
Forensic Science International 242 (2014) 210–218
Rapid detection by direct analysis in real time-mass spectrometry
(DART-MS) of psychoactive plant drugs of abuse: The case of Mitragyna
speciosa aka ‘‘Kratom’’

Ashton D. Lesiak a, Robert B. Cody b, A. John Dane b, Rabi A. Musah a,*
a Department of Chemistry, University at Albany, State University of New York, 1400 Washington Avenue, Albany, NY 12222, USA
b JEOL USA Inc., 11 Dearborn Road, Peabody, MA 01960, USA

A R T I C L E I N F O

Article history:

Received 10 May 2014

Received in revised form 28 June 2014

Accepted 1 July 2014

Available online 14 July 2014

Keywords:

DART-MS

Kratom

Legal drug alternatives

Mitragyna speciosa

Mass spectrometry

Forensic analysis

A B S T R A C T

Mitragyna speciosa, also known commonly as ‘‘Kratom’’ or ‘‘Ketum’’, is a plant with psychoactive

properties that have been attributed to the presence of various indole alkaloids such as mitragynine and

7-hydroxymitragynine. M. speciosa use is gaining popularity internationally as a natural and legal

alternative to narcotics. As a drug of abuse, its detection and identification are not straightforward, since

M. speciosa plant material is not particularly distinctive. Here, we show that direct analysis in real time-

mass spectrometry (DART-MS) can be used not only to rapidly identify M. speciosa plant material and

distinguish it from other plants, but also to distinguish between M. speciosa plant varieties, based on

differences between their chemical profiles. The method is rapid and the analysis expeditious. Plant

material such as that found at a crime scene can be analyzed directly with no sample pre-preparation

steps. Furthermore, we show that the basis set of principal components that permit characterization of

the plant material can be used to positively identify M. speciosa.

� 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

In response to the expansion of controlled substances lists and
the institution of analog drug laws, the past decade has witnessed
the ascendance of ‘‘legal’’ psychoactive substances, so labeled
because although purported to have mind altering characteristics,
their manufacture, possession, and use remain unscheduled in
many countries. Trade in whole plant legal psychotropics presents
numerous perceived advantages to the drug manufacturer and
user, not the least of which are the ease of sale and distribution
through the internet, and the fact that the evidentiary value of such
plants or plant products is limited due to the challenge of
identifying them. Thus, unlike the cannabis plant that has
characteristic well-recognized foliage and easily identified sched-
uled alkaloids, numerous other plants with physical characteristics
that are not widely known and which contain unscheduled
psychoactive substances, are available and exploited. This allows
both the user and manufacturer to enjoy freedom from prosecu-
tion, while at the same time, exposing both to the potentially
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life-threatening consequences of unregulated exposure to danger-
ous and toxic active ingredients. The challenges this imposes on
law enforcement agencies and crime laboratories are obvious, as
the availability of rapid and facile testing protocols for identifica-
tion of such substances or the plants from which they are derived
can be limited or non-existent.

An example of one such plant is Mitragyna speciosa. Known
colloquially as ‘‘Kratom’’, it is endemic to tropical and sub-tropical
regions of Southeast Asia and Africa. It has been used in traditional
medicine to treat intestinal disorders, muscle pain, coughing, and
diarrhea, as well as for its psychotropic effects [1–5]. Preparations
of the plant’s aerial parts have been shown to have analgesic,
euphoric, and anti-depressant effects [4]. Thai and Malaysian
laborers and farmers have been reported to use Kratom as a
stimulant in order to provide stamina and relief from sore muscles
[6]. Although planting M. speciosa in Thailand has been illegal since
1943 and ingestion of the plant was outlawed in 1979, Kratom
remains a popular drug in Thailand [4].

Even in those countries where it is currently unscheduled,
Kratom is of particular interest to the forensics community
because multiple poisonings and fatalities have been associated
with its use [7–9]. In these cases, testing for the presence of Kratom
was prompted by either self-reporting by the user [7], residual
Kratom found in the surroundings of the deceased, or a history of
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past opioid use [8]. As there are no published toxicity thresholds
for the psychoactive components of Kratom, notably mitragynine,
it is often difficult to ascertain the extent to which ingested Kratom
contributes to poisonings or fatalities [8].

Although the plant is often ingested alone, Kratom has also been
found to be a component of herbal smoking blends that have
become popular in the past decade. In Germany and Sweden,
products sold under the name ‘‘Krypton’’ were actually enhanced
Kratom preparations that also contained both caffeine and O-
desmethyltramadol [9]. In 2009 alone, nine fatal overdoses
attributed to the use of Krypton were reported [4,10].

Even though Kratom is unscheduled in the United States (US),
the US Drug Enforcement Administration has classified it as a
‘‘Drug of Concern’’ and issued a bulletin on Kratom in January 2013
[11]. Kratom use in the US has increased in recent years. Whereas
only one case was reported in 2010, that number increased to 44 in
2011, and then it further increased to 81 cases during the first six
months of 2012 [1]. Mitragynine and other M. speciosa alkaloids, as
well as their metabolites, are often not part of routine drug screens.
Although testing protocols such as an ELISA assay [12], as well as
polymerase chain reaction-restriction fragment length polymor-
phism (PCR-RFL)-based identification systems [13,14] have been
developed, the adoption of such protocols by forensics labs may be
slow due to the significant escalation in costs that adoption of
these methods may impose. Nevertheless, other testing methods
specific for Kratom have recently been reported, reflecting the
Fig. 1. The names and structures of alkaloids and a flavonoid reported to be found in M. s

forms (in parentheses) are shown. Molecules in the shaded area are stereoisomers of o
increasing importance of the emerging problem of Kratom abuse.
These methods include HPLC– or LC–MS/MS analysis of Kratom
extracts [6,15–20].

The psychotropic activity of Kratom has been attributed to
various indole alkaloids whose presence and concentration vary as
a function of where the plant is grown [11]. Mitragynine and its
stereoisomers mitraciliatine, speciogynine, and speciociliatine, as
well as the related compound paynantheine, are abundant
alkaloids present in the leaves of M. speciosa [21] and these
species are reported to be agonists of k and m-subtype opioid
receptors (Fig. 1) [2,3,5,11,15,20,22,23]. In terms of opioid receptor
agonism, mitragynine is comparable with morphine. However, 7-
hydroxymitragynine has been reported to exhibit 13–17 times the
agonism of morphine toward opioid receptors [24–26]. These
studies have also shown that 7-hydroxymitragynine induces
morphine-like tolerance and withdrawal in rats [25,26].

Anecdotal reports describe symptoms of withdrawal in humans
that include intense craving, chronic fatigue, insomnia and sudden
nerve pain [27,28]. As mitragynine and 7-hydroxymitragynine
have not been found in any other plant [2,5], including those in the
Rubiaceae family of which M. speciosa is a member, both
compounds could serve as possible chemical markers and/or
chemotaxonomic identifiers of Kratom.

Currently the evidentiary value of Kratom is limited, as plant
material found at a crime scene may be difficult to identify. Evidence
could be found as live plants, dried leaves, or a powdered leaf
peciosa. Their calculated masses as well as the calculated masses of their protonated

ne another and therefore have the same molecular weights.
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product, and it may be difficult to distinguish true plant-based
evidence from innocuous plant-derived food residue. Furthermore,
the amount of plant material could be small, making it difficult to
perform analyses involving extractions. Although botanic evidence
is often characterized by physical features (and M. speciosa was
recently reported to be characterized through the use of light
microscopy [29]), this ceases to be important if the plant material is
too well pulverized, which diminishes its importance as evidence
[30–32]. DNA analysis has also been used to identify botanic traces,
but this method is often time-consuming and yields little useable
information in those cases where the plant genome has not been
mapped [31,32]. Unfortunately, this is the case for most plants
including M. speciosa. If a more robust and streamlined method of
analysis can be developed, the evidentiary value of Kratom and
other plant-based evidence could be dramatically enhanced.

Direct analysis in real time (DART) is an ambient ionization
source that permits rapid analysis by mass spectrometry (MS) of
gases, liquids and a diversity of solids in various forms, including
plant material [33–37]. It has been shown to be an effective tool for
characterizing and identifying drug evidence, drug residues from
clandestine labs, and synthetic cannabinoid-laced plant material
[34,35]. When interfaced with a high resolution (HR) time-of-flight
(TOF) mass analyzer, DART provides a powerful means by which
instantaneous ionization and MS identification of compounds can
be made from very small samples with no extraction or other time
and resource consuming sample pre-preparation steps.

In this work, we report how high resolution (HR) DART-MS can
be used to instantaneously identify M. speciosa based on its distinct
chemical signature. Standards were used to confirm the presence
in the plant material of the unique psychoactive alkaloids
mitragynine and/or its stereoisomers and 7-hydroxymitragynine,
as well as a third alkaloid of significant abundance, mitraphylline.
Furthermore, linear discriminant analysis (LDA) was successfully
used to distinguish between M. speciosa and other plants of abuse
such as those in the Datura genus. The utility of this method in
distinguishing between the two most common varieties of M.

speciosa plants available in the US, Rifat and Bumblebee, was also
demonstrated. The statistical analysis system was tested with an
‘‘unknown’’ M. speciosa variety and shown to enable correct species
classification of the plant from the mass spectral signature of its
leaves.

2. Materials and methods

2.1. Plant materials

Four M. speciosa (Kratom) plants were purchased from an online
vendor (Kratom Collection-World Seed Supply, Mastic Beach, NY,
USA): two plants of the Rifat variety and two plants of the
Bumblebee variety, both 6–7 months in age. The live plant material
was collected and analyzed in November, 2013. A 4–6 month old
M. speciosa plant that served as an ‘‘unknown’’ variety used to
assess the accuracy of the linear discriminate analysis was
purchased from Mazatec Gardens (Houston, TX, USA). The
‘‘unknown’’ plant material was collected and sampled in February,
2014. Datura ferox, D. inoxia, and D. wrightii seeds were purchased
from an online vendor (Georgia Vines, Claxton, GA, USA) and
analyzed in May 2014.

2.2. Chemical standards

Mitragynine was purchased from Cayman Chemical (Ann Arbor,
MI, USA). Mitraphylline and 7-hydroxymitragynine were pur-
chased from Cerilliant Corporation (Round Rock, TX, USA).
Epicatechin was purchased from Sigma Aldrich (St. Louis, MO,
USA).
2.3. Mass spectral data collection and analysis

Mass spectra were acquired using a DART-SVP ion source
(IonSense, Saugus, MA, USA) coupled to a JEOL AccuTOF time-of-
flight mass spectrometer (JEOL USA, Peabody, MA, USA) in positive
ion mode. The DART ion source parameters were: grid voltage,
250 V; and gas heater temperature, 350 8C. The mass spectrometer
settings were: ring lens voltage, 5 V; orifice 1 voltage, 20 V; orifice
2 voltage, 5 V; and peak voltage 600 V. Spectra were obtained over
the mass range of m/z 50–800 at 1 spectrum per second. The
helium flow rate for the DART source was 2.0 L s�1. The resolving
power of the mass spectrometer was 6000 FWHM.

In-source collision induced dissociation (CID) was performed
on plant material and standards by the application of ‘‘function
switching’’, which is a set of instrument parameter settings that
allow for the simultaneous acquisition of both low cone voltage
and high cone voltage mass spectra. To do this, the orifice 1 voltage
was varied from 20 V, 30 V, 60 V and 90 V, with the extent of
fragmentation increasing with increasing voltage [34,38]. All other
DART-SVP and AccuTOF parameters remained the same. Mitragy-
nine and mitraphylline standards were tested directly by dipping
the closed end of a melting point capillary tube into the pure
standard and suspending the coated surface of the tube between
the DART ion source and the mass spectrometer inlet. Solubilized
7-hydroxymitragynine standard (100 mg/mL in acetonitrile) was
sampled in the same manner.

Clippings (approximately 1.0 cm � 0.5 cm) of M. speciosa leaves
were sampled directly by gripping each sample with tweezers and
suspending it between the ion source and the mass spectrometer
inlet. Leaf extracts prepared by suspending each leaf clipping into
50 mL of absolute ethanol, sonicating for 20 min, and then letting
the sample stand for 2 h, were also analyzed. Four microliter
aliquots of each ethanol extract were then applied, one aliquot per
sampling window, to a 12-sample QuickStripTM sample card
(Ionsense, Saugus, MA, USA). The card was mounted on a linear rail
system (IonSense, Saugus, MA, USA) that moved laterally from left
to right through the open air space between the ion source and the
mass spectrometer inlet (Supplementary Fig. 1) at a rate of
1.0 mm/s. This arrangement permitted high throughput analysis
and enabled optimal and consistent positioning of samples in the
helium gas stream. The extracts of the Rifat variety were subjected
to function switching conditions for comparison to standards.
Datura seeds were sliced and were sampled directly by holding a
seed-half between the ion source and the mass spectrometer inlet
with a vacuum tweezer apparatus.

Supplementary Fig. 1 related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.forsciint.
2014.07.005.

Calibration, spectral averaging, background subtraction, and
peak centroiding were performed using TSSPro3 (Shrader Analyti-
cal Labs, Detroit, MI, USA) data processing software. Mass
Mountaineer software (ChemSW, Fairfield, CA, USA) was used
for mass spectrum analysis, spectral elemental composition and
isotope analysis, as well as for Linear Discriminant Analysis (LDA)-
facilitated classification and discrimination [39]. Calibration was
performed using a polyethylene glycol mixture (PEG 200, 400, 600,
and 1000).

3. Results

Fig. 2 shows representative examples of the Bumblebee and
Rifat strains of Kratom and illustrates that by visual inspection
alone, the plants are difficult to distinguish. M. speciosa has been
reported to contain a number of alkaloid compounds in the aerial
parts [4,11,40]. As a preliminary step, we sought to ascertain which
if any of these compounds could be detected in the leaf samples. A
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Fig. 2. Whole plant Bumblebee (left) and Rifat (right) varieties of M. speciosa. Comparison of the whole plants and leaves (insets) illustrates the difficulties inherent in

differentiating between the two plants based on morphological features.

A.D. Lesiak et al. / Forensic Science International 242 (2014) 210–218 213
head to tail plot with the top and bottom panels being the average
of 6 HR-DART-MS spectra of the Bumblebee and Rifat M. speciosa

varieties respectively, is shown in Fig. 3. The figure illustrates that
although the two varieties share prominent chemical features,
there are numerous peaks that appear to be unique to one variety
versus the other (discussed below). Additionally, relative abun-
dances of common peaks also vary between varieties. In each case,
the spectra were reproducible, in that the analysis of different
plants of the same variety, as well as leaf clippings from the same
or different plants, yielded similar spectra. The spectra were
collected in positive ion mode under soft ionization conditions (i.e.
an orifice 1 voltage of 20 V) so that no fragmentation of leaf
constituents was observed. Therefore, the peaks in each spectrum
generally represent the protonated molecular ions of unique
individual compounds. The spectra show that in each case, greater
than 141 leaf compounds are detectable by mass spectrometry
(estimated using a 2% relative abundance threshold).

The observed high resolution m/z values were compared to the
expected masses of compounds reported to have been detected in
Fig. 3. Positive ion mode HR DART-TOF-MS spectra of leaf clippings of Bumblebee

and Rifat varieties of M. speciosa, illustrated as a head-to-tail plot. While the spectra

are remarkably similar, there are not only differences in the relative abundances of

common compounds, but there are also peaks that appear in Bumblebee and not

Rifat, and vice versa. The statistics associated with both spectra are shown in

Table 1.
M. speciosa (Fig. 1 and Table 1). Of these reported compounds,
observed accurate masses representing the protonated forms of
seven known alkaloid molecular formulas were seen in the
Bumblebee and Rifat spectra. These formulas were C23H30N2O4

(corresponding to mitragynine and/or its stereoisomers specioci-
liatine, speciogynine and mitraciliatine with a mass of 399.2284),
C21H24N2O4 (corresponding to mitraphylline and/or its stereo-
isomers with a mass of 369.1814), C23H28N2O4 (corresponding to
paynantheine and/or its diastereomer with a mass of 397.2127),
C23H30N2O5 (corresponding to 7-hydroxymitragynine with a mass
of 415.2233), C22H28N2O4 (corresponding to �rhynchophylline
with a mass of 385.2127), C21H24N2O3 (corresponding to ajmalicine
with a mass of 353.1865), and C22H26N2O4 (corresponding to
�corynoxeine with a mass of 383.1971). Since the stereoisomers
have very similar fragmentation patterns, it is usually not possible to
differentiate between them using mass spectral techniques alone.
However, the alkaloids mitragynine and 7-hydroxymitragynine are
unique to M. speciosa and can therefore be used to identify the plant
even if the stereoisomer identity is unknown. Although it can be seen
that both the spectra of the Bumblebee and Rifat varieties have these
two and several other peaks in common, the spectra are nevertheless
distinct and contain components unique to each variety (see later).
Other prominent peaks such as those at m/z 127 and 145 have
formulas that are consistent with the presence of pyrolysis fragments
of sugars commonly found in plants (i.e. C6H7O3 and C6H9O4,
respectively) [41]. Other minor peaks whose corresponding molecu-
lar formulas are also consistent with compounds previously detected
in Kratom, include those at m/z 383 and 291. The accurate masses
associated with these peaks are consistent with the presence of
corynoxeine and epicatechin, respectively. The statistics associated
with the spectra in Fig. 3 are listed in Table 1.

The lack of availability of authentic standards for some of these
tentatively assigned compounds precluded the possibility of
confirming all of the assignments. However, through comparisons
with the spectra of authentic standards of mitraphylline,
mitragynine and 7-hydroxymitragynine determined under colli-
sion induced dissociation (CID) conditions, we were able to
confirm that the peaks at m/z 415, 399, and 369 in the CID spectra
of the Bumblebee and Rifat varieties corresponded to compounds



Table 1
Statistics for the HR-DART-MS spectra of the Bumblebee and Rifat leaf clippings shown in Fig. 3.

Compounda Formula Measured [M+H]+ Calculated [M+H]+ Difference

(mmu)b

Abund.

Bumblebee Mitragynine (and/or its stereoisomers) C23H30N2O4 399.2281 399.2284 0.3 79.7

Mitraphylline C21H24N2O4 369.1803 369.1814 1.1 100.0

Paynantheine C23H28N2O4 397.2145 397.2127 1.8 11.4

7-Hydroxymitragynine C23H30N2O5 415.2232 415.2233 0.1 2.8

Rhynchophylline C22H28N2O4 385.2108 385.2127 1.9 49.5

Epicatechin C15H14O6 291.0852 291.0869 1.7 2.9

Ajmalicine C21H24N2O3 353.1832 353.1865 3.3 1.7

Corynoxeine C22H26N2O4 383.1970 383.1971 0.1 5.0

Acetone C3H7O 59.0545 59.0497 4.8 53.3

Rifat Mitragynine (and/or its stereoisomers) C23H30N2O4 399.2282 399.2284 0.2 55.3

Mitraphylline C21H24N2O4 369.1846 369.1814 -3.1 100.0

Paynantheine C23H28N2O4 397.2142 397.2127 1.5 8.8

7-Hydroxymitragynine C23H30N2O5 415.2266 415.2233 -3.3 3.2

Rhynchophylline C22H28N2O4 385.2148 385.2127 -2.1 58.8

Epicatechin C15H14O6 291.0876 291.0869 -0.7 3.6

Ajmalicine C21H24N2O3 353.1865 353.1865 0.0 1.9

Corynoxeine C22H26N2O4 383.1971 383.1971 0.5 5.1

Acetone C3H7O 59.0509 59.0497 -1.2 54.3

a Compound names are tentatively assigned based on the match between the mass spectrometrically determined elemental compositions and compounds that have been

identified in M. speciosa (shown in Fig. 1).
b Measured masses fell within the 5 mmu tolerance of the mass spectrometer.
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7-hydroxymitragynine, mitragynine and/or its stereoisomers, and
mitraphylline, respectively (Fig. 4a–c). For example, in the case of
7-hydroxymitragynine (Fig. 4a), the protonated molecular ion peak
was apparent at m/z 415 for both the standard and Rifat variety.
The CID conditions (90 V) resulted in the formation of fragments at
m/z 397, 238 and 226 in the spectrum of the standard. These same
fragments appeared in the CID spectrum of the Rifat variety and
thus the presence of 7-hydroxymitragynine was confirmed.
Similarly, the CID spectra of the mitragynine standard and Rifat
leaf (Fig. 4b) both showed the molecular ion peak at m/z 399, with
fragments at m/z 397, 238 and 226. Fig. 4c of the mitraphylline and
Rifat leaf spectra under CID conditions showed a molecular ion
peak at m/z 369 with fragment peaks at m/z 337, 309 and 160,
confirming the presence of mitraphylline in the plant.

The mass spectra for both Kratom varieties showed a peak at m/
z 291, a mass which corresponds to protonated epicatechin, a
compound previously identified in Kratom. In order to determine
whether this peak represented epicatechin, the fragmentation
pattern obtained from the CID spectrum of an authentic standard
of this compound was compared to the CID spectrum of the Rifat
leaf samples. Fig. 5 shows the head to tail plot of the CID spectrum
of epicatechin (bottom panel) and the Rifat plant (top panel).
Although the fragmentation of pure epicatechin is not extensive,
comparison of the two spectra shows that there are no epicatechin
fragments in the representative Kratom CID spectrum. This implies
that epicatechin is not present in the leaf samples we analyzed.
However, the possibility that the plant samples analyzed did
contain epicatechin but in amounts too low to detect CID
fragments cannot be ruled out.

The prevalence of M. speciosa identification protocols that
involve detection of alkaloids in plant extracts (as opposed to
detection of compounds by direct analysis of plant parts),
prompted us to analyze extracts by HR-DART-MS. A typical
positive ion mode HR-DART-MS of an ethanol leaf extract is shown
in Fig. 6. This head-to-tail plot illustrates that although the major
alkaloids (i.e. mitragynine and/or its stereoisomers, 7-hydroxymi-
tragynine, mitraphylline, paynantheine, �rhynchophylline, ajmali-
cine and/or its stereoisomers, �corynoxeine – Fig. 1) as well as the
tentatively identified flavonoid epicatechin can be detected by direct
analysis of both the fresh leaf and the leaf extract, a significant
number of the chemical substances observed in the leaf are not
carried up into the ethanol extract. This is exemplified by the fact that
the whole leaf analysis showed the presence of approximately 150
compounds, whereas analysis of the extract showed only about 62
compounds.

It has previously been shown that data generated by HR-DART-
MS can be used with linear discriminant analysis (LDA) to
differentiate species [42–44]. Since the ability to not only identify
but also to distinguish between plant species can be particularly
important in a forensics context, we sought to determine whether
the mass spectral data acquired here could be used as a basis for
identifying Kratom and distinguishing between it and other plants
of abuse. Toward that end, we used a training set comprised of 29
M. speciosa samples (12 Bumblebee, 12 Rifat and 5 samples of
unspecified variety). From this dataset, 10 m/z values representing
the most abundant and/or characteristic ions were selected for
LDA. As a comparison species, we used mass spectral data of D.

ferox, D. inoxia, and D. wrightii. The seeds of these plants which are
colloquially known as ‘‘devil’s trumpets’’ have reportedly been
used for millennia for the psychotropic effects of their tropane
alkaloids. Representative mass spectra of an average in each case of
five D. ferox, D. inoxia, and D. wrightii seeds are shown in
Supplementary Fig. 2. Fig. 7 shows the LDA results and illustrates
not only the clustering of the M. speciosa and Datura data, but also
that the two taxa are clearly differentiated.

Supplementary Fig. 2 related to this article can be found, in the
onlineversion,athttp://dx.doi.org/10.1016/j.forsciint.2014.07.005.

Our observation of m/z values both common and unique to
Bumblebee and Rifat mass spectra raised the possibility that the
two varieties could be distinguished through LDA of the mass
spectral data. LDA was employed using a combination of masses
common and unique to both varieties, with these masses being the
same as those used in the LDA that compared Kratom to Datura.
These included the accurate masses for peaks at m/z values 415,
399, 385, 369, 291, 145, 127, 59 (Table 1), as well as m/z values 316
and 152. The results, shown in Fig. 8, indicate that the two Kratom
varieties can be differentiated by LDA based on differences in their
chemical signatures. Thus, the Bumblebee strain, represented by
blue circles, is clustered and well resolved from the Rifat strain
(represented by red squares).

In order to determine whether LDA could be used to
discriminate between M. speciosa varieties, a plant whose variety
was unknown to the analyst was purchased from an online vendor.
Plant leaves were analyzed in a manner similar to that described

http://dx.doi.org/10.1016/j.forsciint.2014.07.005


Fig. 4. Positive ion mode HR DART-TOF-MS under collision induced dissociation

(CID) conditions of M. speciosa leaf extracts (in ethanol) and alkaloid standards.

Panel a: head-to-tail plot of CID spectra of Rifat extract and 7-hydroxymitragyinine

standard. The protonated molecular ion (m/z 415) as well as the fragment peaks at

m/z 397, 238 and 226 are present in the spectra of both the extract and the standard.

Panel b: head-to-tail plot of CID spectra of Rifat extract and mitragynine standard.

The protonated molecular ion (m/z 399) as well as the fragment peaks at m/z 397,

238 and 226 are present in the spectra of both the extract and the standard. Panel c:

head-to-tail plot of CID spectra of Rifat extract and mitraphylline standard. The

protonated molecular ion (m/z 369) as well as the fragment peaks at m/z 337, 309

and 160 are present in the spectra of both the extract and the standard. The

statistics associated with the mass spectra presented here are outlined in Table 2.
Fig. 7. Linear discriminant analysis (LDA) of mass spectral data derived from HR-

DART-MS analysis of Kratom and Datura plant material. The plot shows that Kratom

and Datura plant material can be distinguished based upon 10 principal

components. Kratom (blue circles) and Datura (red squares) are clustered and

well resolved with 100% leave-one-out-cross validation (LOOCV). The unknown

plant (black circles) was correctly classified as Kratom with greater than 99%

probability in each of the test analyses.

Fig. 6. Positive ion mode HR DART-TOF mass spectra of a leaf clipping and an

ethanol extract of the leaf, rendered as a head-to-tail plot. Although the spectra

show a large number of peaks in common, including those corresponding to major

alkaloids, many more peaks representing individual leaf constituents are observed

in the spectrum of the leaf, as opposed to that of the extract.
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earlier, and the results were imported into the previously compiled
data set used for LDA. The results are shown in Fig. 8. The unknown,
depicted by black circles, was well clustered alongside the red
squares, indicating correctly that the plant was of the Rifat variety.
Fig. 5. Head-to-tail plot of the CID spectra of Rifat extract and epicatechin standard.

The epicatechin molecular ion (m/z 291) and the fragment peak at m/z 139 are

observed only in the standard mass spectrum.
4. Discussion

The work reported here was prompted by a desire to develop a
method that could be used to rapidly triage plant-based forensic
evidence to confirm or rule out the presence of M. speciosa and
distinguish it from other plant material that might be present. The
need for such a procedure is increasingly urgent. The advent of the
Internet has provided unprecedented access to psychotropic plant
products that is unencumbered by the previous constraints of
Fig. 8. Linear discriminant analysis (LDA) of Kratom varieties. The LDA plot shows

the classification of Bumblebee and Rifat based upon 10 principal components. The

two varieties (Bumblebee shown as blue circles and Rifat shown as red squares) are

clustered and well resolved. The unknown plant (black circles) was correctly

classified as Rifat in 100% of the test analyses.
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distance and location. Whereas three decades ago, abuse of M.

speciosa was restricted primarily to Thailand and Malaysia, its use
is now global in scope. Indeed, M. speciosa ingestion has now
become an increasingly challenging problem for law enforcement
agencies in the United States, for example.

Currently, the sheer volume of possible psychotropic plants that
can be abused poses challenges for identification efforts because
there are in principle a myriad of different protocols that might
have to be invoked to ascertain the identity of plant-based
evidence. Exploration of all of these is simply not practical,
particularly in a crime scene investigation context. Even if it is
suspected that a particular plant is being abused, the procedures
involved in confirming this can dramatically slow the progress of
the investigation. In the case of Kratom, many of the available
protocols for its identification are highly specialized and are time
consuming enough that it is not practical for crime laboratories to
routinely apply them unless investigators receive credible
independent information indicating that Kratom was used. Thus,
the challenge of identifying plant-based evidence outside of
common visually identifiable species like the opium poppy or
cannabis, does not lend itself to resolution through the use of
methodologies based on well-established hyphenated techniques
(e.g. GC–MS or LC–MS), painstaking analysis by microscopy, or
time consuming plant DNA analysis simply because for most plants
of abuse, such protocols do not exist. However, these methods are
excellent when directed toward more definitive confirmatory
analyses, particularly in cases where information on stereoisomer
identity is desired [18–20,45].

We proposed that one way in which to address this problem is
to identify unique and characteristic biomarkers for psychotropic
plants of interest, whose presence or absence can be used to inform
more definitive determinations of plant identity. Furthermore, we
posited that HR-DART-MS can be used to rapidly detect such
biomarkers. We used M. speciosa to illustrate this principle. The
Mitragyna family is known to contain ten species of plants, six of
which are Asian, and four of which are African. Although Mitragyna

species contain several characteristic alkaloids, the two which
have been established to have central nervous system activity in
mammalian systems are mitragynine and 7-hydroxymitragynine.
Importantly, of the ten known species in the family, these two
alkaloids have only been found to be present in M. speciosa [2].
Therefore, M. speciosa provided a good test case to investigate the
hypothesis that HR-DART-MS could be used to rapidly determine
whether fresh leaf material could be identified as M. speciosa.

Most of the analytical methods that have been developed to
detect the presence or use of M. speciosa or its purified active
components have focused on detection of mitragynine and/or 7-
hydroxymitragynine. However, there exist in M. speciosa three
other compounds that are known stereoisomers of mitragynine:
mitraciliatine, speciogynine, and speciociliatine (Fig. 1). In the
majority of published reports, the methods that have been
developed to identify or quantify mitragynine do not permit
distinction between it and its stereoisomers. These include
protocols that utilize TLC, HPLC, GC [29,46] and HPLC with UV
diode array detection [47]. On the other hand, a few methods do
exist that allow identification and quantitation of M. speciosa

stereoisomeric alkaloids by the aforementioned methods as well as
supercritical fluid extraction with CO2 [45]. All of these methods
involve sample pre-preparation steps such as grinding of the
sample, extractions, pH adjustments, or sample derivatization,
with the extraction steps alone often requiring upwards of 24 h in
some cases. Thus, even if the analysis by TLC, HPLC, GC or MS is
relatively short, varying from 10 to 40 min, the sample pre-
preparation steps often result in long overall sample analysis
times. Indeed, these challenges are contributing to sample testing
backlogs in the US [48,49]. It should also be noted that as stated
previously, many of the alkaloids found in M. speciosa have
stereoisomers that are often difficult to differentiate by mass
spectrometry alone. However, since the presence of the alkaloids
mitragynine (and its stereoisomers) and 7-hydroxymitragynine
have only been detected in M. speciosa, the masses associated with
these alkaloids can still serve as chemotaxonomic identifiers or
chemical markers for the species.

We were able to confirm that HR-DART-MS can be used to
rapidly identify compounds consistent with the structures of
mitragynine and/or its isomers, 7-hydroxymitragynine and
mitraphylline in Bumblebee and Rifat varieties of Kratom. Simply
suspending a leaf segment in the open air space between the ion
source and the mass spectrometer inlet produced mass spectra
that were acquired within �3 s. The soft ionization conditions
under which the analyses were conducted resulted in ion
chromatograms that showed the protonated forms of >150
compounds in each case. Even so, the HR masses associated with
the compounds of interest were clearly discernable and unobs-
cured. Importantly, the plant material could be analyzed directly,
and no extractions or other sample pre-preparation steps were
necessary. By this method, 250 leaf samples could be analyzed in 1 h!

The merits of the use of the 12 sample wire mesh OS card vis-à-
vis high throughput sampling deserve comment. Although we
observed that analysis of fresh leaf clippings provided data that
enabled definitive identification of the plant, we also sampled the
leaf using a more traditional extraction method involving analysis
of an ethanol leaf extract. This allowed us to compare the results
obtained by sampling the leaf directly, to those obtained by using a
traditional extraction protocol. Our results demonstrated that MS
analysis of 4 mL of ethanol extract that was deposited onto the wire
mesh of the OS sampling card, yielded spectra which exhibited the
major peaks observed in the fresh sample. Interestingly but
perhaps unsurprisingly, a significant amount of information
available in the direct leaf analysis was lost in the extract. For
example, whereas 141 unique compounds were observed in the
HR-DART-MS spectrum of the Rifat variety, only 62 unique peaks
were observed in the ethanol extract. This represents a drop in
information content of �56%. Nevertheless, from the point of view
of identification of Kratom based on the presence of the distinctive
mitragynine isomers and 7-hydroxymitragynine, the extract still
serves the purpose, since these prominent alkaloids are still
observed. Compared with previously published protocols for the
detection of M. speciosa alkaloids, analysis of the extract is still
extremely rapid, since �150 individual extracts could be analyzed
in 1 h using the wire mesh OS QuickStripTM sampling cards.

Since the spectra yielded peaks corresponding to protonated
unfragmented molecular ions, we sought to confirm our tentative
structural assignments by fragmenting authentic standards in
those cases where they were available, and comparing the
fragmentation patterns in each case to the fragments observed
in the CID spectra of the plant samples. A representative example
of the results of this type of experiment is shown in Fig. 4a. The
head-to-tail plot shows that the fragments formed from 7-
hydroxymitragynine under CID conditions are present in the CID
spectrum of the leaf sample, and that these fragments are formed
at the expense of the molecular ion peak. By this method, we were
able to confirm that the peaks corresponding to m/z 399, 415, and
369 in the M. speciosa plants corresponded to mitragynine or its
stereoisomers, 7-hydroxymitragynine, and mitraphylline, respec-
tively. The mass spectrum of the 7-hydroxymitragynine standard
under CID conditions produced characteristic peaks at m/z 415,
397, 238 and 226 which matched fragment peaks of the plant
material (Fig. 4a), confirming the presence of 7-hydroxymitragy-
nine. Statistics associated with these spectra are listed in Table 2.
The peak at m/z 291 implying the presence of epicatechin was not
observed in the CID spectrum. This was not unexpected, as the low



Table 2
Mass spectral statistics associated with CID HR-DART-MS analysis of mitragynine, 7-hydroxymitragynine, and mitraphylline in standards and plant extracts.

Compound Composition Measured Calculated Difference (mmu)

Standards Mitragynine (and/or its stereoisomers) C23H30N2O4 + H+ 399.2278 399.2284 0.6

C23H28N2O4 397.2133 397.2127 �0.6

C13H20NO3 238.1428 238.1443 1.5

C12H20NO3 226.1442 226.1443 0.1

7-Hydroxymitragynine C23H30N2O5 + H+ 415.2253 415.2233 �2

C23H28N2O4 397.2133 397.2127 �0.6

C13H20NO3 238.1428 238.1443 1.5

C12H20NO3 226.1442 226.1443 0.1

Mitraphylline C21H24N2O4 + H+ 369.1800 369.1814 1.4

C20H21N2O3 337.1535 337.1552 1.7

C19H21N2O2 309.1548 309.1603 5.5

C10H10NO 160.0752 160.0762 1.0

Plant extracts Mitragynine (and/or its stereoisomers) C23H30N2O4 + H+ 399.2308 399.2284 �2.4

C23H28N2O4 397.2138 397.2127 �1.1

C13H20NO3 238.1414 238.1443 2.9

C12H20NO3 226.1476 226.1443 �3.3

7-Hydroxymitragynine C23H30N2O5 + H+ 415.2251 415.2233 �1.8

C23H28N2O4 397.2138 397.2127 �1.1

C13H20NO3 238.1414 238.1443 2.9

C12H20NO3 226.1476 226.1443 �3.3

Mitraphylline C21H24N2O4 + H+ 369.1818a 369.1814 �0.4

C20H21N2O3 337.1621 337.1552 �6.9

C19H21N2O2 309.1581 309.1603 2.2

C10H10NO 160.0752 160.0762 1.0

a Successive spectra showed a higher measured value (369.2042). This increase in mass relative to the value of 369.1818 is attributed to an unresolved interference from a

cholesterol fragment that is evident from an observed shoulder peak in the 90 V spectrum.
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abundance of this peak in the original spectrum would likely have
resulted in any fragment peaks being of low enough abundance to
be lost within the baseline noise. Moreover, due to the many
hydroxyl groups in its structure, epicatechin is more likely to be
seen under negative ion conditions, an experiment that was not
performed in this study since the focus was on alkaloids.

The potential utility of the method used here to facilitate
identification of M. speciosa fresh plant material lies in part with the
demonstration that comparison of the mass spectra of leaves of an
unknown plant with the mass spectral data generated here, would
enable determination of whether or not it is Kratom. A preliminary
test of this possibility was conducted using the LDA statistical
method. We first developed a minimized profile comprised of 10
characteristic peaks and their corresponding intensities, each of
which represented either metabolites that were tentatively
identified as known characteristic alkaloids, or common sugar
pyrolysis fragments. The alkaloid leaf constituents are distinguish-
ing features of Kratom and to date, every publication that has
appeared detailing Kratom secondary metabolite analysis has
shown that the characteristic distinguishing alkaloids are present
[3,6,11,15,18–22,50,51]. No other plant species has been observed
to contain the psychotropic alkaloids identified in M. speciosa. The
mass spectra of plant material from other plant species that are
ingested for their psychotropic effects, namely D. ferox, D. inoxia and
D. wrightii, were used to determine if the LDA based on the 10 peak
basis set (derived from Kratom mass spectra) would enable
differentiation of the two taxa. The resulting LDA scatter plot
(Fig. 7) showed that the Mitragyna and Datura species were well
separated, with all the Kratom plants being correctly classified as M.

speciosa plants, and the Datura plants being clustered in a different
region. Furthermore, it was observed that of the approximately 150
peaks present within a mass range of m/z 50–500 in a typical Rifat
or Bumblebee spectrum, the 10 that were selected for the LDA were
consistently observed to be the most useful biomarkers for
differentiation between the two varieties. A head-to-tail plot of
the mass spectra of the Bumblebee and Rifat varieties (Fig. 3)
showed that these 10 principal components (PCs) could be matched
to peaks that were either unique to one plant (e.g. m/z 152) or were
present in both plants but with significant differences in intensity
(e.g. m/z values of 59, 127, 145, 291, 369, 385, 399 and 415). A LDA
scatter plot (Fig. 8) showed clustering of the data sets for the Rifat
and Bumblebee varieties that was well resolved. Additionally, the
Mass Mountaineer software algorithm was used to assess the
recognition capability of the LDA dataset for an ‘‘unknown’’
Mitragyna variety. The result (Fig. 8) was a recognition capability
of 100% (black circles), and thus the plant was correctly classified as
being of the Rifat variety, which confirmed the information about
the plant’s identity that was provided by the vendor. Thus, although
the mass spectral peaks observed were very consistent for samples
within a specified M. speciosa variety, the relative abundance of the
peaks varied modestly from sample to sample and this is reflected
in the scatter that appears within each of the clusters (i.e. for Rifat
and Bumblebee Kratom varieties) in the LDA plot. Nevertheless, the
clustering is well enough defined that the two M. speciosa varieties
are distinguishable by LDA (Fig. 8). This indicates that each variety
is unique enough to be distinguished from the other, based on the
consistency of their respective chemical profile differences.
Importantly, both varieties can correctly be identified as Kratom,
and can clearly be distinguished from other plants, such as Datura

species.
Although the total number of plants analyzed was limited, we

propose that the use in the LDA of m/z values of the distinguishing
alkaloids will enable identification of M. speciosa plants from many
different varieties, including those not included in this study. This
hypothesis is being investigated.

5. Conclusions

HR-DART-MS was used to prove the principle that M. speciosa, a
psychotropic plant of abuse, can be identified solely based on the
chemical signature observed through mass spectrometric analysis
of its leaves. The method is robust and data acquisition is rapid,
with sample analyses requiring only a few seconds, and no sample
pre-preparation steps are needed. Furthermore, a classification
system to discriminate and distinguish between M. speciosa and
plants of a different genus, as well as two varieties of M. speciosa

was developed and tested with an unknown, yielding a correct
classification at 100% probability. This facile and rapid method
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demonstrates the utility of HR-DART-MS as a means to identify and
classify plant material that might be seized as evidence at a crime
scene, without the need for conventional extraction or analysis
methods.

Acknowledgements

The support of the Research Foundation of the State University
of New York, as well as a National Science Foundation grant to RAM
and RBC (Grant #1310350) are gratefully acknowledged.

References

[1] Kratom (Mitragyna speciosa korth.), US Drug Enforcement Administration Office
of Diversion Control, 2013 http://www.deadiversion.usdoj.gov/drug_chem_info/
kratom.pdf (accessed 27.06.14).

[2] Drug Profiles: Kratom, European Monitoring Centre for Drugs and Drug Addic-
tion, 2012 http://www.emcdda.europa.eu/publications/drug-profiles/kratom
(accessed 27.06.14).

[3] Z. Hassan, M. Muzaimi, V. Navaratnam, N. Yusoff, F. Suhaimi, R. Vadivelu, et al., From
Kratom to mitragynine and its derivatives: physiological and behavioural effects
related to use, abuse, and addiction, Neurosci. Biobehav. Rev. 37 (2013) 138–151.

[4] C. Ulbricht, D. Costa, J. Dao, R. Isaac, Y. Leblanc, J. Rhoades, et al., An evidence-
based systematic review of Kratom (Mitragyna speciosa) by the Natural Standard
Research Collaboration, J. Diet. Suppl. 10 (2013) 152–170.

[5] K. Jansen, C. Prast, Ethnopharmacology of Kratom and the Mitragyna alkaloids, J.
Ethnopharmacol. 23 (1988) 115–119.

[6] A. Philipp, D. Wissenbach, A. Weber, J. Zapp, S. Zoerntlein, J. Kanogsunthornrat,
et al., Use of liquid chromatography coupled to low- and high-resolution linear ion
trap mass spectrometry for studying the metabolism of paynantheine, an alkaloid
of the herbal drug Kratom in rat and human urine, Anal. Bioanal. Chem. 396 (2010)
2379–2391.

[7] J. Nelsen, J. Lapoint, M. Hodgman, K. Aldous, Seizure and coma following Kratom
(Mitragynina speciosa korth.) exposure, J. Med. Toxicol. 6 (2010) 424–426.

[8] M. Neerman, R. Frost, J. Deking, A drug fatality involving Kratom, J. Forensic Sci. 58
(2013) S28–S279.

[9] T. Arndt, U. Claussen, B. Gussregen, S. Schrofel, B. Sturzer, A. Werle, et al., Kratom
alkaloids and O-desmethyltramadol in urine of a ‘‘Krypton’’ herbal mixture
consumer, Forensic Sci. Int. 208 (2011) 47–52.

[10] R. Kronstrand, M. Roman, G. Thelander, A. Eriksson, Unintentional fatal intoxica-
tions with mitragynine and O-desmethyltramadol from the herbal blend Krypton,
J. Anal. Toxicol. 35 (2011) 242–247.

[11] F. Leon, E. Habib, J. Adkins, E. Furr, C. McCurdy, S. Cutler, Phytochemical charac-
terization of the leaves of Mitragyna speciosa grown in USA, Nat. Prod. Commun. 4
(2009) 907–910.

[12] Randox Toxicology, Randox Toxicology Launches Mitragynine ELISA for the
Detection of Designer Drug Kratom, 2013 http://www.randoxtoxicology.com/
articles/106?articleSectionId=3 (accessed 27.06.14).

[13] T. Maruyama, M. Kawamura, R. Kikura-Hanajiri, H. Takayama, Y. Goda, The
botanical origin of Kratom (Mitragyna speciosa; Rubiaceae) available as abused
drugs in the Japanese markets, J. Nat. Med. 63 (2009) 340–344.

[14] S. Sukrong, S. Zhu, N. Ruangrungsi, T. Phadungcharoen, C. Palanuvej, K. Komatsu,
Molecular analysis of the genus Mitragyna existing in Thailand based on rDNA ITS
sequences and its application to identify a narcotic species: Mitragyna speciosa,
Biol. Pharm. Bull. 30 (2007) 1284–1288.

[15] R. Kikura-Hanajiri, M. Kawamura, T. Maruyama, M. Kitajima, H. Takayama, Y.
Goda, Simultaneous analysis of mitragynine, 7-hydroxymitragynine, and other
alkaloids in the psychotropic plant ‘‘Kratom’’ (Mitragyna speciosa) by LC–ESI-MS,
Forensic Toxicol. 27 (2009) 67–74.

[16] N. de Moraes, R. Moretti, E. Furr III, C. McCurdy, V. Lanchote, Determination of
mitragynine in rat plasma by LC–MS/MS: application to pharmacokinetics, J.
Chromatogr. B 877 (2009) 2593–2597.

[17] S. Lu, B. Tran, J. Nelsen, K. Aldous, Quantitative analysis of mitragynine in human
urine by high performance liquid chromatography–tandem mass spectrometry, J.
Chromatogr. B 877 (2009) 2499–2505.

[18] A. Philipp, D. Wissenbach, A. Weber, J. Zapp, H. Maurer, Metabolism studies of the
Kratom alkaloid speciociliatine, a diastereomer of the main alkaloid mitragynine,
in rat and human urine using liquid chromatography–linear ion trap mass
spectrometry, Anal. Bioanal. Chem. 399 (2011) 2747–2753.

[19] A. Philipp, D. Wissenbach, A. Weber, J. Zapp, H. Maurer, Metabolism studies of the
Kratom alkaloids mitraciliatine and isopaynantheine, diastereomers of the main
alkaloids mitragynine and paynantheine, in rat and human urine using liquid
chromatography–linear ion trap-mass spectrometry, J. Chromatogr. B 879 (2011)
1049–1055.

[20] A. Philipp, D. Wissenbach, S. Zoerntlein, O. Klein, J. Kanogsunthornrat, H. Maurer,
Studies on the metabolism of mitragynine, the main alkaloid of the herbal drug
Kratom, in rat and human urine using liquid chromatography–linear ion trap
mass spectrometry, J. Mass Spectrom. 44 (2008) 1249–1261.

[21] L. Cornara, B. Borghesi, C. Canali, M. Andrenacci, M. Basso, S. Frederici, et al., Smart
drugs: green shuttle or real drug? Int. J. Legal Med. 127 (2013) 1109–1123.

[22] P. Houghton, A. Latiff, I. Said, Alkaloids from Mitragyna speciosa, Phytochemistry
30 (1991) 347–350.
[23] D. Le, M. Goggin, G. Janis, Analysis of mitragynine and metabolites in human urine
for detecting the use of the psychoactive plant Kratom, J. Anal. Toxicol. 36 (2012)
616–625.

[24] K. Matsumoto, Pharmacological Studies on 7-Hydroxymitragynine, Isolated from
the Thai Herbal Medicine Mitragyna speciosa: Discovery of an Orally Active Opioid
Analgesic, Graduate School of Pharmaceutical Sciences, Chiba University, 2006.

[25] K. Matsumoto, Y. Hatori, T. Murayama, K. Tashima, S. Wongseripipatana, K.
Misawa, et al., Involvement of m-opioid receptors in antinociception and inhibi-
tion of gastrointestinal transit induced by 7-hydroxymitragynine, isolated from
Thai herbal medicine Mitragyna speciosa, Eur. J. Pharmacol. 549 (2006) 63–70.

[26] K. Matsumoto, S. Horie, H. Ishikawa, H. Takayama, N. Aimi, D. Ponglux, et al.,
Antinociceptive effect of 7-hydroxymitragynine in mice: discovery of an orally
active opioid analgesic from the Thai medicinal herb Mitragyna speciosa, Life Sci.
74 (2004) 2143–2155.

[27] L. McWhirter, S. Morris, A case report of inpatient detoxification after Kratom
(Mitragyna speciosa) dependence, Eur. Addict. Res. 16 (2010) 229–231.

[28] B. Vicknasingam, S. Narayanan, G.T. Beng, S.M. Mansor, The informal use of ketum
(Mitragyna speciosa) for opioid withdrawal in the northern states of peninsular
Malaysia and implications for drug substitution therapy, Int. J. Drug Policy 21
(2010) 283–288.

[29] A.P. Kowalczuk, A. Łozak, J.K. Zjawiony, Comprehensive methodology for identi-
fication of Kratom in police laboratories, Forensic Sci. Int. 233 (2013) 238–243.

[30] H. Coyle, C. Ladd, T. Palmbach, H. Lee, The green revolution: botanical contribu-
tions to forensics and drug enforcement, Croat. Med. J. 42 (2001) 340–345.

[31] H. Coyle, C. Lee, W. Lin, H. Lee, T. Palmbach, Forensic botany: using plant evidence
to aid in forensic death investigation, Croat. Med. J. 46 (2005) 606–612.

[32] V. Virtanen, H. Korpelainen, K. Kotsamo, Forensic botany: usability of bryophyte
material in forensic studies, Forensic Sci. Int. 172 (2007) 161–163.

[33] A.H. Grange, G.W. Sovocool, Detection of illicit drugs on surfaces using direct
analysis in real time (DART) time-of-flight mass spectrometry, Rapid Commun.
Mass Spectrom. 25 (2011) 1271–1281.

[34] R. Musah, M. Domin, R. Cody, A. Lesiak, A.J. Dane, J. Shepard, Direct analysis in real
time mass spectrometry with collision-induced dissociation for structural analy-
sis of synthetic cannabinoids, Rapid Commun. Mass Spectrom. 26 (2012) 2335–
2342.

[35] R. Musah, M. Domin, M. Walling, J. Shepard, Rapid identification of synthetic
cannabinoids in herbal samples via direct analysis in real time mass spectrome-
try, Rapid Commun. Mass Spectrom. 26 (2012) 1109–1114.

[36] S. Singh, S. Verma, Study of the distribution profile of piperidine alkaloids in
various parts of Prosopis juliflora by the application of Direct Analysis in Real Time
Mass Spectrometry (DART-MS), Nat. Prod. Bioprospect. 2 (2012) 206–209.

[37] R. Cody, J. Laramee, H.D. Durst, Versatile new ion source for the analysis of
materials in open air under ambient conditions, Anal. Chem. 77 (2005) 2297–
2302.

[38] A.D. Lesiak, R.A. Musah, R.B. Cody, M.A. Domin, A.J. Dane, J.R. Shepard, Direct
analysis in real time mass spectrometry (DART-MS) of ‘‘bath salt’’ cathinone drug
mixtures, Analyst 138 (2013) 3424–3432.

[39] R.B. Cody, A.J. Dane, Paper spray ionization for ambient inorganic analysis, Rapid
Commun. Mass Spectrom. 28 (2014) 893–898.

[40] E. Shellard, The alkaloids of Mitragyna with special reference to those of Mitragyna
speciosa, Korth., Bull. Narc. 26 (1974) 41–55.

[41] A.J. Dane, R.B. Cody, Selective ionization of melamine in powdered milk by using
argon direct analysis in real time (DART) mass spectrometry, Analyst 135 (2010)
696–699.

[42] E.O. Espinoza, C.A. Lancaster, N.M. Kreitals, M. Hata, R.B. Cody, R.A. Blanchette,
Distinguishing wild from cultivated agarwood (Aquilaria spp.) using direct anal-
ysis in real time and time of-flight mass spectrometry, Rapid Commun. Mass
Spectrom. 28 (2014) 281–289.

[43] C. Lancaster, E. Espinoza, Analysis of select Dalbergia and trade timber using
direct analysis in real time and time-of-flight mass spectrometry for CITES
enforcement, Rapid Commun. Mass Spectrom. 26 (2012) 1147–1156.

[44] R.B. Cody, A.J. Dane, B. Dawson-Andoh, E.O. Adedipe, K. Nkansah, Rapid classifi-
cation of White Oak (Quercus alba) and Northern Red Oak (Quercus rubra) by using
pyrolysis direct analysis in real time (DARTTM) and time-of-flight mass spectrom-
etry, J. Anal. Appl. Pyrolysis 95 (2012) 134–137.

[45] M. Wang, E.J. Carrell, Z. Ali, B. Avula, C. Avonto, J.F. Parcher, et al., Comparison of
three chromatographic techniques for the detection of mitragynine and other
indole and oxindole alkaloids in Mitragyna speciosa (Kratom) plants, J. Sep. Sci. 37
(2014) 1411–1418.

[46] K.B. Chan, C. Pakiam, R.A. Rahim, Psychoactive plant abuse: the identification of
mitragynine in ketum and in ketum preparations, Bull. Narc. 57 (2005) 249–256.

[47] S. Chittrakarn, P. Penjamras, N. Keawpradub, Quantitative analysis of mitragy-
nine, codeine, caffeine, chlorpheniramine and phenylephrine in a Kratom (Mitra-
gyna speciosa Korth.) cocktail using high-performance liquid chromatography,
Forensic Sci. Int. 217 (2012) 81–86.

[48] NFLIS, 2013 Survey of Crime Laboratory Drug Chemistry Sections, Office of
Diversion Control, 2013, http://www.deadiversion.usdoj.gov/nflis/2013labsurvey.
pdf (accessed 27.06.14).

[49] A.Lamb,LackofResourcesatStateCrimeLabCausingDelaysinDrugCaseProsecutions,
2013, http://www.wral.com/lack-of-resources-at-state-crime-lab-causing-delays-
in-drug-case-prosecutions/12798653/WRAL.com (accessed 27.06.14).

[50] H. Takayama, Chemistry and pharmacology of analgesic indole alkaloids from the
Rubiaceous plant, Mitragyna speciosa, Chem. Pharm. Bull. 52 (2004) 916–928.

[51] W. Prozialeck, J. Jivan, S. Andurkar, Pharmacology of Kratom: an emerging
botanical agent with stimulant, analgesic and opiod-like effects, J. Am. Osteopath.
Assoc. 112 (2012) 792–799.

http://www.deadiversion.usdoj.gov/drug_chem_info/kratom.pdf
http://www.deadiversion.usdoj.gov/drug_chem_info/kratom.pdf
http://www.emcdda.europa.eu/publications/drug-profiles/kratom
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0015
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0015
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0015
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0020
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0020
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0020
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0025
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0025
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0030
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0030
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0030
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0030
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0030
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0035
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0035
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0040
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0040
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0045
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0045
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0045
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0050
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0050
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0050
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0055
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0055
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0055
http://www.randoxtoxicology.com/articles/106?articleSectionId=3
http://www.randoxtoxicology.com/articles/106?articleSectionId=3
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0065
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0065
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0065
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0070
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0070
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0070
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0070
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0075
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0075
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0075
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0075
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0080
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0080
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0080
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0085
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0085
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0085
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0090
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0090
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0090
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0090
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0095
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0095
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0095
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0095
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0095
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0100
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0100
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0100
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0100
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0105
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0105
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0110
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0110
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0115
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0115
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0115
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0120
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0120
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0120
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0125
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0125
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0125
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0125
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0125
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0125
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0130
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0130
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0130
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0130
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0135
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0135
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0140
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0140
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0140
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0140
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0145
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0145
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0150
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0150
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0155
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0155
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0160
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0160
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0165
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0165
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0165
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0170
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0170
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0170
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0170
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0175
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0175
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0175
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0180
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0180
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0180
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0185
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0185
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0185
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0190
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0190
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0190
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0195
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0195
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0200
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0200
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0205
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0205
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0205
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0210
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0210
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0210
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0210
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0215
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0215
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0215
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0220
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0220
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0220
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0220
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0220
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0225
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0225
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0225
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0225
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0230
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0230
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0235
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0235
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0235
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0235
http://www.deadiversion.usdoj.gov/nflis/2013labsurvey.pdf
http://www.deadiversion.usdoj.gov/nflis/2013labsurvey.pdf
http://www.wral.com/lack-of-resources-at-state-crime-lab-causing-delays-in-drug-case-prosecutions/12798653/WRAL.com
http://www.wral.com/lack-of-resources-at-state-crime-lab-causing-delays-in-drug-case-prosecutions/12798653/WRAL.com
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0250
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0250
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0255
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0255
http://refhub.elsevier.com/S0379-0738(14)00289-8/sbref0255

	Rapid detection by direct analysis in real time-mass spectrometry (DART-MS) of psychoactive plant drugs of abuse: The case of Mitragyna speciosa aka ‘‘Kratom’’
	Introduction
	Materials and methods
	Plant materials
	Chemical standards
	Mass spectral data collection and analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


