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Abstract

Mitragyna  Speciosa (Korth.) or
Kratom is an Asian tropical plant that exhibits
medicinal benefits, including antioxidants,
antibacterial, and antinociceptive effects. This
study aimed to explore the
immunomodulatory effect of M. speciosa
methanolic extract (MSME) on peritoneal
isolated primary macrophages (pMg) and
murine-derived macrophages, RAW264.7 cell
line. The cytotoxicity effect of MSME on both
RAW264.7 cells and pMg was determined by
a cell viability test using a Cell-Titer Blue
assay. Furthermore, the effects of MSME on
the secretion and expression of mediators of
the immune system, including nitric oxide
(NO), inducible nitric oxide synthase (iNOS),
and cytokines in lipopolysaccharide (LPS)-
stimulated macrophages were evaluated by
Griess assay and quantitative reverse
transcription polymerase chain reaction (QRT-
PCR). In addition, the effect of MSME on the
phagocytic  activity of LPS-stimulated
macrophages was determined by a neutral
red uptake assay. The cytotoxicity analysis
shows stable cell viability above 80% except
when treated at a high MSME concentration
(>100 pg/ml). MSME exhibited anti-
inflammatory effects in LPS-stimulated
macrophages, as shown by a significant
inhibition of NO secretion and the expression
of INOS, Tumor necrosis factor alpha (TNF-
a), Interleukin-1 beta (IL-1B), and Interleukin-6

(IL-6).  Furthermore, the extract also
significantly reduced the phagocytic capacity of
both LPS-stimulated RAW264.7 cells
(36.71+6.46; MSME 100 ug/mL; p=0.0266) and
pMg  (42.76£10.18%; MSME  10pg/mL;
p=0.0142). In conclusion, our findings suggest
that treatment of MSME in LPS-activated
macrophage attenuated immune responses
through inhibition of phagocytic ability,
reduction of NO and iINOS levels, and
downregulation of TNF-a, IL-13, and IL-6 gene
expression.
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Introduction

Kratom or scientifically known as
Mitragyna speciosa (M. speciosa), is a plant
belonging to the Rubiaceae family. This plant
serves various purposes in conventional uses
focused on easing muscle pain, reducing fever,
treating wounds, managing diarrhea, alleviating
coughs, and addressing hypertension. In
traditional practices, the infusion of M.
speciosa leaves acts as a tonic and is utilized
as an opium or morphine substitute in folk
medicine (1). M. speciosa has been
investigated for its potential anti-inflammatory
(1), antioxidant (2,3), antibacterial (2,4), anti-
diabetic (3), anti-depressant (5), anti-pain,
analgesic (5-7), and antipyretic effects (8).
These findings revealed the versatility of
M. speciosa as a natural remedy for
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multiple ailments. A plethora of bioactive
phytochemicals have been identified from the
M. speciosa leaves, including alkaloids (e.g.
mitragynine, speciogynine, paynantheine, and
7-hydroxymitragynine),  polyphenol  (e.g.
chlorogenic acid), as well as flavonoids (e.g.
epicatechin, rutin, and quercetin) (3,9-11).

M. speciosa appears to be a
promising source of natural anti-inflammatory
agents (1,12). The role of M. speciosa
extracts as an anti-inflammatory agent was
investigated in a carrageenan-induced paw
edema animal model which has shown a

significant  reduction in paw edema
measurement and cotton pellet-induced
granulomatous tissue formation in rats

(12,13). However, there is a lack of evidence
to support the role of M. speciosa extracts on
the macrophage immune responses.

Macrophages are key players in
inflammatory responses due to their ability in
antigen presentation, phagocytosis, and
immune modulation (14). The role of
macrophages in mediating the inflammatory
process is through the production of various

immune mediators, including cytokines,
reactive oxygen species (ROS) and nitric
oxide (NO) (12). The inflammatory

microenvironment is a hallmark of various
diseases-associated chronic inflammation.
Overexpression of these immune mediators
contributes to various conditions, such as
chronic inflammation and tissue damage (15).
Thus, inhibition of macrophage activation and
their derived mediators could be a strategy for
dampening inflammation and promoting tissue
repair. In this present study, we evaluated the
immunomodulatory properties of M. speciosa
methanolic extract (MSME) on both peritoneal
macrophages (pMg) and macrophage cell
lines (RAW?264.7).

Material and Methods

Plant identification
extraction

and compound

M. speciosa leaves were collected
from Kedah, Malaysia, and the plant sample
(KM 0024/22) was identified by the Institute of

Bioscience (IBS), Universiti Putra Malaysia
(UPM). The extraction of MSME was
performed by the Soxhlet method (3). The
dried yield extract was dissolved in methanol
and stored at -20°C for further use.

Macrophage RAW264.7 cell line culture

Murine macrophage (RAW 264.7) cell
line was obtained from American Type Culture
Collection (ATCC® TIB-71™). The cells were
maintained in a DMEM complete media
(DMEM supplemented with 10% FBS, 100
U/mL penicillin, and 100 pg/mL streptomycin)
at 37°C, 5% CO, incubator.

Peritoneal macrophage (pMg) isolation and
analysis by F4/80 surface staining

This study protocol was in accordance
with the Institutional Animal Care and Use
Committee (IACUC) UPM/IACUC/AUP-
R060/2022. The female 6-8 weeks old specific
pathogen free (SPF) Balb/c mice were isolated
and acclimatized for at least 7 days at the
animal house of the Faculty of Medicine and
Health Sciences, UPM. The isolation of pMg
was performed as described previously with
some modifications (16). Using a syringe,
10 mL of cold DMEM medium was injected into
the peritoneal cavity of euthanized mice.
After a gentle massage, pMg@ accumulated in
the medium was collected and centrifuged
(1800rpm) for 10 minutes at 4°C. The cell
pellet was resuspended in a complete
DMEM media containing 50 uM
2-mercaptoethanol and allowed to adhere
in the «cultre flask for 6 hours. The
non-adherent cells were removed, and the
adherent cells were cultured in a DMEM
complete media at 37°C, 5% CO, incubator
for further experiments. The pMg was stained
with a surface marker of Alexa Fluor®
488 conjugated monoclonal  anti-mouse
F4/80 (Biolegand, San Diego, CA) or I1gG3 kK
isotype control antibody to determine the
percentage of macrophage population in
the culture. by Flow cytometry BD
LSRFortessa'™. The flow cytometry analysis
indicated that 96.5% of the cells are of F4/80
positive compared to the isotype control
(data not shown).
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LPS stimulation and MSME treatment solution (1% sulfanilamide and 0.1% N-1-

Activation of macrophages was
induced by LPS (E. coli 0111:B4, Merck,
Germany) at 1 pg/mL for 24 hours in a
complete DMEM medium and co-treated with
MSME or positive control, dexamethasone

(Solarbio, China) at the appropriate
concentration.
Cell viability test

The cytotoxicity of MSME was

determined by a CellTitre-Blue (Promega,
Germany) assay according to the instructions
of the manufacturer. RAW264.7 (4x104
cell/well) and pMg (1x105 cell/well) cells were
seeded individually in 96-well plates
overnight. The RAW264.7 and pMg were pre-
incubated with MSME at serial concentrations
(25, 50, and 100ug/ml) and (0.1, 1, and
10pg/ml) respictevly, for 24, 48, and 72 hours,
followed by addition of 20 pL of Cell-Titre Blue
solution. The plates were then further
incubated for 4 hours at 37°C prior to
fluorescence measurement on a FlexStation
Il plate reader (emission: 560 nm; excitation:
590 nm).

Griess assay

The Griess reagent was used to
measure the NO production from
macrophages. The 2x10° cells/mL of
macrophages were seeded into a 24-well
plate overnight prior to 24h treatment with
MSME (25, 50, and 100ug/ml in RAW264.7
cells or 0.1, 1, and 10ug/ml in pMg) or
dexamethasone (10uM), in the presence or
absence of LPS(1ug/ml). A 50uL/sample of
cell supernatant from cultured cells (with or
without LPS and/or MSME was collected and
incorporated with equal volume of Griess

Table 1: Sequences of primers used in qRT-PCR.

naphthyl ethylenediamine dihydrochloride in
2.5% phosphoric acid). The solution mixtures
were then incubated for 15 minutes followed by
absorbance reading on a microplate reader
(Dynex MRX Magellan Biosciences, USA) at
540 nm. The NO level was determined by the
sodium nitrite (NaNO,) standard curve (17).

Quantitative Reverse Transcriptase-
Polymerase Chain Reaction (QRT-PCR)

The total RNA was extracted by TRIzol
reagent (Invitrogen) following a manufacturer’s
protocol. Reverse transcription to cDNA was
performed using HiScript Ill First Strand cDNA
Synthesis Kit (Vazyme, China). The gqPCR with
primers of targeted genes of interest (Table 1)
was performed using SYBR Green gPCR
master mix (Biosystems, UK). Data were
quantified using the “*CT followed by 2*°T to
quantify the relative fold change in the gene
expression. The results of each sample were
expressed as a log, fold-change in gene
expression (18).

Phagocytosis test

The effect of MSME on phagocytic
capacity on RAW264.7 and pMg was
determined by a neutral red uptake assay as
described previously with slight modification
(19). The 2x10° cells/mL of macrophages were
seeded into a 96-well plate overnight prior to
co-treatment with MSME, dexamethasone,
and/or LPS, as described in the previous
assay. Following 24 hours of incubation, the
cells were preloaded with 100 pL of neutral red
solution (0.075%) for 30 minutes at room
temperature. Then the solution in the plate was
discarded, and the cells were rinsed with PBS
to remove any non-phagocytized neutral red
before the addition of 200 mL of cell lysis buffer

Gene name Forward primer (5’ to 3’) Reverse primer (5’ to 3’)
B-actin CTAAGGCCAACCGTGAAAAG ACCAGAGGCATACAGGGACA
iNOS AGACCTCAACAGAGCCCTCA TCGAAGGTGAGCTGAACGAG
IL-1B8 AACTCAACTGTGAAATGCCACC CATCAGGACAGCCCAGGTC
IL-6 GCCTTCTTGGGACTGATGCT GACAGGTCTGTTGGGAGTGG
TNF-a AGCCGATGGGTTGTACCTTG ATAGCAAATCGGCTGACGGT

iNOS, inducible nitric oxide synthase; IL, interleukin; TNF-a, tumour necrosis factor-a
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(Vethano: Vacetic acida =1:1). The optical density
was measured using a microplate reader
(Dynex Mrx Magellan Biosciences, USA) at
540 nm.

Statistical analysis

Data from the findings were analyzed
using GraphPad Prism software (version 9.0).
A one-way analysis of variance (ANOVA) with
Tukey's post hoc test was used to compare
different treatment groups and control.
Furthermore, analysis by a two-way ANOVA
was used to compare two groups (stimulated
and non-stimulated cells). The data were
expressed as the mean t+ standard error of
the mean (SEM) of two or three independent
experiments.

Results and Discussion

Effect of MSME on
macrophages

the viability of

The analysis of cytotoxicity levels of
MSME is crucial to determine the workable
concentration of the extract in the cell culture.
In the present study, we explored the effects

of MSME on inflammatory mediators and
phagocytic  activity of  LPS-stimulated
macrophages. We first assessed the

cytotoxicity of MSME on both RAW264.7
and pMg macrophages through determination
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of the cell viability to exclude any probable
cytotoxic effects. Our data showed that
the viabilty of both RAW264.7 and
pMg significantly reduced at 100 ug/mL MSME
and deteriorated by approximately 50% at
higher (>250 pg/mL) MSME concentrations
(Figure 1).

The inhibitory concentration of 20%
(ICy) of cells by MSME was indicated at
223.2+10.96 pg/mL and 19.8414.56 ug/mL in
RAW264.7 and pMg, respectively. This finding
suggests that MSME at concentrations below
100pg/mL did not show any cytotoxic effects
on RAW264.7 cells. On the other hand, the
toxicity effect of MSME on pMg was shown at
a concentration of =25 yg/mL. Therefore, in the
subsequent experiment, the working
concentrations of MSME were arranged at 25,
50, and 100 pg/mL for the RAW264.7 cell line
and 0.1, 1, and 10 pg/mL for pMg to ensure the
viability of cells reached above 80% in MSME
treatment. In a previous related study, M.
speciosa showed some toxicity effects on
several different types of cell lines (i.e. HEK
293, HepG2, MCL-5, SH-SY5Y, and cHol cell
lines) when treated at 2100 pg/mL #°. In
addition, the cytotoxicity effects of the extract
were also investigated in CaCO2 and SH-
SY5Y cell lines which indicated toxicity level at
260 pg/mL (21).
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Figure 1: Cytotoxicity effect of MSME on macrophages. Both RAW264.7 and pMg were cultured
individually in 96-well plates and treated with MSME (0 to 500 pg/mL) for 24, 48 and72 hours.
Values are mean +SEM of three independent experiments. *p<0.05, **p<0.001
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MSME inhibits LPS-induced NO production

NO is one of the main mediators
produced by phagocytes that contribute to
both physiological and pathological processes
of inflammation induced by the activation
of inducible nitric oxide synthase (iNOS).
In  response to bacterial endotoxin,
macrophages also induce the activation of
host defence mechanisms via the production
of some immune mediators, including NO and
pro-inflammatory cytokines (14). The effect of
MSME on the secretion of NO in both
RAW264.7 and pMg was determined by the
production of nitrite in the cell culture
supernatant in comparison with
dexamethasone (Figure 2). Stimulation of

RAW264.7
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LPS in macrophages promotes large amounts
of NO secretion. The production of NO in LPS-
stimulated macrophages significantly increased
from 1.28+0.53 uM to 16.79+0.73 puM;
p<0.0001 in RAW264.7 cells and 1.48+0.11 uM
to 3.97x0.30 pM; p=0.0045 in pMe.
Dexamethasone, as expected, greatly
decreased the production of NO to 3.92+0.28
puM; p<0.0001 (in RAW264.7) and 0.49+0.30
pM; p=0.0004 (in pMg). In both types of
macrophages, the levels of NO were gradually
reduced by MSME in a concentration-
dependent manner (Table 2). For example, at
the highest concentration (100 pg/mL in
RAW264.7 and 10 pg/mL in pMg), MSME

greatly reduced NO production from
pMa
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Figure 2: Inhibition of NO production in macrophages. Both RAW264.7 cells and pMg were
cultured individually in 96-well plates in the presence or absence of LPS (1 pyg/mL; 24 hours
incubation), MSME, and/or dexamethasone (Dexa). The NO levels were determined by
measuring the amount of nitrite by Griess assay. Values are mean +SEM of three independent
experiments. #p<0.05 indicates statistically significant in comparison with the unstimulated
control. *p<0.05, **p<0.001, and ***p<0.0001 indicate statistically significant in comparison with

the LPS stimulation without MSME treatment.

Table 2: The effects of MSME on NO production in LPS-stimulated macrophages.

RAW264.7 pMgo
MSME NO inhibition P value MSME NO inhibition P value
(ug/mL) (%) (ug/mL) (%)
25 26.8 0.0285 0.1 33.4 0.2027
50 36.3 0.0011 1 47.9 0.0324
100 52.9 <0.0001 10 70.6 0.0022
Dexa 76.6 <0.0001 Dexa 87.6 0.0004

NO, nitric oxide; MSME, Mitragyna speciosa methanolic extract; pMg, peritoneal macrophages.
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16.79+0.73 puM to 7.90£1.04 pM; p<0.0001
and 3.97+0.30 pM to 1.16x0.25 uM;
p=0.0022, respectively. Our results have
shown that MSME significantly decreased NO
production, which was previously increased
by LPS stimulation. In addition, the positive
control, dexamethasone, had stronger effects
compared to MSME in reducing NO levels.
Our data was in line with a study conducted
by Tohar et al., 2016, which demonstrated a
moderate inhibitory activity in preventing the
generation of NO by M. speciosa active
compound (1).

Effect of MSME on LPS-induced iNOS and
cytokine gene expression

Nitric oxide synthases (NOS) are a
group of enzymes that are responsible for the
production of NO in mammalian cells (22).

IL-6

Relative Fold Change
N

0
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TNF-a
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iINOS is one of the NOS isoforms that is
primarily involved in the pathophysiology of
inflammation through the secretion of NO in
response to bacterial LPS or IFN-y (14). In
addition, those stimulations also activate the
transcription factor of NFkB and initiate the
generation of cytokines which act as mediators
of inflammation (23). To the best of our
knowledge, no other research has evaluated
the expression of INOS and pro-infammatory
cytokines in macrophages exposed to M.
speciosa extracts. In the present study, the
expression of iNOS, TNF-a, IL-1B8, and IL-6
genes in RAW264.7 cells was determined by
gRT-PCR. As shown in Figure 3, the stimulation
of RAW264.7 cells with LPS alone significantly
increased the expression levels of iINOS
(p=0.0112), TNF-a (p=0.0371), IL-18
(p=0.0012), and IL-6 (p=0.0085). On the other

IL-1B

w
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Figure 2: Expression of pro-inflammatory cytokines and mediators secreted by the MSME-
treated LPS-stimulated RAW264.7 cells. Total mRNA was isolated from RAW264.7 cells that
were cultured in the presence or absence of LPS (1 pg/mL; 24 hours incubation), MSME, and/or
dexamethasone (Dexa). The expression of INOS, TNF-a, IL-183, and IL-6 were quantified by qRT-
PCR. All data were normalized with the housekeeping gene (B-actin). Values are mean +SEM of
three independent experiments. #p<0.05 indicates statistically significant in comparison with the
unstimulated control. *p<0.05, **p<0.001, and ***p<0.0001 indicate statistically significant in
comparison with the LPS stimulation without MSME treatment.

Mitragyna Speciosa (Korth.)



Current Trends in Biotechnology and Pharmacy

127

Vol. 17 (4A) 121 - 130, October 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2023.45.99

hand, treatment of the LPS-stimulated cells
with MSME reduced the expression of iINOS,
TNF-q, IL-1B, and IL-6 genes of RAW264.7
cells in all concentrations tested. Cytokines,

typically TNF-a, IL-1B, and IL-6, are mainly
involved in inflammation and are associated
with the development of many chronic
inflammatory diseases, including obesity,
diabetes mellitus, and hypertension (24,25).
Inhibition of these inflammatory cytokines was
found to attenuate some disease-related
conditions associated with inflammation by
reducing inflammatory components leading to
improvement of vascular function. This
strategy has been explored in inflammatory
diseases such as type 2 diabetes and
hypertension (24-26). In our present study,
MSME had shown potential anti-inflammatory
activities through its strong capacity to reduce
the expression of pro-inflammatory cytokines
in macrophages. This suggests the potential
of M. speciosa in the alleviation of
inflammatory conditions. In addition, the
inhibition of NO production by MSME that was
previously investigated may be associated
with reduced iINOS gene expression in

RAW264.7
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macrophages. The correlation between the
production of NO and iINOS gene expression
was investigated in other compounds, such as
Tribulus terrestris L. and Pyrolae herbal
extracts. These extracts have shown the ability
to inhibit NO production due to the
downregulation of INOS expression (27,28).

Influence of MSME on
phagocytic capacity

macrophage

Activation of inflammatory signals in
macrophages induces phagocytosis that
primarily promotes the elimination of
pathogens and cell debris. On the other hand,
negative regulation of macrophage activation is
essential for homeostasis and termination of
immune and inflammatory responses (29),
which  might be beneficial to prevent
phagocyte-mediated xenograft rejection (30).
In this study, the effect of MSME on the
phagocytic activity of macrophages was
evaluated by neutral red uptake assay. The
macrophage cell was exposed to different
concentrations of MSME with or without LPS.
Figure 4 shows that the MSME has no

significant effect on the un-stimulated
e = .1PS
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Figure 4: Effect of MSME on phagocytic activity of macrophages. Both RAW264.7 cells and pMg
were cultured individually in 96-well plates in the presence or absence of LPS (1 ug/mL; 24 hours
incubation), MSME, and/or dexamethasone (Dexa). The phagocytosis was determined by
measuring the optical density of lysed cells. Values are mean +SEM of three independent
experiments. #p<0.05 indicates statistically significant in comparison with the unstimulated
control. *p<0.05 indicates statistically significant in comparison with the LPS stimulation without

MSME treatment.
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macrophage. On the other hand, the elevation
of phagocytic activity of LPS-stimulated
macrophages was significantly inhibited
by MSME and dexamethasone. This
finding might be associated with the
downregulation of inflammatory mediators
by MSME, which is presented by reduced
NO production and downregulation of
iINOS and cytokine expression. Several
immunosuppressive  plants have been
reported, including Moringa oleifera seed
extract, which reduced carbon particle-
induced phagocytosis in Swiss albino mice
(31). Similarly, extracts from Zingiber
zerumbet showed inhibition of phagocytic
activity of neutrophils isolated from a whole
Wistar rat blood (32).

Conclusion

In conclusion, MSME has potential anti-
inflammatory  propertes and  possesses
immunosuppressive activities presented by its
capacity to modulate the inflammatory
responses in LPS-activated macrophages
through the reduction of NO levels and iNOS,
TNF-a, IL-6, and IL-18 gene expression. In
addition, the decline in macrophage phagocytic
activity might be attributed to the suppression of
the inflammatory responses by MSME.
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