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Abstract: Grayanotoxin-contaminated honey exhibits toxicity. In this study, a reliable and sensitive liquid-

chromatography—tandem-mass-spectrometric method (LC-MS/MS) was developed and validated for the quantitation

of grayanotoxin I and grayanotoxin III in honey. The grayanotoxins were extracted from honey via solid phase

extraction and separated on a biphenyl column with a mobile phase consisting of 0.5 % acetic acid in water

and methanol. Mass spectrometric detection was performed in the multiple-reaction monitoring mode with

positive electrospray ionization. The calibration curve covered the range 0.25 to 100 pg/g. The intra- and inter-

day deviations were less than 10.6 %, and the accuracy was between 94.3 and 114.0 %. The validated method

was successfully applied to the determination of grayanotoxins in mad honey from Nepal. The concentrations

of grayanotoxin I and grayanotoxin III in 33 out of 60 mad honey samples were 0.75 — 64.86 pg/g and 0.25 —

63.99 ng/g, respectively. The method established herein would help in preventing and confirming grayanotoxin

poisoning.
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1. Introduction

Grayanotoxins are diterpene toxins, which are found
in the leaves, pollen, flowers and nectar of several
plants from the family Ericaceae. It is reported that the
major origins of gryanotoxins are Rhododendron
flavum, Rhododendron ponticum, Kalmia angustifolia,
Kalmia latifolia, Agauria spp., Andromeda spp.,
Kalmia spp., Paullinia australis and Azelea pontica,
etc.' Over twenty-five grayanotoxin isoforms are
isolated from Rhododendron.® Grayanotoxin I and
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[I are known to be the most toxic with a mouse
LDs, value of 1.3 and 0.8 mg/kg (i.p.), respectively.*
Grayanotoxins bind to sodium channels in cell mem-
branes, which modifies the channel configuration and
prevents sodium channel inactivation. Thus, excitable
tissues such as nerve and muscle cells remain in the
depolarized state, during which calcium entering the
cells may be increased. These toxic effects lead to
the dysfunction of cardiac and skeletal muscles, and
peripheral and the central nervous system.>®
Grayanotoxins-containing honey known as “mad
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honey” has been widely used as the traditional medicine
for treatment of gastric pains, hyperglycemia, bowel
disease, sexual impotence, arthritis and hypertension in
Asia, Europe and North America®’ However, the
intake of mad honey may lead to poisoning and the
symptoms of intoxication are dose dependent. Low-dose
grayanotoxins cause dizziness, excessive perspiration,
hypersalivation, nausea, vomiting, blurred vision,
convulsions, paresthesia, hypotension and bradycardia
in mild form, while high doses cause impaired
consciousness and cardiac disturbances such as brady-
arthythmia, and atrioventricular block.®'° Grayano-
toxins intoxication occurs mainly in the Black Sea
region of Turkey,'" but intoxications are also reported
from Germany,'? Austria,'® Switzerland,'* China,"® and
USA.'® In Korea, twenty-six patients have been
diagnosed with mad honey poisoning at the single
emergency department between January 2001 and
December 2015."7 Some people consider that the
mad honey from Himalaya is special as a precious
folk medicine. Purchasing the mad honey by the
travelers or through the internet shopping mall is still
continued in Korea. The ingestion may be caused by
false beliefs that mad honey has the medicinal effects.
The symptoms of grayanotoxin poisoning have even
been considered as the sign of body’s healing process.
Because the intake of mad honey might lead to
grayanotoxin poisoning, an importation of mad honey
has been prohibited since 2005 in Korea, and it is
enshrined in Korean Food Standards Codex by the
Ministry of Food and Drug Safety that the grayanotoxin
II should not be detected in the honey. But the mad
honey is still brought into Korea by some tourist
visiting Nepal. The mad honey samples being restricted
items were confiscated at Airport Customs and sent
to the National Forensic Service to identify grayano-
toxins in their smuggled samples. Therefore, the
development of reliable analytical method for the
determination of grayanotoxins in the honey was
required. For quantification of grayanotoxins, TLC,'®!”
GC with derivatization.” LC-MS*"*** methods have
been reported. Grayanotoxins cannot be detected by
their UV absorbance due to the lack of a chromophore.
Although gas chromatographic application following
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the derivatization is a technique that has been used
earlier for determining the grayanotoxins, it is labor-
intensive and time-consuming. Currently, the liquid
chromatography mass spectrometry (LC-MS) method
has become increasingly important to several toxicolo-
gical analyses due to its advantages of the improved
selectivity and sensitivity on complex matrices.
The LC-MS/MS method was able to detect grayano-
toxins in the honey after using SPE sample preparation.
However, these methods have mainly focused on
grayanotoxin III or have required large sample mount
(~5 g) and large solvent volume (~30 mL) for
extraction. Although the dilute-and-shoot LC-MS/
MS method for the determination of grayanotoxins
in honey was reported in a recent study, the method
showed high ion suppression and frequently required
instrument cleaning due to contamination of the LC
column or MS in interface.?* In the previous study, we
reported LC-MS/MS method development for the
determination of grayanotoxins in rat whole blood.”
Because the analytical methods are dependent on the
sample matrix, the matrix-specific method should be
developed and validated.

This study aimed to establish a selective and specific
LC-tandem MS method for quantification of ayanotoxin
I and grayanotoxin III in the honey which is the main
cause of grayanotoxins poisoning. The proposed
method was successfully applied to the quantification
of grayanotoxins in mad honey smuggled out of
Nepal. The information obtained from this study
would be useful to prevent grayanotoxins poisoning.

2. Experimental

2.1. Materials and reagents
Grayanotoxin I was kindly provided by Chungnam

National University (Daejeon, Korea). Grayanotoxin
I and clindamycin (internal standard) were supplied
by Sigma-Aldrich (St. Louis, MO, USA). LC-MS-
grade acetic acid, methanol and acetonitrile were
obtained from Fischer Scientific (Fair Lawn, NJ,
USA). Deionized water was produced by using a
Milli-Q apparatus (Millipore, Bedford, MA, USA).
Smuggled mad honey samples were provided by



84 Su Youn Ahn, Suncheun Kim, and Hwangeui Cho

Central Customs Laboratory and Scientific Service
(Seoul, Korea). Blank honey produced by different
manufacturers were purchased from local markets.

2.2. LC-MS/MS conditions

The HPLC system consisted of an Agilent 1200
series with a quaternary pump, an autosampler, a
vacuum degasser and a column oven (Agilent
Technologies Inc., Santa Clara, CA, USA). The
compounds were separated on a Phenomenex Kinetex
Biphenyl column (100 x 2.1 mm, 2.6 um). The
following stepwise gradient program was carried out
using the mobile phases of 0.5 % acetic acid in water
(A) and 0.5 % acetic acid in methanol (B): 0 —13
min 5 — 90 % B, 13 - 20 min 90 % B at a flow rate
of 0.25 mL/min. The autosampler and the column
oven were maintained at 10 °C and 40 °C, respectively.
The injection volume was 5 pL.

A Sciex 3200 QTRAP mass spectrometer (Sciex,
Framingham, MA, USA) equipped with a turbo spray
ion source was used for the mass spectrometric analysis
in the positive ion mode. The ion spray voltage was
5500 V and the source temperature was 600 °C.
Source parameters such as curtain gas (CUR), ion
source gas 1 (GS1), gas 2 (GS2) and collision gas
(CAD) were 10, 50, 55 and medium, respectively.
The optimized declustering potential (DP) and collision
energy (CE) were 90 V and 25 eV for grayanotoxin
I,41 Vand 17 eV for grayanotoxin III, and 60 V and 41
eV for IS, respectively. The quantitative determination
using multiple reaction monitoring (MRM) was
performed at the transitions of m/z 435.1/375.1 for
grayanotoxin I, m/z 335.1/299.1 for grayanotoxin III
and m/z 425.1/126.1 for IS with a dwell time of 100
ms. Data processing was accomplished using the
Analyst 1.6.2 software (AB Sciex).

2.3. Standards preparation

Stock solutions of grayanotoxin I and III were
separately prepared in methanol at a concentration of
100 pg/mL, and then diluted with methanol for the
preparation of working solutions. An aqueous stock
solution of clindamycin (internal standard) at 100 pg/
mL was diluted with water to concentration of 10 pg/

mL. The calibration standards were prepared at the
final concentrations of 0.25, 0.5, 1, 5, 10 and 100 pg/g
for both analytes and 1.25 pg/g for internal standard
(IS) by spiking the appropriate amounts of working
solutions into 0.2 g of blank honey. Quality control
(QC) samples were prepared in the same way at
concentrations of 0.25, 1, 10 and 80 pg/g for two
grayanotoxins. All stock solutions, working solutions,
calibration standards and QC samples were stored at
4 °C before use.

2.4. Sample preparation
0.2 g honey samples were precisely weighed into a

10 mL volumetric flask. 25 pL. of IS (10 pg/mL) was
added to sample and the total volume was made up
to 10 mL with water. The sample mixture was mixed
by shaking for 3 min. 1 mL of well-mixed sample
was loaded on a solid-phase extraction (SPE) cartridges
(adande:1 PEP, 60 mg/3 mL, Shiseido, Tokyo, Japan)
preconditioned with 2 ml of methanol and 2 mL of
water. The cartridge was rinsed with 2 mL of water,
and the analytes were eluted with 2 mL of methanol.
The eluate was evaporated to dryness under N, at
60 °C. The residue was reconstituted with 100 pL of
0.5 % acetic acid in methanol, and an aliquot of 5 uL.
were injected into the LC-MS/MS.

2.5. Method validation

The established method was validated for selectivity,
lower limit of quantification (LLOQ), linearity, accuracy,
precision, matrix effects, stability based upon the
guideline of the International Council for Harmoni-
zation.”®

3. Results and Discussion

3.1. Optimization of sample preparation

The major challenge encountered during the analysis
of grayanotoxins in honey is the presence of very
high sugar content, which may decrease the selectivity
and sensitivity of analytes.”® In fact, during analyzing
honey samples it could be seen that the interface of
MS or LC column is easily contaminated because of
unremoved sugar in sample preparation process.
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Therefore, the optimization of the extraction process
was necessary in the method development. Different
extraction methods of sample pretreatment were
investigated to improve selectivity and sensitivity. At
the beginning, liquid-liquid extraction (LLE) was
evaluated as an extraction method using different
organic solvents such as dichloromethane, hexane
and ethyl acetate. But liquid-liquid extraction called
for frequent cycle of the instrument cleaning. Salting-
out method using ammonium sulfate was examined,
but peak tailings of the analytes were shown in the
chromatograms. In this study, solid-phase extraction
(SPE) was used for sample preparation because it
yielded clean chromatograms, effective removal of
interferences and adequate extraction recoveries for
analytes. The extraction was examined using adande:l
PEP cartridges having adsorption and partitioning
effect in the reverse phase mode. The dilution of
honey sample with methanol increased the viscosity
of the sample and made it difficult to load the sample
onto cartridge. Thus, the honey sample was diluted
with appropriate amounts of distilled water. It was
also important to mix until honey could completely
be dissolved in water. Shaking produced well-mixed
samples rather than sonication or stirring with magnetic
bar. After loading a portion of well-mixed sample,
the cartridge was washed with 2 mL of water for
withdrawal of polar substances, and then eluted with
2 mL of methanol. This extraction method was useful
in the production of clean samples, the enhancement
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of sensitivity, and less introduction of highly polar
sugars into the LC column or MS system.

3.2. Optimization of LC-MS/MS conditions

The analytes were dissolved in MeOH with 0.5 %
acetic acid, and then introduced directly into mass
spectrometer for full scans in the positive ESI mode
to optimize the mass conditions for ionization. The
analytes exhibited predominant Q1 ion; [M+Na]" ion
at m/z 435 for grayanotoxin I, [M+H-2H,0]" ion at
m/z 335 for grayantoxin Il and [M+H]" ion at m/z
425 for IS. Each precursor ion was subjected to
collision-induced dissociation to obtain Q3 mass spectra
to determine product ions (Fig. 1). The most stable
and abundant product ions were produced [M+Na-
CH;COOH]" ion at m/z 375 for grayano- toxin I,
[M+H-4H,0]" ion at m/z 299 for grayanotoxin IIT and
3-propyl-N-methylpyrrolidine ion at m/z 126 for IS,
respectively. Thus, the mass transitions for quantification
of m/z 435 — 375, 335 — 299 and 425 — 126 were
selected for grayanotoxin I, grayanotoxin III and IS,
respectively. The second most abundant transitions
for confirmation purposes of m/z 435 — 357 for
grayanotoxin I, m/z 335 — 281 for grayanotoxin III,
and 425 — 377 for IS were chosen. The proposed
fragmentations of grayanotoxin I and III are shown
in Fig. 1 and Fig. 2.

The chromatographic separations of grayanotoxins
were assessed on the LC columns such as Kinetex
Biphenyl (100 mm % 2.1 mm, 2.6 pm), SP C18 MG Il

(B)

100% 299.2
[M+H-2H,07*
0, 2
e 335.1
o 281.1
X 609
prd = _317.2
£
= 40% 2531
¢
20% 193.2
158.8_ )3 237..
i3 _2p28
0% *L— .X]LIHF? j n L 1
150 200 250 300 350 400 450
m/z, Da

Fig. 1. Product ion mass spectra of (A) Grayanotoxin I and (B) Grayanotoxin III.
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Fig. 2. Proposed fragmentation pathways of (A) Grayanotoxin I and (B) Grayanotoxin III.

(150 mm x 2.0 mm, 5 um) and Kinetex C;g (100 mm x
2.1 mm, 2.6 um). Both Kinetex Biphenyl and Kinetex
Cys columns showed similar separation efficiency.
Biphenyl column was selected as it produced slightly
better peak intensities, peak shape and resolution.
The separation, ionization and sensitivity of grayano-
toxin I and IIT were influenced by the types and
composition of the mobile phase. Methanol was more
efficient than acetonitrile as an organic phase for
showing a higher signal response, better resolution and
finer peak shape. The additives including formic
acid, acetic acid, ammonium acetate and ammonium
formate were tested in order to obtain the optimal
chromatographic separation and the most effective

ionizations of the analytes. The addition of 0.5 %
acetic acid resulted in a significant increase in the
intensities of the peaks and improvement in the peak
symmetry. Therefore, 0.5 % acetic acid-water (v/v)
and and 0.5 % acetic acid-methanol(v/v) were used
as the mobile phases.

3.3. Method validation

The selectivity of this assay was examined through
analyzing 6 independent blank honey samples produced
by different manufacturers. No significant interference
peaks from endogenous substances were observed at
the elution times of analytes and IS. The typical
chromatograms of the blank honey and blank honey

Analytical Science & Technology
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Fig. 3. Representative MRM chromatograms of Grayanotoxin I (11.3 min), Grayanotoxin III (10.4 min) and IS (12.8 min)
in honey: (A) blank honey; (B) honey spiked with Grayanotoxin I and Grayanotoxin III at 0.25 pg/g (LLOQ), and
IS at 1.25 pg/g; (C) mad honey sample (H28), I: Grayanotoxin I, III: Grayanotoxin I, IS: Clindamycin.

spiked at the LLOQ concentrations of grayanotoxins
and IS are presented in Fig. 3A-B. The retention
time of Grayanotoxin I, Grayanotoxin III and IS was
roughly 11.3, 10.4 and 12.8 min, respectively.

The calibration curves of grayanotoxin I and III
were established by the least-squared linear regression
using ratio of peak area (Y) of each analyte to IS and
the concentration (X), with weighting factor 1/x. The
good linearity of this assay was showed over the range
of 0.25 - 100 pg/g for grayanotoxin I and III with
typical regression equations of y = 0.0443x — 0.0027
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(= 0.9995) and y = 0.0654x — 0.0024 (* = 0.9997),
respectively. The LLOQ of grayanotoxin I and III in
the honey were 0.25 pg/g with relative standard
deviation (RSD) of not more than 12.38 % and accuracy
ranging from 90.96 to 114.23 %.

The intra- and inter-day precisions and accuracies
of the method for grayanotoxin I and III in honey are
listed in Table 1. The intra- and inter-day precision
and accuracy were examined at 0.25 (LLOQ), 1 (low
QC), 10 (medium QC) and 80 (high QC) pg/g in six
replicates on the same day and on three consecutive
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Table 1. Precision and accuracy of Grayanotoxin I and Grayanotoxin III

Intra-day (n=6)

Inter-day (n=3)

Nominal conc.

Compounds Observed conc.

RSD

Observed conc.

RSD

(ng/g) Accuracy Accuracy
(Mean + 8D, pg/g) (%) (%) (Mean + SD, pg/g) (%) (%)
0.25 0.24 + 0.02 8.55 97.33 0.24 + 0.01 4.17 96.00
G oxin 1 1 0.94 + 0.05 478 94.33 0.95 + 0.04 3.80 95.00
rayanotoxin 10 10.24 + 0.35 344 10239 9.91 + 1.05 10.59 99.06
80 85.58 + 1.79 2.09 106.97 87.44 + 6.88 7.87 109.30
0.25 0.24 + 0.01 4.17 96.00 0.24 + 0.02 6.28 97.33
G oxin 11 1 0.95 + 0.02 2.23 95.43 0.99 + 0.08 8.19 98.51
rayanotoxin 10 11.00 % 0.22 199 11001 11.40  0.31 272 114.01
80 81.11 + 1.54 1.90 101.39 80.84 + 1.50 1.85 101.05
Table 2. Extraction recovery and matrix effect of Grayanotoxin I and Grayanotoxin III (n=5)
Nominal conc. Extraction recovery Matrix effect
Compounds

(ng/e) Mean + SD (%) RSD (%) Mean + SD (%) RSD (%)

1 92.58 + 6.71 7.25 87.84 + 8.25 9.40

Grayanotoxin I 10 87.44 £ 3.76 4.11 86.14 + 3.87 4.49

80 88.61 + 4.69 5.03 91.81 + 8.36 9.10

1 90.74 + 7.67 8.55 85.57 + 7.94 9.07

Grayanotoxin 111 10 87.34 £ 10.65 12.19 87.78 + 7.75 8.83

80 86.98 + 5.26 6.60 92.53 + 6.25 7.68

Clindamycin (IS) 1.25 95.05 + 3.77 4.11 94.96 + 2.76 3.28

days, respectively. The intra- and inter-day accuracies
for grayanotoxin I and III ranged from 94.33 to
109.30 % and 95.43 — 114.01 %, respectively. And the
intra- and inter-day precision (RSD, %) for grayanotoxin
I and III were less than 10.59 % and 8.19 %,
respectively. The results showed that this present
method had sufficient precision and accuracy.

The extraction recoveries and matrix effects were
summarized in Table 2. The extraction recoveries of
grayanotoxin I ranged from 87.44 to 92.58 % and
those of grayanotoxin III from 86.98 to 90.74 % at
low, medium and high QC concentrations. The
extraction recovery of the IS was 95.05 % at a
concentration of 1.25 pg/g. The results indicated that
the extraction method was reproducible and consistent.

The matrix effects result from co-eluting matrix
substances on the ionization process, resulting in either
ion suppression or ion enhancement. The matrix effects
ranged from 86.14 to 91.81 %, for grayanotoxin I
and from 85.57 to 92.53 % for grayanotoxin III over

three QC concentrations, and the matrix effect of IS
was 94.96 % at 1.25 ng/g. With these results, matrix
effect from honey was negligible on the ionization of
the analytes and IS in this method.

Dilution effect was evaluated to ensure that mad
honey samples could be diluted with blank honey
without affecting the analytical result. The accuracies of
the samples diluted by 2- and 8-fold with blank honey
were within 90.96 — 105.78 %. And the precisions
(RSD, %) of the dilution samples were less than 9.12 %.

Evaluation of stability was carried out by analyzing
QC samples at low, medium and high concentrations
under the various conditions tested throughout the
validation process (n=3). The RSDs of the mean test
responses were within 15 % in all stability tests. The
results listed in Table 3 suggested that the analytes in
the honey were all stable after short-term storage,
long-term storage, and post-preparation storage in
the autosampler. Thus, the stability studies showed
no significant degradation of the analytes and the

Analytical Science & Technology



Determination of Grayanotoxin I and III in mad honey from Nepal using LC-MS 89

Table 3. Stability of Grayanotoxin I and Grayanotoxin III at different conditions (n=3)

Nominal conc.

Grayanotoxin I

Grayanotoxin 111

Storage Conditions

(ng/g) Mean + SD (%) RSD (%) Mean + SD (%)  RSD (%)
. ) 102.10 £3.95 3.87 9423 + 329 3.49
4 hr a r;’:mti?n‘] rature) 10 94.99 + 4.77 5.02 105.24 + 8.19 7.78
P 80 10342 + 3.84 3.71 101.54 + 3.23 3.18
. ] 96.61 + 7.05 7.30 97.12 + 5.05 5.20
P at"?f(;:fl“t’;m crature) 10 94.41 £ 557 5.90 9333 % 6.11 6.55
U
P 80 103.09 = 4.41 428 101.27 = 3.68 3.63
‘ ] 9834 + 4.08 415 96.46 + 5.57 5.78
é‘ftl']frgf"fg‘f‘g 10 9134 + 2.44 2.67 94.00 + 529 5.63
80 10342 + 3.84 3.71 101.61 + 4.08 4.02

analytes could be processed and stored under routine
laboratory conditions.

3.4. Application to the analysis of mad honey
The mad honey from Nepal being a restricted item

were confiscated at Korea Airport Customs and sent
to the National Forensic Service to confirm the
presence of grayanotoxins in the samples. The method
was successfully applied for the determination of
grayanotoxins in 60 mad honey samples brought
from Nepal. The chromatograms of mad honey samples
are presented in Fig. 3C. Grayanotoxin I and III
were detected in 33 samples out of 60 mad honey
confiscated (7able 4). The amount of grayanotoxin |
and III varied considerably among the mad honey
samples. The concentrations of grayanotoxin I in 33
samples of mad honey were 0.75 — 64.86 pg/g with a
mean content of 25.07 pg/g and the grayanotoxin III
concentrations were 0.25 — 63.99 pg/g with a mean
content of 17.05 pg/g. According to these results, the
difference of the content of grayanotoxin I and III
are up to 86 times and 255 times among the mad
honey analyzed, respectively. There was no correlation
between the concentrations of grayanotoxin I and
grayanotoxin III. It was reported that the amount of
mad honey causing grayanotoxins poisoning is
between 5 and 30 g. The severity of the grayanotoxins
poisoning generally depends on the amount ingested.
In this study, it was found that grayanotoxins contents
contained in the mad honey could be an important
determinant of the cause and severity of the grayano-
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Table 4. Concentrations of Grayanotoxin I and Grayanotoxin
II in mad honey samples (n=5)

Grayanotoxin I Grayanotoxin 11

Sample
Mean + SD (ug/g) Mean + SD (ug/g)
H1 48.22 + 0.35 16.45 + 0.83
H2 54.53 £ 1.40 17.48 + 0.70
H3 48.62 +2.03 15.50 + 0.56
H4 47.73 + 1.82 15.18 + 0.64
HS 41.77 + 1.80 12.22 + 0.47
Hé6 30.62 + 1.23 10.07 + 0.41
H7 19.18 + 1.22 42.09 + 1.80
H8 57.53 £ 1.46 18.01 + 0.49
H9 49.58 + 1.15 17.72 + 0.57
H10 64.86 +2.31 19.03 + 0.91
Hi1 26.64 + 6.70 4297 + 1.11
H12 26.52 + 0.75 11.62 + 0.23
H13 12.74 + 0.40 9.10 + 0.45
H14 26.64 + 0.86 18.45 + 1.10
H15 19.38 + 2.76 21.83 + 1.65
H16 13.87 + 0.47 17.12 £ 0.72
H17 14.25 + 0.34 20.38 + 0.87
H18 15.55 + 0.78 18.77 + 0.85
H19 23.83 +5.39 14.28 + 0.69
H20 19.03 + 1.02 17.80 + 0.73
H21 1.64 £ 0.29 0.30 + 0.04
H22 1.32+£0.13 0.28 £ 0.06
H23 1.41 £0.11 0.28 £ 0.11
H24 1.60 + 0.06 0.42 + 0.05
H25 1.20 + 0.07 0.26 + 0.06
H26 19.03 + 0.76 12.80 + 0.92
H27 1.44 £ 0.08 0.41 + 0.05
H28 36.05 + 2.67 63.99 + 1.45
H29 1747 + 1.16 27.69 + 1.54
H30 20.97 + 1.18 13.99 + 0.66
H31 4711 £2.77 39.60 + 0.61
H32 0.75 £ 0.03 0.25 +0.02
H33 16.27 + 0.84 26.36 + 0.67
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toxins poisoning. The huge variability of the grayano-
toxins data among mad honey samples might occur
due to production season, region or the procedure
involved in processing of mad honey. The mad
honey made in the spring is known to be more toxic
and sometimes contain higher contents of grayanotoxins
than that made in other seasons.*’ Although Korean
honey does not contain grayanotoxins, grayanotoxins
poisoning cases occur occasionally in Korea.**
More careful examination and controls on mad honey
should be needed because of the possibility of grayano-
toxins poisoning. Also, this study might be helpful
for further studies on the grayanotoxins poisoning,
and useful for applications to grayanotoxins poisoning
case. Recently in Korea, a 55-year-old male and a 31-
year-old female hospitalized after intake of mad
honey and after appropriate treatment their condition
improved. By this proposed method, we confirmed
that they consumed the mad honey containing
grayanotoxin [ and III (not reported). The determination
of grayanotoxins in mad honey through a qualitative
and quantitative analysis is meaningful to prevent
and prove grayanotoxins poisoning.

4. Conclusions

There was a need for development of analytical
methods for the determination of grayanotoxins in
honey. Hence, an LC—tandem MS method was
developed and validated for the determination of
grayanotoxin I and II in the honey. This method
provided good linearity, precision, accuracy and
sensitivity for the quantitative measurement of the
analytes in the honey. The method using solid phase
extraction (SPE) as sample treatment could produce
a clean sample, enhanced selectivity and high extraction
recovery. The validated method can be used for
identification and quantification of grayanotoxins in
the honey suspected of containing grayanotoxins.
Finally, the method was successfully applied to the
determination of grayanotoxins in 60 mad honey
samples brought from Nepal and finding out the
grayanotoxins content present in the mad honey.
Grayanotoxin I and III were detected together in 33

out of 60 mad honey samples. The only grayanotoxin
III has been regulated in accordance with the related
regulations. This result shows that nonexistence of
both grayanotoxin I and III in honey should be
evaluated for food safety. Further, this assay would
help in preventing intake of mad honey as a potential
poison and also confirm grayanotoxins poisoning for
the forensic and clinical studies.
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