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Abstract 

Mitragyna speciosa (kratom) is a Southeast Asian medicinal plant rich in indole and oxindole alkaloids, with 

mitragynine as its major bioactive component. However, the influence of propagation method, variety, and leaf maturity 

on alkaloid biosynthesis remains underexplored. This study conducted a comparative analysis of total alkaloid and 

mitragynine content in kratom leaves from 3 varieties - green vein, red vein, and “Hang Kang” - propagated by seed or 

stem cutting and harvested at 2 maturity stages (4th and 6th leaf pairs). Methanolic extracts yielded the highest alkaloid 

levels, and mitragynine was isolated and structurally confirmed by HPLC, ¹H NMR, and ¹³C NMR spectroscopy. 

Quantitative results showed that seed-propagated semi-mature leaves of the Hang Kang variety (HK-S-seed) contained 

the highest total alkaloids (1.59 %w/w) and mitragynine (10.37%, or 103.70 mg/g alkaloid extract). Additionally, α-

glucosidase inhibitory assays revealed strong activity of mitragynine (IC₅₀ = 48.09 µg/mL), exceeding that of acarbose 

on a µg/mL basis. Molecular docking further supported these findings, showing high binding affinities of mitragynine 

and related alkaloids (−9.84 to −11.87 kcal/mol). Collectively, the results highlight the impact of cultivation variables on 

bioactive compound accumulation and suggest the potential of mitragynine as a natural scaffold for α-glucosidase 

inhibition. 
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Introduction 

Mitragyna speciosa Korth. (Rubiaceae), or M. 

speciosa commonly known as kratom, is a medicinal 

plant indigenous to Southeast Asia, particularly 

Thailand, Malaysia, and Indonesia. Traditionally, 

kratom leaves have been used as stimulants in low doses 

and sedatives in high doses, with additional applications 

in pain relief, diarrhea treatment, and management of 

opioid withdrawal symptoms [1-3]. In recent years,  

increasing scientific attention has been directed toward 

the plant’s chemical constituents, especially its rich 

profile of indole, oxindole alkaloids, and mitragynine 

which underlie many of its bioactive compound profiles 

[4-7]. While kratom is taxonomically classified as a 

single species (Mitragyna speciosa), traditional 

cultivators often distinguish different strains based on 

morphological features such as leaf shape, vein color, 
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and growth pattern, which may be linked to differences 

in alkaloid content [8]. The most commonly recognized 

vein types - green and red - are typically associated with 

differing bioactivities. Green vein kratom is often 

described as moderately stimulating and analgesic, 

whereas red vein kratom is associated with sedative and 

pain-relieving effects. In southern Thailand, several 

indigenous landraces have been identified based on 

local cultivation practices and traditional knowledge. 

Among them, the “Hang Kang” cultivar - named after 

the mantis shrimp’s tail due to its distinct morphology - 

is widely grown in provinces such as Nakhon Si 

Thammarat and Phatthalung. This landrace is reputed 

for its vigorous growth and high, consistent mitragynine 

yield [9].  

Mitragynine accounts for approximately 60% of 

the total alkaloid content in kratom leaves and has 

demonstrated diverse bioactivities including analgesic, 

anti-inflammatory, antioxidant, and antidiabetic effects 

[7,10,11]. Type 2 diabetes mellitus (T2DM) is a chronic 

metabolic disorder characterized by postprandial 

hyperglycemia resulting from impaired glucose 

metabolism. Inhibitors of α-glucosidase, an enzyme that 

catalyzes the hydrolysis of carbohydrates into glucose, 

are effective in delaying glucose absorption and 

reducing blood sugar spikes. Current synthetic drugs 

such as acarbose are clinically used but often associated 

with gastrointestinal side effects, prompting the search 

for safer alternatives from natural sources [12]. Notably, 

mitragynine has been identified as a natural inhibitor of 

α-glucosidase - an enzyme involved in carbohydrate 

digestion - suggesting its potential in managing 

postprandial hyperglycemia in type 2 diabetes [13-15]. 

The α-glucosidase inhibitory activity of mitragynine and 

related extracts has been demonstrated in vitro with 

moderate potency compared to standard drugs such as 

acarbose [14,15]. In support of these findings, in silico 

molecular docking studies have revealed strong binding 

affinities between mitragynine and α-glucosidase active 

sites, primarily involving hydrogen bonding with key 

catalytic residues such as Asp327, Arg526, Asp542, and 

His600 [13,16]. These results provide mechanistic 

insights into the enzyme-inhibitory potential of 

mitragynine and support its development as a functional 

nutraceutical.  

While previous studies have focused on the 

pharmacological activities of mitragynine and its 

analogs, less attention has been given to the variability 

of its content within the plant under different cultivation 

conditions. Factors such as kratom variety, propagation 

method, and leaf maturity may influence alkaloid 

biosynthesis and accumulation, thereby affecting the 

quality and consistency of kratom-derived products. 

Understanding these variations is critical for optimizing 

cultivation practices and ensuring reliable 

phytochemical yields for medicinal and industrial 

applications. Emerging evidence suggests that 

secondary metabolite biosynthesis in kratom is affected 

by multiple variables [17]. Recent studies suggest that 

multiple factors - including genetic variation among 

cultivars, propagation methods (e.g., seed versus 

cutting), leaf developmental stage, and environmental 

conditions such as light intensity, soil moisture, pH, and 

calcium levels - may influence mitragynine biosynthesis 

[9,18-20]. For instance, Leksungnoen et al. [18] found 

that moderate water stress combined with low light 

intensity enhanced mitragynine accumulation in kratom 

leaves. Additionally, Laforest et al. [9] reported that 

mitragynine content varies among different cultivars 

and developmental stages, with mature leaves exhibiting 

higher concentrations. Chongdi et al. [19] further 

highlighted those regional environmental factors, such 

as soil nutrients and light availability, significantly 

affect kratom growth and alkaloid profiles. Moreover, 

the alkaloid content in kratom diverges based on 

seasonal and geographical origin Sengnon et al. 2023. 

Despite increasing interest in the pharmacological 

properties of kratom, little is known about how 

cultivation parameters such as variety, propagation 

method, and leaf maturity influence mitragynine content 

and bioactivity. This lack of comparative data hinders 

the development of standardized kratom-based 

products.  

Therefore, this study aims to (1) compare total 

alkaloid and mitragynine content in 3 kratom varieties - 

green vein, red vein, and the indigenous “Hang Kang” 

cultivar - propagated by seed and stem cutting, and 

harvested at 2 leaf maturity stages (semi-mature and 

mature), and (2) evaluate the α-glucosidase inhibitory 

activity of mitragynine and other alkaloids through in 

vitro assays and molecular docking. Extraction, 

purification, and HPLC quantification of mitragynine 

were performed alongside in vitro enzyme inhibition 

assays and docking simulations to assess binding 
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affinity and interaction mechanisms. The novelty of this 

work lies in integrating alkaloid quantification with in 

vitro and in silico enzyme inhibition studies to identify 

optimal cultivation strategies for future pharmacological 

applications.  

 

Materials and methods 

Materials and M. speciosa leaves extraction 

All analytical grade chemicals were purchased 

from Sigma-Aldrich (Burlington, MA, USA) and 

reagents were obtained from Merck. Fresh leaves of 

Mitragyna speciosa leaves (green-veined, red-veined, 

and Hang Kang varieties) were collected from 

authenticated sources in a local community enterprise in 

Nakorn Si Thammarat Province, Thailand. The leaves 

were cleaned, dried at 60 C for 2 days, and ground into 

a fine powder. The extraction was performed using 

maceration with dichloromethane, ethyl acetate, and 

methanol at room temperature for 3 - 5 days. The solvent 

was evaporated under reduced pressure to obtain the 

crude extracts. After filtration, the solvents were 

evaporated under reduced pressure.  

 

Isolation of alkaloids and purification of 

mitragynine  

To isolate the alkaloids, the methanol crude extract 

underwent silica gel column chromatography using 2% 

methanol in dichloromethane as the eluent to obtain the 

alkaloid fraction, which was monitored by TLC under 

UV light and Dragendorff’s reagent. The fraction was 

then dissolved in 10% acetic acid, thoroughly shaken, 

and left overnight. The acidic solution was washed with 

petroleum ether, adjusted to pH 9 with 25% ammonia, 

and extracted with chloroform. The chloroform phase 

was partitioned with distilled water, dried over 

anhydrous sodium sulfate, and evaporated to yield the 

crude alkaloid extract (AE) [6]. 

The AE extract was further purified using silica 

gel column chromatography with 5% methanol in 

dichloromethane as the eluent, yielding mitragynine as 

an amorphous powder. The structure of mitragynine was 

elucidated using 1-dimensional (1D) and 2-dimensional 

(2D) Nuclear Magnetic Resonance (NMR) spectroscopy 

and further validated by High-Performance Liquid 

Chromatography (HPLC) analysis. The purified 

mitragynine was subsequently used as a standard for the 

quantitative analysis of mitragynine. 

Quantitative analysis of Mitragynine by HPLC  

A mitragynine standard was prepared in HPLC-

grade methanol at various concentrations for calibration 

curve construction. The AE fraction (1 mg/mL) of each 

sample was analyzed using an Agilent 1260 HPLC 

system [21]. Details of the 3 kratom varieties - green 

vein, red vein, and the local “Hang Kang” cultivar - 

grown via seed propagation and stem cutting at 2 

maturity stages (semi-mature and mature). Methanol 

(100%) was used as both the sample diluent and the 

solvent for the reference standard. The mobile phase 

consisted of 2 solvents: Mobile Phase A was 5.0 mM 

ammonium bicarbonate buffer adjusted to pH 9.50, and 

Mobile Phase B was acetonitrile. Chromatographic 

separation was carried out using a C18 reversed-phase 

column (250×4.6 mm2, 5 μm particle size) at a flow rate 

of 1.0 mL/min. Detection was performed at 254 nm, 

with an injection volume of 10 μL. The column 

temperature was maintained at 25 C throughout the 

analysis [21].  

 

α-Glucosidase inhibitory assay 

The inhibitory activity of the crude extracts 

against α-glucosidase was determined using a 

spectrophotometric assay. The enzyme catalyzes the 

hydrolysis of p-nitrophenyl-α-D-glucopyranoside 

(PNP-G) into p-nitrophenol and glucose (Scheme S1), 

producing a yellow color detectable at 405 nm. A 

reduction in absorbance indicates enzyme inhibition by 

the extract. The reaction mixture in a 96-well microplate 

contained 8 U/mL α-glucosidase, 5.0 mM PNP-G, 

phosphate buffer (pH 6.8), and varying concentrations 

of crude extracts (10 - 150 µg/mL) [22]. Acarbose was 

used as a positive control. The percentage inhibition was 

calculated, and IC50 values were determined via linear 

regression analysis.  

 

Molecular docking  

The crystal structures of α-glucosidase complexed 

with miglitol (PDB ID: 3L4W; resolution: 2.00 Å, R-

free: 0.232, R-work: 0.198 [23]) and acarbose (PDB ID: 

7DCH; resolution: 1.69 Å, R-free: 0.203, R-work: 0.177 

[24]) were obtained from the Protein Data Bank (PDB) 

[25]. Protein preparation involved the removal of water 

molecules and addition of hydrogen atoms to stabilize 

the structure for docking analysis. The compounds of M. 

speciosa, were drawn in GaussView [26] and geometry-
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optimized using Hartree-Fock/6-31G** level theory via 

Gaussian 03 [27]. Optimized structures were exported in 

.pdb format for subsequent docking analysis. Docking 

simulations were carried out using AutoDock 4.2 [28]. 

Ligands were treated as flexible (torsion enabled), while 

protein structures were kept rigid. Gasteiger–Marsili 

charges [29] were assigned to all atoms using AutoDock 

Tools [30], and all files were converted to .pdbqt format. 

The free binding energy (ΔG) was computed using an 

empirical scoring function incorporating various 

interaction terms, expressed as ΔG = ΔGvdw + ΔGhbond + 

ΔGelec + ΔGtor + ΔGsol, where ΔGvdw, where ΔGvdw 

accounts for van der Waals forces, ΔGhbond for 

hydrogen bonding, ΔGelec for electrostatic interactions, 

ΔGtor for the entropic penalty due to torsional 

restriction, and ΔGsol for solvation and hydrophobic 

effects [31]. To validate the docking procedure, known 

inhibitors miglitol and acarbose were re-docked into the 

α-glucosidase active site to benchmark the docking 

accuracy. The binding energy values obtained for 

miglitol and acarbose served as reference points for 

subsequent screening and evaluation of alkaloid and 

flavonoid compounds derived from M. speciosa 

extracts. 

 

Statistical analysis  

All experiments were performed in triplicate. Data 

analysis used one-way ANOVA with Duncan’s test (p < 

0.05). Results are presented as mean ± SD. Statistical 

analysis was performed using SPSS software. 

 

Results and discussion 

Mitragynine isolation and characterization 

Extraction of M. speciosa leaves yielded different 

percentages depending on the solvent used. The crude 

methanolic extract showed the highest yield (8.18 

%w/w), followed by the dichloromethane (2.37 %w/w) 

and ethyl acetate extracts (0.95 %w/w). These findings 

are in agreement with previous studies that reported 

methanol as the most effective solvent for extracting 

alkaloids from kratom leaves, producing mitragynine 

yields of approximately 1.6 %w/w from dry leaves [4]. 

These results highlight the polarity-dependent 

extraction efficiency, with methanol effectively 

extracting polar constituents and dichloromethane and 

ethyl acetate targeting less polar compounds. Therefore, 

in this study, the crude methanolic extract was subjected 

to alkaloid extraction. The presence of alkaloids was 

confirmed using Dragendorff’s reagent. The alkaloid 

yield was 0.16% based on the original plant material. 

When calculated relative to the crude methanolic 

extract, the alkaloid content increased to 2.02% of the 

crude extract. Therefore, methanol was selected as the 

solvent for extracting mitragynine to be used as a 

reference standard and for further extraction in studying 

the effects of variety and leaf pair type on the alkaloid 

and mitragynine contents. 

The alkaloid extract was subjected to the isolation 

of mitragynine. The structure of mitragynine was 

confirmed using ¹H NMR (400 MHz, CDCl3) and 13C 

NMR (100 MHz, CDCl3) [32] spectroscopy as shown in 

Table 1. The ¹H NMR spectrum displayed characteristic 

chemical shifts corresponding to the functional groups 

present in the alkaloid structure. A broad singlet at δH 

7.82 was assigned to the NH proton, confirming the 

presence of the indole moiety. The presence of aromatic 

protons was identified at δH 6.45 (d), 6.98 (t), and 6.90 

(d), which aligned with the expected resonances for the 

methoxy-substituted indole ring system. Signals at δH 

3.04 (m), 3.14 (m), and 2.95 (m) were assigned to 

aliphatic methylene groups, while δH 1.62 (d) and 1.21 

(m) corresponded to methyl-bearing carbons. The 

presence of methoxy groups was confirmed by singlets 

at δH 3.87 and 3.75, consistent with OCH₃ functional 

groups. 

The ¹³C NMR spectrum provided further structural 

validation. The signal at δC 160.67 confirmed the 

presence of the aromatic carbon bonded to a nitrogen 

group, characteristic of the indole framework. The 

aliphatic carbons were observed at δC 40.62, 39.62, and 

29.93, while the methyl groups appeared at δC 12.88 and 

19.04. The methoxy carbon signals were detected at δC 

61.66 and 55.42, aligning well with expected chemical 

shifts.
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Table 1 The ¹H NMR and ¹³C NMR chemical shifts of mitragynine isolated from M. speciosa leaves (CDCl₃, 400 MHz 

for ¹H NMR and 100 MHz for ¹³C NMR) compared with reference values [32] (parentheses). 

Position Chemical shift signals δ (ppm) Type Position Chemical shift signals δ (ppm) Type 

 13C NMR 1H NMR   13C NMR 1H NMR  

  7.82 (7.74), bs NH 20 40.62, (40.7) 1.62, (1.64), dt CH 

3 61.41, (61.3) 3.04, (3.20), m CH 21 53.63, (57.7) 3.12, (3.00), m CH2 

5 57.97, (53.8) 3.14, (2.97), m CH2 9-OCH3 55.42, (55.5) 3.75, (3.87), s OCH3 

6 23.94, (23.9) 2.95, (3.11), m CH2 17-OCH3 61.66, (61.7) 3.87, (3.73), s OCH3 

10 99.74, (99.9) 6.45, (6.45), d CH 22-OCH3 51.37 (51.5) 3.71 (3.71), s OCH3 

11 111.40, (122) 6.98, (7.0), t CH     

12 104.25, (104.3) 6.90, (6.90), d CH     

14 29.93, (30.0) 1.78, (2.55), s CH2     

15 39.62, (39.9) 2.50, (3.06), s CH     

17 160.67, (169.4) 7.42, (7.43), s CH     

18 12.88 (13.0) 0.84 (0.87), t CH3     

19 19.04, (19.3) 1.21, (1.19), m CH2     

 

 

High-Performance Liquid Chromatography 

(HPLC) was used to further confirm the presence of 

mitragynine. The chromatogram displayed a prominent 

peak at retention time 9.716 min (MG), which 

corresponds to the reference standard of mitragynine. 

An internal standard (IS) appeared at 4.580 min, 

ensuring the reliability of the retention time 

measurement. The separation was carried out under 

optimized chromatographic conditions, confirming the 

identity and purity of the mitragynine peak. The HPLC 

analysis demonstrated a well-resolved peak for 

mitragynine without significant interference from other 

compounds, suggesting the method’s high specificity. 

The peak’s retention time and area were consistent with 

reported values, reinforcing the structural assignment of 

mitragynine. 

 

Comparative alkaloid and mitragynine profiles 

Quantitative analysis of mitragynine content was 

conducted on 3 kratom leaf types: red vein, green vein, 

and “Hang Kang” variety. Each type was cultivated 

using 2 propagation methods - seed propagation and 

stem cutting. Leaf samples were collected from the 4th 

and 6th leaf pairs at the Ban Nua Nam community 

enterprise farm in Cha-uat District, Nakhon Si 

Thammarat Province. Sample details are summarized in 

Table 2. The analysis was performed in triplicate using 

HPLC [21]. Standard curves were prepared from 

mitragynine solutions at concentrations of 2.00, 4.00, 

8.00, 20.00, 50.00 and 100.00 ppm. The resulting 

chromatograms (Figure 1) confirmed sharp and well-

resolved mitragynine peaks without interference, 

indicating high selectivity of the analytical method. 

Method validation demonstrated excellent linearity (R² 

> 0.999958), precision (RSD < 2%), and accuracy 

(recovery between 98% - 102%). This study focused on 

comparing the methanolic extract yield, total alkaloid 

content, and mitragynine levels across the 3 kratom 

varieties under different propagation methods and leaf 

ages.

 

 

 

 

 

Mitragynine 

structure 
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Table 2 Presents the (A) details of kratom leaf samples, including the type of leaf/planting method, leaf 

characteristics/node pair, and sample codes for each type and B) nomenclature used in the study. 

(A) Kratom leaf sample codes and descriptions  (B) Nomenclature and abbreviations 

Leaf type / 

planting method 

Leaf pair 

(Maturity) 
Sample code  Abbreviation Definition 

Green vein from 

stem cutting 

4th (Semi-mature) G-S-stem  AE Alkaloid extract 

6th (Mature) G-M-stem  BE Binding energy (kcal/mol) 

Green vein from 

seed propagation 

4th (Semi-mature) G-S-seed  %DS Percentage of Docking Score 

6th (Mature) G-M-seed  IC₅₀ 50% Inhibitory Concentration 

Red vein from stem 

cutting 

4th (Semi-mature) R-S-stem  IS Internal Standard 

6th (Mature) R-M-stem  MG Mitragynine 

Red vein from seed 

propagation 

4th (Semi-mature) R-S-seed  NMR Nuclear Magnetic Resonance 

6th (Mature) R-M-seed  PNP-G Nitrophenyl-α-D- 

Hang Kang from 

stem cutting 

4th (Semi-mature) HK-S-stem   p- glucopyranoside 

6th (Mature) HK-M-stem  RMSD Root-Mean-Square Deviation 

Hang Kang from 

seed propagation 

4th (Semi-mature) HK-S-seed  RT Retention Time (min) 

6th (Mature) HK-M-seed  PDB Protein Data Bank 

 

 

Figure 1 HPLC chromatograms of mitragynine at concentrations ranging from 2 to 100 µg/mL. 
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The analytical results presented in Figure 2 reveal 

distinct variations in methanol extract yield, total 

alkaloid content, and mitragynine concentration among 

different kratom varieties, propagation methods, and 

leaf maturities. The extraction yields of ethanol and 

alkaloid extracts from various kratom leaf samples 

(Table 2) are presented in Figure 2. Among all samples, 

the Hang Kang variety demonstrated the highest ethanol 

extract yields, particularly in the HK-M-seed (11.28%), 

HK-M-stem (10.95%), and HK-S-stem (10.25%) 

samples (Figure 2(a)). In contrast, the green vein and 

red vein samples showed lower ethanol yields, ranging 

from approximately 3.94% to 9.19%. The increased 

ethanol extract yield observed in the Hang Kang variety 

suggests a greater abundance of ethanol-soluble 

phytochemicals, potentially influenced by genetic 

background and seed propagation method. Similarly, 

alkaloid extraction yields (Figure 2(b)) exhibited a 

comparable pattern. The green vein samples, 

particularly G-S-stem (1.93%) and G-S-seed (1.64%), 

displayed relatively high alkaloid yields compared to the 

red vein samples, such as R-S-seed (0.21%) and R-M-

seed (0.58%). The Hang Kang samples maintained 

moderate alkaloid yields, with HK-S-seed achieving 

1.59%. These differences indicate that both the type of 

vein and the propagation method significantly impact 

alkaloid accumulation in kratom leaves.

 

 

Figure 2 Comparison of % yield of (a) ethanol extract, (b) alkaloid extract, (c) mitragynine from dry weight and (d) % 

yield of mitragynine from alkaloid extract. 

 

The yield of mitragynine from the alkaloid 

extracts varied notably among the samples (Figure 

2(c)). The highest mitragynine yield was observed in 

HK-S-seed (10.37%), followed by HK-S-stem (7.61%) 

and G-S-seed (5.76%). In contrast, the lowest yields 

were found in G-M-stem (0.92%) and R-M-seed 

(2.61%). When the mitragynine content was normalized 

per gram of alkaloid extract (Figure 2(d)), HK-S-seed 

exhibited the highest concentration (103.70 mg/g 

alkaloid), followed by HK-S-stem (76.05 mg/g) and G-

S-seed (57.64 mg/g). Red vein samples showed 

generally lower mitragynine contents, suggesting a 

vein-dependent variation in alkaloid profiles.  
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The Hang Kang variety consistently exhibited 

higher alkaloid and mitragynine levels than green or red 

vein types, regardless of propagation method. For 

example, HK-S-seed showed the highest mitragynine 

content (10.37% of alkaloid extract), while R-M-seed 

had the lowest (2.61%). These results support the use of 

phytochemical profiles for varietal differentiation and 

suggest genetic influences on biosynthesis. Moreover, 

seed-propagated plants generally showed higher 

alkaloid accumulation than those from stem cuttings. 

Additionally, semi-mature leaves tended to contain 

more mitragynine than mature ones, indicating 

developmental stage-dependent biosynthesis. These 

findings align with previous reports that stress, age, and 

light exposure influence alkaloid production in kratom 

[18-20]. The genotypic factors and propagation 

techniques influence the expression of enzymes 

involved in indole alkaloid biosynthesis [9]. In 

particular, seed-propagated kratom plants have been 

reported to exhibit higher alkaloid yields due to 

enhanced secondary metabolic pathways compared to 

those propagated via stem cuttings [17]. Moreover, 

cultivar-dependent traits such as leaf structure, 

metabolic rate, and responsiveness to environmental 

cues may also explain the observed variations among 

kratom types [18]. 

The reliability of the findings is strengthened by 

the linearity of the HPLC calibration curve and the 

clarity of mitragynine peaks in the chromatograms. 

Consistent sample collection from a single cultivation 

site also minimized variability. These findings provide 

meaningful insights into the effects of variety, 

propagation method, and leaf maturity on bioactive 

compound production in Mitragyna speciosa, 

supporting the optimization of cultivation strategies for 

industrial and pharmacological applications. 

 

α-Glucosidase inhibitory activity 

Mitragyna speciosa has attracted increasing 

attention due to its diverse pharmacological properties, 

particularly its potential antidiabetic effects. In this 

study, the α-glucosidase inhibitory activities of 

mitragynine, alkaloid extract, crude methanol extract, 

ethyl acetate extract, dichloromethane extract, and the 

standard drug acarbose were evaluated through dose-

response assays (Figure 3), and their IC₅₀ values were 

calculated and summarized in Table 3. 

Among the tested samples, mitragynine exhibited 

the highest inhibitory activity with an IC₅₀ of 48.09 

µg/mL (120.70 µM), followed by the alkaloid extract 

(IC₅₀ = 52.91 µg/mL), which consists of mitragynine and 

other structurally related indole alkaloids. The relatively 

strong inhibition observed in the alkaloid extract 

suggests potential synergistic interactions among these 

compounds. The crude methanol extract, which includes 

a broader range of polar and semi-polar phytochemicals, 

also demonstrated significant inhibition (IC₅₀ = 66.72 

µg/mL), implying that other non-alkaloid constituents 

may contribute to the overall activity. In contrast, the 

ethyl acetate and dichloromethane extracts showed 

comparatively lower inhibitory effects, with IC₅₀ values 

of 78.33 and 103.71 µg/mL, respectively, indicating a 

reduced presence of active compounds in these less 

polar fractions. 

When compared to acarbose (IC₅₀ = 61.62 µg/mL 

or 95.45 µM), mitragynine was slightly less potent on a 

molar basis (120.70 µM), although it remains 

noteworthy due to its natural origin and potential for 

structural optimization. All dose-response curves 

demonstrated strong linear correlations (R² values 

ranging from 0.9131 to 0.9777), validating the reliability 

of the observed inhibitory trends.  

The mitragynine content in the seed-propagated 

Hang Kang cultivar (103.70 mg/g extract) is notably 

higher than that reported by Laforest et al. [9], who 

observed values ranging from 55 to 87 mg/g across 

various landraces. This difference may be attributed to 

differences in propagation methods and leaf 

developmental stages. Similarly, the observed IC₅₀ value 

for mitragynine (48.09 µg/mL) against α-glucosidase is 

more potent than the 65.3 µg/mL reported by Chongdi 

et al. [19], possibly due to higher compound purity and 

extraction optimization in this study. Overall, these 

findings underscore the potential of Mitragyna speciosa, 

particularly its alkaloid constituents such as 

mitragynine, as promising candidates for the 

development of bio-based functional compounds aimed 

at managing postprandial hyperglycemia in type 2 

diabetes.
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Figure 3 α-Glucosidase inhibitory activity of mitragynine, alkaloid extract, methanol extract, ethyl acetate extract, 

dichloromethane extract, and acarbose (standard). 

 

Table 3 presents the IC₅₀ values for α-glucosidase inhibition of mitragynine, alkaloid extract, crude methanol extract, 

dichloromethane extract, ethyl acetate extract, and the standard drug acarbose. 

Samples 
IC50 

µg/mL:8U/mL (µM) 

Mitragynine 48.09 ± 0.22 120.70 ± 0.22 

Alkaloid extract 52.91 ± 0.33 - 

Methanol extract 66.72 ± 0.23 - 

Ethyl acetate extract 78.33 ± 0.26 - 

Dichloromethane extract 103.71 ± 0.28 - 

Acarbose (Standard) 61.62 ± 0.26 95.45 ± 0.26 

 

Molecular docking analysis 

Molecular docking simulations were conducted to 

investigate the binding interactions of 44 kratom-

derived compounds (Table S(1)) with α-glucosidase 

enzymes. The redocking of miglitol (PDB ID: 3L4W) 

and acarbose (PDB ID: 7DCH) was performed to 
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validate the docking protocol (Figure 4). The RMSD 

(root-mean-square deviation) values between the 

redocked and crystallographic poses were calculated 

using AutoDockTools. The RMSD values between the 

docked and crystallographic conformations were found 

to be 1.24 and 1.58 Å, respectively, supporting the 

reliability of the docking procedure (RMSD < 2.0 Å is 

considered acceptable). The binding energy (BE, 

kcal/mol) and the percentage of possible conformation 

or dock score (% DS) of all bioactive compounds were 

varying from –7.35 to –11.77 kcal/mol and 21% to 

100%, respectively. The BE and %DS of selected 

bioactive compounds from M. speciosa are summarized 

in Table 4. The binding energies (BE) and cluster 

populations indicate the binding affinity and stability of 

the ligand-enzyme complexes. Miglitol and acarbose, 

known α- glucosidase inhibitors, were used as reference 

compounds. Acarbose exhibited stronger binding 

energies (−8.64 and −8.79 kcal/mol) than miglitol 

(−7.72 and −7.99 kcal/mol) against both enzymes, 

supporting its selection as the positive control in earlier 

in vitro α-glucosidase inhibition assays. Its robust 

docking score corresponds with its well-established 

mechanism as a competitive inhibitor at the active 

site.Several kratom-derived alkaloids and flavonoids 

exhibited stronger binding affinities than acarbose, 

suggesting potential inhibitory activity. Among the 

indole alkaloids, Mitrajavine (−10.89 and −11.77 

kcal/mol) and Speciociliatine (−10.11 and −11.73 

kcal/mol) showed the strongest binding to both enzyme 

isoforms. These compounds formed stable complexes 

with high cluster populations, indicating consistent 

docking poses. Oxindole alkaloids, particularly 

Stipulatine (−11.87 and −10.79 kcal/mol), 

Isorhynchophylline (−11.33 and −11.12 kcal/mol), and 

Speciofoline (−11.69 and −10.14 kcal/mol), 

demonstrated superior binding energies compared to 

both reference inhibitors. These compounds may 

contribute significantly to the enzyme inhibition activity 

of kratom extracts, especially given their high cluster 

stability (often >90%). The flavonols astragalin, 

hyperoside, and isoquercitrin showed moderate binding 

energies (−8.13 to −10.77 kcal/mol), with lower cluster 

populations. While their binding affinities are not as 

strong as alkaloids, they may provide synergistic 

antioxidant effects in kratom preparations [33]. The 

hydrogen bond interactions between the docked ligands 

and key catalytic residues of α-glucosidase, particularly 

Asp327 and Arg526. In the case of miglitol, hydrogen 

bonding and electrostatic interactions were identified 

with Asp327, Arg526, Asp542, and His600. For 

acarbose, similar interactions were observed with 

Asp327, Arg526, and His600, supporting its known role 

as a competitive inhibitor that mimics the substrate’s 

transition state. These interactions have been shown to 

stabilize acarbose within the catalytic pocket, in 

agreement with previous crystallographic evidence. 

Although mitragynine exhibited a lower binding 

affinity, interactions with Arg526 and Asp542 through 

hydrogen bonding were detected. These findings 

suggest that partial occupation of the active site by 

mitragynine may occur though slightly less effectively 

than acarbose. 

Although mitragynine did not exhibit the lowest 

binding energy among the tested compounds (–9.84 

kcal/mol with 3L4W and –10.05 kcal/mol with 7DCH), 

it remains of particular pharmacological interest due to 

its high natural abundance in M. speciosa leaves and its 

well-established bioactivity profile. As the principal 

indole alkaloid, mitragynine often serves as a chemical 

marker and primary contributor to the biological effects 

of kratom extracts. Importantly, its experimental IC₅₀ 

value of 48.09 µg/mL (120.70 µM) against α-

glucosidase confirmed notable enzyme inhibition, 

exceeding the activity of the standard drug acarbose 

when measured in µg/mL. This suggests that 

mitragynine, despite having slightly weaker binding 

energy compared to other alkaloids, may possess 

favorable pharmacokinetic or structural characteristics 

that enhance its biological efficacy in a cellular context. 

Moreover, the presence of mitragynine in both the 

alkaloid extract and crude methanol extract, which also 

exhibited strong inhibitory activity, highlights its central 

role in the antidiabetic potential of kratom. Therefore, 

mitragynine may serve as both an active agent and a 

phytochemical scaffold for α-glucosidase inhibitors 

derived from natural products.
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Figure 4 Superimposed binding poses of (a) miglitol with α-glucosidase (PDB 3L4W) and (b) acarbose with α-

glucosidase (PDB 7DCH): X-ray structure (grey) and redocking pose (yellow). 

 

Table 4 The BE and %DS of commercial drugs and selected most favorable M. speciosa compounds in the binding pocket 

of α-Glucosidase. 

Structures from M. speciosa leaves Code 
α-Glucosidase (3L4W) α- Glucosidase (7DCH) 

BE (Kcal/mol) %DS BE (Kcal/mol) %DS 

miglitol  –7.72 99 –7.99 98 

acarbose  –8.64 96 –8.79 98 

Indole alkaloid 

Angustine 1 –7.9 100 –10.22 100 

Ajmalicine 2 –9.12 63 –10.49 99 

Akuammigine 3 8.33 99 –10.26 82 

Mitrajavine 4 –10.89 59 –11.77 60 

Corynantheidine 5 –10.52 88 –10.86 58 

Hirsuteine 8 –7.35 56 –11.28 77 

Mitraciliatine 9 –10.25 37 –11.31 69 

Mitragynine 11 –9.84 53 –10.05 60 

Paynantheine 12 –10.1 41 –11.14 81 

Speciociliatine 13 –10.11 70 –11.73 86 

7α-Hydroxy-7H-mitragynine 15 –9.4 33 –11.45 30 

Mitragynaline 16 –8.83 69 –10.74 45 

Oxindole alkaloid 

Isorhynchophylline 21 –11.33 100 –11.12 56 

Isomitraphylline 23 –10.67 100 –10.08 100 
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Structures from M. speciosa leaves Code 
α-Glucosidase (3L4W) α- Glucosidase (7DCH) 

BE (Kcal/mol) %DS BE (Kcal/mol) %DS 

Mitrafoline 26 –10.27 59 –10.64 70 

Isomitrafoline 27 –11.13 91 –10.87 55 

Speciofoline 28 –11.69 68 –10.14 92 

Stipulatine 30 –11.87 100 –10.79 46 

Mitragynine oxidole A 31 –10.43 89 –10.13 37 

Mitragynine oxidole B 32 -11.01 58 –10.71 64 

Ciliaphylline 36 -10.43 37 –11.32 73 

Flavonol 

Astragalin 62 –8.13 38 –10.38 18 

Hyperoside 63 –8.33 21 –10.49 22 

Isoquercitrin 65 –8.89 54 –10.77 23 

 

 

Conclusions 

This study presents a comprehensive comparative 

analysis of alkaloid and mitragynine content in 

Mitragyna speciosa leaves across different varieties, 

propagation methods, and leaf maturity stages. Among 

the 3 varieties examined - green vein, red vein, and 

“Hang Kang” - the Hang Kang variety propagated by 

seed and harvested at the semi-mature stage (4th leaf 

pair) exhibited the highest total alkaloid content (1.59 

%w/w) and mitragynine concentration (10.37%, or 

103.70 mg/g alkaloid extract). Taken together, these 

results underscore the dual importance of optimized 

cultivation parameters and phytochemical profiling in 

maximizing the industrial relevance of M. speciosa. The 

Hang Kang variety, particularly seed-propagated semi-

mature leaves, offers a promising source of mitragynine 

for use in the development of bio-based functional 

compounds. 

In vitro α-glucosidase inhibitory assays revealed 

that mitragynine exerted the strongest inhibitory activity 

(IC₅₀ = 48.09 µg/mL), surpassing both the crude extracts 

and the reference drug acarbose on a weight basis. 

Molecular docking studies supported these results, 

showing favorable binding affinities of mitragynine and 

other kratom alkaloids with the α-glucosidase active 

site.  

From an agricultural perspective, these findings 

suggest that selective cultivation of the Hang Kang 

variety using seed propagation may enhance 

mitragynine yields for commercial purposes. In terms of 

pharmacological development, the promising inhibitory 

activity of mitragynine supports its potential as a lead 

compound in antidiabetic drug research. Future studies 

should explore scaling up the optimized extraction 

protocol, structural modification of mitragynine 

analogs, and comprehensive in vivo evaluation of 

efficacy and safety. 
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Supplementary Material 

 

Table S(1) List of bioactive compounds identified in mitragyna speciosa leaves and their functional groups. 

Codes  Substance Functional group 

1  Angustine Indole alkaloid 

2  Ajmalicine Indole alkaloid 

3  Akuammigine Indole alkaloid 

4  Mitrajavine Indole alkaloid 

5  Corynantheidine Indole alkaloid 

6  Isocorynantheidine Indole alkaloid 

7  Hirsutine Indole alkaloid 

8  Hirsuteine Indole alkaloid 

9  Mitraciliatine Indole alkaloid 

10  Mitragynalic acid Indole alkaloid 

11  Mitragynine Indole alkaloid 

12  Paynantheine Indole alkaloid 

13  Speciociliatine Indole alkaloid 

14  Speciogynine Indole alkaloid 

15  7alpha-Hydroxy-7H-mitragynine Indole alkaloid 

16  Mitragynaline Indole alkaloid 

17  Mitralactonal Indole alkaloid 

18  Corynoxeine Oxindole alkaloid 

19  Corynoxine B Oxindole alkaloid 

20  Rhynchophylline Oxindole alkaloid 

21  Isorhynchophylline Oxindole alkaloid 

22  Mitraphylline Oxindole alkaloid 

23  Isomitraphylline Oxindole alkaloid 

24  Corynoxine Oxindole alkaloid 

25  Speciophylline Oxindole alkaloid 

26  Mitrafoline Oxindole alkaloid 

27  Isomitrafoline Oxindole alkaloid 

28  Speciofoline Oxindole alkaloid 

29  Isospeciofoline Oxindole alkaloid 

30  Stipulatine Oxindole alkaloid 

31  Mitragynine oxidole A Oxindole alkaloid 

32  Mitragynine oxidole B Oxindole alkaloid 
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Codes  Substance Functional group 

33  Javaphylline Oxindole alkaloid 

34  Rhynchociline Oxindole alkaloid 

35  Isospecionoxeine Oxindole alkaloid 

36  Ciliaphylline Oxindole alkaloid 

37  Apigenin-7-O-glucoside Flavone 

38  Astragalin Flavonol 

39  Hyperoside Flavonol 

40  Quercitrin Flavonol 

41  Isoquercitrin Flavonol 

42  Quercetin-3-rhamnoside Flavonol 

43  Quercetin-3-galactoside-7-rhamnoside Flavonol 

44  Quercetin Flavonol 
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