/kg) significantly reduced BGL compared with the diabetic control
group at day 7. According to the results, the BGL of the glibenclamide-treated group was also
significantly lower on the seventh day (P > 0.001) than the diabetic control group. The results
suggested that there were no significant differences between the glibenclamide-treated group and
plant extracts-treated groups. However, 200mg/kg and 400mg/kg doses did not show any

significant difference (Figure 4A and 4B).

3.3 Retrieval of active compounds of Mitragyna speciosa leaves

A Literature study was conducted, and the list of bioactive molecules in the leaves of M. speciosa
was found in the previous studies. The primary group of bioactive compounds in M. speciosa

leaves are primarily alkaloids, flavonoids, terpenoids, and polyphenols (Supplementary Table 1).

3.4 ADME and Toxicity Analysis
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The present study has selected seven compounds, such as Mitragynine, 7-Hydroxymitragynine,
Corynoxine, Speciociliatine, Isorhyncophylline, Corynantheidine, and Isomitaphylline for
pharmainformatics elucidation. The ADMET properties of seven compounds were analyzed to
gain insight into their pharmacokinetic and toxicological properties (Table 1). Mitragynine and
Corynantheidine, with a value of 0.005, exhibited the lowest intestinal absorption among all the
selected compounds. However, 7-hydroxymitragynine had the highest Caco-2 permeability value
with a value of -4.655, indicating a greater intestinal absorption potential. Corynoxine and
Isorhyncophylline showed the highest values for blood-brain distribution at 0.01, while
Corynantheidine had a moderate value of 0.442. Isorhyncophylline and Isomitraphylline posed the
highest unbound fractions in plasma, with values of 0.353% and 0.357%, respectively.
Corynantheidine had the highest volume of distribution (Vd) at 1.35 L/kg, while 7-
Hydroxymitragynine had the lowest at 0.74 L/kg. All compounds had negative CNS permeability
values, indicating that they could not easily cross the blood-brain barrier. In terms of metabolism,
Corynoxine and Isomitraphylline possessed the lowest CYP1A2 inhibition potential, whereas 7-
hydroxymitragynine and Isomitraphylline possessed the lowest CYP1A2 substrate potential.
Isomitraphylline had the highest value for CYP2C9 inhibition at 0.356, while 7-
Hydroxymitragynine had the lowest value at 0.131. Mitragynine and Speciociliatine had the
highest CYP2C9 substrate potential at 0.658, while Corynoxine and Isorhyncophylline had the
lowest at 0.220. Isomitraphylline exhibited the highest clearance (CL) rate (11.535), while
Corynantheidine exhibited the lowest (4.934). Isomitraphylline had the shortest half-life at 0.243
hours, while Mitragynine and Spectrocilatine had the longest at 0.38 hours. In addition, all
compounds have a high BBB (blood-brain barrier) score, indicating their potential to cross the

blood-brain barrier and enter the central nervous system. In terms of distribution, all six
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compounds have a small unbound fraction in plasma, indicating high protein binding. Mitragynine
and Corynoxine have a high volume of distribution (\Vd) (L/kg), whereas 7-Hydroxymitragynine,
Speciociliatine, Isorhyncophylline, and Isomitraphylline have lower values, indicating a more
restricted distribution. In addition, each of the six substances has a low CNS permeability,
indicating that they are unable to cross the blood-brain barrier. Some of these compounds are more
susceptible than others to inhibition or induction of cytochrome P450 enzymes during metabolism.
Mitragynine and Corynoxine, for example, inhibit CYP enzymes to a relatively low degree,
whereas 7-Hydroxymitragynine, Speciociliatine, Isorhyncophylline, and Isomitraphylline have
higher inhibition scores. All six compounds have relatively short half-lives in terms of excretion,

with Isomitraphylline having the shortest half-life.

3.5 Active site and domain identification of DPP4

The active site of the selected DPP4 protein has an area of 4969.801 and contains 10120.087 amino
acids (Supplementary Figure 2). Using the InterProScan web tool, two domains and an active
residue of 605- 635 position DPP4 are predicted [60]. The InterProScan predicted two DPP4
protein domains, the Dipeptidyl peptidase 1V N-terminal region domain (108- 478) and the Prolyl

oligopeptidase family (559-763) (Supplementary Figure 3).

3.6 Molecular Docking and Interpretation of protein-ligands Interactions

Mitragynine, Corynantheidine, Corynoxine, and Speciociliatine (Supplementary Figure 4) from
seven (7) compounds (Supplementary Figure 5) were selected for molecular docking using
AutoDock vina to predict their binding affinity with the 5T4H_B receptor. The analysis predicted
nine binding locations and the best one location was selected based on the lowest docking score

and binding amino acid residues. Mitragynine, Corynantheidine, Corynoxine, and Speciociliatine
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showed docking energies as -7.5 kcal/mol, -7.7 kcal/mol, -7.1 kcal/mol, and -6.9 kcal/mol
respectively. All the compounds were shown to be bound in the active cleft of the receptor (Figure
5A). In the case of Mitragynine one conventional hydrogen bond was predominantly formed with
TYR B:752. The positions of TYR B:48, ARG B:125, LYS B:554, ASN B:562, TRP B:563, ALA
B:564, TRP B:627, SER B:630, HIS B:740, GLY B:741, HIS B:748, acquired eleven van der
Waals bonds, one carbon-hydrogen bond at ASP B:545, and one Pi-Pi Stacked and Pi-alkyl bond
with TRP B:629 position (Figure 5B). For the compound Corynantheidine, there were observed
two conventional hydrogen bonds with TYR B:48, TYR B:752, ten van der Waals interactions
with ARG B:125, LYS B:554, ASN B:562, TRP B:563, ALA B:564, TRP B:627, SER B:630, HIS
B:740, GLY B:741, HIS B:748, one carbon-hydrogen bond at ASP B:545, one Pi-Pi Stacked bond
with TRP B:629, and one Pi-alkyl bond with TRP B:629 (Figure 5B). Corynoxine exhibited two
conventional hydrogen bonds with VAL B:546, TRP B:629, seven van der Waals interactions with
ASP B:545, TRP B:627, GLY B:628, GLY B:632, GLY B:741, HIS B:748, TYR B:752, one
carbon-hydrogen bond at HIS B:740, one Pi-Pi Stacked bond with TYR B:547, one Pi-alkyl bond
with RP B:629, and one Pi-cation bond with LYS B:554 (Figure 5B). Speciociliatine, the fourth
molecule, had one conventional hydrogen bond at ARG B:125, six van der Waals interactions with
PHE 273, ILE 347, HIS 363, ILE 411, PHE 413, one carbon-hydrogen bond at HIS B:740, four
Pi-alkyl bonds with TYR B:631, TYR B:662, TYR B:666, HIS B:740, and one Pi-Pi Stacked at
TYR B:547, one Pi-sigma bond with TRP B:629 position (Figure 5B). The interactions between
the 5T4H_B protein and all four drug compounds shared the binding residues TRP B:629, HIS

B:740, and GLY B:741.

3.7 Molecular Dynamics Simulation
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The plot for the radius of gyration for the four (4) DPP4-drug complex Violet: DPP4-
Corynantheidine complex; orange: DPP4-Corynoxine complex; green: DPP4-Mitragine complex;
blue: DPP4-Speciociliatine complex demonstrates fluctuations over time (Figure 6 A). The initial
30 nanoseconds are linear in trend except the DPP4-Corynantheidine complex which displays a
slight upward change around 30 seconds. Afterward, all of the four (4) complexes displayed
fluctuations over the next 40 seconds, among them DPP4-Corynantheidine complex and DPP4-
Mitragine complex exhibited a higher rate of the radius of gyration from the beginning of the 30th
second and maintained. Conversely, the final 30 seconds disregarded the linear trends with bias,
the DPP4-Speciociliatine complex and DPP4-Mitragine complex were of high fluctuations and
variations, whereas the DPP4-Corynoxine complex manifested almost a stable nature. Amidst
them, the DPP4-Corynantheidine complex (violet) best maintained the sturdy and linear without
much fluctuation or variation. The plot for the RMSD value for four (4) DPP4-drug complexes,
RMSD plot showed that all DPP4-drug complexes gained stability after 15 ns, and became
concurrent with the RMSD plot of DPPP4 for the next 25 ns (Figure 6B). All of the complex was
not found with any of the unusual fluctuations in the case of RMSF analysis except the DPP4-
Mitragine complex which shows a gradual increase in the RMSD value with fluctuations. This
shows that the three (3) complex was stable throughout the simulation run with minimal distortion.
The fluctuation pattern of the DPP4-Corynantheidine complex, DPP4-Corynoxine complex, and
DPP4-Speciociliatine complex was similar for the last 50 ns. The RMSF values for all four
compounds are generally low, with most residues fluctuating between 0 and 0.4 nm (Figure 6C).
However, there are two regions of the protein that exhibit higher than average fluctuations. The
first region is located between residue 250 and 200, where the RMSF value rises above 1 nm. This

suggests that this region of the protein is more flexible or dynamic than other regions. The second
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region with higher than average fluctuation is located around residue 680, with an RMSF value
below 0.5 nm but still higher than the average fluctuation. This region is not as flexible as the first
one, but it still exhibits more motion than other parts of the protein. Overall, the RMSF graph
provides a visual representation of how the flexibility or motion of each residue varies across the
different compounds in the simulation. The higher RMSF values in certain regions of the protein
suggest that these regions may be important for the function or stability of the protein, and further
analysis may be necessary to understand their role. In the initial 40 ns, the DPP4-Corynantheidine
complex shows a gradual increase in the SASA value with fluctuations, while another three DPP4-
ligand complexes show a gradual decrease with fluctuation ((Figure 6D). In the 85 ns time period,
the DPP4-Corynantheidine complex showed the highest value of SASA and in the final 10 ns, all

four (4) complexes displayed significant decreases in the SASA value with fluctuations.

4. Discussion

The study of compounds to facilitate drug design has received significant attention as a discipline
of study in the past few decades. In recent years, computational compound screening has grown in
popularity as an alternative method to the time-consuming and expensive screening process for
investigating compounds [61], [62], [63] . Yet, no integrated approach has been performed on
mouse models and computational screening of drug compounds. This integrated approach has
therefore been validated experimentally with M. speciosa-induced diabetic mice (Figure 1).
Consequently, M. speciosa (kratom) was applied to identify new bioactive drug candidates for an
anti-diabetes study. For this reason, the alloxan drug was used in both male and female mice to
cause the experimental diabetes. Alloxan is widely recognized to cause diabetes, which inhibits
insulin secretion and induces the necrosis of 3-cells [64]. After the induction of diabetes, the OGTT

of both diabetic and non-diabetic mice was performed. The baseline of BGL non-diabetic mice
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showed non-significant changes in BGL after the 180 min treatment. However, the BGL of alloxan
induced mice showed highly significant after the glucose level of 180 min (P>0.001) (Figure 3A
and 3B). The area under the curve (AUC) also showed a significant difference in BGL (P<0.001)
(Figure 3C and 3D). We then assessed the acute toxicity of M. speciosa methanolic extract. The
mice had identical body weights, food consumption, and no behavioral changes, which suggests
that M. speciosa extracts were safe for the dosages, but further research is required.

To examine how different extract doses affected the blood glucose levels in mice, both mice with
and without diabetes were used in this study. The 200 mg/kg and 400 mg/kg extract doses were
compared to glibenclamide, a commonly used anti-diabetic drug. When compared to the control
in diabetic mice, the 200 mg/kg extract dose significantly decreased blood glucose levels (P <
0.001 in males and P < 0.001 in females). In the same manner, 400 mg/kg extract also reduced
glucose levels significantly (P < 0.05 in males and P <0.0001 in females) compared to the control,
but no significant effect was found between 200 mg/kgb.w and 400 mg/kgb.w of doses. In mice
with or without diabetes, glibenclamide at 200 or 400 mg/kg did not significantly change the blood
glucose levels (p > 0.05). As compared to the usual medication glibenclamide, the 200 mg/kg
extract dose of M. speciosa demonstrated promising antidiabetic effects in diabetic mice (Figure
4). This happened because of the compounds in the extract that bind to cell receptors and release
glucose for cellular use, lowering glucose levels in diabetic mice. After the evaluation of M.
speciosa in diabetic mice as a potential antidiabetic plant, we retrieved 7 compounds from the M.
speciosa plant using the PubChem database based on their reported therapeutic potential and
underwent a series of computational analyses to evaluate their ADMET properties (Table 1 and

Supplementary Table 1).
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Using various experimental assays, the ADMET properties of the four compounds Mitragynine,
Corynoxine, Speciociliatine, and Corynantheidine were evaluated and found to satisfy all
parameters (Table 1). There is a high level of bioavailability shown by the F20% value, which
ranges from 0.008 to 0.289. The value of intestinal absorption, which varies from 0.005 to 0.006,
suggests that the body could absorb quite well. The distribution volume (Vd) values ranged from
0.87 to 1.35 L/Kkg, indicating that the compounds are well distributed throughout the body.
However, the compounds have moderate to strong inhibitory effects on CYP enzymes, suggesting
they may interact with other drugs metabolized by the same enzymes. Nonetheless, the compounds
exhibited a low substrate potential for CYP enzymes, indicating that they are unlikely to be
metabolized by these enzymes. The selected four compounds could easily be eliminated by the
body after the administration, as indicated by CL values, ranging from 4.93 to 10.91. In addition,
the compounds exhibited no toxicity in the hepatotoxicity, immunotoxicity, mutagenicity, and
cytotoxicity assays, whereas only one compound was active in the carcinogenicity assay.
Moreover, the selected four compounds showed strong binding energy ranging from -6.9 to -7.7
kcal/mol, having the interactions of van der Waals bonds, carbon-hydrogen bonds, and Pi-alkyl
and Pi-Pi stacked bonds between the compounds and 5T4H_B protein. All four compounds shared
the binding residues TRP B:629, HIS B:740, and GLY B:741 (Supplementary Figure 1-5, Figure
5 and Table 2).

Furthermore, the values of molecular dynamics such as Rg, RMSD, RMSF, and SASA have shown
fluctuations at different time points at 100ns. Several Molecular dynamics simulation studies have
been done previously to investigate the stability of molecules over time [65], [66], [67], [68].
However, these values remained constant throughout time, demonstrating that the

compound was firmly bound to the receptor (Figure 6). Consequently, upon experimental
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confirmation, it may be suggested that Mitragynine and Corynantheidine could potentially serve
as oral medications for DM based on their binding residues at the active site, minimal toxicity,
excellent docking scores, and low molecular weight. The virtual screening of natural plant
compounds from M. speciosa (Mitragynine, Corynantheidine, Corynoxine, and Speciociliatine)
revealed their potential as oral medications based on in silico analysis. The antidiabetic
properties of the plant extract were confirmed in diabetic animal models. To sum up, our study
recommends four potential antidiabetic compounds against diabetes (Figure 7).

5. Limitations of the study

Although the in silico and in vivo yielded promising findings, the present study has several
shortcomings. Firstly, no compounds were extracted and identified using chromatographic
techniques. Secondly, there is a possibility that the results from in silico experiments may not
accurately reflect the actual behavior of the compounds' clinical trials. Lastly, the study only
evaluated the potential therapeutic effects of the M. speciosa plant extracts on diabetes and did not
investigate their effects on other diseases.

6. Conclusion

The study confirmed that the methanolic extract of M. speciosa and the four potential
compounds have insulin mimicking activity. Further investigation is required to ascertain the
optimal dosage and the mode of action. These results imply that plant extracts from M. speciosa
and their constituents, including speciociliatine, mitragynine, corynantheidine, and corynoxine,

may offer a novel approach to the treatment of diabetes.
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Figure 1: Schematic representation of the study

Figure 2: 2A) Location of the sample collection. 2B) Plant parts (leaf and stem) pictorial view of
the sample

Figure 3: Oral glucose tolerance test (OGTT) of alloxan induced diabetic mice and non-
diabetic mice. Mice (n=48) were fasted overnight. Glucose was administered at T=0 and at a
level of 3g/kgb.w. Blood glucose levels were evaluated thirty minutes prior to dosing 30, 60, 90,
120, and 180 minutes. A) OGTT test in male mice showed high significance at each time point
in multiple t-test analysis. The area under the curve (AUC) of each blood glucose level value was
collected and found highly significant in control vs treated male mice (B). C) OGTT test in
female mice and D) AUC in female mice (glucose treated) has also shown high significance in
comparison to control mice. Data are mean + SEM; **p<0.01, ****p<(0.0001 compared to
vehicle (N=6).

Figure 4: Effect of methanolic extract of M. speciosa leaves in both male (4A) and female

mice (4B). Five (5) groups of mice consisting of 8 mice n=40 (male) and n=40 (female) were used
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for 5 types of experiments. Naive control (nondiabetic with the vehicle), negative control (diabetic
with the vehicle), positive control (Smg/kgb.w glibenclamide with the vehicle in alloxan-induced
diabetic mice), and 200mg/kgb.w and 400mg/kgb.w of methanolic extracts were used in mice. The
effect of methanolic extracts in male were analyzed in two ways (Effect vs Treatment) followed
by Tukey’s multiple experiment. Data are presented as mean values + SEM. **** p<0.0001; ***
p<0.001; ** p<0.01; * p<0.05; ns= non-significant.

Figure 5: Drug binding to the receptor. 5A) Binding interactions of four compounds of
Mitragyna speciosa with A chain of DPP4. The space filling model also showed the four
compounds in the active site cleft of the B chain. Fig 5B) 2D interaction between the protein—
ligand complex. Here, figure i) Mitragynine, ii)Corynantheidine, iii) Corynoxine, and iv)
Speciociliatine showing the ligand contact with the protein DPP4 after molecular docking. Several

types of interaction were shown by color with different amino acid residues.

Figure 6: Molecular dynamics simulation of the DPP4 and ligand complex. A) Radius of
gyration (Rg) for 100ns; B) 100ns-Root Mean Square Deviation (RMSD); C) Root-mean-square
fluctuation (RMSF) for all residues; D) Solvent Accessible Surface Area (SASA), viz Violet:
DPP4-Corynantheidine complex; orange: DPP4-Corynoxine complex; green: DPP4-Mitragine
complex; blue: DPP4-Speciociliatine complex. Here, the Rg graph illustrates changes in protein
compactness throughout the simulation, while RMSD indicates protein stability in the presence of
drugs within the dynamic system. The RMSF graph portrays the mobility of the receptors when
interacting with the drugs, and SASA reflects alterations in the solvent-accessible surface area

under dynamic conditions.

Figure 7: The effect of DPP4 inhibitor and its potential effects in diabetes. Dipeptidyl-

peptidase-4 (DPP-4) inhibitors exert their anti-hyperglycemic effects by preventing the
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deactivation of incretin hormones, such as glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP). These inhibitors impact glucose regulation through

various mechanisms in adipose tissues, stomach, pancreas, liver, and skeletal muscles respectively.

Table 1: ADMET properties of seven compounds analyzed using ADMETIlab 2.0, pkCSM and
ProTox-Il.
Table 2: The properties of all four compounds
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Table 1: ADMET properties of seven compounds analyzed using ADMETIab 2.0, pkCSM and ProTox-Il.
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Table 2: The properties of all four compounds

Properties | Mitragynine Corynantheidine Corynoxine Speciociliatine

IUPAC methyl (E)-2- methyl (E)-2- methyl (E)-2- methyl (E)-2-

Name [(2S,3S,12bS)-3- [(2S,3S,12bS)-3- [(3S,6'S,7'S,8'aS)- | [(2S,3S,12bR)-3-
ethyl-8-methoxy- ethyl- 6'-ethyl-2- ethyl-8-methoxy-
1,2,3,4,6,7,12,12b- 1,2,3,4,6,7,12,12b- | oxospiro[1H- 1,2,3,4,6,7,12,12b-
octahydroindolo[2,3- | octahydroindolo[2,3- | indole-3,1'- octahydroindolo(2,3-
alquinolizin-2-yl]-3- alquinolizin-2-yl]-3- 3,5,6,7,8,8a- alquinolizin-2-yl]-3-
methoxyprop-2- methoxyprop-2- hexahydro-2H- methoxyprop-2-
enoate enoate indolizine]-7'-yl]- | enoate

3-methoxyprop-
2-enoate

Molecular | 398.5 368.5 384.5 398.5

Weight

Hydrogen |1 1 1 1

Bond

Donor

Hydrogen |5 4 5 5

Bond

Acceptor



https://doi.org/10.1101/2023.11.08.566341
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.08.566341; this version posted November 13, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under a CC-BY-ND 4.0 International license.

Docking -7.5 kecal/mol -7.7 kcal/mol -7.1 kcal/mol -6.9 kcal/mol

Energy

Solubility -4.181 -4.115 -3.709 -4.181

(log

mol/L)

Binding TYR B:48, ARG B:125, | TYR B:48, ARG B:125, | ASP B:545, VAL ARG B:125, GLU

residues ASP B:545, LYS B:554, | ASP B:545, LYS B:554, | B:546, TYR B:205, GLU B:206,

of DPP4 ( ASN B:562, TRP ASN B:562, TRP B:547, LYS B:554, | TYR B:547, TRP

B chain) B:563, ALA B:564, B:563, ALA B:564, TRP B:627, GLY B:629, SER B:630,
TRP B:627, TRP TRP B:627, TRP B:628, TRP TYR B:631, TRP
B:629, SER B:630, HIS | B:629, SER B:630, HIS | B:629, GLY B:632, | B:659, TYR B:662,
B:740, GLY B:741, HIS | B:740, GLY B:741, HIS | HIS B:740, GLY TYR B:666 ASN
B:748, TYR B:752 B:748, TYR B:752 B:741, HIS B:748, | B:710, HIS B:740,

TYR B:752 GLY B:741
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