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Abstract

Kratom (Mitragyna speciosa Korth.) is widely used in Southeast Asia, and vein-color phenotypes (red, white, green) are
traditionally and commercially associated with different intended uses and perceived effects. Although phytochemical variation
among kratom products has been reported, direct comparison of Kalimantan vein-color phenotypes that links standardized alkaloid
metrics to a defined anti-inflammatory enzyme target remains limited. Since 15-lipoxygenase (15-LOX) contributes to the
formation of pro-inflammatory lipid mediators and is implicated in chronic inflammatory conditions, its inhibition provides a
relevant biochemical endpoint to screen anti-inflammatory potential. This study characterized the alkaloid profiles and mitragynine
content of red-, white-, and green-vein kratom leaves from Kalimantan and evaluated their in vitro 15-LOX inhibitory activity. GC—
MS and LC-HRMS indicated broadly similar alkaloid fingerprints across phenotypes, dominated by mitragynine with
accompanying constituents, including 7-hydroxymitragynine, paynantheine and the speciogynine/speciociliatine isomeric pair.
Mitragynine content in crude methanolic extracts ranged from 22.96 = 0.24 to 43.87 + 0.96 mg g ! extract (white > green > red; p <
0.0001), whereas alkaloid extracts contained 177.44 + 0.70 to 258.21 + 1.00 mg g extract (red > green > white; p < 0.0001). In the
15-LOX assay, baicalein showed the strongest inhibition (ICso = 9.72 £+ 0.07 pg mL™"), followed by mitragynine (28.38 + 0.39 ng
mL™) and alkaloid extracts (red: 53.01 + 0.39; green: 56.29 = 0.79; white: 59.91 + 0.92 ng mL ™), while crude methanolic extracts
exhibited weak activity (ICso > 100 pg mL™"). Overall, Kalimantan vein-color phenotypes share a common monoterpenoid indole
alkaloid core profile but differ quantitatively in mitragynine levels and 15-LOX inhibitory potency, supporting further mechanistic
and translational investigations.
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1. INTRODUCTION

Kratom (Mitragyna speciosa Korth., Rubiaceae)
is a tropical tree native to Southeast Asia and has
long been used in traditional medicine in Indonesia,
Thailand, Malaysia, the Philippines, Vietnam, and
Papua New Guinea [1]. It is known by various
vernacular names, including “kratom” in Thailand,
“kadamba” in Indonesia, “ketum” and “biak” in
Malaysia, “giam” in Vietnam, and “mambog” in the
Philippines [2]. The plant typically grows in warm,
humid habitats such as riverbanks, freshwater
swamp forests, and peat soils [3]. These ecological
conditions are characteristic of the Kalimantan
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region of Indonesia, making it an important area for
the natural distribution and cultivation of kratom.

Historically, Mitragyna speciosa leaves have
been widely wused in ethnomedicine across
Southeast Asia. In Thailand, fresh leaves are
traditionally chewed by laborers to combat fatigue
and enhance endurance during manual work,
whereas they are commonly brewed as a tea to
relieve pain, tiredness, and diarrhea in Malaysia and
West Kalimantan. Kratom preparations have also
been used in attempts to alleviate symptoms of
opioid dependence and as a natural alternative to
sedatives. In Thai traditional medicine, kratom has
been used for the management of cough, diarrhea,
hyperglycemia, and pain [4][5]. These diverse
traditional applications suggest the presence of
pharmacologically active secondary metabolites in
kratom leaves.

Phytochemical shown that
Mitragyna speciosa contains terpenoids,
flavonoids, and a rich array of indole and oxindole
alkaloids [6]-[11]. Mitragynine and its oxidized
derivative, 7-hydroxymitragynine are recognized as
major constituents, with 7-
hydroxymitragynine reported to exhibit markedly

studies have
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Kratom plants (Mitragyna speciosa)
from Kapuas Hulu, West Kalimantan, Indonesia

Figure 1. Mitragyna speciosa and major indole alkaloids.

higher analgesic potency than mitragynine and even
morphine [12]. Numerous additional alkaloids, such
as ajmalicine, paynantheine, speciogynine,
isopaynantheine, speciociliatine, mitraciliatine, and
several oxindole alkaloids, have also been
identified, underscoring the chemical complexity of
this species [6][9]. The plant morphology and
representative  structures of the major indole
alkaloids found in Mitragyna speciosa are
illustrated in Figure 1. The quantitative composition
of these alkaloids varies according to genetic
background and environmental conditions. For
instance, mitragynine levels in Thai specimens are
approximately 66% higher than those from
Malaysia [13], whereas kratom from Kalimantan,
Indonesia, exhibits relatively higher mitragynine
concentrations, reaching up to 5.03% in crude
extract and 45.86% in alkaloid fractions [14]-[16].
This high alkaloid content highlights the
pharmacological potential of Indonesian kratom and
justifies further scientific investigation.

Kalimantan kratom also exhibits notable
phenotypic variation in leaf vein coloration, which
underlies the commonly used red-, green-, and
white-vein labels [17]-[19]. Importantly, this vein-
color categorization reflects a morphological

phenotype rather than a formal taxonomic
separation. Therefore, any biochemical differences
are plausibly expected to be predominantly
quantitative, i.e., shifts in the relative abundance of
shared alkaloids and co-metabolites, rather than
strictly qualitative presence or absence of the major
kratom alkaloids. Users frequently report distinct
subjective profiles: red-vein products are often
described as more sedative, green-vein as more
“balanced,” and white-vein as relatively stimulating
[20]. In Kalimantan communities, however, red
varieties are sometimes used to improve stamina
while white varieties are preferred to relieve muscle
pain [21]. This apparent mismatch likely reflects
context-dependent factors such as dose, preparation
practices, and user expectations, underscoring the
need for standardized chemical and bioactivity
comparisons rather than relying on vein-color
narratives alone. However, despite these strong
empirical preferences and the widespread use of
vein-color terminology, the scientific basis for the
perceived differences among kratom varieties
remains unclear, and the relationships between
varietal identity, alkaloid composition, and
biological activity have not been systematically
characterized.
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Inflammation is a complex, coordinated response
of the immune system to infection, injury, or
metabolic disturbance [22]. A major component of
inflammatory signaling is the arachidonic acid
cascade, in which cyclooxygenases (COX) and
lipoxygenases (LOX) generate bioactive lipid
mediators that regulate inflammatory initiation and
resolution [23][24]. LOX comprises several
isoenzymes (e.g., 5-LOX, 12-LOX, and 15-LOX)
that are classified by their positional oxygenation of
polyunsaturated fatty acids. Among these, 15-LOX
(human ALOX15) catalyzes lipid hydroperoxide
formation that feeds into mediator networks (e.g.,
15-HETE and pro-resolving lipid mediators)
relevant to inflammatory dynamics. Dysregulation
of 15-LOX/ALOX15 has been linked to oxidative
lipid signaling and tissue injury pathways and has
been implicated in chronic inflammatory and
metabolic disorders, including arthritis, asthma/
airway inflammation, atherosclerosis, diabetes, and
cancer [25]-[28]. In this context, 15-LOX inhibition
provides a mechanistically informative screening
endpoint for anti-inflammatory potential and is
relevant to kratom’s traditional use for pain and
inflammation-related discomfort, where modulation
of lipid-oxidation pathways may contribute to
symptom relief. While COX/5-LOX assays are

widely used in anti-inflammatory screening, 15-
LOX remains comparatively underexplored for
kratom, and focusing on this target allows a clearer
assessment of whether vein-color-associated
chemical variation translates into LOX-pathway
modulation.

Several lines of evidence indicate that Mitragyna
speciosa and its alkaloids possess anti-
inflammatory potential. /n vivo studies have shown
that crude and alkaloid extracts reduce edema and
modulate  inflammatory  markers in
inflammation models [29][30]. In vitro and in silico
studies further suggest that mitragynine and
selected kratom alkaloids inhibit COX-2, reduce
nitric oxide and proinflammatory cytokines, and

acute

modulate NF-kB-related signaling pathways [11]
[31]-[34]. Notably, purified mitragynine was
reported to suppress COX-2 expression (mRNA/
protein) and reduce PGE:. in a dose-responsive
manner with minimal impact on COX-1 at lower
concentrations [31], and an alkaloid-enriched
kratom fraction has been reported to inhibit COX-
2/5-LOX more effectively than the corresponding
crude extract [11]. These findings support the view
that kratom alkaloids may act as multi-target
modulators of inflammatory pathways. However,
direct experimental evidence for kratom and
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Figure 2. Schematic workflow of the study.

1092

[§) PANDAWA



J. Multidiscip. Appl. Nat. Sci.

Table 1. Yields of crude methanolic extract (CME) and alkaloid extract (AE) from red-, white-, and green-
vein Mitragyna speciosa leaves obtained by methanol/acid—base extraction.

Sample Unit Red White Green P-value (ANOVA)
Crude Methanolic Extract % 2941+033 2848+0.17 34.71+0.25 <0.0001
Alkaloid Extract % 543+0.09 7.52+0.13 8.42 +0.12 <0.0001

Data are presented as mean + SD (n = 3), expressed as % (w/w) on a dry leaf basis. For each extract type (CME or AE), yields differed significantly
among vein-color varieties (one-way ANOVA, p <0.0001), and Tukey’s post hoc test indicated that all pairwise comparisons among varieties were

significant (p < 0.05).

mitragynine activity on 15-LOX and systematic
comparisons across vein-color phenotypes remain

limited.
To address this gap, the present study provides a
comparative  phytochemical and  bioactivity

evaluation of three kratom vein-color phenotypes
(red, green, and white) from Kalimantan.
Qualitative alkaloid profiling was conducted using
gas chromatography—mass spectrometry (GC—MS)
and liquid chromatography—high-resolution mass
spectrometry (LC-HRMS), while mitragynine
quantification employed validated HPLC-PDA
methods. Anti-inflammatory potential was further
assessed using an in vitro 15-LOX inhibition assay
as a mechanistically relevant screening model. To
the best of our knowledge, this is the first study to
compare 15-LOX inhibitory activity alongside
comprehensive alkaloid profiling and mitragynine
these three vein-color

quantification across

phenotypes from Kalimantan.
2. MATERIALS AND METHODS

2.1. Materials

Leaves of Mitragyna speciosa (red, white, and
green-vein varieties) were obtained from local
kratom farmers in the Jongkong cultivation area,
Kapuas Hulu Regency, West Kalimantan,
Indonesia, during January—February 2025. The plant
material represented harvested leaves collected from
cultivated trees within the farming area and was
subsequently processed as composite samples for
each vein-color variety. The plant material was
taxonomically identified as Mitragyna speciosa
Korth. by the Directorate of Scientific Collection
Management, National Research and Innovation
Agency (BRIN), Republic of Indonesia (reference
no. B-2377/11.6.2/IR.01.02/6/2025). A voucher
sample of the dried leaf material was retained and

deposited in the Phytochemistry and
Pharmacognosy Laboratory, Faculty of Pharmacy,
Universitas Indonesia (Depok, Indonesia), for
future reference. Dried leaf material was powdered
and stored in airtight containers at room
temperature until extraction.

The chemicals included Methanol (Sigma-
Aldrich, USA), chloroform (Smartlab, Indonesia),
-hexane (Smartlab, Indonesia), ammonia solution
(Smartlab, Indonesia), acetic acid (Sigma-Aldrich,
USA), and acetonitrile (HPLC grade, Sigma-
Aldrich, USA) were used for extraction and
chromatographic analyses. For the lipoxygenase
inhibition assay,
USA) and lipoxygenase
(soybean; Sigma-Aldrich, USA) were employed.
Mitragynine standard (97.88% purity, HPLC;
Markherb, Indonesia) and baicalein standard
(96.19% purity, HPLC; Markherb, Indonesia) were
used as reference compounds. All reagents were of
analytical or HPLC grade and were used without

linoleic acid (Sigma-Aldrich,
from Glycine max

further purification.

Instrumental analyses were carried out using an
HPLC system with photodiode array detector
(HPLC-PDA; Waters Arc™), a gas
chromatography—mass spectrometry system (GC—
MS; Agilent Technologies 8890 GC coupled to a
5977C MSD), a
resolution mass spectrometry system (LC-HRMS;
Thermo Fisher Scientific Orbitrap Exploris 120),
and a UV-visible spectrophotometer (Thermo
Fisher Scientific).

liquid chromatography—high-

2.2. Methods

2.2.1. Preparation of Methanolic and Alkaloid
Extract

Dried Mitragyna speciosa leaf powder from each
variety (red, green, and white) was extracted by

[5D PANDAWA

1093



J. Multidiscip. Appl. Nat. Sci.

ultrasound-assisted extraction using absolute
methanol (100%) in an ultrasonic bath (40 kHz;
rated ultrasonic power 180 W; heating power 200
W). The extraction was performed at 50 °C for 3 h
with a solvent-to-sample ratio of 10:1 (v/w), using
the maximum power setting. The resulting extracts
were filtered, and the combined filtrates were
concentrated under reduced pressure using a rotary
evaporator at 45 °C to obtain the crude methanolic
extracts (CME). Extraction yield of the methanolic
crude extract was calculated on a dry-weight basis
relative to the initial mass of dried leaf powder for
each vein-color variety and expressed as percentage
(w/w). Alkaloid extraction was subsequently carried
out from the crude methanolic extracts following
the liquid-liquid extraction procedure described by
Bayu et al. with slight modifications [15]. Briefly,
the methanolic extract was dissolved and acidified
with 10% (v/v) acetic acid, then successively
extracted with n-hexane to remove non-polar
impurities. The aqueous acidic phase was then
basified with ammonia solution and extracted with
chloroform. The chloroform layer was separated,
dried anhydrous sodium sulfate, and
evaporated under reduced pressure to yield the

over

alkaloid extract (AE). Alkaloid extract yield was
calculated relative to the mass of methanolic crude
extract subjected to the acid-base partitioning (w/
w) and expressed as percentage. When required for
cross-comparison, the overall alkaloid yield can
also be reported on a dry-leaf basis by multiplying
the crude-extract yield by the alkaloid-extract yield
fraction (Figure 2).

2.2.2. Chromatographic Analysis

2.2.2.1. GC-MS Analysis

GC-MS analysis of crude methanolic and
alkaloid extracts was performed using an Agilent
8890 GC system equipped with a 5977C mass
selective detector and an HP-5MS capillary column
(30 m x 0.25 mm % 0.25 pm). Crude methanolic
and alkaloid extracts dissolved in a
methanol:chloroform mixture (4:1, v/v) prior to
analysis. Helium was used as the carrier gas at a
constant flow rate of 1.0 mL min™'. Samples were

WEre

injected in splitless mode (injection volume: 1 pL).
The oven temperature program was set to 50 °C,
ramped and held at 280 °C. Mass spectra were
recorded in electron ionization (EI) mode, and
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Figure 3. GC-MS chromatographic profiles of alkaloid extracts from three vein-color varieties of Mi-
tragyna speciosa.
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Figure 4. GC-MS total ion chromatograms (TIC) of crude methanolic extracts (CME) from three vein-
color varieties of Mitragyna speciosa.

chromatographic peaks were evaluated based on
their spectral
fragmentation patterns (m/z). Tentative compound

retention  times and mass
identification was carried out by comparing mass
spectra with the NIST library, and assignments
were accepted when the library match factor was >

99 and consistent with literature data.

2.2.2.2. LC-HRMS Analysis

LC-HRMS analysis of alkaloid extracts was
performed using a Thermo Scientific Orbitrap
Exploris 120 mass spectrometer coupled to a
ZORBAX Eclipse Plus column (2.1 x 100 mm, 1.8
um). The mobile phases consisted of (A) 0.1%
formic acid in water and (B) 0.1% formic acid in
acetonitrile, using a gradient elution program as
follows: 0—1 min, 95% A/5% B; 1-16 min, linear
gradient to 5% A/95% B; 16-20 min, 5% A/95% B,;
20-25 min, linear return to 95% A/5% B; and 25—
30 min, 95% A/5% B for re-equilibration. The
injection volume was 10 pL, and the total run time
was 30 min. Mass spectrometric detection was
carried out using electrospray ionization (ESI) in
positive mode over an m/z range of 50-750.
Putative identification of alkaloids was based on
accurate mass measurements, isotopic pattern
matching, and comparison against spectral libraries

and literature data.

2.2.2.3. HPLC—PDA Quantification of Mitragynine

Quantitative analysis of mitragynine in crude
methanolic and alkaloid extracts was performed
using an Arc™ HPLC system (Waters, USA)
equipped with a photodiode array (PDA) detector.
Chromatographic separation was achieved on a
Zorbax Eclipse Plus C18 column (250 x 4.6 mm, 5
pm) maintained at 35 °C. The mobile phases
consisted of (A) 10 mM ammonium formate in
water and (B) acetonitrile, delivered at a flow rate
of 1.0 mL min" under gradient elution. The
gradient program was set as follows: 0.01-8.00
min, 55% A/45% B; 8.01-15.00 min, linear
gradient to 45% A/55% B; and 15.01-20.00 min,
45% A/55% B. The system was then returned to the
(55% A/45% B)
equilibrated prior to the next injection (re-
equilibration). The injection volume was 10 puL, and

initial  composition and

detection was performed at 260 nm.

2.2.2.4. HPLC-PDA Method Validation

The HPLC-PDA method for mitragynine
included assessment of linearity/range, LOD, LOQ,
accuracy, and precision. A mitragynine stock
solution (1.0 mg mL™!) was prepared by dissolving
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2 mg of standard in 2 mL of methanol. Working
standard solutions were prepared by serial dilution
to obtain six concentration levels in the range of
6.25-200 pg mL™'. Each level was injected in
triplicate and linearity was evaluated by linear
regression (peak area vs concentration; r?). LOD
and LOQ were estimated using the calibration-
curve approach based on the standard deviation of
response (o) and slope (S): LOD = 3.30/S and LOQ
= 100/S. Accuracy was determined by standard-
addition recovery at three spiking levels (6.25, 25,
and 100 pg mL™"). Precision was evaluated as intra-
day repeatability and inter-day intermediate
precision at the same levels and expressed as %
RSD. Mitragynine content in the samples was
calculated from the calibration curve and expressed
as mg g ' extract (dry weight basis).

2.2.3. Lipoxygenase Inhibition Assay and ICso
Determination

The in vitro lipoxygenase (LOX) inhibition assay
was performed according to Listiyani et al. [35] and
the EC 1.13.11.12 protocol
modifications. Test samples comprised crude
methanolic extracts (CME), alkaloid extracts (AE),
mitragynine (reference alkaloid), and baicalein
(positive control). Stock solutions were prepared in
methanol and diluted with borate buffer (0.2 M, pH
9.0) to generate dose-response
maintaining the same final methanol concentration

with  minor

series, while
across all wells (samples and controls) by adjusting
solvent volume. The reaction mixture contained
borate buffer, linoleic acid (3 mM) as substrate, and
LOX enzyme solution (5000 U mL™). Samples
were pre-incubated with buffer and substrate, the
reaction was initiated by enzyme addition, and the
mixture was incubated at 25 °C. The reaction was

terminated by methanol addition, and the formation
of conjugated dienes was monitored at 234 nm
using a UV-visible spectrophotometer. Dose—
response curves were constructed from five final
concentrations for each sample type: 12.5-125 ug
mL™! for CME; 12.5-62.5 pg mL™ for AE; 3.125-
62.5 pg mL™ for mitragynine; and 2.5-18.75 ng
mL™" for baicalein. Percentage inhibition was
calculated from absorbance-corrected values
relative to the blank, and ICso values were obtained
by nonlinear regression using a four-parameter
logistic model (variable slope) in GraphPad Prism
(version 10).

2.2.4. Statistical Analysis

Statistical analyses were performed using
GraphPad Prism version 10 (GraphPad Software,
USA). All experiments were conducted in triplicate,
and data are presented as mean + standard deviation
(SD). Data distribution was assessed for normality
prior to inferential analysis. Differences among
kratom varieties and sample types were analyzed
using one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test. A p-value < 0.05
was considered statistically significant.

3. RESULTS AND DISCUSSIONS

3.1. Characteristics and Yields of Kratom Extracts
Ultrasound-assisted extraction (UAE) with
methanol generated CME yields that
significantly influenced by vein-color variety, with
the green-vein material providing the highest
extractable methanol-soluble fraction (Table 1).
Relative to prior sonication-based UAE reports, the
CME recovery obtained in the present work was
higher. For example, a previous UAE-methanol

WEre

Table 2. Major alkaloids identified in alkaloid extracts of red, white, and green vein Mitragyna speciosa

leaves by LC-HRMS.

Compound [M+H]" (m/z) RT (min) Detected in
Mitragynine 399.23 8.10-8.12 Red, White, Green
7-Hydroxymitragynine 415.22 7.65-8.37 Red, White, Green
Speciociliatine/Speciogynine” 399.23 8.48-8.88 Red, White, Green
Paynantheine 397.21 9.01-9.18 Red, White, Green
Rhynchophylline 385.21 7.06-7.20 Red, Green

" Speciogynine and speciociliatine were not chromatographically resolved under the applied LC conditions and are reported as an isomeric pair.
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Table 3. Validation parameters for the HPLC-PDA method used for mitragynine quantification.

Parameter Unit Level Result
Linearity (1?) - — 0.9982
Concentration range pg mL™! - 6.25-200
Regression equation y=ax+b — y =6676.8x + 29351
Limit of detection (LOD) pg mL™! — 0.97
Limit of quantification (LOQ) pg mL™! - 2.92
Accuracy (recovery, intra-day)” % 100 99.99
25 100.67
6.25 99.65
Precision (intra-day, %RSD) ” % 100 1.60
25 1.47
6.25 2.57
Inter-day precision (RSD) % 100 0.50
25 1.07
6.25 0.76

' Values are means of replicate measurements at each spiking level.

study reported a dry extract yield of 19.2 £ 2.2%
under its operating conditions [36][37], whereas
another sonication-based study reported yields of
18.54-22.91% across green, red, and white variants
[36][37]. Such cross-study differences are expected
because extraction yield is sensitive to operational
(e.g.
temperature, extraction time, solvent-to-solid ratio,

parameters sonication  power/intensity,
and instrument capacity) as well as biological
variability, including geographic origin, harvest
time, and post-harvest handling [16][38].

Alkaloid extracts were subsequently prepared
from the crude methanolic extracts by acid—base
liquid-liquid extraction. In this procedure, the basic
alkaloids are first converted into water-soluble salts
under acidic conditions, enabling separation from
nonpolar constituents, and then recovered in their
free-base form by basification and extraction into
an organic solvent [39]. Following crude extraction,
acid-base liquid—liquid partitioning was applied to
concentrate basic alkaloids into the AE. The AE
yields also differed significantly among varieties
and again showed the highest recovery in the green-
vein samples, indicating that the higher CME
recovery for green material translated into a greater
recoverable alkaloid-enriched fraction. Importantly,
the AE yields achieved here were higher than those
commonly reported for simpler workflows. For

instance, an earlier report described an alkaloid
extract yield of 3.27 + 0.11% [15].

Prior to extraction, the leaf powder of the red
vein variety exhibited a slightly reddish-brown
color, whereas the green and white vein powders
appeared greenish-brown with different color
intensities, in agreement with previous reports [18]
[40]. After UAE with methanol, the crude extracts
showed distinct visual differences among varieties.
The red vein crude extract formed a reddish-brown
powder, while the white and green vein crude
extracts appeared brownish-green with varying
intensity. In contrast, the alkaloid extracts obtained
from all three varieties displayed a more uniform
orange-brown color, reflecting the enrichment of
alkaloid constituents.

3.2. GC-MS Profiling of Alkaloid Extracts

Targeted GC—MS analysis was carried out on the
alkaloid extracts of red, white, and green vein
Mitragyna speciosa to confirm the presence of the
major indole alkaloids commonly reported in
kratom. Under the conditions employed, across all
three vein-color varieties, the chromatograms
exhibited three dominant peaks with closely similar
retention times and highly consistent diagnostic
ions (Figure 3). These peaks were tentatively
identified paynantheine, and

as mitragynine,
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speciogynine based on NIST library matching and
agreement with fragmentation patterns reported in
the literature. The spectra of these compounds
showed recurring fragment ions in the m/z 397-398
range, together with prominent ions at m/z 383,
269, 214, 200, and 186, which are consistent with
reported EI fragmentation of kratom indole
alkaloids. The close agreement in retention time and

P-value (ANOVA)
<0.0001
<0.0001

ion patterns between the sample chromatograms
and the corresponding NIST library spectra further
supported the assignments of these three marker
alkaloids.

In all alkaloid extracts, mitragynine appeared as
the most intense peak among the three, confirming
its role as the dominant alkaloid in Mitragyna
speciosa leaves. This observation is consistent with
multiple previous studies that have identified
mitragynine as the primary indole alkaloid and a

Green
31.08 + 0.95°
243.13 £ 0.25¢

7.82

key contributor to the pharmacological profile of
kratom [31][41]. The consistent detection of
paynantheine and speciogynine in all three varieties
also  aligns  with  earlier = GC-MS-based
investigations reporting these three compounds as
reliable marker peaks in kratom alkaloid
fingerprints [8][29][42].

Together, these targeted GC-MS results
demonstrate that red, white, and green vein kratom

Variety
White
43.87+0.962
177.44 £ 0.70f
4.04

11.25
3). Within each row, different superscript letters indicate significant differences among varieties (one-way ANOVA followed by Tukey’s post hoc test, p < 0.05); a— are used for CME and d—f

Red
22.96 + 0.24¢
258.21 + 1.00¢

from Kalimantan share a qualitatively similar
alkaloid pattern in their alkaloid extract, dominated
by mitragynine with paynantheine and speciogynine
as co-occurring indole alkaloids. This supports the
view that differences among vein-color varieties are
more likely to be quantitative (relative abundance
of each alkaloid) rather than qualitative (presence or

Unit
mg g! extract
mg g extract

absence of the main kratom alkaloids) and provides
a robust chromatographic basis for using these three
compounds as chemical markers in future
standardization and quality control efforts.

3.3. GC—MS Profiling of Crude Methanolic
Extracts

GC-MS analysis of the crude methanolic
extracts (CME) from red, white, and green vein

Mitragyna speciosa revealed a markedly more
complex chromatographic pattern than that of the
alkaloid extract, reflecting the presence of diverse
co-extracted metabolites (Figure 4). Numerous
peaks with varying intensities were observed and

Table 4. Mitragynine content in crude methanolic and alkaloid extracts of red, white, and green vein Mitragyna speciosa leaves.

for AE. Enrichment factor was calculated as the ratio of mean mitragynine contents (AE/CME) for each variety.

Crude methanolic extract (CME)

Alkaloid extract (AE)
Enrichment factor (AE/CME)

Values are mean + SD (n

Sample

were tentatively assigned to several major
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compound classes, including indole alkaloids, fatty
acids and their esters, terpenoids, sterols, and semi-
volatile constituents, based on NIST library
matching and fragmentation patterns consistent
with literature reports. The major kratom indole
alkaloids  (mitragynine,  paynantheine, and
speciogynine) were detected in all three crude
extracts, indicating that these marker alkaloids are
already present at the crude methanol stage prior to
alkaloid enrichment. In addition, several lipid-
related components were observed, including fatty
acids/esters  (e.g., tetradecanoic  acid, n-
hexadecanoic acid, methyl hexadecanoate, methyl
linolenate, linolenic acid, and octadecanoic acid)
and the diterpene-derived compound
neophytadiene, representing typical membrane-
associated constituents of leaf matrices. Terpenoid
and sterol derivatives (e.g., squalene, tocopherol,
and phytosterols such as campesterol, stigmasterol,
and B-sitosterol) were also detected. The occurrence
of B-sitosterol and stigmasterol is consistent with
previous reports on Mitragyna species, where these
phytosterols frequently occur as major non-alkaloid
constituents [43].

Several

semi-volatile compounds commonly

reported as pigment- and lipid-derived volatiles

(e.g., hydroxydihydromaltol,  trans-B-ionone,
dihydroactinidiolide, and  loliolide) were
additionally observed in the crude extracts,

consistent with the photosynthetic nature of leaf
material. Overall, these findings indicate that CME
comprises a mixed matrix of alkaloids together with
abundant non-alkaloid constituents, in agreement
with prior reports describing Mitragyna speciosa
leaves as containing terpenoids and other non-
alkaloid metabolites in addition to indole alkaloids
[44]. The chromatographic contrast between CME
and AE, diverse multi-class peaks in the former
versus alkaloid-dominated profiles in the latter,
highlights the effectiveness of acid—base extraction
in enriching basic alkaloids while reducing co-
extracted non-alkaloid constituents. Moreover, the
broadly comparable qualitative CME profiles across
the three suggest that
differences among them are more likely driven by
relative abundance patterns rather than the
exclusive presence or absence of major metabolite
classes.

vein-color varieties

3.4. LC-HRMS Characterization of Alkaloid
Extracts

High-resolution LC-MS was employed to more
accurately characterize the alkaloid composition of
the alkaloid extracts, including constituents that
may be difficult to detect by lower-resolution
techniques. Separation on a C18 column enabled
chromatographic  differentiation  of
monoterpenoid indole alkaloids based on polarity
and interaction with the stationary phase. However,
some isomeric or isobaric alkaloids could not be

several

fully resolved under the applied conditions, which
is relevant for kratom matrices rich in structurally
related MIAs. Subsequent HRMS detection
provided accurate [M+H]* values and diagnostic
fragments to  support putative  structural
assignments. Particular attention was given to the
detection of 7-hydroxymitragynine, an oxidative
metabolite of mitragynine that, although typically
present at low levels, is known to exhibit stronger
pharmacological potency at opioid receptors [41]
[45]-[47].

As summarized in Table 2, the LC-HRMS
profiles of alkaloid extracts from red, white, and
revealed a
alkaloids.
Mitragynine was detected in all varieties with a
protonated molecular ion at m/z 399.227 and a

green vein Mitragyna speciosa

qualitatively similar set of major

retention time (RT) of approximately 8.1-8.2 min,
and it consistently represented the dominant peak. 7
-Hydroxymitragynine was observed at m/z 415.222
with an earlier RT (7.6-8.4 min), consistent with its
higher polarity. Speciogynine and speciociliatine
share the same [M+H]" (m/z 399.227) and, under
the current chromatographic conditions, were not
baseline-resolved. Therefore, they are reported as
an isomeric pair eluting at RT 8.48-8.88 min across
all varieties. Paynantheine ([M+H]" m/z 397.212,
RT 9.0-9.2 min) was likewise detected in all
varieties. In contrast, thynchophylline ([M+H]" m/z
385.212, RT 7.0-7.3 min) was detected in the red
and green extracts but was not observed in the
white vein sample. Overall, this qualitative profile
agrees with prior LC-MS reporting
mitragynine, 7-hydroxymitragynine, speciogynine/
speciociliatine, paynantheine, and rhynchophylline
among characteristic kratom leaf alkaloids [48][49].
The LC-HRMS spectrum of mitragynine showed a
dominant [M+H]* ion at m/z 399.227 and

studies
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Mitragynine content
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Figure 5. Mitragynine content comparison in crude methanolic and alkaloid extracts of red, white, and
green vein Mitragyna speciosa leaves.

characteristic product ions at m/z 174, 226, and
238, consistent with reported fragmentation
behavior of monoterpenoid indole alkaloids [6][49].
Collectively, the accurate mass and fragmentation
data provided orthogonal support for the putative
identification of the major kratom alkaloids in the
alkaloid fractions.

From a biosynthetic perspective, the detected
compounds fall within the monoterpenoid indole
alkaloid (MIA) family derived from tryptamine and
secologanin via strictosidine [42][50][51]. Variation
in enzyme expression along this pathway, together
with  environmental influences (e.g., light,
temperature, humidity, and soil conditions), may
modulate the relative proportions of individual
alkaloids among samples [42][49]. The absence of
rhynchophylline in the white-vein extract may
reflect concentrations below the detection limit
under the current conditions, reduced ionization
efficiency or matrix-related ion suppression in ESI,
co-elution with nearby components, or biological
variability (chemotype and/or growing conditions).
Accordingly, non-detection in this LC-HRMS
screening should not be interpreted as absolute
absence and would Dbenefit from targeted
confirmation using optimized chromatographic
conditions and/or MS/MS-based quantification.
Post-harvest handling may further contribute to the
observed profiles, particularly for oxygenated
metabolites such as 7-hydroxymitragynine, which
may originate from a combination of endogenous
formation and oxidation during processing and

storage  [49][52][53]. Thus, the LC-HRMS
profiles of the three vein-color varieties reflect
integrated genetic, environmental, and post-harvest
influences on MIA metabolism and provide a
chemical basis for interpreting differences in
biological activity observed among the extracts.

3.5. HPLC-PDA Method Validation for

Mitragynine Determination
HPLC-PDA is the most

technique

widely adopted

for quantitative determination of
mitragynine in Mitragyna speciosa, owing to its
high separation efficiency,

reproducibility, and has become a reference method

accuracy, and
in phytochemical and quality control studies of
kratom extracts [16][36][54]-[56]. In this study, the
developed HPLC-PDA method was validated for
quantifying mitragynine in both crude methanolic
and alkaloid extracts of the three kratom varieties
(Table 3).

The calibration curve was linear over 6.25-200
pg mL with 12 = 0.9982 (y = 6676.8x + 29351).
This linear relationship indicates that the detector
response is directly proportional to mitragynine
concentration within the working range, allowing
this interval to be defined as the reportable range
for quantitative analysis. The method showed good
sensitivity with an LOD of 0.9717 pg mL™ and
LOQ of 29181 pg mL™. Notably, the LOQ lies
well below the lower limit of the calibration range,
indicating that the method can provide reliable
quantification across the entire working interval and
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is sufficiently sensitive for the levels of mitragynine
typically encountered in kratom extracts. Accuracy
assessed by standard-addition recovery at three
levels yielded mean recoveries of 99.65-100.67%.
Precision was acceptable, with intra-day and inter-
day precision of < 2.57% RSD and < 1.07% RSD,
respectively. Overall, these results indicate that the
method is fit for purpose for mitragynine
determination in the tested kratom extracts.

3.6. Mitragynine Content in Crude and Alkaloid
Extracts

The validated HPLC-PDA method was used to
quantify mitragynine in CME and AE from red-,
white-, and green-vein Mitragyna speciosa (Table
4; Figure 5). In CME, mitragynine was highest in
the white-vein variety followed by green and red,
whereas in AE the ranking shifted to red > green >
white. This rank reversal indicates that acid-base
extraction does not simply scale the crude
composition proportionally, but instead enriches
mitragynine in a variety-dependent manner. The
enrichment factor analysis (AE/CME) supports this
interpretation, showing  that
concentration increased most strongly in the red-

mitragynine

vein extract, followed by green and white.

From an extraction-chemistry standpoint, the
observed pattern can be rationalized by considering
that CME represents a broad pool of methanol-
soluble constituents, including not only alkaloids
but also abundant non-alkaloid co-extractives (e.g.,
lipids, sterols, terpenoids, pigments, and other
metabolites) that contribute to extract mass and thus
influence the apparent mg g! value. Consequently,
a higher mitragynine level in CME may reflect a
more favorable mitragynine-to-matrix ratio at the
crude stage rather than predicting the efficiency of
alkaloid During
acidification, basic alkaloids are transferred into the
phase as salts

subsequent enrichment.

aqueous while many neutral
components remain separable; defatting further
reduces lipophilic co-extractives that dominate the
crude matrix. In the basification and back-
extraction steps, free-base alkaloids redistribute into
the  organic phase according to their
physicochemical properties, meaning that the final
mitragynine enrichment depends on both the
starting alkaloid pool and the extent to which non-
alkaloid components are removed. Because LC—

HRMS profiling indicates that the three varieties
share a qualitatively similar set of major kratom
alkaloids, the differences observed here are most
plausibly driven by differences in relative
abundances and matrix composition rather than the
presence/absence of major alkaloid markers.

From a mechanistic standpoint, several steps in
the acid-base extraction can differentially influence
mitragynine recovery among varieties. During
acidification, alkaloids are converted into water-
soluble salts, while many neutral and non-basic
constituents remain separable. Subsequent defatting
with n-hexane removes lipids, chlorophyll, and
other highly non-polar components observed in the
crude GC-MS profiles, which may reduce extract
mass more strongly in varieties richer in lipids and
pigments. This can indirectly elevate the relative
mitragynine content in the resulting alkaloid
fraction, even when the absolute amount transferred
is comparable. In the basification and back-
extraction steps, free-base alkaloids redistribute
between aqueous and organic phases according to
their partition coefficients and physicochemical
properties. As suggested by LC-HRMS, red, white,
and green vein kratom share a common set of major
alkaloids  (mitragynine,
speciogynine/speciociliatine,

7-hydroxymitragynine,

paynantheine, and
rhynchophylline), but likely differ in their relative
proportions. Accordingly, if the red-vein alkaloid
pool is more strongly dominated by mitragynine
than that of the white-vein variety, the same
extraction protocol will yield a higher enrichment
factor for mitragynine in the red alkaloid fraction.
Taken together, differences in alkaloid composition,
removal of non-alkaloid co-extractives, and phase-
partition efficiency provide a rational explanation
for the non-linear, variety-dependent increase in
mitragynine content from crude to alkaloid extracts.

Such behavior is consistent with observations in
other alkaloid-producing species, where higher total
extract yield does not necessarily translate to higher
alkaloid content because less selective protocols can
co-extract more non-alkaloid matrix. For example,
in  Glaucium corniculatum, certain extraction
conditions produced higher total yield but lower
alkaloid-richness compared with more selective
procedures [57]. Analogously, the present results
support the interpretation that differences in
mitragynine levels between crude and alkaloid
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fractions reflect the interplay between each
variety’s intrinsic phytochemical matrix and the
selectivity of acid-base extraction toward
mitragynine and related alkaloids.

Beyond extraction chemistry, environmental and
post-harvest factors are also known to influence
mitragynine accumulation [38]. Seasonal variation
has been reported, with higher mitragynine levels
during the transition from dry to rainy seasons
compared with peak rainy season [42]. Sunlight
exposure and tropical growing conditions have been
associated with increased mitragynine content [58],
while soil type (e.g., peat and alluvial soils with
higher porosity and organic matter) can influence
water and nutrient availability and thereby
secondary metabolism [59][60]. Post-harvest
factors such as leaf age also play a role, with older
leaves containing approximately 1.2-fold higher
mitragynine levels than younger leaves [44][61].

Several studies further highlight the wide
variability of mitragynine content across kratom
varieties, origins, and cultivation conditions. For
instance, Janthongkaw et al. [17] reported higher
mitragynine in green than red ethanolic extracts
[17], whereas Nawaka et al. [19] found comparable
levels between red and white Thai kratom [19].
Indonesian samples have been reported to span
roughly 26-53 mg g in various red and green
methanolic extracts [14], and Simamora et al. [62]
showed that mitragynine in red and green varieties
can fluctuate with distance from river systems,
consistent with differences in water availability and
soil moisture [62]. Moreover, alkaloid fractionation
has been reported to increase mitragynine from low
single-digit proportions in crude extracts to several
tens of percent in alkaloid extract [15][29][63].

Within this broader context, the variability and
enrichment patterns observed here align with
literature and underscore that mitragynine content is
shaped by a combination of genetic background,
environment, post-harvest handling, and
than  varietal

methodological factors rather

classification alone.

3.7. Invitro 15-lipoxygenase Inhibitory Activity
15-LOX is a non-heme iron dioxygenase that
catalyzes the regioselective oxygenation of
polyunsaturated fatty acids (PUFAs) into lipid
hydroperoxides that are further converted into
inflammatory lipid mediators. Accordingly, 15-
LOX inhibition is commonly used as a mechanistic
readout in anti-inflammatory screening and is
relevant to the broader therapeutic rationale for
kratom, which is traditionally used to relieve pain
and inflammation-related discomfort [64][65].
Soybean LOX (Glycine max) was selected as a
practical screening model because it shares a
closely catalytic
mechanism and PUFA regioselectivity with human
ALOX15 (15-LOX-1), where C-13 oxygenation of
linoleic acid (13-HPODE/13-HODE formation) is
regiospecifically analogous to C-15 oxygenation of
arachidonic acid (15-HPETE/15-HETE) [66][67].
In this assay, enzyme activity was monitored at 234

comparable non-heme iron

nm because LOX-catalyzed oxidation of linoleic
acid produces conjugated diene hydroperoxides that
exhibit a characteristic increase in UV absorbance
at this wavelength, allowing
spectrophotometric tracking of product formation.

direct

Thus, decreases in the 234-nm signal in the
presence of test samples reflect inhibition of LOX-
mediated lipid peroxidation [68].

Table 5. ICso values for in vitro 15-lipoxygenase inhibition by baicalein, mitragynine, and alkaloid extracts

of red-, white-, and green-vein Mitragyna speciosa.

Sample Variety ICs (ng mL™)"
Baicalein (positive control) 9.72 £ 0.07
Mitragynine 28.38 +£0.39
Alkaloid extract Red vein 53.01£0.39
White vein 59.91+£0.92
Green vein 56.29+0.79

"ICso values are presented as mean = SD (n = 3), obtained by nonlinear regression of concentration—response curves. One-way ANOVA indicated
significant differences among all groups (p < 0.0001), and Tukey’s multiple comparison test confirmed that the three alkaloid extracts (red, green,

white) differ significantly from one another (p < 0.05).
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3.7.1. Baicalein as a Reference 15-LOX Inhibitor
Baicalein was used as a positive control to verify
the performance and responsiveness of the enzyme—
substrate system. Under the present conditions,
baicalein exhibited potent inhibition with an ICso of
9.72 pg mL™", which is consistent with reported ICso
ranges against soybean LOX systems (typically in
the 6-11 pg mL™"' range under comparable
spectrophotometric ~ designs)  [69]-[71].  This
agreement supports the validity of the 234-nm
conjugated-diene assay and confirms that the
enzyme—substrate reaction proceeded appropriately.
The high potency of baicalein is also consistent
with structure—activity knowledge for -classical
LOX inhibitors. Polyphenolic flavonoids bearing
closely spaced hydroxyl groups can act as strong
LOX inhibitors through combinations of iron
interaction/redox effects and dense hydrogen-
bonding/n-stacking contacts within the active site
[69][72][73]. These characteristics
rationalize why baicalein is routinely used as a

environment

benchmark inhibitor and provide a meaningful
reference point for comparing the kratom-derived
samples.

3.7.2. 15-LOX Inhibitory Activity of Mitragynine
Mitragynine was selected for testing as the
principal kratom marker alkaloid because it
consistently represents the dominant constituent in
alkaloid extract and is widely used as a quality and
bioactivity speciosa

extracts. Its broader anti-inflammatory relevance

reference for Mitragyna
has been supported by prior evidence showing that
purified Malaysian mitragynine suppresses COX-2
expression and reduces PGE: production in a dose-
dependent manner, with the strongest -effect
reported at 20 pg mL™' and minimal impact on
COX-1 at lower concentrations [31]. However,
despite these COX-pathway data, a targeted
literature search did not identify prior peer-
that
mitragynine inhibition specifically against 15-LOX,
which provides a clear rationale and novelty for
evaluating its activity in the present assay [11][74].

Under the applied conditions, mitragynine
exhibited a measurable inhibitory effect with an
ICs0 of 28.38 pg mL?, indicating moderate 15-LOX
inhibition in this biochemical system. Its potency
was lower than that of baicalein (ICso 9.72 pg

reviewed  studies directly  quantified

mL™"), which is chemically plausible when viewed
from a structure—activity perspective. Baicalein is a
polyhydroxylated flavonoid with closely spaced
phenolic groups that support dense hydrogen-
bonding, redox activity, and interaction with the
catalytic non-heme iron center, enabling inhibition
through disruption of the Fe*'/Fe®" catalytic cycle
and/or iron-chelation—assisted stabilization of
radical intermediates [73]. In contrast, mitragynine
is a monoterpenoid indole alkaloid that lacks a
catechol or polyphenolic motif. Therefore, direct
redox-type inhibition and strong Fe-centered
interactions are expected to be more limited. Its
inhibitory profile is more plausibly explained by
non-redox mechanisms dominated by shape
complementarity and lipophilicity within the LOX
fatty-acid  binding  channel, @ where  the
indoloquinolizidine scaffold and indole aromatic
system may promote hydrophobic
interactions with residues lining the substrate
channel, thereby reducing productive linoleic-acid
access and orientation for bis-allylic hydrogen
abstraction and subsequent radical propagation.
This interpretation is consistent with LOX inhibitor

and w7

models in which non-phenolic scaffolds inhibit
LOX primarily by interfering with the substrate-
access pathway rather than by strong iron-chelation/
redox mechanisms [23][64][75]. Collectively, the
ICso value indicates that mitragynine can directly
modulate 15-LOX activity, supporting its role as a
functionally relevant contributor to the anti-
inflammatory profile of kratom alkaloid fractions,
while also explaining its lower potency relative to a
polyphenolic benchmark inhibitor.

3.7.3. Comparison of Crude and Alkaloid Extracts
The 15-LOX inhibitory activities of kratom
extracts were compared to evaluate the impact of
alkaloid enrichment and vein-color variety on
potency relative to reference compounds (Table 5;
Figure 6). The CME exhibited weak inhibition, with
ICso values remaining >100 pg mL™ within the
tested range, whereas AE showed consistently
stronger inhibition, with ICso values in the mid-50
pg mL™' range. This contrast supports that acid—
base extraction increases the relative contribution of
basic alkaloids to LOX inhibition while reducing
non-alkaloid co-extractives that add mass without
comparable inhibitory capacity. This interpretation

[5D PANDAWA

1103



J. Multidiscip. Appl. Nat. Sci.

IC5y Comparison

baicalein
mitragynine

L]
T2 5
= = @
w! 2 o
< w wl
< <
Sample

Bars represant mean IC = £ S0 (n = 3) determinad from
nonlinear regression of concentration-response curves;
lower IC . indicales stronger inhibilion, One-way ANOWA
showed significant differences among groups (p < 0.0001),
and Tukey's tesl indicated sigrificant differences among the

three AE vansties (p < 0.05).

Figure 6. ICso values for in vitro 15-lipoxygenase inhibition by baicalein, mitragynine, and alkaloid extracts
(AE) of red-, white-, and green-vein Mitragyna speciosa.

is consistent with the chemical profiles. CME
displays a broad non-alkaloid matrix (e.g., lipids/
fatty acids and esters, sterols, terpenoids, pigment-
derived semi-volatiles) by GC-MS, while AE is
dominated by kratom indole/oxindole alkaloids
according to GC-MS/LC-HRMS, providing a
compositional basis for the improved AE potency.
This hierarchy indicates that enrichment of
indole and oxindole alkaloids markedly enhances
15-LOX inhibitory activity compared with the
unfractionated crude extracts. The weak inhibition
by crude methanolic extracts likely reflects both
their lower alkaloid content and the presence of a
wide array of co-extracted metabolites (lipids,
sterols, terpenoids, pigments, and other polar
constituents) that do not necessarily support, and
with,
interactions. In contrast, the acid—base extraction
protocol concentrates basic alkaloids such as
mitragynine, 7-hydroxymitragynine, speciogynine,

may even interfere alkaloid—enzyme

speciociliatine, paynantheine, and rhynchophylline,
while reducing the proportion of non-alkaloid
components, as evidenced by the GC-MS and LC—
HRMS profiles.

Among AE samples, the ICso values differed
significantly (Tukey, p < 0.05) and followed the

order red < green < white (Table 5). This variety-
dependent pattern aligns with the quantitative
mitragynine data: HPLC-PDA that
mitragynine concentration in AE follows red >
green > white, and LC-HRMS further indicates that
the three varieties share a similar set of major
alkaloids but differ in relative composition.
Collectively, these findings support that vein-color

showed

differences in AE potency are predominantly
quantitative, reflecting differences in the relative
dominance and

alkaloids after enrichment, rather than qualitative

of mitragynine co-occurring
differences in the presence/absence of marker
alkaloids. Nevertheless, vein-color should not be
viewed as a single deterministic factor because
alkaloid composition and apparent potency can also
be shaped by environmental and post-harvest
variables and by matrix-dependent extraction
behavior, which together can alter the relative
proportions of active alkaloids recovered into AE.
A more critical interpretation is warranted
regarding biological relevance. ICso values in the 50
—60 ug mL! range indicate moderate inhibition in a
simplified enzyme assay and do not directly
translate to in vivo efficacy, where achievable free

concentrations are constrained by absorption,
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metabolism, protein binding, distribution, and
clearance, and where potency may differ across
human LOX isoenzymes and cellular contexts.
Accordingly, the AE data are best positioned as
comparative  biochemical screening evidence
showing that alkaloid enrichment improves 15-
LOX inhibition and that the three varieties differ
quantitatively under standardized conditions, while
follow-up studies using human ALOX isoforms and
inflammation-relevant cellular models are needed to
strengthen translational interpretation.

The activity differences not fully explained by
mitragynine content are consistent with the
multicomponent nature of plant extracts. LOX
inhibition by extracts can reflect contributions from
co-occurring alkaloids with anti-inflammatory
activity and from variety-dependent shifts in
alkaloid proportions that may produce additive,
synergistic, or antagonistic effects, along with
matrix effects that modulate bioactive availability

and substrate—enzyme access in the reaction
mixture. Supporting evidence indicates that
rhynchophylline can  suppress inflammatory

mediators (e.g., NO/iNOS and pro-inflammatory
cytokines) in cellular and in vivo models [76]-[78],
while other oxindole/indole alkaloids have also
linked
endpoints [79][80]. In addition, in silico studies on
LOX isoforms (e.g., 5-LOX) suggest that several
kratom alkaloids beyond mitragynine may bind
favorably to lipoxygenase active-site regions (e.g.,
7-hydroxymitragynine paynantheine),
supporting the plausibility that co-alkaloids
contribute to the overall extract response even

been to measurable anti-inflammatory

and

though such docking results do not constitute direct
evidence for 15-LOX inhibition [11].

Although this study did not perform molecular
docking or binding-mode analysis specifically
against 15-LOX, the integrated evidence from
HPLC-PDA quantification and chemical profiling
supports a composition—activity relationship at the
extract level, suggesting that mitragynine is a major
contributor to 15-LOX inhibition under the present
assay conditions. Nevertheless, because alkaloid
extracts are multicomponent mixtures, the observed
activity cannot be attributed to mitragynine alone,
and confirmatory mechanistic studies (e.g.,
docking/MD against 15-LOX and/or testing of
additional isolated co-alkaloids) would be required

to define specific binding interactions and to

resolve  potential  additive or  synergistic

contributions.
4. CONCLUSIONS

This study compared red-, white-, and green-vein
Mitragyna speciosa leaves from Kalimantan in
terms of alkaloid profiles, mitragynine levels, and
in vitro 15-LOX inhibition. Across all vein-color
phenotypes, the alkaloid extracts exhibited a
broadly similar monoterpenoid indole alkaloid
fingerprint dominated by mitragynine, while
quantitative differences in mitragynine enrichment
and relative alkaloid composition were observed
among phenotypes. Alkaloid extraction
substantially increased mitragynine content and
improved 15-LOX inhibitory potency compared
with crude methanolic extracts,
mitragynine ~ showed  measurable
inhibition, although
baicalein. Collectively, these results provide a

and purified
15-LOX
it was less potent than
comparative phytochemical and bioactivity dataset
for three Kalimantan vein-color phenotypes and
support a composition—activity relationship in
which mitragynine is a major contributor to 15-
LOX inhibition under the present assay conditions,
while additional co-occurring alkaloids and matrix
effects may modulate extract potency. Future
studies should evaluate other kratom alkaloids
individually and in defined mixtures to test
additivity/synergy, validate activity using human
LOX isoenzymes and cell-based inflammatory
models, and integrate pharmacokinetic and safety
assessments to better define translational relevance.

AUTHOR INFORMATION

Corresponding Author
Berna Elya — Faculty of Pharmacy, Universitas
Indonesia, Depok-16424 (Indonesia);
orcid.org/0000-0003-2904-6515
Email: berna.elya@farmasi.ui.ac.id

Authors
Bujaningrum Ega Agustina — Faculty of
Pharmacy, Universitas Indonesia, Depok-16424
(Indonesia); Indonesian Customs and Excise
Laboratory, Ministry of Finance of the Republic

[5D PANDAWA

1105


https://orcid.org/0000-0003-2904-6515
mailto:berna.elya@farmasi.ui.ac.id

J. Multidiscip. Appl. Nat. Sci.

of Indonesia, Jakarta-10520 (Indonesia);
orcid.org/0009-0002-3068-547X

Roshamur Cahyan Forestrania — Faculty of
Pharmacy, Universitas Indonesia, Depok-16424
(Indonesia);

orcid.org/0000-0003-0346-1761

Husniati Husniati — Faculty of Pharmacy,
Universitas Indonesia, Depok-16424 (Indonesia);
Research Center for Pharmaceutical Ingredients
and Traditional Medicine, National Research and
Innovation Agency (BRIN), Serpong-15314
(Indonesia);

orcid.org/0000-0003-1678-5706

Author Contributions

Conceptualization, Analysis,
Investigation, Writing — Original Draft Preparation,
and Writing — Review & Editing, B. E. A., B. E., H.
H., and R. C. F.; Methodology, B. E. A. and B. E,;
Validation, B. E. A., B. E., and R. C. F.; Data
Curation, B. E. A. and H. H.; Visualization,
Supervision, Project Administration, and Funding
Acquisition, B. E. A.

Formal

Contflicts of Interest

The authors declare no conflict of interest. The
funder, Lembaga Pengelola Dana Pendidikan
(LPDP), Ministry of Finance of the Republic of
Indonesia, had no role in the design of the study; in
the collection, analyses, or interpretation of data; in
the writing of the manuscript; or in the decision to
publish the results.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the financial
support from Lembaga Pengelola Dana Pendidikan
(LPDP), Ministry of Finance of the Republic of
Indonesia (Contract No. 0003761/TRP/M/ASN-
2023).

DECLARATION OF GENERATIVE Al
Not applicable.
REFERENCES

[1] S. D. Lofstrand, A. Kriiger, S. G.
Razafimandimbison, and B. Bremer. (2014).

[2]

[3]

[4]

[3]

[6]

[7]

"Phylogeny And Generic Delimitations In
The Sister Tribes Hymenodictyeae And
Naucleeae (Rubiaceae)". Systematic Botany.
39 (D): 304-315.
10.1600/036364414X678116.

L. S. L. Chua. (2001). In: "Plant Resources
Of South-East Asia (PROSEA)". Bogor:
PROSEA Foundation.

R. Nilus, F. Lee Ying, and A. Hastie. (2011).
"Species Selection Trial In Burnt Peat
Swamp Vegetation In Southwest Coast Of
Sabah, Malaysia". Of The
International Symposium Rehabilitation Of

Proceedings

Tropical Rainforest Ecosystems.

E. Cinosi. (2015). "Following The Roots Of
Kratom (Mitragyna Speciosa): The Evolution
Of An Enhancer From A Traditional Use To
Increase Work And Productivity In Southeast
Asia To A Recreational Psychoactive Drug
In Western Countries". BioMed Research
International. 2015 1-11.
10.1155/2015/968786.

T. Nakaphan, M. Teerachaisakul, S. Puttum,
K. Sompimai, and P. Nootim. (2016).
"Traditional Use Of Kratom (Mitragyna
Speciosa Korth) Among Folk Healers In
Southern Thailand". Journal Of Thai
Traditional And Alternative Medicine. 14 (3):
274-285.

L. Flores-Bocanegra. (2020). "The Chemistry
Of Kratom (Mitragyna Speciosa): Updated
Characterization Data And Methods To
Elucidate Indole And Oxindole Alkaloids".
Journal Of Natural Products. 83 (7): 2165-
2177. 10.1021/acs.jnatprod.0c00257.

D. A. Todd. (2020). "Chemical Composition
And Biological Effects Of Kratom
(Mitragyna Speciosa): In Vitro Studies With
Implications For Efficacy And Drug
Interactions". Scientific Reports. 10 : 19158.
10.1038/s41598-020-76119-w.

F. Kurniawati, D. Fitria, A. R. U.
Nainggolan, and P. A. Wardani. (2023).
"Identifikasi Dan Karakterisasi Tanaman
Kratom  Melalui  Pendekatan  Profil
Kandungan Senyawa Penanda Secara LC-
HRMS QToF Dan Penetapan Nilai Retention
Index Secara GCMS". Eruditio: Indonesia
Journal Of Food And Drug Safety. 3 (1): 79-

1106

[§) PANDAWA


https://orcid.org/0009-0002-3068-547X
https://orcid.org/0000-0003-0346-1761
https://orcid.org/0000-0003-1678-5706
https://doi.org/10.1600/036364414X678116
https://doi.org/10.1155/2015/968786
https://doi.org/10.1021/acs.jnatprod.0c00257
https://doi.org/10.1038/s41598-020-76119-w

J. Multidiscip. Appl. Nat. Sci.

90. 10.54384/eruditio.v3il.141.

(2): 87-93. 10.21460/sciscitatio.2024.52.183.

[9] P. K. Manwill. (2022). "Kratom (Mitragyna [17] A. Janthongkaw. (2023). "Effect Of Green
Speciosa) Validation: Quantitative Analysis And Red Thai Kratom (Mitragyna Speciosa)
Of Indole And Oxindole Alkaloids Reveals On Pancreatic Digestive Enzymes (Alpha-
Chemotypes Of Plants And Products". Planta Glucosidase And Lipase) And Acetyl-
Medica. 88 (9-10): 838-852. 10.1055/a-1795- Carboxylase 1 Activity: A  Possible
5876. Therapeutic Target For Obesity Prevention".
[10] M. Zhang, A. Sharma, F. Le6n, B. A. Avery, PLoS One. 18 (9): e0291738. 10.1371/
C. R. McCurdy, and B. J. Pearson. (2022). journal.pone.0291738.
"Plant Growth And Phytoactive Alkaloid [18] M. Masriani, P. Melania, R. Muharini, A. H.
Synthesis In Kratom (Mitragyna Speciosa) In Alimuddin, and R. P. Sartika. (2024). "Total
Response To Varying Radiance". PLoS One. Phenolic And Flavonoids Content, And
17 : e0259326. 10.1371/ Antioxidant Activity Of Kratom (Mitragyna
journal.pone.0259326. Speciosa Korth.) Leaf Ethanol Extract".
[11] S. 1. Rahmawati. (2024). "Dual Anti- Jurnal Natural. 24 (1): 16-21. 10.24815/
Inflammatory Activities Of COX-2/5-LOX jn.v24i1.33125.
Driven By Kratom Alkaloid Extracts In [19] N. Nawaka, M. Lertcanawanichakul, S.
Lipopolysaccharide-Induced RAW  264.7 Porntadavity, B. Pussadhamma, and N.
Cells". Scientific Reports. 14 (1): 28993. Jeenduang. (2025). "Kratom Leaf Extracts
10.1038/s41598-024-79229-x. Exert Hypolipidaemic Effects Via The
[12] H. Takayama. (2004). "Chemistry And Modulation Of PCSK9 And LDLR Pathways
Pharmacology Of Analgesic Indole Alkaloids In HepG2 Cells". Scientific Reports. 15 (1):
From The Rubiaceous Plant, Mitragyna 15696. 10.1038/s41598-025-00711-1.
Speciosa". Chemical And Pharmaceutical [20] G. Huisman, M. Menke, O. Grundmann, R.
Bulletin. 52 (8): 916-928. 10.1248/ Schreiber, and N. Mason. (2023).
cpb.52.916. "Examining The Psychoactive Differences
[13] H. Takayama, M. Kurihara, M. Kitajima, 1. Between Kratom Strains". [International
M. Said, and N. Aimi. (1998). "New Indole Journal of Environmental Research and
Alkaloids From The Leaves Of Malaysian Public Health. 20 (14): 6425. 10.3390/
Mitragyna Speciosa". Tetrahedron. 54 (29): ijerph20146425.
8433-8440. 10.1016/S0040-4020(98)00464- [21] R. Syarma, K. Masitoh, and S. Setyawati.
5. (2023). "Karakteristik Dan Pengetahuan
[14] K. Ng and T. Ha. (2024). "Extraction And Masyarakat Desa Entibab Tentang
Detection Of Mitragynine In Kratom Leaves Pemanfaatan Tumbuhan Kratom (Mitragyna
By High-Performance Liquid Speciosa) Di Kabupaten Kapuas Hulu".
Chromatography". Natural Product Jurnal Hutan Lestari. 11 (1): 75-80.
Research. 1-6. 10.26418/jhl.v11i1.60416.
10.1080/14786419.2024.2331602. [22] M. G. Netea. (2017). "A Guiding Map For
[15] A. Bayu. (2024). "An In Vitro Examination Inflammation". Nature Immunology. 18 (8):
Of Whether Kratom Extracts Enhance The 826-831. 10.1038/ni.3790.
Cytotoxicity Of Low-Dose Doxorubicin [23] N. Mukhopadhyay, A. Shukla, P. N. Makhal,
Against A549 Human Lung Cancer Cells". and V. R. Kaki. (2023). "Natural Product-
Molecules. 29 (6): 1404. 10.3390/ Driven Dual COX-LOX Inhibitors: Overview
molecules29061404. Of Recent Studies On The Development Of
[16] V. Novianry, P. Astuti, and Andriani. (2024). Novel Anti-Inflammatory Agents". Heliyon.
"Comparative Analysis Of Mitragynine 9 3): e14569. 10.1016/
Content In Kratom Leaves (Mitragyna j.heliyon.2023.e14569.
Speciosa Korth) From Kabupaten Kapuas [24] O. R. Kolawole and K. Kashfi. (2025).
Hulu Using HPLC Method". Sciscitatio. 5 "Reprogramming Inflammation: Mechanisms
[ED PANDAWA 1107


https://doi.org/10.54384/eruditio.v3i1.141
https://doi.org/10.1055/a-1795-5876
https://doi.org/10.1055/a-1795-5876
https://doi.org/10.1371/journal.pone.0259326
https://doi.org/10.1371/journal.pone.0259326
https://doi.org/10.1038/s41598-024-79229-x
https://doi.org/10.1248/cpb.52.916
https://doi.org/10.1248/cpb.52.916
https://doi.org/10.1016/S0040-4020(98)00464-5
https://doi.org/10.1016/S0040-4020(98)00464-5
https://doi.org/10.1080/14786419.2024.2331602
https://doi.org/10.3390/molecules29061404
https://doi.org/10.3390/molecules29061404
https://doi.org/10.21460/sciscitatio.2024.52.183
https://doi.org/10.1371/journal.pone.0291738
https://doi.org/10.1371/journal.pone.0291738
https://doi.org/10.24815/jn.v24i1.33125
https://doi.org/10.24815/jn.v24i1.33125
https://doi.org/10.1038/s41598-025-00711-1
https://doi.org/10.3390/ijerph20146425
https://doi.org/10.3390/ijerph20146425
https://doi.org/10.26418/jhl.v11i1.60416
https://doi.org/10.1038/ni.3790
https://doi.org/10.1016/j.heliyon.2023.e14569
https://doi.org/10.1016/j.heliyon.2023.e14569

J. Multidiscip. Appl. Nat. Sci.

And Therapeutic Targeting Of Eicosanoids
And Pro-Resolving Mediators". European
Journal of Pharmacology. 1003 : 177924,
10.1016/j.ejphar.2025.177924.

Activity Of Supercritical Carbon Dioxide
Extracts From Mitragyna Speciosa Leaves".
Arabian Journal of Chemistry. 12 (3): 350-
359. 10.1016/j.arabjc.2016.09.005.

[25] L. Morici, E. Allémann, O. Jordan, and I. [33] A. Kafo, R. Elsalami, and M. Hassan. (2024).
Nikoli¢. (2025). "Promising LOX Proteins "Mitragyna Speciosa Korth. Downregulates
For Cartilage-Targeting Osteoarthritis Macrophage Inflammatory Responses By
Therapy". Pharmacological Research. 212 : Inhibiting TLR-4 And Increasing IL-10
107627. 10.1016/j.phrs.2025.107627. Production". Istanbul Journal Of Pharmacy.

[26] J. A. Boyce. (2022). "The Role Of 15 54 (3): 350-358. 10.26650/
Lipoxygenase 1 In Asthma Comes Into IstanbulJPharm.2024.1424150.

Focus". Journal Of Clinical Investigation. [34] S. Tuntiyasawasdikul, J. Junlatat, P.
132 (1). 10.1172/JCI155884. Tabboon, E. Limpongsa, and N. Jaipakdee.

[27] G. Feugray. (2022). "Determination Of (2024). "Mitragyna Speciosa Ethanolic
Lipoxygenase, CYP450, And Non-Enzymatic Extract:  Extraction, Anti-Inflammatory,
Metabolites Of Arachidonic Acid In Essential Cytotoxicity, And Transdermal Delivery
Hypertension And Type 2 Diabetes". Assessments".  Industrial  Crops  And
Metabolites. 12 (9):  859. 10.3390/ Products. 208 117909.  10.1016/
metabo12090859. j.indcrop.2023.117909.

[28] J. W. Chen. (2025). "12/15-Lipoxygenase [35] A. Listiyani, B. Elya, and N. Puspitasari.
Mediates Disturbed Flow-Induced (2017). "Antioxidant  Activity  And
Endothelial Dysfunction And Lipoxygenase Enzyme Inhibitory Assay With
Atherosclerosis". Molecular Medicine. 31 Total Flavonoids Content From Garcinia
(1): 257. 10.1186/s10020-025-01297-0. Hombroniana Pierre Stem Bark Extract".

[29] L. Boffa, C. Ghe, A. Barge, G. Muccioli, and Pharmacognosy Journal. 9 (2): 276-279.
G. Cravotto. (2018). "Alkaloid Profiles And 10.5530/pj.2017.2.47.

Activity In Different Mitragyna Speciosa [36] T.Karunakaran, Y. S. Goh, R. Santhanam, V.
Strains". Natural Product Communications. Murugaiyah, M. H. A. Bakar, and S.
13 (9): 1111-1116. Ramanathan.  (2022). "RP-HPLC-DAD
10.1177/1934578X1801300904. Analysis Of Mitragynine Content In

[30] H. M. Salim, Choirotussanijjah, E. S. Mitragyna Speciosa Korth. (Ketum) Leaf
Awwalia, and . P. Alam. (2022). "Anti- Extracts Prepared Using Ultrasound Assisted
Inflammatory  Effects And  Potential Extraction Technique And Their
Mechanisms  Of  Mitragyna  Speciosa Cytotoxicity". Separations. 9 (11): 345.
Methanol Extract On A-Karagenan-Induced 10.3390/separations9110345.

Inflammation Model". Bali Medical Journal. [37] S. N. 1. Mutiara, M. Masriani, R. Mubharini,
11 3): 1172-1175. 10.15562/ A. Sapar, and R. Rasmawan. (2023).
bmj.v11i3.3535. "Comparison Of Extraction Variations On

[31] Z. Utar, M. . A. Majid, M. I. Adenan, M. F. Mitragynine Level Of Three Variants Of
A. Jamil, and T. M. Lan. (2011). Kratom Leaves (Mitragyna Speciosa Korth)".
"Mitragynine Inhibits The COX-2 mRNA EduChemia: Jurnal Kimia Dan Pendidikan.
Expression And Prostaglandin E2 Production 8 (1): 113. 10.30870/educhemia.v8il.21184.
Induced By  Lipopolysaccharide In [38] B.E. Agustina, B. Elya, and R. C. Forestrani.
RAW264.7 Macrophage Cells". Journal of (2025). "Environmental And Physiological
Ethnopharmacology. 136  (1):  75-82. Determinants Of Growth And Phytochemical
10.1016/j.jep.2011.04.011. Variation In Kratom (Mitragyna Speciosa): A

[32] N. Tohar, J. A. Shilpi, Y. Sivasothy, S. Review". Journal Of Horticulture And
Ahmad, and K. Awang. (2019). "Chemical Postharvest Research. 8 (4): 561-580.
Constituents And Nitric Oxide Inhibitory 10.22077/jhpr.2025.9870.1557.

1108 [5D PANDAWA


https://doi.org/10.1016/j.ejphar.2025.177924
https://doi.org/10.1016/j.phrs.2025.107627
https://doi.org/10.1172/JCI155884
https://doi.org/10.3390/metabo12090859
https://doi.org/10.3390/metabo12090859
https://doi.org/10.1186/s10020-025-01297-0
https://doi.org/10.1177/1934578X1801300904
https://doi.org/10.15562/bmj.v11i3.3535
https://doi.org/10.15562/bmj.v11i3.3535
https://doi.org/10.1016/j.jep.2011.04.011
https://doi.org/10.1016/j.arabjc.2016.09.005
https://doi.org/10.26650/IstanbulJPharm.2024.1424150
https://doi.org/10.26650/IstanbulJPharm.2024.1424150
https://doi.org/10.1016/j.indcrop.2023.117909
https://doi.org/10.1016/j.indcrop.2023.117909
https://doi.org/10.5530/pj.2017.2.47
https://doi.org/10.3390/separations9110345
https://doi.org/10.30870/educhemia.v8i1.21184
https://doi.org/10.22077/jhpr.2025.9870.1557

J. Multidiscip. Appl. Nat. Sci.

[39] V. M. Sipoloni, M. C. Bassicheto, M. V. de Analgesic Effects". ACS Central Science. 5
Oliveira, A. B. dos S. de Souza, G. M. Alves, (6): 992-1001. 10.1021/acscentsci.9b00141.
and T. A. M. Veiga. (2025). [47] E. C. Berthold. (2022). "The Lack Of
"Nonconventional Techniques In Plant Contribution Of 7-Hydroxymitragynine To
Alkaloid Extraction: A Decade Of Progress The Antinociceptive Effects Of Mitragynine
(2014-2023)". Chemistry & Biodiversity. 22 In  Mice: A  Pharmacokinetic =~ And
(8). 10.1002/cbdv.202403225. Pharmacodynamic Study". Drug Metabolism

[40] Tanti, C. A. Lalangi, E. Arfiyani, W. And Disposition. 50 (2): 158-167. 10.1124/
Ningtias, and E. N. Maulida. (2021). dmd.121.000640.

"Mitragynine  Percentages Of Various [48] D. W. Indriani. (2025). "Serotonin Release
Kratom Variants Seized In Indonesia: A Mediates Analgesia Via Opioidergic System
Quantitative ~ Analysis  Using  Liquid And Withdrawal Symptoms In Chronic
Chromatography-Photo Diode Array Kratom  Extract-Treated Mice". BMC
Detector". International Journal of Applied Complementary Medicine And Therapies. 25
Pharmaceutics. 13 (5): 252-256. 10.22159/ (1): 205. 10.1186/s12906-025-04947-2.

ijap.2021v13i5.41910. [49] M. Zhang. (2025). "Alkaloid Biosynthesis In

[41] T. Limpanuparb, R. Noorat, and Y. Medicinal Crop  Kratom  (Mitragyna
Tantirungrotechai.  (2019). "In  Silico Speciosa) Varies With Postharvest, Genetic,
Investigation Of Mitragynine And 7- And Seasonal Factors". Frontiers In Plant
Hydroxymitragynine = Metabolism". BMC Science. 16 1653916.  10.3389/
Research Notes. 12 (1). 10.1186/s13104-019 fpls.2025.1653916.

-4461-3. [50] K. Kim. (2023). "Biosynthesis Of Kratom

[42] N. Sengnon. (2023). "Seasonal And Opioids". New Phytologist. 240 (2): 757-769.
Geographic Variation In Alkaloid Content Of 10.1111/nph.19162.

Kratom (Mitragyna Speciosa (Korth.) Havil.)  [51] C. Schotte. (2023). "Directed Biosynthesis Of
From Thailand". Plants. 12 (4): 949. Mitragynine Stereoisomers". Journal of the
10.3390/plants12040949. American Chemical Society. 145 (9): 4957-

[43] S. Phongprueksapattana, W. Putalun, N. 4963. 10.1021/jacs.2¢c13644.

Keawpradub, and J. Wungsintaweekul. [52] N. J. Y. Chear. (2021). "Exploring The
(2008). "Mitragyna Speciosa: Hairy Root Chemistry Of Alkaloids From Malaysian
Culture For Triterpenoid Production And Mitragyna Speciosa (Kratom) And The Role
High Yield Of Mitragynine By Regenerated Of Oxindoles On Human Opioid Receptors".
Plants". Zeitschrift Fiir Naturforschung C. 63 Journal Of Natural Products. 84 (4): 1034-
(9-10): 691-698. 10.1515/znc-2008-9-1014. 1043. 10.1021/acs.jnatprod.0c01055.

[44] R. Veeramohan. (2023). "Comparative [53] T. Karunakaran, B. Vicknasingam, and M. C.
Metabolomics Analysis Reveals Alkaloid Chawarski. (2025). "Phytochemical Analysis
Repertoires In Young And Mature Mitragyna Of Water And Ethanol Liquid Extracts
Speciosa (Korth.) Havil. Leaves". PLoS One. Prepared Using Freshly Harvested Leaves Of
18 3): €0283147. 10.1371/ Mitragyna Speciosa (Korth.)".  Natural
journal.pone.0283147. Product Research. 39 (15): 4480-4487.

[45] K. Matsumoto. (2004). "Antinociceptive 10.1080/14786419.2024.2362428.

Effect Of 7-Hydroxymitragynine In Mice: [54] S. Parthasarathy. (2013). "A Simple HPLC-
Discovery Of An Orally Active Opioid DAD Method For The Detection And
Analgesic From The Thai Medicinal Herb Quantification Of Psychotropic Mitragynine
Mitragyna Speciosa". Life Sciences. 74 (17): In Mitragyna Speciosa (Ketum) And Its
2143-2155. 10.1016/].115.2003.09.054. Products For The Application In Forensic

[46] A. C. Kruegel. (2019). "7- Investigation". Forensic Science
Hydroxymitragynine Is An Active Metabolite International. 226 (1-3): 183-187. 10.1016/
Of Mitragynine And A Key Mediator Of Its j.forsciint.2013.01.014.

[ED PANDAWA 1109


https://doi.org/10.1002/cbdv.202403225
https://doi.org/10.22159/ijap.2021v13i5.41910
https://doi.org/10.22159/ijap.2021v13i5.41910
https://doi.org/10.1186/s13104-019-4461-3
https://doi.org/10.1186/s13104-019-4461-3
https://doi.org/10.3390/plants12040949
https://doi.org/10.1515/znc-2008-9-1014
https://doi.org/10.1371/journal.pone.0283147
https://doi.org/10.1371/journal.pone.0283147
https://doi.org/10.1016/j.lfs.2003.09.054
https://doi.org/10.1021/acscentsci.9b00141
https://doi.org/10.1124/dmd.121.000640
https://doi.org/10.1124/dmd.121.000640
https://doi.org/10.1186/s12906-025-04947-2
https://doi.org/10.3389/fpls.2025.1653916
https://doi.org/10.3389/fpls.2025.1653916
https://doi.org/10.1111/nph.19162
https://doi.org/10.1021/jacs.2c13644
https://doi.org/10.1021/acs.jnatprod.0c01055
https://doi.org/10.1080/14786419.2024.2362428
https://doi.org/10.1016/j.forsciint.2013.01.014
https://doi.org/10.1016/j.forsciint.2013.01.014

J. Multidiscip. Appl. Nat. Sci.

[55] N. Izzati. (2021). "HPLC Method For (Mitragyna Speciosa) Leaves:
Mitragynine And 7-Hydroxymitragynine Macronutrients, Phytochemicals,
Determination In Mitragyna Speciosa". Antioxidants, And Mitragynine Content".
Transactions Of The Malaysian Society Of Plant Science Today. 762-770. 10.14719/
Plant Physiology. 28 : 251-255. pst.2991.

[56] Tanti, Y. Harahap, T. Rahmania, R. [62] C.J. K. Simamora, K. P. Utomo, Jumiati, M.
Pangsibidang, O. Nursanti, S. Tuba, C. Pramulya, and N. Wahyuni. (2025).
Tonggo, M. Tambunan, C. Andriyani, "Evaluation Of Growth Position And Root
Maimunah, P. Heryani, W. Ningtias, and M. Associative Microbes Of Mitragyna Speciosa
Luther.  (2023). "Development ~ And On The Production Of Psychoactive,
Validation Of The Quantification Method For Mitragynine And  Alkaloids".  Notulae
Mitragynine And 7-Hydroxy Mitragynine In Scientia Biologicae. 17 (1): 12281. 10.55779/
Kratom Plant Using High-Performance nsb17112281.

Liquid Chromatography-Photodiode Array". [63] S. Kaewchompoo, P. Temkitthawon, K.
Azerbaijan Medical Journal. 62 (9): 4653- Phumlek, N. Waranuch, N. Ngamdokmai,
4660. and K. Ingkaninan. (2025). "Cosmeceutical

[57] F. G. Kocanci, S. Nigdelioglu Dolanbay, and Potential Of Mitragyna Speciosa (Kratom):
B. Aslim. (2022). "Comparison Of Three Anti-Adipogenic And Antioxidant Properties
Different Protocols Of Alkaloid Extraction Of Extracts And Mitragynine". Molecules. 30
From Glaucium Corniculatum Plant". (21): 4256. 10.3390/molecules30214256.
International ~ Journal  Of  Secondary [64] H. Sadeghian and A. Jabbari. (2016). "15-
Metabolite. 9 (1): 43-51. 10.21448/ Lipoxygenase Inhibitors: A Patent Review".
ijsm.980171. Expert Opinion On Therapeutic Patents. 26

[58] F. Leon, E. Habib, J. E. Adkins, E. B. Furr, (1): 65-88.10.1517/13543776.2016.1113259.
C. R. McCurdy, and S. J. Cutler. (2009). [65] J. Z. Haeggstrom and C. D. Funk. (2011).
"Phytochemical Characterization Of The "Lipoxygenase And Leukotriene Pathways:
Leaves Of Mitragyna Speciosa Grown In Biochemistry, Biology, And Roles In
USA". Natural Product Communications. 4 Disease". Chemical Reviews. 111 (10): 5866-
(7): 907-910. 5896. 10.1021/cr200246d.
10.1177/1934578X0900400705. [66] P. Singh, Y. Arif, E. Miszczuk, A. Bajguz,

[59] S. U. Edi, U. S. Y. V. Indrawati, and J. and S. Hayat. (2022). "Specific Roles Of
Junaidi.  (2024). "Characterization = Of Lipoxygenases In  Development And
Physicochemical Properties And Heavy Responses To Stress In Plants". Plants. 11
Metals Content Of Soils Under Kratom (7): 979. 10.3390/plants11070979.
(Mitragyna Speciosa) Cultivation, Kapuas [67] Y. Benatzy, M. A. Palmer, and B. Briine.
Hulu District, Indonesia". Indian Journal Of (2022).  "Arachidonate 15-Lipoxygenase
Agricultural Research. 58 (Special Issue): Type B: Regulation, Function, And Its Role
1109-1114. 10.18805/1JARe.AF-845. In Pathophysiology". Frontiers in

[60] B. Rossalinda, A. Astina, and T. Palupi. Pharmacology. 13. 10.3389/
(2024). "Respon Pertumbuhan Bibit Kratom fphar.2022.1042420.

Terhadap Jenis Tanah Yang Berbeda [68] F. J. Papatheofanis and W. E. M. Lands.
[Response Of Kratom Seedlings Growth To (1985). In: "Biochemistry Of Arachidonic
Different Soil Types]". Jurnal Sains Acid Metabolism". Boston, MA: Springer
Pertanian Equator. 13 (2): 576. 10.26418/ US. 9-39. 10.1007/978-1-4613-2597-0_2.

jspe.v13i2.77021. [69] Z. Xu, H. Du, A. Manyande, and S. Xiong.

[61] W. Phromchan, I. Defri, C. Saensano, A. (2024). "A Comprehensive Investigation On
Chookaew, R. Chiarawipa, and S. The Interaction Between  Jaceosidin,
Sriwiriyajan. (2024). "Morphological And Baicalein And Lipoxygenase:  Multi-
Physiological ~ Properties Of  Kratom Spectroscopic Analysis And Computational

1110 5D PANDAWA


https://doi.org/10.21448/ijsm.980171
https://doi.org/10.21448/ijsm.980171
https://doi.org/10.1177/1934578X0900400705
https://doi.org/10.18805/IJARe.AF-845
https://doi.org/10.26418/jspe.v13i2.77021
https://doi.org/10.26418/jspe.v13i2.77021
https://doi.org/10.14719/pst.2991
https://doi.org/10.14719/pst.2991
https://doi.org/10.55779/nsb17112281
https://doi.org/10.55779/nsb17112281
https://doi.org/10.3390/molecules30214256
https://doi.org/10.1517/13543776.2016.1113259
https://doi.org/10.1021/cr200246d
https://doi.org/10.3390/plants11070979
https://doi.org/10.3389/fphar.2022.1042420
https://doi.org/10.3389/fphar.2022.1042420
https://doi.org/10.1007/978-1-4613-2597-0_2

J. Multidiscip. Appl. Nat. Sci.

INSTITUTE

Study". Spectrochimica Acta Part A: 10.29303/aca.v5i2.139.
Molecular And Biomolecular Spectroscopy. [75] M. Loncari¢, 1. Strelec, T. Moslavac, D.
304 :123423.10.1016/j.saa.2023.123423. Subari¢, V. Pavi¢, and M. Molnar. (2021).
[70] A. Sardar. (2022). "Identification Of Novel "Lipoxygenase Inhibition By Plant Extracts".
Diclofenac Acid And Naproxen Bearing Biomolecules. 11 (2): 152. 10.3390/
Hydrazones As 15-LOX Inhibitors: Design, biom11020152.
Synthesis, In Vitro Evaluation, Cytotoxicity, [76] D. Yuan. (2009). "Anti-Inflammatory Effects
And In Silico Studies". Arabian Journal of Of Rhynchophylline And Isorhynchophylline
Chemistry. 15 (12): 104300. 10.1016/ In Mouse N9 Microglial Cells And The
j.arabjc.2022.104300. Molecular ~ Mechanism". International
[71] A. Mujawah, A. Rauf, S. Bawazeer, A. Immunopharmacology. 9 (13-14): 1549-
Wadood, H. A. Hemeg, and S. Bawazeer. 1554. 10.1016/].intimp.2009.09.010.
(2023). "In-Vitro Antioxidant, Lipoxygenase [77] R. G. Geetha and S. Ramachandran. (2021).
Inhibitory, And In-Vivo Muscle Relaxant "Recent Advances In The Anti-Inflammatory
Potential Of The Extract And Constituent Activity  Of  Plant-Derived  Alkaloid
Isolated From Diospyros Kaki (Japanese Rhynchophylline In Neurological And
Persimmon)". Heliyon. 9 (3): el3816. Cardiovascular Diseases". Pharmaceutics. 13
10.1016/j.heliyon.2023.e13816. (8): 1170. 10.3390/pharmaceutics13081170.
[72] C.D. Sadik, H. Sies, and T. Schewe. (2003). [78] C. Zhang. (2023). "Rhynchophylline
"Inhibition  Of  15-Lipoxygenases By Alleviates Neuroinflammation And Regulates
Flavonoids: Structure-Activity Relations And Metabolic Disorders In A Mouse Model Of
Mode of Action". Biochemical Parkinson's Disease". Food & Function. 14
Pharmacology. 65 (5): 773-781. 10.1016/ (7): 3208-3219. 10.1039/D2FO02939A.
S0006-2952(02)01621-0. [79] S. A. Garba. (2025). "Identification Of The
[73] J. D. Deschamps, V. A. Kenyon, and T. R. Anti-Epileptic  Effect Of Speciogynine
Holman. (2006). "Baicalein Is A Potent In Through Molecular Network-Aided
Vitro Inhibitor Against Both Reticulocyte 15- Metabolite Profiling Of M. Speciosa
Human And Platelet 12-Human Alkaloids Using Zebrafish". Fitoterapia.
Lipoxygenases". Bioorganic & Medicinal 184 : 106667. 10.1016/].fitote.2025.106667.
Chemistry. 14 (12): 4295-4301. 10.1016/ [80] A.S. Alford, H. L. Moreno, M. M. Benjamin,
1.bmc.2006.01.057. C. F. Dickinson, and M. T. Hamann. (2025).
[74] 1. Arief and E. Kurnianto. (2022). "Exploring The Therapeutic Potential Of
"Identification Of Active Compound From Mitragynine And Corynoxeine: Kratom-
Mitragyna Speciosa Leave As Derived Indole And Oxindole Alkaloids For
Antiinflammation Agent: In Silico Study". Pain Management". Pharmaceuticals. 18 (2):
Acta Chimica Asiana. 5 (2): 218-223. 222.10.3390/ph18020222.
@ PANDAWA 1111


https://doi.org/10.1016/j.saa.2023.123423
https://doi.org/10.1016/j.arabjc.2022.104300
https://doi.org/10.1016/j.arabjc.2022.104300
https://doi.org/10.1016/j.heliyon.2023.e13816
https://doi.org/10.1016/S0006-2952(02)01621-0
https://doi.org/10.1016/S0006-2952(02)01621-0
https://doi.org/10.1016/j.bmc.2006.01.057
https://doi.org/10.1016/j.bmc.2006.01.057
https://doi.org/10.29303/aca.v5i2.139
https://doi.org/10.3390/biom11020152
https://doi.org/10.3390/biom11020152
https://doi.org/10.1016/j.intimp.2009.09.010
https://doi.org/10.3390/pharmaceutics13081170
https://doi.org/10.1039/D2FO02939A
https://doi.org/10.1016/j.fitote.2025.106667
https://doi.org/10.3390/ph18020222

	Phytochemical Profiling and In Vitro Lipoxygenase Inhibitory Activity of Three Kratom Leaf Varieties by GC–MS, HPLC,and LC–HRMS
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Materials
	2.2. Methods
	2.2.1. Preparation of Methanolic and Alkaloid Extract
	2.2.2. Chromatographic Analysis
	2.2.2.1. GC–MS Analysis
	2.2.2.2. LC–HRMS Analysis
	2.2.2.3. HPLC–PDA Quantification of Mitragynine
	2.2.2.4. HPLC–PDA Method Validation
	2.2.3. Lipoxygenase Inhibition Assay and IC₅₀Determination
	2.2.4. Statistical Analysis

	3. RESULTS AND DISCUSSIONS
	3.1. Characteristics and Yields of Kratom Extracts
	3.2. GC–MS Profiling of Alkaloid Extracts
	3.3. GC–MS Profiling of Crude Methanolic Extracts
	3.4. LC–HRMS Characterization of Alkaloid Extracts
	3.5. HPLC–PDA Method Validation for Mitragynine Determination
	3.6. Mitragynine Content in Crude and Alkaloid Extracts
	3.7. In vitro 15-lipoxygenase Inhibitory Activity
	3.7.1. Baicalein as a Reference 15-LOX Inhibitor
	3.7.2. 15-LOX Inhibitory Activity of Mitragynine
	3.7.3. Comparison of Crude and Alkaloid Extracts

	4. CONCLUSIONS
	AUTHOR INFORMATION
	Corresponding Author
	Authors
	Author Contributions
	Conflicts of Interest

	ACKNOWLEDGEMENT
	DECLARATION OF GENERATIVE AI
	REFERENCES

