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Abstract

A simple HPLC technique for determining mitragynine levels in serum was
developed. The separation system consisted of a C;s column heated to 35°C, a
methanol-water (80:20, v/v) mobile phase, a flow rate of 0.8 mL/min and detection in
the ultraviolet at 225 nm. Mitragyni;le with a retention time of 10.09 min, was well
resolved from any interferences in human serum and the internal standard peak. The
calibration curve was linear from 0.1 to 10 ug/mL (r = 0.9995). Extraction of
mitragynine from alkalinized serum using diethyl ether gave a high recovery (285%).
The intra- and inter-day precisions of the method were 4.29-5.88%RSD and 7.06-
8.45%RSD, respectively. The accuracy ranged from -9.54 to +0.67%DEV. The limit
of detection was 0.03 pg/mL and the lower limit of quantification was 0.1 pg/mL.
Mitragynine in the stock solution was stable during 30 days of storage at 4°C. This
method was successfully applied to determ-ine the pharmacokinetic characteristics of

mitragynine levels in the serum of rats after it was administered orally.

KEYWORDS: Mitragynine; Mitragyna speciosa; HPLC; Serum
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INTRODUCTION

Mitragynine (Fig. 1) is an indole alkaloid extracted from Mitragyna speciosa
Korth. (Rubiaceae). This plant is indigenous to Thailand and other southeast countries
and its Thai name is ‘kratom’ (Shellard, 1974; Ponglux ef al., 1994). In the past, the
leaves of M. speciosa were used as an opium substitute by Thai and Malay natives or
opium addicts, when opium itself was unavailable (Suwanlert, 1975; Jansen and Prast,
1988). In southern Thailand, the leaves have been widely used by villagers as a
traditional medicine for common illnesses such as coughing, diarrhea, muscle pain, and
hypertension. M. speciosa leaves are used extensively by farmers, rubber tree
gardeners, and laborers to decrease the feeling of tiredness, increase tolerance to the
heat while working in the suﬁ, and increase their work efficiency.

The chemistry and pharmacology of mitragynine have been investigated
continuously since the early twentieth century. In thé 1920s, Hooper and Field reported
the isolation of this compound from the leaves of M. speciosa (Tantivatana, 1976;
Jansen and Prast, 1988). In the 1960s, the isolation of more than 22 alkaloids from M.
speciosa leaves was described (Jansen and Prast, 1988; Takayama, 2004). Studies of
the syntheses of mitragynine and its derivatives have also been carried out (Zarembo et
al., 1974; Takayama et al., 1995). As it is the main alkaloid constituent of the leaf, the
pharmacological effects of mitragynine have been extensively investigated in animals.
The findings show that mitragynine has analgesic activity by acting on the opioid
system (Matsumoto et al., 1996a; Matsumoto et al., 1996b; Tohda et al., 1997,
Thongpradichote et al., 1998). Other activities including inhibition of the contraction

of the ileum (Watanabe et al., 1997) and vas deferens (Matsumoto et al., 2005) and



inhibition of gastric acid secretion (Tsuchiya et al., 2002) are also documented.

Since mitragynine possesses pharmacological activities, detection and
determination methods for this compound in biological systems is required to facilitate
further studies of its pharmacology. To date there is no established method to analyze
mitragynine, especially in biological samples such as serum. Therefore, the aim of this
work was to develop a simple high performance liquid chromatographic (HPLC)
method for determination of mitragynine in serum using its known ultraviolet (UV)
absorptive properties (Zarembo ef al., 1974), for its detection. In addition, to then apply

this technique to characterize the pharmacokinetics of mitragynine administered to rats.

EXPERIMENTAL
Chemicals

Anhydrous di-sodium hydrogen orthophosphate was purchased from Fisher
Scientific UK Limited (Leics, UK). Anhydrous sodium hydroxide was supplied by
Carlo Erba Reagenti (Milan, Italy). Diethyl ether (AnalaR® BDH; purity 99.5%) was
obtained from VWR International Ltd. (Poole, UK). Acenaphthene (purity 99%), an
internal standard for HPLC, was supplied by Fluka Chemic GmBH (Buchs,
Switzerland). Methanol (HPLC grade; J.T. Baker) was purchased from Mallinckrodt
Baker, Inc. (Phillipsburg, NJ, USA). Propylene glycol puriss (Riedel de Haen®) was

purchased from Sigma-Aldrich Laborchemikalien GmbH (Seelze, Germany).

Isolation of mitragynine

The leaves of M. speciosa were collected from natural sources in Songkhla and



Satun provinces, Thailand, during 2004-2005. Authentication of the plant matenal was
carried out at the Department of Pharmacognosy and Pharmaceutical Botany, Faculty of
Pharmaceutical Sciences, Prince of Songkla University, Thailand, where the herbarium
voucher specimens (No. PCOG/MS001-002) have been kept. Extraction and isolation
of the alkaloid were carried out as previously described by Houghton et al. (1991} and
Ponglux ef al. (1994) with some modifications.

In brief, the leaves were dried at 45-50°C, powdered and macerated with
methanol (repeated 3 times). The methanol filtrates were combined and evaporated
under reduced pressure. The crude methanol extract was dissolved in 10% acetic acid
solution, well shaken and left to stand overnight. The acidic filtrate was washed with
petroleum ether, then brought to pH 9 with 25% ammonia solution and extracted with
chloroform. The chloroform extract was washed with distilled water, dried over
anhydrous sodium sulfate and evaporated to yield a dry crude alkaloid extract (with an
approximately 0.25% yield based on the fresh leaf weight). An aliquot (2.5 g) of
alkaloid extract was subjected to silica gel column chromatography, eluted with 5%
methanol in chloroform to obtain a major alkaloid {1.27 g), which appeared as a single
spot on TLC analysis (4 solvent systems) and was found to be a pure compound upon
spectroscopic analysis by MS (Thermofinnigan MAT 95 XL mass spectrometer: EIMS
with direct insert probe), and '"H-NMR and "*C-NMR (Varian Unity Inova 500 NMR
spectrometer) spectra. When the obtained spectral data was compared with the
published assignments (Shellard et al., 1978; Houghton et al., 1991), it was identified as
mitragynine.

The spectral data of mitragynine obtained from the present work are as follows:



EI-MS m/z (relative intensity, %): 398 (M*, 41; Cp3H3oN;04), 397 (28), 214 (16), 208
(17), 178 (100), 147 (97.2), 132 (35.8). '"H-NMR (500 MHz, CDCl3): §7.73 (1H, br-s,
NH), 7.43 (1H, s, H-17), 6.99 (1H, t, /= 8.0 Hz, H-11), 6.90 (1H, d, J = 8.0 Hz, H-12),
6.45 (1H, d, J = 8.0 Hz, H-10), 3.87 (3H, s, 9-OCHy), 3.73 (3H, s, 17-OCHy), 3.71 (3H,
s, COOCH3), 3.15 (1H, br-dd, J = 11.0, 2.0 Hz, H-3), 3.11 (1H, td, J = 12.0, 2.7 Hz),
3.03 (1H, dt, J=12.0, 3.6 Hz), 2.99-2.93 (3H, m), 2.53 (2H, m), 2.45 (1H, dd, J=11.0,
2.9 Hz), 1.79 (2H, m), 1.62 (1H, m), 1.20 (1H, m), 0.87 (3H, t, J = 7.3 Hz, 18-CH).
BG. NMR (125 MHz, CDCLy): 6 169.3 (COOCH,), 160.5 (C-17), 154.5 (C-9), 137.2
(C-13), 133.7 (C-2), 121.8 (C-11), 117.6 (C-8), 111.5 (C-16), 107.8 (C-7), 104.2 (C-12),
99.7 (C-10), 61.5 (17-OCHjy), 61.3 (C-3), 57.7 (C-21), 55.3 (9-OCH3), 53.8 (C-5), 51.4
(COOCH3), 40.7 (C-20), 39.9 (C-15), 29.9 (C-14), 23.9 (C-6), 19.1(C-19), 12.9 (C-18).

Mitragynine obtained by this procedure was approximately 98% pure based on
the average intensity ratio between the carbon signals of mitragynine: and those of trace
impurity observed at the baseline of the BC.NMR spectrum, and was used as the

standard compound for development of the analytical method.

Chromatographic instruments and conditions

The HPLC system consisted of a Waters 2695 Separations Module and a Waters

2487 Dual A Absorbance detector (Milford, MA, USA). Data were collected and

processed using the EmpowerTM

Software System.
The analytical method was optimized using a reversed-phase SunFire™ Cig
column (250 x 4.6 mm i.d., 5 pm particle size) connected to a Sentry"™ guard column

(20 x 46 mm id., 5 pm particle size) from Waters (Milford, MA, USA). The



temperature of the column oven was set at 35 + 1°C while that of the autosampler vials
was at ambient temperature (25 + 1°C). The mobile phase was a freshly prepared
methanol-water mixture (80:20, v/v), filtered separately before mixing through a 0.22-
pm nylon membrane filter and degassed ultrasonically for 20 min before use. The flow
rate was 0.8 mL/min. A sample volume of 20 pL was injected and mitragynine was

detected in the eluent at a wavelength of 225 nm.

Confirmation of mitragynine by LC-MS

A standard solution of mitragynine in methanol at a concentration of 25 pg/mL
was prepared and run under the chromatographic condition described above. The
presence of mitragynine in the fractions giving a high reading at 225 nm was confirmed
by liquid chromatographic mass spectrometry (LC-MS) at the Scientific Equipment
Center, Prince of Songkla University. The instrument was a Waters 2690 liquid
chromatograph (Milford, MA, USA) coupled with a mass spectrometer LCT™
(Micromass, Manchester, UK) operating in the electrospray ionization positive mode.
Mitragynine was simultaneously detected with a Waters 996 photodiode array detector

(Milford, MA, USA) at wavelengths ranging from 200-250 nm.

Preparation of standard solutions

Stock solutions of 1 mg/mL of mitragynine and the internal standard
acenapthene were prepared by dissolving standard compounds in 100% methanol. The
stock solution was further diluted with the same solvent for preparation of working

standard solutions with concentrations of 0.5-50 pg mitragynine /mL and 2 pg



acenapthene /mL. Calibration standards and quality control (QC) samples were
prepared by adding an aliquot (20 pL) containing known amounts of standard
mitragynine from the appropriate working solutions. An aliquot of 20 pL of the
working solution of acenapthene (2 pg/mL or 40 ng) was also added to each sample.
Sample volumes were made to 100 pL with blank serum to obtain the final
concentrations of 0.1, 0.2, 0.5, 1, 2.5, 5 and 10 pg mitragynine /mL and 0.4 pg

acenapthene /mL.

Sample extraction

Serum (100 uL), containing known amounts of mitragynine was placed in a 12
x 75 mm glass tube (Pyrex) and combined with 20 pL of acenapthene (2 pg/mL). 'fhe
sample was treated by adding 50 pL of 0.5 M aqueous Na,HPQ,, which was pre-
adjusted to pH 11 with 25% aqueous NaOH, and then mixed by vortex for 30 sec. One
mL of diethy! ether was added and the mixture was mixed thoroughly by vortex for 1
min before centrifugation at 2000 x g at 25°C for 15 min. The upper organic phase was
transferred to a clean glass tube and evaporated to dryness under a stream of nitrogen at
room temperature. This residue was reconstituted with 100 pL. of methanol for HPLC

analysis.

Method validation
Validation of the analytical method was performed in accordance with the ICH
Harmonised Tripartite Guideline Topic Q2B (ICH Steering Committee, 1996). Human

serum donated from the Blood Bank of Songklanagarin Hospital, Prince of Songkla



University, was used throughout the validation process.

Linearity was evaluated by preparing six standard concentrations of mitragynine
in serum samples (0.1, 0.5, 1, 2.5, 5 and 10 pg/mL; 5 replicates each). The calibration
curve was constructed by plotting the ratio of the peak height of mitragynine to that of
the internal standard (y) versus the concentrations of mitragynine (x). Regression
analysis was performed to obtain the calibration equation and correlation coefficient (r).

The precision of the method was evaluated using 3 QC samples of standard
mitragynine in serum (0.2, 1, and 2.5 pg/mL). Intra-day precision was determined by
assaying 5 samples of each concentration during the same day under the same
experimental condition. Inter-day precision was determined by daily assay of the
samples for 5 consecutive days. The relative standard deviation (RSD) was calculated
according to the formula: RSD (%) = (standard deviation/mean value) x 100. The level
of acceptance for precision is 15%RSD value.

The QC samples were also used to determine the accuracy of the assay with 5
replicates for each concentration. The deviation (DEV) was expressed using the
formula: DEV (%) = [(measured concentration - nominal concentration)/nominal
concentration] x 100. Accuracy is acceptable when the DEV is within +15%.

The recovery of mitragynine by extraction from serum samples was determined
by comparing responses obtained after extracting mitragynine from serum with those
obtained after the direct injection of standard mitragynine prepared in methanol. The
percentage recovery was calculatc;d using the expression: Recovery (%) = (response
after ex'traction/response after direct injection) x 100.

The limit of detection (LOD) and the lower limit of quantification (LLOQ) were

10



determined based on the signal-to-noise ratio method. Signals from serum samples with
known low concentrations of mitragynine (0.05, 0.1, 0.2 and 0.4 pg/mL, 3 replicates
each) were compared with those from blank serum samples. The concentration values
resulting in a signal-to-noise ratio of 3:1 and 10:1 were considered to be the LOD and
LLOQ, respectively.

The long-term stability of a stock solution of mitragynine (I mg/ml)
refrigerated at 4°C was tested. At different storage periods, the stock was diluted to 1
pg/mL with pure methanol (3 replicates) prior to analysis and the accuracy was

determined. Two lots of the stock solution were checked.

Pharmacokinetic study in rats

Six male Wistar rats (body weight 220-290 g) were obtained from the Southern
Laboratory Animal Facility, Prince of Songkla University. The experimental protocol
was approved by the Ethics Committee for experimental animals, Prince of Sohgkla
University. The rats were fasted overnight but with free access to water before
receiving a single dose of 40 mg mitragynine /kg body weight by oral gavage. The
formulation for the oral administration was prepared by dissolving mitragynine powder
at the requiring dose with a minimum volume of 100% propylene glycol providing a
clear solution. After gavage, about 0.3 mL of propylene glycol was fed to flush any
mitragynine remaining in the syringe. Blood samples (300 pl)_were collected by
puncture of the retro-orbital sinus under ether anesthesia at 0, 0.5, 1,2, 3,4, 5, 6, 8, 10

and 15 h after administration. Serum was separated by centrifugation at 2000 x g for 15

min and kept at —70°C until analysis.

11



Pharmacokinetics of mitragynine was analysed based on the non-compartmental
method (Gibaldi and Perrier, 1982) with aid of the software WinNonlin™ version 4.1
(Pharsight Corporation, Mountain View, CA, USA). The maximum serum
concentration (Cnay) and the time to maximum concentration (T ..} were directly read
from the concentration-time curve of each individual rat. The area under the
concentration-time curve from the time of dosing to the last quantifiable time point
(AUCy,,) and the area under the first moment curve from the time of dosing to the last
quantifiable time point (AUMC,_,) were calculated by using the linear trapezoidal rule.
The area under the curve from the time of dosing extrapolated to infinity (AUCy) and
the area under the first moment curve from the time of dosing extrapolated to infinity
(AUMCy) were calculated from the following formulas: AUCy, = AUCy, +
Crast/Az ; AUMCooe, = AUMC5¢ + [(Tiast X Crast) Az] + (Ciast/Az®), where Cag, represents
the last concentration corresponding to Ty,;; which is the time of the last.measurablc
concentration and A, represents the elimination rate constant calculated from the
formula: A, = -(slope of the terminal phase of log concentration-time curve)/2.303. The
mean residence time extrapolated to infinity (MRTo_») was calculated as MRTo 0 =
AUMC4/AUCp4e. The absorption rate constant (k,) was obtained by using the
method of residuals (Gibaldi and Perrier, 1982). The half-lives of absorption (t;/ ) and
elimination (t,2 »z) were derived from the formulas: t;z . = 0.693/Kap, ; ti2 2= 0.693/A,.
The total body clearance (CUF) and the volume of distribution (V4/F) were calculated

from the formulas: CI/F = Dose/AUCy,»; V4/F = Dose/(A, x AUCy_,).

12



Statistical analysis

Descriptive statistical data were calculated using Microsoft® Excel 2000
(Microsoft Corporation, USA) and expressed as the arithmetic mean, standard deviation
(SD) and relative standard deviation (RSD). Harmonic means were calculated for the

half-lives of elimination and absorption.

RESULTS AND DISCUSSION
Optimization of chromatographic and sample preparation methods

Separation of mitragynine was dependant on the condition of the reversed-phase
liquid chromatography method used in this study. Since mitragynine is insoluble in
water but freely soluble in an alcohol like methanol, the composition of methanol and
water in the mobile phase determines its selectivity and sensitivity of separation. Ata
high percentage of methanol in the mobile phase (>80%, v/v), mitragynine was eluted
quickly with a high detection reﬁponse but the peak overlapped with interfering peaks.
In contrast, at a low percentage of methanol (<80%, v/v), i.c., the higher the
composition of water in the system, the less soluble was mitragynine. Due to its
hydrophobicity, mitragynine was retained in the column longer and although well
separated from the polar interferences it eluted with a poor detection response and
resulted in a broad peak. The final choice of solvent was an 80:20 v/v methanol:water
mixture. In addition to the mobile phase composition, separation of mitragynine was
also influenced by variations in the room temperature that caused an imprecise retention
time. To overcome this problem, the column temperature was set at a constant of 35°C,

and this also resulted in better resolution. For the analytical column, the shorter column

13



(150 mm x 3.9 mm id., 5 um; Xterra™ MS C,5; Waters, Milford, MA, USA) had been
tried initially. This resulted in a shorter run time (within 10 min) but poor resolution.
The longer column used produced better resolution and was therefore chosen.

Several methods for sample preparation were tried. Precipitation of protein
from serum with methanol and acetonitrile prior to a direct injection of supernatant
resulted in poor resolution. Sample cleanup by solid phase extraction using a Cig
classic cartridge and ethyl acetate elution reduced interferences but produced low
recovery. Sample alkalinization followed by liquid-liquid extraction using organic
solvents with different polarities such as diethyl ether, methylene chlonde, chloroform
and ethyl acetate, revealed that extraction with diethyl ether gave the best recovery of
mitragynine from serum. Additionally, diethyl ether extraction resulted in fewer
interfering peaks during HPLC separation compared with other organic solvents. Due
to this being a simple and most-effective method, extraction of serum samples with

diethyl ether was therefore chosen.

Confirmation of Mitragynine by L.C-MS

When optimum conditions for the HPLC system were achieved, the separation
of standard mitragynine was confirmed using LC-MS (Fig. 2). The peak of the analyte
was observed at 8.38 min with the photodiode array detection (Fig. 2A) and at 8.56 min
with the mass spectrometer (Fig. 2B). The protonated molecule at such a retention time

had a mass m/z of 399.1 which was identified as mitragynine (Fig. 2C).
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Chromatographic profiles

Chromatograms for separating mitragynine from human serum under the
developed HPLC method are shown in Fig. 3. Some additional peaks were seen in the
blank serum (Fig. 3A). The peaks for mitragynine and the internal standard
acenapthene obtained with spiked serum samples were well separated from these
additional peaks (Fig. 3B & 3C). With human serum samples spiked with mitragynine
and acenapthene, retention times of 10.09 and 15.98 min, were obtained (Fig. 3C). A
serum sample spiked with mitragynine at the LLOQ concentration and acenapthene is
shown in Fig. 3D. The elution time for each sample was approximately 30 min.

Mitragynine and the internal standard were also spiked into rat serum samples
and their chromatograms are presented in Fig. 4. Rat serum samples also produced
some additional peaks just as had the human serum samples (Fig. 4A). Mitragynine and
the internal standard were also well separated with retention times of 9.54 and 15.21
min, respectively (Fig. 4B & 4C). When an oral dose of 40 mg mitragynine /kg of body
weight was administered to a rat and a serum sample at 0.5 h post-dose was assayed,
this method was shown to be effective for identifying and quantifying mitragynine in

serum (Fig. 4D).

Method validation

Regression analysis showed linearity of the calibration curves for mitragynine
over the concentration range of 0.1-10 pg/mL. The regression equation was y = 0.986 +
0.024x + 0.021 + 0.032 (n = 5) with a good correlation coefficient (r = 0.9995 *

0.0005), where y is the peak height ratio and x is the mitragynine concentration in

15



pg/mL.

Three QC samples at 0.2, 1 and 2.5 pg/mL were used for validation because this
range should be sufficient for determining mitragynine in the serum of rats administered
a low dose of mitragynine without any significant adverse effects. The precision for
determining serum mitragynine is presented in Table 1. The values of %RSD were
found to be between 4.29 and 5.88% for intra-day precision and between 7.06 and
8.45% for inter-day precision. Both parameters are within the level of acceptance.

The accuracy of the method is the closeness of the agreement between the true
concentration value and the value found. As shown in Table 2, the %DEV for
determination of serum mitragynine at the concentrations of 0.2-2.5 pg/mL ranged from
-9.54 to +0.67% which is acceptable.

The recovery i.e. the percentage of mitragynine added to the sample that was
recovered after extraction and separation by HPLC. Extraction of serum mitragynine
added at concentrations of 0.2, 1, and 2.5 pug/mL with diethyl ether resulted in a high
percentage recovery of 84.73, 86.2 and 93.96% respectively (Table 3).

The limit of detection, the lowest concentration of mitragynine in serum that can
be detected but not necessarily quantified as an exact value, was 0.03 pg/mL (RSD =
6.9%, n = 3). The lower limit of quantification was 0.1 pg/mL (RSD =13.4%, n = 3).

The long-term stability of the stock solution of mitragynine expressed as the
%DEV of a 1 pg/mL standard solution measured after different storage periods is
presented in Table 4. No change of %DEV exceeded +15%, indicating that the stock

solution of mitragynine kept at 4°C was stable during at least 30 days of storage.
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Pharmacokinetic study

The developed HPLC method with UV detection was applied to determine the
concentrations of mitragynine in the serum of rats receiving a single oral dose of 40 mg
of mitragynine/kg body weight. Due to lack of data about the toxic dose, or LDso, of
mitragynine in rats, the first trial dose of 200 mg mitragynine /kg, that had been shown
previously to produce antinociceptive activity in mice (Idid et al., 1998), was used but
this caused death to a rat in our study. The much lower dose, that was sufficient for
detection and assay in the serum with no observable adverse effects, was therefore
chosen for the pharmacokinetic study.

Mitragynine existed in serum at measurable concentrations from 0.5 up to 15 h
post dose (Fig. 5). Blood samples at 24 h post dose were also collected but the levels of
mitragynine detected were below the LLOQ.

Pharmacokinetic parameters of mitragyniﬁc derived from the non-
compartmental method are presented in Table 5. After an oral administration,
mitragynine was rapidly absorbed. The maximum serum concentration (Crmax) of 0.63 £
0.18 pg/mL was achieved at 1.83 + 1.25 h (Tma,) With the absorption rate constant (k)
of 1.43 + 0.90 h"'. Mitragynine had a high volume of distribution (V4/F, 89.50 £ 30.30
L/kg). This may be due to its distribution to highly-perfused and lipid-contained tissues
especially the brain which is its site of action. It was slowly eliminated with an

elimination rate constant (A;) of 0.07 £ 0.01 h'! and a clearance (CI/F) of 1.60 + 0.58
L/h. The half-lives of absorption (ti;2 »») and elimination (t1/2 2;) were 0.48 £ 0.36 and

9.43 + 1.74 h, respectively. The mean residence time (MRTo_,) was 14.00 + 2.84 h.

These results indicate that this analytical method could be used for
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characterizing the pharmacokinetics of mitragynine in rats and it may also be applicable

to other in vivo models.

CONCLUSION

A reversed-phase high performance liquid chromatographic method with UV
detection for determination of mitragynine extracted from leaves of M. speciosa was
developed. The chromatographic technique was uncomplicated. Sample preparation
required a simple procedure of liquid-liquid extraction resulting in a sufficiently high
recovery of the analyte. This method was simple, sensitive, precise and accurate for
serum sample analysis. Although mitragynine could be analyzed using a more sensitive
technique such as LC-MS (as shown in this report), most laboratories are not equipped
with such high cost instruments and this developed method could be adopted with ease
and low expense. This method was successfully applied to determine the mitragynine
levels in the serum of rats after an oral administration and to characterize the
pharmacokinetics of this compound in this animal model.
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Figure 1. Chemical structure of mitragynine (calculated for C;3H;pN204; m/z

398.2207).

22



100 838
s
i
i
bi L
. fo
i i
J ¢ i
[N j
% ’jl lla‘
e ll:l 1549
[ 1] 18
Minwies
NG
100 °ﬁ‘”
| B
i
] 3_
Pl
“ : | fi
! L
e - N J"V ~.__‘A VO ; :'_ - . B
Minuies
1 399.1
C
“
$00.1
/
$ i
160 200 300 288 580
mix

mmzmmmdumdmmmc)mmlmgw.
MS; A, HPLC chromatogmm with photodiode array defection, B, total ion
chromatogram; C, MS spectrum  LC condition; column: SunFireTM C18 {5 ), 250 x
46 mm; column temp.. 35°C; mobile phase: methancl-water (8020, viv), flow: 038
mlfmin; injoction: 5 |k, diode array detection (200-250 nmj. MS condition; ESI positive
mode; capillary: 3000Y; RF lens: 275V, sample cone: 30V, source temp.. 100°C,
extraction come: 5V desolvation temp.: 120°C; cone gas flow: 20 Uhr; desolvation gas
flow: 318 Vibr; mass range: 100-500 ro'z.

23



0.03 A
0.021
=
-
0.014
0.001 —— - ;
0.0 .l) 100 l*.ﬁ 8.0 30.0
Mulules
0.03 B
0.024
o
-
0.014 158?
0.00———=, ——
00 5. 1&0 20.0
Mimutes
0.010 C
1593
— 0.0054 MG
. 1009
0.0004
———r S — —
0.0 50 00 150 200 250 309
Minutes
0.0025'. Is D
0.0020 1525
0.00]1 51
= MG
= 0.0010; pops
0.0005-:
ooooi
Y L S— A —
[LX 0 5.0 10.0 15.0 20.0 25.0 300
Minutes

Figure 3. Representative chromatograms for mitragynine (MG) in human serum; A,
blagk serum; B, intemal standard (IS) blank serum; C, serum spked with MG (1 pg/ml)
and IS (0.4 pug/ml); D, serum spiked with mitragynine at LLOQ and IS (0.4 pig/m).



0.03 A
.0 L0 10.0 150 200 250 30.0
Minutes
0.03 B
0.02-
=
- IS
0.01 1538
LU L o s S e e — T
0.0 5.0 10.0 15.0 20.0 280 36.0
Minutes
6.010 C
Is
1521
M¢C
= 0.0054 9.4 .
0.0001 L
0.0 50 100 150 200 250 300
Minutes
0.010 D
)
: 1]
1 1602
= 0.0054 MG
- 1 9463
0.000+—-/ L
——— T
0.0 50 10.0 15.0 20.0 23.0 3a.0
Minutes

Figure 4. Representative chromatograms for mutragynine (MG) i rat serum; A, blank
serurn;, B, mternal standard (IS) blank serum; C, serum spiked with MG (1 pg/ml) and IS
(04 pgml), D, serum sample collected at 0.5 h after an oral dose of 40 mgkg of
mitragynine; the measured concentration was 0.54 pg/ml

25



Table 1. Precision of the method for the determination of mitragynine in serum (n

=5)
Concentration of Intra-day Inter-day
mitragynine (ug/mli) Mean ratio * RSD (%) Mean ratio * RSD (%)
0.2 0.144 4.29 0.162 7.13
1 - 0.690 5.88 0.715 7.06
2.5 1.517 5.63 1.529 8.45

% Ratio of peak height of mitragynine to that of the internal standard
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Table 2. Accuracy of the method for the determination of mitragynine in serum (n

= 5)
Nominal concentration Measured concentration DEV (%)
(ng/ml) (ng/mi)
0.2 0.20 £ 0.01 +0.67
1 0.91 £ 0.07 -0.54
- 2.5 2.49+£0.29 -0.51
® Mean + SD
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Table 3. Extraction recovery for the determination of mitragynine in serum (n =

5)
Concentration of Mean peak height ratio Recovery ? (%)
mitragynine (ug/ml) Direct injection ~ After extraction
0.2 0.07 0.06 84.73 £5.73
1 0.30 0.26 86.21 £ 8.06
2.5 0.72 0.68 93.96+3.19
*Mean + SD
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Table 4. Stability of the stock solution of mitragynine stored at 4°C

Day
Stock lot number
0 7 15 30
| -2.30 -1.40 -3.57 -3.79
2 -0.25 1.06 -7.08 3.68

Data expressed as mean of %DEV (n = 3)
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Serum concentration of mitragynine (ug/ml)

Time (h)

Figure 5. Semi-logarithmic plot of mean serum concentrations of mitragynine and
standard deviation error bars in rats (n = 6) receiving a single oral dose of 40 mg

mitragynine /kg of body weight.
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Table 5. Pharmacokinetic parameters derived from a non-compartmental analysis

of mitragynine in six rats receiving a single oral dose of 40 mg mitragynine /kg of

body weight

Parameters Units Mean + SD
Crnax pg/ml 0.63 +0.18
Tonax h 1.83+1.25
Kab h 1.43 £0.90
t1/2 ab h 0.48" £ 0.36
V4/F L/kg 89.50 + 30.30
A ht 0.07 + 0.01
ti2 a2 h 9.43*+1.74
CI/F L/h 1.60 + 0.58
AUC) w0 pg.h/ml 6.99+2.93
AUMCos pg.h*/ml 102.23 + 55.98
MR Ty 0 h 14.00 +2.84

® Harmonic mean value
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