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Context: To date, many findings reveal that most of the modern drugs have the ability to
interact with herbal drugs. Aims: This study was conducted to determine the inhibitory effects of
mitragynine on cytochrome P450 2C9, 2D6 and 3A4 activities. Methods and Material: The in vitro
study was conducted using a high-throughput luminescence assay. Statistical Analysis: Statistical
analysis was conducted using one-way ANOVA and Dunnett’s test with P < 0.05 vs.
control. The IC, values were calculated using the GraphPad Prism® 5 (Version 5.01, GraphPad
Software, Inc., USA). Results: Assessment using recombinant enzymes showed that
mitragynine gave the strongest inhibitory effect on CYP2D6 with an IC, value of 0.45+0.33
uM, followed by CYP2C9 and CYP3A4 with IC, values of 9.7014.80 and 41.3216.74 uM
respectively. Positive inhibitors appropriate for CYP2C9, CYP2D6, and CYP3A4 which are
sulfaphenazole, quinidine and ketoconazole were used respectively. V__ values of CYP2C9,
CYP2D6 and CYP3A4 were 0.0005, 0.01155 and 0.0137 uM luciferin formed/pmol/min
respectively. K values of CYP2C9, CYP2D6, and CYP3A4 were 32.65, 56.01, and 103.30
uM respectively. Mitragynine noncompetitively inhibits CYP2C9 and CYP2D6 activities with
the K; values of 61.48 and 12.86 uM respectively. On the other hand, mitragynine inhibits
CYP3A4 competitively with a K, value of 379.18 uM. Conclusions: The findings of this
study reveal that mitragynine might inhibit cytochrome P450 enzyme activities, specifically
CYP2D6. Therefore, administration of mitragynine together with herbal or modern drugs
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which follow the same metabolic pathway may contribute to herb-drug interactions.
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INTRODUCTION

Mitragyna speciosa Korth. can be found in the tropical
and sub-tropical regions of Asia. This Rubiaceae family
plant which is known as ketum or biak-biak in Malaysia
and kratom in Thailand has been used as a folk medicine
since early times. In general, two varieties of ketum had
been identified, one with red veins in the leaf and the
other one with green veins. Mitragyna speciosa with red
veins exhibits stronger biological activities than the
variety with green veins.'! Ketum is currently being
used by drug users in two situations, either for reducing
opium addiction or as opium replacement when opium is
unavailable. Mitragynine [Figure 1] had been obtained
as a major constituent in Mitragyna speciosa leaves with
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66% of the total alkaloids in the Thai species and 12% of
the total alkaloids in the Malaysian species. Other
compounds which are present in this plant are paynantheine,
speciogynine, 7-hydroxymitragynine and speciociliatine.?!

Previous findings showed action of an antinociceptive through
the supraspinal opioid receptors when mitragynine was
administered. This activity was mediated by (L and & opioid
receptors.* In Thailand, the usage of this plantin drug treatment
program and drug detoxification are due to these findings
There are proof that mitragynine is identical to codeine in term
of antitussive and as analgesic drugs.In antinociceptive activity,
Mitragyna speciosa and morphine were known to be more potent
than mitragynine.?”

Cytochrome P450 enzymes are the multi-genes family
of heme-containing enzymes that are responsible for
the oxidative metabolism of many xenobiotics including
carcinogens, chemicals and most therapeutic drugs.®! Any
chemical compounds which do not belong to the common
composition of the human body are known as xenobiotics.
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Figure 1: Chemical structure of mitragynine

These compounds enter the body through diet, air and
medication. Therapeutic drugs as well as xenobiotics are
eliminated from the body via the process of metabolism.!”!

The basis of drug metabolism is to increase the water solubility
of a lipophilic compound which makes them more water-
soluble, hence readily excreted in utine or bile."” Most drug
compounds are metabolized by the multi-gene family of heme-
containing enzymes known as cytochrome P450 enzymes
(CYPs). To date, more than 70% of all therapeutic drugs are
metabolized mainly by CYP 3A4, 2D6, 1A2,2C9 and 2C19.1""

The effect of Mitragyna speciosa methanolic extract on
CYP450 enzyme activities using a luminescent assay was
investigated.!"” Since mitragynine is the major alkaloid in
the extract, we aimed to investigate if the effects seen in
Mitragyna speciosa methanolic extract were caused primarily
by mitragynine. One important in vitro model for studying
the drug effects on cytochrome P450 enzyme activity is
recombinant enzymes. The recombinant expressed enzymes
are frequently used to determine the risk of drug-drug
interactions related to enzyme inhibition and for drug clearance
prediction.”! The most commonly used expression systems
are the baculovirus systems. The recombinant expressed
enzyme system is the simplest in vitro model. This model
produced in endoplasmic reticulum of eukaryotic host cell
and contains individual human cytochrome P450 enzyme and
P450 reductase (and cytochrome b5 for CYP2C9, CYP2C19
and CYP3A4)." Therefore, the aim of the present study
was to investigate the inhibitory effect of mitragynine
on cytochrome P450 2C9, 2D6 and 3A4 activities using
recombinant CYP450 enzymes.

MATERIALS AND METHODS

Chemicals and Reagents: This study was carried out from
September 2010 to July 2011 at the Centre for Drug
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Research, Universiti Sains Malaysia, Malaysia. This assay
was cartied out using the P450-Glo™ Screening Systems
from Promega, USA. It contained recombinant human
cytochrome P450 2C9, 2D6 and 3A4 enzymes in the
microsomes produced by baculovirus-infected insect cells,
membrane fraction without any cytochrome P450 enzyme
activities, the luminogenic cytochrome P450 substrates
[6°’deoxyluciferin (Luciferin-H), ethylene glycol ester of
luciferin 6’ methyl ether (Luciferin ME-EGE) and luciferin
0’ benzyl ether (Luciferin-BE)|, an nicotinamide adenine
dinucleotide phosphate (NADPH) regeneration system,
1M potassium phosphate buffer, pH 7.4, luciferin detection
reagent and luciferin-free water. Positive inhibitors which
are sulfaphenazole, quinidine and ketoconazole were
purchased from Sigma Chemicals (St. Louis, USA), ACROS
Organics and U.S. Pharmacopeia respectively. Ethanol 96%
was purchased from AR Grade Qréc™. Acetonitrile was
purchased from Fisher Scientific (Loughborough, UK).
Mitragynine was isolated at the Centre for Drug Research,
Universiti Sains Malaysia (USM), Malaysia.

Preparation of mitragynine

Mitragynine was weighed and dissolved fully in 96%
ethanol. 15mM of mitragynine stock solution was prepared
followed by a serial dilution for required concentration. The
final percentage of ethanol was ensured to be less than 2%
to avoid any inhibition caused by solvent.

Enzyme assay

The luminescence assay was carried out as described in
P450-Glo™ Screening Systems by Promega, USA. The
range of mitragynine and positive inhibitors chosen
was 0.02-200uM. The assay was carried out in 96 white
flat-bottom plates (Greiner Bio-one, USA). 6’deoxyluciferin
(Luciferin H), ethylene glycol ester of luciferin 6’methyl
ether (Luciferin ME-EGE) and luciferin 6’benzyl ether
(Luciferin-BE) were used as substrates for CYP2C9,
CYP2D6 and CYP3A4 respectively. The mixture was
pre-incubated for 15 min after addition of mixture
reaction (membrane with enzyme, substrate and 1M
potassium phosphate buffer) into plates containing various
concentrations of the mitragynine. NADPH regeneration
system was added into each well to initiate the reaction,
followed by 30 min incubation for CYP2C9 and CYP3A4.
For CYP2D6, 45 min incubation time was needed. After
that, luciferin detection reagent was added to stop the
reaction and the luminescence measurement was taken.
Incubation of 20 min was performed to stabilize the
luminescence. Luminescence was detected using microplate
reader and values were displayed as relative light unit (RLU).

Determination of enzyme kinetic parameters
Maximum velocity, V__and Michaelis-Menten constant,
K for CYP2C9, CYP2D6 and CYP3A4 were assessed
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from nonlinear regression plots of velocity versus substrate
concentrations. Experiments were conducted with increasing
concentration of substrates until there was no more increase
in velocity. K _ is half of the V_ . For inhibition constant,
I, and the mode of inhibition determination, a series of
experiments were conducted. Experiments were carried
out with 4 to 5 concentrations of specific substrate with a
range of inhibitor concentrations (0—100UM).

Statistical analysis

Results were represented as the mean = SEM of the three
replicates with two independent experiments (n=0). Statistical
analysis was conducted using one-way ANOVA and Dunnett’s
test with P < 0.05 vs. control. The IC,  values were calculated
using the GraphPad Prism® 5 (Version 5.01, GraphPad
Software, Inc., USA) by plotting the log concentration of
the mitragynine versus percentage inhibition of cytochrome
P450 enzyme activities. Kinetic parameters, K and mode
of inhibition were determined by linear regression using
Microsoft Excel. V__and K _ values were determined using
nonlinear regression plots using GraphPad Prism® 5 (Version
5.01, GraphPad Software, Inc., USA). Lineweaver-Burk plots
were used to determine the mode of inhibition graphically.
Double-reciprocal plots of slope from Lineweaver-Burk plots
versus inhibitor concentrations wete used to determine the
K values. Experiments were carried out in triplicates.

RESULTS

Mitragynine gave potent inhibitory effect on CYP2D6 with
an 1C | value of 0.45 £ 0.33 uM [Table 1]. On the other
hand, mitragynine showed moderate inhibitory effect on
CYP2C9 and CYP3A4, with IC_ values of 9.70 £4.80 and
41.32 £ 6.74 UM respectively. The inhibition ranking order
based on IC, values is CYP2D6 > CYP2C9 > CYP3A4
and the inhibitory effect of mitragynine on CYP2C9,
CYP2D6, and CYP3A4 is illustrated in Figure 2. Figure 2
shows that mitragynine started inhibiting CYP2D6
significantly at the concentration of 0.02 uM and gave
almost 90% of inhibition at 200 WM. On the other hand,
CYP2C9 and CYP3A4 showed about 60% of inhibition
at 200 uM. Positive inhibitors, which are sulfaphenazole,
quinidine, and ketoconazole were used to validate this

assay. The 1C, values of sufaphenazole, quinidine

Table 1: IC,, values of mitragynine

and ketoconazole were 0.26 £ 0.15, 0.024 = 0.004 and
0.11 £ 0.06 UM respectively [Table 1].

Kinetic parameters of mitragynine on cytochrome P450 2C9,
2D6 and 3A4 were obtained using recombinant enzymes. Four
parameters have been determined—maximum velocity (V_ ),
Michaelis-Menten constant (K ) and inhibitor constant (K)
as well as the mode of inhibition. Our findings show that the
cortespondingV_ values of CYP2C9, CYP2D6,and CYP3A4
were 0.00050, 0.0116, and 0.0137 uM luciferin formed/min/
pmol CYP450 respectively [Table 2]. K values of CYP2C9,
CYP2D6, and CYP3A4 were 32.65, 56.01, and 103.3 uM
correspondingly [Table 2]. According to the Lineweaver-Burk
plots, mitragynine is a noncompetitive inhibitor of
CYP2CY [Figure 3] with the K value of 155.80 uM
[Figure 4; Table 3]. Figure 5 shows that mitragynine is a
noncompetitive inhibitor towards CYP2D6 with the KK
value of 12.86 UM [Figure 6; Table 3]. On the other hand,
mitragynine is a competitive inhibitor towards CYP3A4
[Figure 7] with the K value of 379.18 UM [Figure 8; Table 3].
The mode of inhibition can be determined graphically using
the Lineweaver-Burk plot as shown in Figures 3, 5 and 7.1"”
This plot is the linearization of the Michaelis-Menten
plot and is known to be very useful in analyzing the pattern
of enzyme inhibition. The pattern of straight lines formed
was used to differentiate the mode of inhibition. Competitive
inhibition shows the series of lines converging above the x-axis
whereas the noncompetitive inhibition shows the seties of
lines converging on the x-axis. The double reciprocal plot of
Lineweaver-Burk plot versus mitragynine concentrations was
plotted as shown in Figures 4, 6 and 8 to determine the K values.
The K value is the value where the line intercepts at the x-axis
(-K, = - x-axis interception).

DISCUSSION

This study investigated the inhibitory effect of mitragynine
on the main cytochrome P450 enzymes, which are
CYP2C9, CYP2D06, and CYP3A4 using a high-throughput
luminescence assay. As of date, almost one-third of adults
and more than 80% of the population in developed nations
and developing countries respectively depend on herbal
medicines. Their reasons for use of herbal medicines are
to treat common illnesses including colds, diabetes, heart

Source of enzyme IC,, (uM)
CYP2C9 CYP2D6 CYP3A4
Recombinant enzymes Mitragynine 9.70+4.80 0.45+0.33 41.32+6.74
Sulfaphenazole 0.26 +0.15
Quinidine 0.02 £ 0.00
Ketoconazole 0.11 £ 0.06

All values are the mean of three determinations (n=3) with two independent experiments
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Figure 2: Inhibitory effect of mitragynine, sulfaphenazole, quinidine
and ketoconazole on human cytochrome P450 2C9, 2D6 and 3A4
using recombinant enzymes. Each data represents the value of mean
+ SEM for three determinations (n=3) of two independent experiments
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Figure 4: Double reciprocal plot of Lineweaver-Burk plot versus
mitragynine concentration for CYP2C9
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Figure 3: Lineweaver-Burk plot of the inhibitory effect of mitragynine
on CYP2C9 activity. Each data represents the value of three
determinations (n=3)
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Figure 5: Lineweaver-Burk plot of inhibitory effect of mitragynine
on CYP2D6 activity. Each data represents the value of three
determinations (n=3)
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Figure 6: Double reciprocal plot of Lineweaver-Burk plot versus
mitragynine concentration for CYP2D6

Figure 7: Lineweaver-Burk plot of inhibitory effect of mitragynine on
CYP3A4 activity

max Km
(uM luciferin formed/min/pmol) (uM) Ki (uM) Mode of inhibition
CYP2C9 0.00050 32.65 CYP2C9 155.80 noncompetitive
CYP2D6 0.01155 56.01 CYP2D6 12.86 noncompetitive
CYP3A4 0.01374 103.3 CYP3A4 379.18 competitive

All values are the mean of three determinations (n=3)

All values are the mean of three determinations (n=3)
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Figure 8: Double reciprocal plot of Lineweaver-Burk plot versus
mitragynine concentration for CYP3A4

disease, inflammation and central nervous system disease as
well as to maintain their health.!"" Compared to prescription
drugs, the safety data of herbal medicines is inadequate due
to lack of reports concerning their safety and efficacy.'”
Currently, many studies on various pharmacological
aspects of Mitragyna speciosa are being conducted. One
essential study is to clarify the potential of inhibition and
to illustrate the interactions between conventional drugs
and herbal drugs consistent with the increased usage of
herbal medicine presently. Thus, this study was carried out
to investigate the inhibitory activity of mitragynie, which
is one of the Mitragyna speciosa constituent’s.

Mitragynine gave the lowest IC_ value for CYP2D6
which was 0.45 + 0.33 uM (0.18 £ 0.13 ug/ml) followed
by CYP2C9 and CYP3A4 in this study. These findings are
parallel to our previous study in which Mitragyna speciosa
methanolic extract showed the lowest 1C_ value towards
CYP2D6 (3.6 £ 0.1 pg/mL)." Therefore, mitragynine
might be responsible for the inhibition shown in the
Mitragyna speciosa methanolic extract. Mitragyna speciosa had
been used traditionally since eatly years in Thailand and
some states in Malaysia as a folk medicine to treat some
diseases such as pain and fever and to boost physical
stamina. Several herbal medicines were reported to possess
harmful herb-drug interactions."*! Gingko biloba extracts
have been reported to exhibit interactions with modern
drugs such as anti-depressant drugs (e.g., trazodone),
anti-platelet drugs (e.g., warfarin), nonsteroidogenic
anti-inflammatory drugs and diuretic drugs.!'”"

Low IC, values of mitragynine on CYP450 enzyme
activities led us to study the effect of mitragynine on the
kinetics of human cytochrome P450 2C9, 2D6, and 3A4.
Four kinetic parameters were studied in order to understand
as well as categorize the level of mitragynine in herb-drug
interactions. V__which is defined as maximum velocity of
the enzyme activity or rate at which the enzyme catalyzes
a reaction, and K_ which indicates the strength of binding
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between enzyme and substrate were also determined.
I values were determined graphically using Lineweaver-
Burk plots. Ki can be defined as the concentration of
inhibitor required to produce half maximum inhibition. The
smaller the K, the more potent the inhibitor is and the higher
is the possibility of interactions. According to the K value,
mitragynine shows high possibility to interact with drugs
metabolized by CYP2D6. (K, = 12.86). CYP2DG6 is one of
the major cytochrome P450 enzymes which is responsible
for drug and xenobiotic metabolism.? Sertraline (Zoloft),
which is an anti-depressant drug, is a potent inhibitor of
CYP2D6 at a dose of 200 mg and a mild inhibitor at a
dose of 50 mg™! As an anti-depressant drug, sertraline
might be taken by Mitragyna speciosa users to release their
depression. Therefore, sertraline and mitragynine might
cause interactions by inhibition of CYP2DO activity if they
were to be administered concomitantly.

Commonly, inhibition can be divided into three main
groups which are competitive, noncompetitive and
uncompetitive. Competitive inhibition occurs when the
inhibitor competes with the substrate for the enzyme
active site. Competitive inhibition depends on a few
factors including the substrate’s concentration essential for
inhibition, the substrate’s affinity and the inhibitor’s half-life.
Macrolides, ketoconazole and cimetidine are competitive
inhibitors that compete for cytochrome P450 enzymes. The
metabolism of substrates cannot occur on condition that
as the active site on cytochrome P450 is occupied by the
inhibitor.” On the other hand, noncompetitive inhibition
happens in situations when the substrate cannot be
metabolized further by the enzyme due to damage, change
and inactivation of the enzyme caused by the inhibitor.!
Uncompetitive inhibition involves the binding of inhibitor
at enzyme-substrate complex which impedes the formation
of product. This inhibitor binds at other than the active
site known as allosteric site. Our findings suggest that
mitragynine acts as a noncompetitive inhibitor towards
CYP2C9 and CYP2D6 and is a competitive inhibitor
towards CYP3A4 using Lineweaver-Burk plots.

A daily consumption of Mitragyna speciosa solution by
Mitragyna speciosa users is 3 X 250 mL to relieve opiate
withdrawal symptoms. This amount of Mitragyna speciosa
solution contains about 75 mg of mitragynine. Based
on this amount, the potential of Mitragyna speciosa to be
involved in herb-drug interaction is high.!

According to Krippendorff et al, 2007, drug compounds can
be divided into three groups based on their probability to
involve in drug-drug interactions. This possibility depends
on their IC_ values. Compounds have a high probability
of interacting with other drugs if their IC, values are less
than 1 WM. If their IC, values are between 1 and 10 UM,
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they have moderate possibility in interaction. On the other
hand, they are assumed to be safe or possess low drug-drug
interactions if their IC, values are greater than 10 uM.”
Thus, mitragynine shows high, moderate and low potential
to interact with the drugs mainly metabolized by CYP2Do,
CYP2C9 and CYP3A4 respectively.

CONCLUSIONS

In conclusion, the present study demonstrates that
mitragynine may inhibit cytochrome P450 2C9, 2D6 and 3A4
enzyme activities under the circumstances described above.
However, further investigations are necessary to ascertain
if the effects seen in vitro would be reflected in the in vivo
situation. The expected interactions might occur when
mitragynine and other drugs that are metabolized by the same
enzyme, especially CYP2D6 are administered concomitantly.
Therefore, the administration of mitragynine and other drugs
which are metabolized by the same metabolic pathway might
contribute to the herb-drug interactions.
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