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Abstract

The authors have reviewed the main toxic plants responsible for human deaths throughout the world. Forty plants (genera
or species) were listed in order to establish an inventory of the active molecules that could be identified, the already
published analytical methods and the reported human fatal cases. In a second step, the authors have developed a genera
method for the detection of various toxins in whole blood by high-performance liquid chromatography coupled to mass
spectrometry or tandem mass spectrometry. Sample preparation was realized by liquid—liquid extraction at pH 9.5 for
oleandrine, taxol and the alkaloids. These latter compounds were divided into two groups following their chemical properties
and could be subsequently purified by acid/base clean up. Cyanogenic compounds and atractyloside were isolated by
precipitation of the protein content with acetone and purified for atractyloside by washing with chloroform. Separation of the
drugs occurred under reversed-phase conditions on a C,,; analytical column 150X2 mm I.D. (5 pm particle size) using two
different mobile phases. The first one, formiate buffer 2 mM acidified at pH 3.0, was used for the separation of atractyloside,
oleandrine, taxol, the cyanogenic molecules and some alkaloids. The second mobile phase, formiate buffer 10 mM made
basic at pH 8.2 was used for the majority of other alkaloids. A gradient elution mode was chosen using acetonitrile or
acetonitrile—methanol (50:50, v/v) as the eluting solvent. Detection under positive ionization mode was the mode of choice
for all compounds except for atractyloside (negative ions) and for taxol (mixed mode available). Application to real forensic
cases has been demonstrated. [0 1999 Published by Elsevier Science BV. All rights reserved.
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1. Introduction

The incidence of plant exposure was about 1.5%
in France, 5% in Belgium, 6.5% in ltaly, 7.2% in
Switzerland and 6% in Turkey following different
retrospective studies of the last 20 years [1]. Be-
tween 1985 and 1994 in the United States, these
exposures rank fourth only, behind intoxications
involving pharmaceuticals, household cleaning
agents, and cosmetics [2,3]. Human fatal cases are
the fact of about a maximum of 40-50 genera
throughout the world. The total number of deaths
however, is very difficult to establish and must
certainly be underestimated since all cases were not
aways well documented on the analytical and foren-
sic point of views and thus rarely published. Never-
theless, it seems that the mortality might be im-
portant in contrast to other causes of poisonings. In
South Africa, 2% of the people admitted for acute
poisoning died, compared to 15% of the patients
poisoned by traditional plant medicine [4].

A multiresidue screen for the quantitative and

qualitative determination of alkaloids in plant materi-
a, animal ingesta, tissue and biological fluids is
described by a veterinary diagnostic laboratory [7].
The samples are extracted using 5% ethanol in ethyl
acetate and purified by back extraction in 0.5 mol/I
HCI. A final clean-up procedure using polymeric C,
column is applied. Alkaloids are analyzed by gas
chromatography (GC)—nitrogen-phosphorus detec-
tion for quantitative analysis and by GC-mass
spectrometry (GC-MS) and thin layer chromatog-
raphy (TLC) for qualitative analysis. The method
recovered the six tested alkaloids (atropine, coniine,
nicotine, retrorsine, solanidine and strychnine) in the
range of 72-113% at the 1 pg/g level. Limits of
detection however, are theoretically contained be-
tween 25 and 200 ng/g that made the method not
very sensitive. Besides, non-volatile compounds
cannot be assayed by the presented technique.
Foukaridis et a. [4] have developed an efficient
multi-isocratic high-performance liquid chromatog-
raphy (HPLC) system coupled with photodiode array
UV detection for the identification of poisoning by
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plant folk medicine of Black South Africa. These
two works however, are an exception. In forensic
toxicology, general screenings for toxic plant mole-
cules are remarkably absent. Few methods exist
punctually as for the tropane alkaloids, for nicotine
and its metabolites, for colchicine or for the cardiac
glycosides. For a large number of low concentrated
toxins however, the methods are generally not sensi-
tive enough to enable the detection of numerous
cases. That is why, considering these problems, the
authors have developed an efficient HPLC-MS (and
MS-MS) method for the detection of several plant
toxins of particular interest in forensic science.

In the present paper, the authors have listed the
most toxic plant genera responsible for human
fatalities. Since it was the author’s willing to detail
the plants solely responsible for accidental and
homicidal cases, the narcotics, stimulants and hal-

Table 1
List of the plants that are outside the scope of the present study

lucinogens were not treated in this review (see Table
1) [5,6]. The poisons used for hunting were also not
envisaged. In the case of conflict between tribes, the
warriors might resort to different poisons that are not
so short acting toxins. Death was supposed to be the
result of several hours or days of a painful agony.
The different plants used both for hunting or war
were listed in Table 1 [5].

2. General strategy for chromatographic
analysis
2.1. Reagents

Methanol, acetone, acetonitrile, chloroform, iso-

propanol, formic acid, ammonium formiate
(NH,COOH), 30% ammonia solution (NH,OH),

Classes Botanical names
Narcotics Myristica fragrans, Nymphaea ampla, N. caerulea, Papaver somniferum.
Stimulants Ephedra species, Erythroxylon coca, Sda acuta, S. rhombifolia.

Hallucinogens

Acorus calamus, Andenanthera colubrina, A. peregrina, Ariocarpus

fissuratus, Banisteriopsis caapi, B. inebrians, B. rusbyana, Brugmansia
arborea, B. aurea, B. insignis, B. sanguinea, B. suaveolens, B. versicolor,
Cannabis sativa, Coriaria thymifolia, Coryphanta compacta, Cymbopogon
densiflorum, Desfontania spinosa, Echinocerus salmdyckianus,

E. triglochidiadus, Epithelantha micromeris, Erythrina americana, Galbulimima
belgraveana, Gormotega keule, Heimia salicifolia, Helicostylis pedunculata,
H. Tomentosa, Homalomena species, |pomoea violata, Justicia pectoralis,
Kaempferia galanga, Latua publiflora, Lagochilus inebrians, Lochroma
fuschioides, Lophophora diffusa, L. Wiliamsii, Mammilliaria craigii,

M. grahamii, M. senilis, Mandragora officinarum, Mesembryanthemum
expansum, Methysticodendron amesianum, Mimosa hostilis, Mucuna
pruriens, Nephelium topengii, Oncidium cebolleta, Pernettya furens,

P. parvifolia, Pachycereus pecten-arboriginum, Pancratium trianthum,
Peganum harmala, Phytolacca acinosa, Salvia divinorum, Scirpus species,
Senecio cardiophyllus, Sofora secundiflora, Tabernanthe iboga, Tetraptis
methustica, Trichocerus pachanol, Turbinea corymbosa, Virola calophylla,
V. Calophylloida, V. elongata, V. theiodora, Zornia latifolia.

Hunting poisons

Abuta species, Acokanthera schimperi, Capsicum annum, Chondrodendron

tomentosum, Cissampelos species, Cocculus laurifolius, Curarea toxifera,

C. candicans, Erytrina species, Lophopetal um toxicum, Physostigma venenosum,
Sciadotenia species, Strychnos toxifera, S. diaboli, S. lethalis, S. Castelnaena,
S rondetelioides, Telitoxicum species.

War poisons

Colliguaja species, Euphorbia species, Hippomane mancinella, Hura species,

Sapium species, Schoenobiblus peruvianus.
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ammonium chloride (NH,CI) chlorhydric acid 0.5
mol /I and sodium hydroxide 1 mol/l of analytical
grade were from Carlo Erba (Milan, Italy).

Formiate buffer 10 mM, pH 8.2 of the mobile
phase A was prepared by dissolving 630 mg of
NH,COOH in 1| of distilled water and adjusted to
pH 8.2 with 30% NH,OH solution.

Formiate buffer 2 mM, pH 3.0 of the mobile phase
B was prepared by dissolving 126 mg of NH,COOH
in 11 of distilled water and adjusted to pH 3.0 with
pure formic acid.

Mobile phase C was a mixture of acetonitrile—
methanol (2:1, v/v).

A basic buffer was prepared for the liquid—liquid
extraction from a saturated solution of ammonium
chloride adjusted to pH 9.5 with 30% NH,OH
solution.

Internal Standard (1.S.;) solution was realized by
dissolving 1 g of lidocaine free base in 1000 ml of
methanol (1 mg/ml). A subsequent dilution was
made at 1 ng/ml (1.S.,). Lidocaine was a gift from
Laboratoires Sepval (Laval, France).

Cevadine, lobeline, senecionine and veratridine
were purchased from Extrasynthese (Genay, France).
Aconitine, amygdalin, anabasine, arecoline, atrac-
tyloside, atropine, colchicine, emetine, eserine,
crotaline, pilocarpine, prunasin, reserpine, retror-
scine, scopolamine, sparteine, strychnine, taxol and
yohimbine were purchased from Sigma-Aldrich
(Saint-Quentin Fallavier, France). Stock solutions
were prepared in methanol (or in acetonitrile for
aconitine due to its unstability in protic solvent) at 1
mg/ml. Subsequent dilutions at 10, 1 and 0.1 pg/ml
were necessary for blood standard calibration.

2.2. Instrumentation

221 HPLC-MS

The HPLC-MS system included a series LC 200
pump from Perkin Elmer (Les Ulis, France), a series
200 autosampler PE and an API-165 Perkin Elmer-
Sciex (Toronto, Canada) mass spectrometer equipped
with an electrospray-type lonspray™ ionization de-
vice. Chromatographic separation was performed on
an Uptisphere™ ODSB C,, column, 150X2.0 mm
I.D. (5 pm particle size) interchrom from Interchim
(Montlugon, France) with a 20 mm length guard
column. Split ratio to MS was 1:3.

2.2.1.1. Cyanogenic compounds. Cyanogenic com-
pounds were separated under isocratic conditions
with acetonitrile—formiate buffer 2 mM, pH 3.0
(10:90, v/v) as the mobile phase delivered a a
flow-rate of 200 pl/min. Retention times (RTs) were
2.9 min for lidocaine (1.S.;), 4.4 min for amygdalin
and 5.6 min for prunasin. Relative RTs (RRTs) were
1.51 and 2.02 for amygdalin and prunasin, respec-
tively. Chromatographic run time was 8 min. The
instrument was operated in the positive ionization
mode with an electrospray voltage of +4.85 kV
while the orifice voltage was set at +130 V. De-
termination of the two compounds was realized using
the following ions m/z 480.3 and 325.2 for
amygdalin (sodium adduct of the molecular weight
4574, and fragment), m/z 318.1 and 313.1 for
prunasin (sodium and ammonium adducts of the
molecular mass 295.2), and m/z 235.1 and 86.0 for
I.S.; (protonated ion of the molecular mass 234.3
and fragment). Dwell time was 600 ms per ion.

2212 Akaloids (group A). A gradient elution
mode was estimated necessary for the separation of
al other compounds which were divided into two
major groups with different chromatographic con-
ditions corresponding to different chemical prop-
erties. Group A included akaloids with a pKa value
ranging from 6 to 9. Initia conditions were 80%
solvent B (formiate buffer 10 mM, pH 8.2) and 20%
solvent C (acetonitrile—methanol; 2:1, v/v) main-
tained for 1 min then linearly increased to 90% C at
time 10 min and held for 12 min. Chromatographic
duration was 22 min. Flow rate of the mobile phase
was 250 pl/min. Re-equilibration of the analytical
column was done at 250 pl/min during 15 min. RTs
were 5.8 min for anabasine, 6.4 min for crotaline, 9.2
min for arecoline, 9.8 min for pilocarpine, 13.9 min
for scopolamine, 14.2 min for retrorscine, 14.6 min
for atropine, 15.4 min for eserine, 15.9 min for
senecionine, 16.0 min for sparteine, 17.4 min for
yohimbine, 18.3 min for lobeline, 18.7 min for
lidocaine (1.S.,) and 19.2 min for emetine. RRTs
were 0.31 for anabasine, 0.34 for crotaline, 0.49 for
arecoline, 0.52 for pilocarpine, 0.75 for scopolamine,
0.76 for retrorscine, 0.78 for atropine, 0.83 for
eserine, 0.85 for senecionine, 0.86 for sparteine, 0.93
for yohimbine, 0.98 for lobeline and 1.03 for
emetine. The instrument was operated in the positive
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ionization mode with an electrospray voltage of
+5.22 kV while the orifice voltage was set at +60 V.
The mass-to-charge ratios corresponding to the pro-
tonated molecules of anabasine (m/z 163.1),
arecoline (m/z 156.2), atropine (m/z 290.3 and
fragment at m/z 124.0), crotaline (m/z 326.1),
emetine (m/z 481.4), eserine (m/z 276.2 and frag-
ment at m/z 162.0), lobeline (m/z 338.3), pilocarpine
(m/z 209.2), retrorscine (m/z 352.2), scopolamine
(m/z 304.3 and fragment at m/z 156.2), senecionine
(m/z 336.3), sparteine (m/z 235.2), yohimbine (m/z
355.3) and 1.S., (m/z 235.2) were monitored with a
dwell time of 300 ms each (see Figs. 1 and 2).

2213 Alkaloids (group B), atractyloside, olean-
drine and taxol. Group B included alkaloids with a
pKa vaue less than 6.5, the cardiotonic glycoside
oleandrine, the pseudo-akaloid taxol and the di-
terpenic heteroside atractyloside. Initial conditions
were 80% A (formiate buffer 2 mM, pH 3.0) and
20% acetonitrile maintained for 1 min then linearly
increased to 90% acetonitrile at time 20 min and held
for 5 min. Chromatographic duration was 25 min.
The equilibration time between two consecutive
samples analyzed in series was set a 15 min. The
instrument was operated with a voltage of +5.2 kV
applied to the sprayer during experiment with the
positive ion detection mode and with a voltage of
—4.2 KV during experiment with the negative ioniza-
tion detection. This latter mode was the detection
mode of choice of atractyloside which is a dipotas-
sum salt of a 19-norkaur-16-en-18-oic acid. A
double negative ion charge must thus be expected for
some ions leading to a z value of 1 or 2. Taxal, a
highly oxygenated compound could be successfully
analyzed either in negative or in positive ionization
modes. Orifice voltage was set a +60 or —60 V
depending upon the polarity of the sprayer. The run
time was divided into three different periods corre-
sponding to the following molecules: period A from
time 0 to 9 min corresponding to the acquisition of
lidocaine (1.S.,) and strychnine, period B from time
9 to 18.5 min corresponding to the acquisition of
colchicine, veratridine, cevadine, aconitine and re-
serpine, and period C from time 185 to 25 min
corresponding to the acquisition of oleandrine and
taxol. RTs were 2.6 min for I.S.,, 29 min for
strychnine, 14.2 min for colchicine, 14.9 min for

veratridine, 15.3 min for cevadine, 16.0 min for
aconitine, 17.0 min for reserpine, 20.5 min for
oleandrine and 224 min for taxol. RRTs were,
respectively, equal to 1.12 for strychnine, 5.46 for
colchicine, 5.73 for veratridine, 5.88 for cevadine,
6.15 for aconitine, 6.53 for reserpine, 7.88 for
oleandrine and 8.69 for taxol. The mass-to-charge
ratios corresponding to the protonated molecules
(and fragment when available) of lidocaine (m/z
235.1 and fragment a& m/z 86.0), strychnine (m/z
335.2), colchicine (m/z 400.3), veratridine (m/z
674.4), cevadine (m/z 592.3), aconitine (m/z 646.4
and fragment at m/z 586.3=loss of acetate), re-
serpine (m/z 609.3), oleandrine (m/z 577.5 and
fragments at m/z 433.3 and 373.2), and taxol (m/z
854.6 and fragments at m/z 569.5 and 509.4) were
monitored with a dwell time of 400 ms each. Figs. 3
and 4 displays the full scan mass spectrum of
oleandrine and taxol under the previously described
chromatographic conditions. Fig. 5 shows a chro-
matogram of an extract of a blood standard spiked
with 1 ng/ml of the akaloids. Fig. 6 displays a
chromatogram of an extract of a blood standard
spiked with 10 ng/ml of oleandrine and taxol.

Negative experiments could be conducted for an
ultimate confirmation of the presence of taxol. Fig. 7
gives a full scan, negative ions mass spectrum of the
drug. This latter mode was also the mode of choice
for the detection of atractyloside, an acidic com-
pound with two sulfate groups. Fig. 8 displays the
full scan mass spectrum of the molecule. Lidocaine
was used as the external standard and acquired under
positive ionization mode during the first 5 min of the
run, using the ions m/z=235.1 and 86.0 with a dwell
time of 600 ms each. In a second period from 5 to 25
min, the polarity was inverted and the ions m/z=
725.4, 645.1, 343.2 and 322.4 were monitored with a
dwell time of 500 ms each. RTs were 2.6 min for
lidocaine and 18.2 min for atractyloside. RRT was
6.97.

222 HPLC-MSMS

The HPLC-MSMS system included a series
P4000 pump from Thermo Separation Products (Les
Ulis, France), a series AS100XR autosampler from
TSP that were interfaced using a SN4000 device to a
triple quadrupole TSQ 7000 tandem mass spectrome-
ter from Finnigan (Manchester, UK). The mass
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Fig. 1. Chromatogram of an extract of a whole blood standard spiked with 100 ng/ml of each molecule. Pesks: 1=eserine (m/z 162.0),
2=senecionine (m/z 336.2), 3=emetine (m/z 481.4), 4=retrorscine (m/z 352.2), 5=1.S,, lidocaine (m/z 235.1).
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Fig. 2. Chromatogram of an extract of a whole blood standard spiked with 100 ng/ml of each molecule. Peaks. 1=sparteine (m/z 235.1),
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Fig. 3. Chromatogram (above) and positive ions full scan mass spectrum (below) from 300 to 900 amu of oleandrine (molecular
mass=576.7). Ammonium adduct at m/z 594.4. lon m/z 559.2=577.3—-H,0. lon m/z 517.4=577.3—Acetate. lon m/z 433.3=594.
—l-arabinose. lon m/z 373.2=594.4—|-arabinose acetate.
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Fig. 4. Chromatogram (above) and positive ions full scan mass spectrum (below) from 300 to 900 amu of taxol (molecular mass= 853.8).
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Fig. 5. Chromatogram of an extract of a whole blood standard spiked with 1 ng/ml of each molecule. Peaks: 1= colchicine (m/z 400.3),
2=veratridine (m/z 674.4), 3=cevadine (m/z 592.3), 4=aconitine (m/z 646.4), 5=reserpine (m/z 609.3).
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Fig. 6. Chromatogram of an extract of a whole blood standard spiked with 10 ng/ml of each molecule. Peaks: 1= oleandrine (8) m/z 577.5,
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Fig. 7. Chromatogram (above) and negative ions full scan mass spectrum (below) from 300 to 900 amu of taxol (molecular mass= 853.8).
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spectrometer was equipped with an electrospray
atmospheric pressure ionization device. Chromato-
graphic separation was performed on an inertsil™ 5
0ODS-3 C,4 column, 150 mmx3.0 mm I.D. (5 pum
particle size) chromsep from chrompack (Les Ulis,
France) with a 10 mm length guard column using a
mixture of 2 mM ammonium formiate pH 3 (solvent
A) and methanol delivered at a flow-rate of 500
pl/min as the mobile phase. Initial condition was
25% methanol for 1 min linearly increased to 90%
methanol at time 20 min and held for 5 min.
Chromatographic run time was 25 min. Re-equilibra-
tion was done at 600 pl/min during 15 min. No split
ratio to MS was applied. The instrument was oper-
ated in the positive ionization mode with a voltage of
+4.5 kV applied to the sprayer during al experi-
ments. The heated capillary was set at 280°C under a
voltage of +50 V. The collision gas was argon at 1.7
mTorr. Collision energies were —35 &/ for col-
chicine, —40 V for lidocaine (I.S.,) and sparteine,
—45V for aconitine, —50 V for strychnine and —60
V for cevadine and veratridine. Dwell time per
parent ion was set a 700 ms. RTs were 2.0 min for
sparteine, 5.2 min for 1.S.,, 5.6 min for strychnine,
15.4 min for aconitine, 16.0 min for veratridine, 16.8
for colchicine and 17.0 min for cevadine. RRTs
were, respectively, 0.39, 1.05, 2.99, 3.07, 3.23 and
3.27. Parent ions corresponding to the protonated
molecules of the seven compounds were selected
with a mass resolution of 2.5 amu. These were m/z
235 for lidocaine and sparteine, m/z 335 for
strychnine, m/z 400 for colchicine, m/z 592 for
cevadine, m/z 646 for aconitine and m/z 674 for
veratridine. Two daughter ions were chosen (when
available) based upon criterion of specificity and
abundance and collected by the third quadrupole
with a mass resolution of 2.5 amu. These daughter
ions were m/z 86 for lidocaine, m/z 98 for sparteine,
m/z 156 and 184 for strychnine, m/z 438 and 456
both for cevadine and veratridine and m/z 368 and
586 for aconitine. Dwell time per daughter ion was
set at 350 ms. Fig. 9 shows a chromatogram of an
extract of a whole blood standard spiked with 0.1
ng/ml of each drug.

2.3 Calibration

Drug-free blood samples were collected from
screened  volunteers. Biological matrices were

pooled, extracted and analyzed by the present meth-
ods. No peak was obtained which corresponded to
the compounds of interest.

Standard solutions (in methanol or in acetonitrile)
were added producing concentrations of 0.1, 1, 10
and 100 ng/ml for akaloids, oleandrine and taxol.
The range of whole blood calibration was set up in
the same way but at the concentrations of 0.5, 5 and
50 pg/ml for the two cyanogenic compounds and at
concentrations of 0.1, 1 and 10 pg/ml for atrac-
tyloside.

2.4. Sample preparation and extraction procedures

Table 2 summarizes the different extraction pro-
cedures used for the different toxins.

2.4.1. Cyanogenic glycosides

Amygdalin and prunasin were isolated from the
biological fluid by extraction with two volumes of
acetone. To 1 ml of standard or unknown whole
blood, was added 10 pl of I.S.; methanolic solution
(1 mg/ml) together with 2 ml of acetone, and vortex
mixed for 2 min. After centrifugation, the acetone
extract was evaporated to dryness at 40°C under a
stream of nitrogen. Reconstitution was performed by
adding 50 wl of acetonitrile—water (50:50, v/v) to
the dry residue, then vortex mixed for 10 s. The
extract was transferred to a microtube Eppendorf
type from ATGC (Paris, France), and centrifuged at
7500 g for 3 min. This important step gives a clear
extract separated from oily residues and impurities.
At last, 20 pl were injected in the chromatograph.

24.2. Alkaloids (group A)

A 2 ml volume of whole blood was akalinized
with 2 ml of a saturated NH,Cl solution at pH 9.5. A
100 pl volume of 1.S., solution (1 pg/ml) was
added, followed by 10 ml of chloroform—isopropanol
(95:5, v/v). After gentle inversion of the glass tube
for 10 min, the tube was centrifuged at 2000 g for 5
min. The ionizability of alkaloids in acids is the one
general feature of these compounds; thus acid/base
cleanup was subsequently applied. The organic layer
was transferred to another screw cap glass tube, then
back-extracted with 5 ml HCI 0.5 mol/| for 10 min.
After centrifugation at 2000 g for 5 min, the acidic
layer was neutralized with NaOH 1 mol/I and made
alkaline with 4 ml of pH 9.5 saturated NH,Cl
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Fig. 9. Chromatogram of an extract of a whole blood standard spiked with 0.1 ng/ml of each molecule. Peaks: 1= sparteine (daughter ion
m/z 98), 2=lidocaine (daughter ion m/z 86), 3=strychnine (sum of daughter ions m/z 156+ 184), 4= aconitine (sum of daughter ions m/z
368+ 586), 5= veratridine (sum of daughter ions m/z 438+ 456), 6= colchicine (sum of daughter ions m/z 282+ 310), 7= cevadine (sum of
daughter ions m/z 438+ 456).
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Table 2
Extraction procedures used
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Compounds Sample volume

Extraction

Cyanogenic glycosides: 1ml

amygdalin and prunasin

Alkaloids group A: 2ml
anabasine, arecoline,

atropine, crotaline,

emetine, eserine,

lobeline, pilocarpine,

retrorscine, scopolamine,

senecionine, sparteine,

yohimbine

Alkaloids group B: 2ml
oleandrine and taxol:

aconitine®, cevadine®,

colchicine®, oleandrine,

reserpine®, strychnine®,

taxol, veratridineg®

Atractyloside 1ml

Add 2 ml acetone and vortex mix for 2 min

Centrifuge and evaporate the acetonic extract

Reconstitute with 50 pl of acetonitrile—water (50:50, v/v)
Centrifuge at 7500 g for 3 min

Inject 20 pl

Add 2 ml of saturated NH,Cl solution at pH 9.5

followed by 10 ml of chloroform—isopropanol (95:5, v/v)
Agitate for 10 min and centrifuge

Back extract the organic phase using 5 ml of

0.5 mol/l HCI

Agitate for 10 min and centrifuge

Neutraize acidic layer with 1 mol/I NaOH and make it akaline
with 4 ml of the pH 9.5 saturated NH,Cl solution
Re-extract with 10 ml chloroform

Agitate for 10 min and centrifuge

Evaporate to dryness and reconstitute with 30 pl acetonitrile
Inject 20 pl

Add 2 ml of saturated NH,Cl solution at pH=9.5

followed by 10 ml of chloroform—isopropanol (95:5, v/v)
Agitate for 10 min and centrifuge

Evaporate to dryness and reconstitute with 30 pl of
acetonitrile-water (50:50, v/v)

Centrifuge at 7500 g for 3 min

Inject 20 pl

Add 1 ml acetone and vortex mix for 2 min

Centrifuge and decant the supernatant

Add to the supernatant 3 ml chloroform and agitate for 5 min
Remove the chloroform—acetonic phase

Evaporate the agueous phase

Reconstitute the dry residue with 40 pl of acetonitrile—water (50:50, v/v)

Centrifuge at 7500 g for 3 min
Inject 20 pl

For an ultimate confirmation, these alkaloids could be purified using the alkaloids group A procedure.

solution. Re-extraction in 10 ml of chloroform was
finally conducted for 10 min. The chloroformic
phase was evaporated to dryness under a stream of
nitrogen at 40°C. The dried residue was dissolved in
30 pl of acetonitrile from which 20 pl was injected
into the chromatographic system.

24.3 Alkaloids (group B) — Oleandrine and taxol
A 2 ml volume of whole blood was akalinized
with 2 ml of a saturated NH,Cl solution at pH 9.5. A
100 pl volume of 1.S., solution (1 pg/ml) was
added, followed by 10 ml of chloroform—isopropanol
(95:5, v/v). After gentle inversion of the glass tube

for 10 min, the tube was centrifuged at 2000 g for 5
min. Alkaloids could be successfully purified follow-
ing the above-described procedure. However, the
acid/base cleanup is not valid for cardenolides and
for taxoids. On the other hand, considering the high
molecular masses of the compounds of interest,
further purification does not alow us to obtain a
better signal-to-noise ratio than a single liquid—liquid
extraction. The organic phase was thus evaporated to
dryness and reconstituted in 30 pl of acetonitrile—
water (50:50, v/v) then vortex mixed for 20 s. The
extract was transferred to a microtube Eppendorf
type, and centrifuged at 7500 g for 3 min. Finally, 20
wl was injected in the chromatographic instrument.
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2.4.4. Atractyloside

To 1 ml of whole blood was added 1 ml of
acetone in order to precipitate the protein content.
After agitation during 1 min, the tube was cen-
trifuged and the supernatant decanted in another
glass via followed by the addition of 3 ml of
chloroform. The acetone—chloroform phase that has
been consequently formed was able to remove the
remaining fat by gentle inversion of the tube during
5 min. After centrifugation the clean aqueous upper
phase can be isolated and evaporated to dryness
under a stream of nitrogen at 90°C in the presence of
50 ul of 1.S., methanolic solution. The dry residue
was reconstituted with 40 wl of acetonitrile—water
(50:50, v/v) then vortex mixed for 20 s. The extract
was transferred to a microtube Eppendorf type, and
centrifuged at 7500 g for 3 min. Finally, 20 pl was
injected in the analytical column.

3. Applications
3.1. Abrus precatorius—Jequirity bean—Fabaceae

3.1.1. Active molecules

This Indian native tropical plant produces or-
namental seeds called: crab's eyes, coral pess,
paternoster beans, lucky bean or minnie-minnies.
The seeds contain one of the most toxic substances
of plant origin, abrin whose toxicity is similar to that
of ricin.

3.1.2. Analytical toxicology and human poisonings

A radioimmunological method for the measure-
ment of abrin has been proposed [8]. Though the
plant is widely distributed throughout the world,
human poisoning is very rare and no fatal case has
been reported yet [5].

3.2, Genus Aconitum—Monkshood—Ranonculaceae

3.2.1. Active molecules

The amounts of akaloids (0.5-3%) greatly vary
depending on the species, place of origin or time of
harvesting. The main drug, aconitine is a methylated
and benzoylated ester of a hexacyclic norditerpenic
amino alcohol, aconine. Other drugs are hy-
paconitine, mesaconitine, lycaconitine, jesaconitine,

neopelline, napelline, neoline,  bikhaconitine,
methyllycaconitine, talatisamine, atisine and lap-
paconitine [5]. The major akaoid may vary follow-
ing the species: aconitine in A. napellus, hy-
paconitine in A. septemtrionale, hypaconitine and
mesaconitine in A. carmichaelii, mesaconitine in A.
kuznezofii, bikhaconitine in A. ferox, talatisamine in
A. kongboense, atisine in A. anthora and A.
heterophyllum, lycaconitine in A. wvulparia. Some
isoquinoleic alkaloids or phenethylamine derivatives
could also be present: higenamine in A. japonicum,
magnoflorine in A. wulparia and A. napellus,
coryneine in A. Carmichaelii and N-methyl adre-
naliine in A. nasutum. The most poisonous aconites
are A. balfourii and A. deinorrhizum [9,10].

322 Analytical toxicology

The determination of aconitine in A. kongboense
has been realized by thin TLC—fluorometry [11]. A
method of TLC—densitometry was established in
order to detect mesaconitine, aconitine and hy-
paconitine in aconite roots. Powdered samples were
alkalinized by ammonia and macerated with ether.
The spots were stable for more than 24 h [12]. An
HPLC method was aso described for the analysis of
the same three akaloids in plant material [13]. A
GC-MS in the selected ion-monitoring mode was
used to detect jesaconitine in blood in a fatal
accidental overdose following the ingestion of the
Japanese aconite Torikabuto [14]. However, due to
poor chromatographic behaviors, some authors have
suggested the conversion of the alkaloids into their
trimethylsilyl (TMS) derivatives. This resulted in
well-defined peaks on selected ion recording. Good
linear response over the range of 100 pg to 7.5 ng of
the pure compounds was demonstrated [15]. De-
termination of aconitine, mesaconitine, hypaconitine
and jesaconiting, in blood and urine samples has
been realized using HPLC combined with UV de-
tection and MS [16]. These akaloids were recovered
very efficiently by solid-phase extraction using a
styrene polymer resin. Elution was achieved using
acetonitrile—HCl. HPLC—-UV separation was done on
a reversed-phase column under isocratic conditions
using a mixture of tetrahydrofuran and 0.2% tri-
fluoroacetic acid. Limits of detection in blood were
50 ng/ml for the four compounds, whereas due to
severe interfering peaks it was quite impossible to
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obtain the detection in urine even a high con-
centrations. HPLC—MS separation was done on C, 4
150X4.6 mm column using tetrahydrofuran—0.3%
trifluoroacetic acid—glycerin as the mobile phase.
The protonated molecular ions were m/z=676 for
jesaconitine, 646 for aconitine, 632 for mesaconitine
and 616 for hypaconitine, and also the degradation
ions of either methoxylphenylcarbonyl cation (m/z=
135) or phenylcarbonyl cation (m/z=105). The
detection limits were 2.5 ng injected in scan mode
and 100 pg injected in the selected monitoring mode
[16]. Fig. 10 displays the selected ion monitoring
chromatogram of a blood extract spiked with
Aconitum akaloids.
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3.2.3. Human poisonings

In western countries, intoxication is very unlikely.
One fatal case was noticed in South France in 1975
where aconite was confused with an edible grass
frequently consumed in Catalonia, Molopospermum
peloponesiacum [17]. In Germany, a fatal report was
registered in a 20-month-old girl [18]. On the
contrary, fatalities are frequent and numerous in
eastern Asia. In the sole province of Sichuan in
China, for the period 1980-1984, 72 deaths were
reported distributed between 35 murders, 16 suicides
and 21 accidental ingestions [19]. Six hundred cases
were reported in China during the last 35 years [20].
The harmful effects of these Chinese herbal
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Fig. 10. Selected ion monitoring chromatograms of solid-phase extracts of blood and urine samples spiked with Aconitum alkaloids.
Solid-phase extracts of blood (2 ml) and urine (5 ml) spiked with Aconitum akaloids (100 ng each) were applied to a HPLC-FAB-MS
system, selectively monitoring the corresponding protonated molecular ions of m/z 676 (jesaconitine), 646 (aconitine), 616 (hypaconitine)

and 632 (mesaconitine). Reprinted from Ref. [16] with permission.



Y. Gaillard, G. Pepin / J. Chromatogr. B 733 (1999) 181229 201

medicines have also become a cause of serious
concern among the medical profession in other
countries bordering China, such as Taiwan and Hong
Kong [21]. In this town, three fatalities were reported
in 1994 by But et a. [22] and two by Dickens et al.
[23] for the same year. Several authors underline the
absence of strict legislation upon the dispensing of
these medicines together with an incorrect analytical
monitoring in the way of preparing the roots. This
worrying phenomenon might additionally occur in
the Asiatic populations of large metropolis through-
out the world. In Japan, in a 61-year-old poisoned
man, jesaconitine was detected in blood by GC-MS,
as well as aconitine, hypaconitine and mesaconitine
in urine [14]. Other Japanese authors reported a case
of homicidal poisoning by aconite. Jesaconitine was
detected in the stomach contents, plasma and urine at
concentrations of 5.48, 0.43 and 1.07 ng/ml, respec-
tively [24]. Quantitation of Aconitum akaloids in a
blood sample taken from a patient intoxicated by
aconite roots gave the following levels of 80, 250
and 50 ng/ml for aconitine, jesaconitine and
mesaconitine, respectively [16]. In a person who
made a suicide attempt with an aconite extract, the
plasmatic concentrations measured 2 h after inges-
tion were the following: 1.72 ng/ml for aconitine,
0.22 ng/ml for benzoylaconine, 0.31 ng/ml for
aconine, 4.04 ng/ml for mesaconitine, 0.68 ng/ml
for benzoylmesaconine, 0.19 ng/ml for mesaconine,
0.60 ng/ml for hypaconitine, 0.19 ng/ml for ben-
zoylhypaconine and 0.20 ng/ml for hypaconine [25].

3.3 Atractylis glummifera—Glue thistle—Asteraceae

3.3.1. Active molecules

The main toxins are represented by glycosides
with a diterpenic genin derived from kaurene deriva-
tives: atractyloside, carboxyatractyloside, parquine
and carboxyparquine [9]. The mechanism of toxicity
is quite comparable to the toxins of Amanita
phaloides. Wedeloside is an aminoglycoside from a
carboxyatractyligenin hydroxylated in carbon 13. It
has been isolated from another asteracese Wedelia
asperrima responsible for livestock poisoning in
Canada, and from Wedelia glauca in Argentina. The
structure of all these molecules is very similar to that
of the carboxylated kaurene of a hepatotoxic

solanaceae found in South America, Cestrum parqui

(9.

332 Analytical toxicology and human poisonings

No chromatographic procedure has been elabo-
rated so far. An enzyme immunoassay has been
developed for the detection of atractyloside of Cal-
lilepsis laureola [26]. Travelers in the ancient Ara-
bian Empire have reported the use of powdered root
of glue thistle in couscous dishes for homicidal
purposes. Intoxications however, were rather due to
the accidental ingestion of the root, especially by the
children, who confused the plant with species of wild
artichoke, Scolymus hispanocus. In Algeria, ten
children were involved in a case of collective
poisoning, only two survived [27]. Other cases were
reported concerning adults after they confused the
plant with a medicinal thistle, Centaurea ornata [9].

34. Atropa belladona—Deadly nightshade—
Solanaceae

34.1. Active molecules

The deadly nightshade produce tropane akaloids,
esters of the troponic acid, tropanol or scopanol,
which are |-hyoscyamine mainly present in the fresh
plant, atropine (d,I-hyoscyamine) mainly present in
the dried plant and, scopolamine. The whole plant is
toxic (between 0.3 and 1% of akaloids) but the
drugs are rather located in the leaves and the berries.
L-hyoscyamine and atropine represent 90—-95% of the
total akaloid content whereas scopolamine repre-
sents only 5-10%. Minor akaloids are tig-
loytropeine, aposcopolamine, apoatropine, hydroxy-
hyoscyamine and tigloyloxytropane so as pyrrolidine
alkaloids, hygrine and hygroline. The plant leaves
also contain, in a very low quantity, a coumarine
drug: scopoletol [5].

34.2. Analytical toxicology

Several chromatographic methods have been de-
veloped for the analysis of tropane akaloids by
GC-MS d&fter trimethylsilylation [28] or after hy-
drolysis and formation of heptafluorobutyryl deriva-
tives [7]. lon-pair HPL C techniques may be useful to
achieve excellent peak shape and separation of the
compounds. A thermospray HPLC—MS method for
the analysis of hyoscyamine and scopolamine in
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plant cell culture samples was described by Auriola
et al. [29]. Fig. 11 displays a chromatogram of a root
cell culture sample of Hyoscyamus muticus and the
detection of hyoscyamine and scopolamine. The
alkaloids were separated on a polymeric reversed-
phase column with an acetonitrile—ammonium ace-
tate buffer 0.1 mol/l, pH 10.4 eluent. Selected ion
recording of the protonated molecules were m/z=
304 for scopolamine and m/z=290 for hyoscyamine.
Xu et a. [30] have developed a sensitive HPLC—
MS-MS method for the determination of hyoscy-
amine in human plasma after liquid—liquid extraction
over the linearity range 20-500 pg/ml. The drugs
eluted on a C,3 50X3 mm I.D., 3 pm particle size
using a mixture of acetonitrile—10 mM ammonium
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Fig. 11. SIR chromatogram of a root cell culture sample of
Hyoscyamus muticus. Compounds monitored: homatropine (A) at
m/z 276 (internal standard), hyoscyamine (B) at m/z 290, and
scopolamine (C) at m/z 304. Reprinted from Ref. [29].

acetate buffer. Daughter ions of scopolamine and
hyoscyamine were m/z=138 and 124, respectively.
The limit of quantification of the method was 20

pg/ml.

34.3. Human poisonings

A case of serious atropine poisoning caused by
consumption of 20—-25 berries of deadly nightshade
which commenced with psychosisin a boy of 9 years
was described [31]. Another case occurred in an
elderly but healthy man [32] and another in a self-
poisoned student [33]. A woman was poisoned after
drinking stinging nettle tea. Analyses of the tea
specimen proved bad defilement among other things
with elements of the deadly nightshade [34]. Collec-
tive intoxication of eight persons (including four
adults) occurred after accidental ingestion of ripened
nightshade berries [35]. Measured concentrations of
atropine in plasma about 10 h after ingestion were
24, 31 and 217 ng/ml in three out of the four
hospitalized patients. An oral dose of 50 mg of
atropine sulfate in humans has been reported fatal
[29], but there is a lack, in the literature, of fatal
overdoses due to plant material documented with
toxicological findings. Some papers however, de-
scribed lethal cases from atropine poisoning [28]. In
a case of overdose due to drug abuse of atropine,
post mortem concentrations were 0.4 pg/ml in
blood, 11 pg/ml in urine and 0.7 pg/g in liver.

3.5. Baccharis cordifolia—Aster aceae

3.5.1. Active molecules

The plant material contains highly toxic mac-
rocyclic trichothecene glucosides. The principal me-
tabolites, roridin A, D, E, verrucarrin A and miotoxin
A, E, F and G are identical to the major metabolites
produced by the fungi Myrothecium verrucaria and
M. roridum [36]. The acute toxicity observed in
animals eating the plant is clearly due to these toxins
both in free form and as glucose conjugates. The
origins of these potent fungal toxins in the plant may
be due to trichothecene production by associative
fungi or by the plants themselves, which have
acquired the biosynthetic genes, via horizontal trans-
fer from a fungus [36].
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35.2. Analytical toxicology and human
intoxications

This Brazilian toxic plant, which is responsible for
numerous cases of livestock poisoning in southern
Brazil and Argentina, has not yet been responsible
for human intoxication. The polar toxic roridins and
the isomeric baccharinoids were analyzed on a
reversed-phase HPLC column from crude samples
and ionized under thermospray conditions. Mass
spectra indicated the major formation of the molecu-
lar ion—ammonium adducts. Minimum detectable
amounts were determined to be 2-5 ng injected [37].
The same authors have investigated the use of GC—
MS using negative chemical ionization for the
measurement of several naturally occurring and
synthetically modified simple trichothecenes after
conversion under their trifluoroacetyl, pentafluoro-
propionyl or heptafluorobutyryl esters. Determination
of low trace, typically 0.5-2.0 pg injected, proved
feasible after a short clean-up procedure on silica-gel
cartridges [38,39]. Analysis of human biofluids has
not been described.

3.6. Cicuta virosa and related species (douglasii,
maculata, occidentalis)-Water hemlock—Oenanthe
crocata and related species (aquatica, javanica)—
Hemlock water dropwort—Apiaceae

3.6.1. Active molecules

About 20 species of Cicuta have been identified
and al are believed to be extremely poisonous. Its
habitat is dlightly more restricted than that of poison
hemlock. Water hemlock (also called beaver poison,
cowbane and five-finger root) requires more moisture
conditions. It is usually found growing in the water
of streams, ditches, lakes, rivers or marshy subatlan-
tic areas of France and the United Kingdom for the
species virosa, maculata in the eastern North
America, douglasii in the north and occidentalis in
the western United States. The toxic principle of
water hemlock, cicutoxine (heptadeca-4,6-diene-
8,10,12-triene-1,14-dial) is a highly unsaturated long
chain alcohol. Other drugs are cicutol, falcarindiol
and their isomers.

Oenanthe (from the Greek anthos, flower and
enos, wine) grows in cool and moist climates of
Europe, America and Asia The hemlock water
dropwort possesses a big tuber (dead men’s fingers)

resembling that of a celery or a dahlia root. When it
is cut in transverse section, the yellow oily liquid
that appears turns brown under the action of air (this
yellow liquid gave the name of crocata, in reference
with saffron). The main toxin is closely related to
cicutoxine and has received the name of oenan-
thotoxine  (heptadeca-4,6-diene-2,8,10-triene-1,14-
diol). Other drugs are oenanthetol, oenanthetone and
their isomers. Concentration of the toxins is maximal
in winter and at the start of spring [9,40].

3.6.2. Analytical toxicology

Oenanthotoxine was isolated from tubers of
Oenanthe crocata by refluxing with ether for several
hours. Separation of the different toxic compounds
could be achieved by thin layer chromatography or
reversed-phase HPLC on C,4 column using a mix-
ture of methanol—water. UV analysis of the HPLC
effluent exhibit highly structured UV spectra con-
taining several A, a 253, 268, 297, 315 and 338
nm [41]. Mass spectrometry was realized on the
bands of thin layer chromatography separation.
Oenanthotoxine shows a mass spectrum in the
electronic impact mode with main ions at m/z=115,
43, 128, 141, 41, 153, 258 (molecular ion), 55, 91
and 71 [41]. No analytical procedure for the de-
termination of the drugs in human biofluids has been
reported, nor for the toxins of Cicuta species.

3.6.3. Human poisonings

Since the concept ‘returning to nature’ and the
assumption by some writers that all things natural are
good, many people are experimenting with leaving
off the land and eating edible plants, roots and
berries. Unfortunately, water hemlock has roots that
look like parsnip roots and have a celery odor that
make the plant adequate for confusing it with wild
parsnip (Pastinaca sativa), wild carrot (Daucus
carota) wild celery (Apium graveolens), artichokes,
sweet potatoes or sweet anise. Five fatal cases were
reported in the United Sates between 1979 and 1988.
Landers et a. [42] have described a fatal ingestion of
two large rhizomes of the water hemlock plant in a
22-year-old man. Another member of the same group
who ate only one rhizome recovered after a critical
period of five grand mal seizures.

Hemlock water dropwort is probably the most
poisonous plant in the British 1sles. The roots are the
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most toxic part of the plant and have been eaten in
mistake for the roots of several other plant species
with nine fatal cases out of 13 intoxication reported
in the United Kingdom between the start of the
century and 1978 [43]. The plant was also used as a
poisonous decoction for criminal purposes [5]. Addi-
tionally, two fatal cases were noticed in France and
Italy [44,45]. More recently, King et a. [41] pre-
sented three separate accidents of poisoning by
absorption of the tubers, with two of these cases
involving a fatality. One fatality was the fact of three
young people who were subsisting on a diet of
natural vegetation. The second case involved a
young female student whose intention was to test the
plant in the hope of producing hallucinogenic effects.
No post-mortem concentrations are available in the
literature.

3.7. Colchicum automnale—Meadow saffron—
Liliaceae

3.7.1. Active molecules

Though more than 30 molecules are naturaly
occurring compounds found in the meadow saffron,
only three of them have been studied and used in
therapy: colchicine, colchicoside and demethyl-3-
colchicine. Concentrations of colchicine in flowersis
contained between 0.08 to 0.6%, 0.03 to 0.06% in
the bulb and 0.2 to 1.06% in seeds. Minor akaloids
are androcymbine, autumnaline, colchicilline, col-
chifoline, cornigerine and their demethylated deriva-
tives. Other Liliaceae such as the glory lily, Gloriosa
superba (known in Sri Lanka for its suicidal use) and
Gloriosa rothschildiana would present the same
toxicity [9]. The meadow saffron could be easily
mistaken with the common crocus. This phenomenon
is somewhat dramatic in some areas of Turkey where
the population celebrates each year during the spring
the traditional ‘crocus-day’. Death of young children
confusing the bulb of the two plants is unfortunately
not uncommon [1].

3.7.2. Analytical toxicology

The most recently published methods used HPLC
with either single-wavelength UV or photodiode
array detection. Separation occurred on a C, column
[46,47]. Mobile phases consisted of a mixture of
acetonitrile—methanol-0.1 mol /I KH,PO,-5 pumol /I

pentane sulfonic acid [47], pH 6.0 or acetonitrile—
methanol-0.1 mol /I KH,PO,, pH 7.6 [48]. Liquid—
liquid extraction was conducted at pH 8.0 using
dichloromethane as the organic solvent in both cases.
The limits of detection were 1 ng/ml using a 3-ml
blood sample in case of classic UV detection at 350
nm or 5 ng/ml using a 1-ml blood sample in case of
photodiode array detection. Colchicine however,
possesses a very short half-life of 20 min. On the
other hand colchicine is rapidly taken into cells and
bound to intracellular microtubular proteins. Consid-
ering that death can occur at any stage after inges-
tion, and more often after a long agony (more than
40 h), many reports were unable to detect post-
mortem blood concentration of the drug. That is why
an HPLC—-MS method was reported by Tracqui et al.
[49] to insure a better sensitivity in the detection of
forensic cases for which the identification of the
toxin would be of major importance. HPLC sepa-
ration was performed on a C,4 column, 250X1 mm
I.D. while elution was achieved isocratically with a
mobile phase of acetonitrile—2 mM ammonium
formiate buffer pH 3.0. Fig. 12 displays an HPLC—
MS chromatogram from a 1-ml blood extract in a
suspected fatality. Colchicine was detected at m/z=
400 (with small m/z 422 and 438 corresponding to
sodium and potassium clusters) and the limit of
detection was 0.6 ng/ml.

3.7.3. Human poisoning

The most serious poisonings result from the
suicidal ingestion of colchicine tablets. Although
several papers report colchicine overdoses, drug
measurement in fatalities has rarely been realized. In
most cases, the drug was detected at the admission in
intensive care unit in ante-mortem blood, but often
none was found in post-mortem samples [50]. Inges-
tion as little as 7 mg has been reported to be fatal
whereas subjects have survived 50 mg of the drug. In
a fatal case due to the ingestion of 7.5 mg of
colchicine, serum ante-mortem concentration was 21
ng/ml 6 h after absorption [50]. In a 20-mg over-
dose, ante-mortem concentration in plasma was 250
ng/ml 2 h after administration [47]. In two cases,
after intravenous injection of colchicine, serum con-
centrations of 170 and 240 ng/ml were measured
before death [51]. For all these cases, none was
detected in post-mortem samples. In a 45-year-old
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male, ante-mortem plasma concentration was 60 ng/
ml 3.3 h after hospitalization (but 2—3 days after
absorption). Reported post-mortem concentrations
were 30 ng/ml in blood and 4200 ng/ml in bile
(while nothing was detectable in liver, in vitreous
humor and stomach content) [52]. In another case of
suicide, post-mortem examination revealed the fol-
lowing colchicine levels: 62 ng/ml in femoral blood,
2921 ng/ml in bile, 1024 ng/ml in urine, 20 ng/ml
in vitreous humor, 12 ng/g in liver and 29 ng/g in
heart [48]. Poisonings by plant materials were re-
ported in Switzerland or in Turkey [1,3]. Literature
reported the case of two adults who died following
the ingestion of leaves of meadow saffron adminis-
tered by a healer who confused the plant with bear’s
garlic, Allium ursinum [5]. Very recently, in a sub
apenenic area of Italy, a married couple had gathered
wild vegetables (confused with Tragopogon praten-
sis, a common edible plant) that were subsequently
cooked and ingested at dinner. The man died during
the episode, colchicine concentrations being, respec-

tively, 16 and 1600 ng/ml in blood and urine 20 h
after the ingestion in ante-mortem samples and 12
and 90 ng/ml, respectively, on the third day of
hospitalization [53].

3.8. Conium maculatum—Poison hemlock—Apiaceae

3.8.1. Active molecules

Four species of Conium are recognized throughout
the world, however, one species maculatum was
famous in Europe during antiquity and the herb
grows also widely in America. The piperidinic
alkaloids of the poison hemlock are formed by
transamination of aanin and 5-ceto-octanal leading
to the synthesis of gamma-coniceine and then to
others akaloids which are: coniine (2-pro-
pylpiperidine), N-methyl coniine, conhydrine, pseu-
doconhydrine, conhydrinone, N-methyl pseudo-
conhydrine and 2-methyl piperidine. Coniine and
gamma-coniceine are the predominant akaloids
[9,40]. Gamma-coniceine predominates in the veg-
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etative stage of plant development, while coniine
predominates in the mature plant and seeds. Both
drugs are toxic and teratogenic. Coniine is a volatile
compound; thus its conservation in desiccated plant
is not optimum. This drug has also been identified in
volatile compounds produced by a carnivorous plant
Sarracenia flava, a few nanograms of the substance
could thus paralyze an ant [5]. An organized move-
ment named ‘The Hemlock Society’ promotes
euthanasia/ assisted suicide [54,55].

382 Analytical toxicology

A GC-MS method was used in three fatal cases of
hemlock ingestion in Australia. Gamma-coniceine
was identified in full scan mode, main ions were
m/z=97, 41, 110, 70 and 125 [52]. A GC-MS
technique for the detection of coniine in plant
material, rumen, liver and urine was described after a
triple liquid—liquid extraction [7]. Main m/z ions are
84, 56, 85, 70, 126 and 127.

383 Human poisonings

Concoction of poison hemlock was introduced for
executions in the latter haf of the fifth century
before Christ and was employed by the Thirty
Tyrants, the 1-year government of Athens installed
after the Peloponnesian War. The trial of Socrates
was well documented by narratives of Plato and
Xenophon. The poison potion was probably realized
by mixing an extract of the plant into wine. How-
ever, accepting that the hemlock dose was respon-
sible for death, it seems the placid death scene
depicted in the Phedo not acceptable. Plato must
have been selective in his description certainly
because it must have been a very ignominious end
for such a venerable philosopher. Socrates last
words were addressed to his slave and friend Crito:
‘Crito, we owe a cock to Asclepius; please pay the
debt, and be smart with it'. As a matter of fact, the
Greek behavior wants the patient to give a cock in
devotion to his doctor when he estimated he was
cured, and Socrates could be healed in the allegorical
point of view of ‘the pervasive illness that is life
itself’. A complete and detailed discussion of Soc-
rates end is reported in the excellent paper of
Scutchfield and Genovese [55].

Fatal intoxications were very rarely reported, one
case occurred in the United Kingdom, one in the

United States and three recently in Australia
[5,56,57]. Post mortem measurements were not
available. Drummer et a. [56] identified gamma
coniceine in the blood (three times) and gastric
contents (twice) by using a GC-MS technique.

3.9. Convallaria majalis—Lily-of-the-valley—
Liliaceae

3.9.1. Active molecules

The whole plant contains cardiac glycosides that
have digitalis-like activity. These cardenolid glyco-
sides are: desglucocheirotoxol, cannogenol-3-O-al-
pha-L-rhamnoside, cannogenol-3-O-beta-p-allo-
methyloside, convallatoxin, convallatoxol, conval-
loside, locundioside and periguloside [9]. Two flavo-
noids are also present in the inflorescence of the
plant: isorhamnetin and quercetin.

3.9.2. Analytical toxicology and human poisonings

Assays of convalatoxin, locundioside, des
glucocheirotoxol and periguloside have been re-
ported in plant material [58,59]. Though several
methods for Digitalis-like cardiac glycosides have
been described in human biofluids that could theoret-
icaly be transposed to the analysis of Convallaria-
glycosides, no specific method was reported for
toxicological purposes. Lily-of-the-valley has been
responsible for sudden collapse in animals but no
fatality has been reported for humans [5].

3.10. Coriaria myrtifolia—Coriariaceae

3.10.1. Active molecules

The main toxin, coriamyrtin whose structure is
related to picrotoxine is a highly potent toxic mole-
cule. Corianin has been aso isolated from Coriaria
japonica [5].

3.10.2. Analytical toxicology and human
poisonings

Several serious intoxication caused by ingestion of
the fruits of the plant known as Coriaria myrtifolia
have been reported especialy in Spain [60]. Evolu-
tion was good in al cases. No analytical procedure
has been reported yet in biological materials.
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3.11. Datura stramonium and related species
(arborea, ferox, inermis, innoxia, metel, sanguinea,
sauveolens)—Jimsonweed or thorn apple—
Solanaceae

3.11.1. Active molecules

Alkaloids are the same as in Atropa belladona at a
concentration of 0.2 to 0.6% in the whole plant
(0.3-0.6% in the leaves, 0.5-0.6% in the stern, 0.3%
in the seeds and in the flowers) distributed as
scopolamine for one third, atropine and I-hyoscy-
amine for two thirds. Vitale et a. [61] have also
identified two other akaloids in the ferox species,
which were: 7-beta-hydroxy-6-beta-propenyloxy-3-
alpha-tropoloxytropane and 3-phenylacetoxy-6-beta-
7-beta-epoxytropane (3-phenylacetoxyscopine).

3.11.2. Human poisonings

The toxicity of jimsonweed is known for a long
time since it is made partly responsible for the losses
undergone by the army of Marcus-Anthony in 36 BC
[62]. In North Africa, the species metel was pow-
dered and accommodated in cooked dishes for
criminal purposes [5]. In the ancient Ottoman Em-
pire, travelers have reported that the women of the
harem were useful themselves of the species inermis
and innoxia to escape a few hours the monitoring of
the Sultan’s eunuchs. In Europe with the Middle
Ages, the crushed leaves mixed with snuff ‘the
soporific’, were used by the brigands in order to rob
their victims. Seeds thrown on the hearths of the
drying ovens of the public baths were used for the
same intentions. In South America, Daturas were
sacred plants allowing the divination and religious
practices. Actualy, due to its easy availability, teens
are using jimsonweed as a drug. Plant parts such as
the flowers called angel’s trumpet or angel tulip can
be chewed, and seed pods, commonly known as pods
or thorn apples or devil’s apples can be eaten
[63,64]. The visual hallucinations were similar to
those reported by LSD users. Associated with can-
nabis, it is named green dragon. In South America
nowadays, decoctions of the seeds are used as
incapacitating agent for rapes and robberies [65].
Thin layer chromatography and ultra violet scan
detection of blood and urine was employed for the
detection of scopolamine in a case of self-induced
Datura sauveolens poisoning [66]. Urich et al. [62]

reported a case of collective intoxication by a tea
made by a botanist amateur who was besides the
only one to die at the time of the episode.
Scopolamine and atropine were identified in the
urine of the decedent by GC-MS. In India, Frohne et
a. [67] have reported 2728 deaths imputed to
overdose of Datura between 1950 and 1965. In
South America and in the Caribbean, the species
arborea and sanguinea are traditionally used as a
hallucinogen [68].

3.12. Genus Dieffenbachia—Araceae

The common houseplant, dieffenbachia, causes
painful edematous swelling of the ora mucus mem-
branes when chewed. The numerous needles,
raphides, of calcium oxalate, which are contained in
the specialized cells, iodioblasts, in the plant, and
proteases have both been implicated. When stimu-
lated, the iodioblasts fire the raphides with some
force for a distance of two to three cell lengths. One
possibility is that the local toxicity of dieffenbachia
may be caused by a combination of this mechanical
release of the raphides, which results in traumatic
injury, and the effects of a chemical carried on their
surfaces [69]. Some investigators believe the active
inflammatory portion of the soluble fraction to be
trypsine-like; it seems more likely that the agent is
either histamine or kinine-like in nature. Although
numerous literature citations promote their toxicity,
there are few case reports which substantiate a cause
effect relationship between ingestion and resultant
symptomatology. A retrospective review of such
cases reported to the regional poison information
center of Pittsburgh described 188 cases for which
philodendrons accounted for 67.5% and dieffenbach-
ias for 32.5%. A 78.2% involved children aged 4—12
months [70]. During 1976, 485 cases of dieffenbach-
ia poisoning were reported in the United Sates. In
1990, however, the number increased to 4124 [70Q].

3.13. Digitalis purpurea and related species
(grandiflora, lanata)—Foxglove—Scrophulariaceae

3.13.1. Active molecules

The toxicity of Digitalis purpurea is due to some
extremely potent cardiotonic glycosides. The wild
plant may content 0.1 to 0.3% of these cardenolides
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while concentration of the drugs in D. lanata could
reach 1% of the total mass. Glycosides are divided
into five series; A, B and E for D. purpurea and A,
B, C, D, E for D. lanata. Digitoxin, the main
heteroside of the A series of D. purpurea contains a
3,14-dihydroxylated genins bonded in position 3 to
an oligoside. Primary heterosides, purpureaglucoside
A, B and E are highly unstable compounds that can
easily be hydrolyzed during the drying process of the
fresh plant leading, respectively, to the formation of
digitoxin, gitoxin and gitaoxin [9]. Primary
heterosides of D. lanata are lanatosides for which the
molecule of digitoxose linked to that of glucose
occurs under an acetyl derivative. The loss of the
terminal glucose molecule from the lanatoside A
leads to the formation of acetyldigitoxin which could
itself be transformed under alkaline conditions into
digitoxin. Lanatoside C leads to the formation of
acetyldigoxin and then to the production of digoxin
whereas lanatoside D leads to the formation of
acetyldiginatin and then to the production of di-
ginatin.

3.13.2. Analytical toxicology

A solid-phase extraction on a C,; modified poly-
(styrene—divinylbenzene) polymer was described for
the HPLC analysis of more than 50 cardenolides in
about 2 mg of dried leaf powder of Digitalis lanata
[71]. A high-performance TLC was developed for
the determination of digoxin and related compounds
in digoxin drug substance and tablets [72]. Radioim-
munoassay and fluorescence polarization immuno-
assay were developed for rapid and accurate mea-
surement in serum or plasma. There is now consider-
able data in the literature on serum digoxin levelsin
therapy. For post-mortem examinations, these meth-
ods are limited to varying degrees by non-specific
interference from endogenous digoxin-like factors
which are normally present in the blood of patients
with certain diseases and interference from digoxin
metabolites with varying degrees of cardioactivities
and varying degrees of crossreactions with the
antibody [73]. A more specific method was rec-
ommended that combined the selectivity of HPLC
with the sensitivity of immunoassay [74]. Tzou et al.
[73] proved that a precolumn fluorescence derivatiza-
tion HPLC method was suitable for pharmacokinetic
quantitation of digoxin and its metabolites in human

fluids. The drugs were extracted with a cyclodextrin
solid-phase extraction column. Fluorescent deriva
tives were formed by reaction with 1-naphtoyl
chloride and secondly isolated using cyclodextrin
and C, columns sequentially. Determination by
HPLC was realized on a normal-phase silica column
with  hexane—methylene  chloride—acetonitrile—
methanol as the mobile phase. Concentrations as low
as 0.25 ng/ml of both digoxin and its metabolites
were determined with acceptable precision and ac-
curacy. Just recently, Lacassie et a. [75] reported the
simultaneous detection in post-mortem samples of 17
glycosides of main forensic interest by HPLC-MS.
Separation occurred on a C,4 column using a mix-
ture of acetonitrile—2 mM ammonium formiate buf-
fer pH 3 as the mobile phase. Limits of detection
however were not suitable for therapeutic drug
monitoring.

3.13.3. Human poisonings

During the last few years of Vincent Van Gogh's
life, his paintings were deeply characterized by halos
and the dominant color yellow. Some authors alleged
that he might have experienced a digitalis poisoning
[76,77]. Xanthopia due to overdosage of digitalis is
well documented. Nevertheless, though it was estab-
lished that foxglove was used to treat epilepsy during
the latter part of the 19th century, no evidence of
usage by the painter can be substantiated. The artist
admitted to episodes of heavy drinking of absinthe
(Artemisia absinthium) and other substances with a
chemical connection to thujone like camphor and
therebentine, containing pinenes and terpenes induct-
ing an acute intermittent phorphyria. It is possible
that he developed abnormal craving for terpenes, a
sort of pica, that would for part explain his strange
behavior and manners [78].

Intoxications by therapeutic overdosage or suicide
attempts by means of pharmaceutical formulations
are not rare while ingestion of plant material is very
uncommon. Unwitting use of the foxglove plant for
brewing tea resulted in cardiac glycoside toxicity in
few occurrences [5]. One other case was due to
intentional overdose of a homemade foxglove extract
(maceration with vodka) [79]. One case was a
herbalist mistake and two resulted from the confu-
sion of the plant with Ajuga decumbens or with
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Symphytum officinale [80]. Many authors reported on
the post mortem concentrations of digoxin after
overdose and therapeutic use. Blood levels were
higher than 10.0 ng/ml in cases of acute poisoning
while concentrations in autopsy specimens of per-
sons who had been under digoxin maintenance
therapy ranged from less than 0.2 to 8.2 ng/ml. A
third group could be isolated from the previous two,
for concentrations varying between 2.0 and 10.5
ng/ml. This group comprises poisoning that could
not definitely be supported by historical information
or police investigation and death attributed to other
causes for which the deceased showed evidence of
dehydration or rena failure [81-83].

3.14. Genus Dioscorea—Dioscorea—Dioscoreaceae

Dioscorea are tropical plants used throughout the
world for the extraction of diogenin, used as a
natural precursor for the synthesis of steroids. Other
exploited natural molecules for this purpose are:
hecogenin, smilagenin and sarsapogenin. Most of the
species (alata, batatas, esculenta and opposita) are
sources of edible roots for human consumption,
others are used in the industry of steroids (composita,
deltoidea, florinbunda, mexicana, pantaica, spiculi-
flora and zngiberensis). One species, however,
remains toxic, even after cooking: Dioscorea
simulans for which a young male student died after
eating a cooked root tuber of this plant [8,19].

3.15. Genus Duboisia—Duboisia—Solanaceae

Australian native trees Duboisia leichhardtii and
D. myrporoides contain high concentrations of
atropine-like alkaloids especialy |-hyoscyamine and
scopolamine. They are used in plant biotechnology
for the production of plant-derived pharmaceuticals
[84]. Though these trees are highly potent toxic
materials, no fatality was reported in literature. To
date, occupational exposure to the dried plant materi-
a resulted in two clinical observations [85]. Plant
abuse, as an intoxicant and hallucinogen was also
reported at a higher frequency with central effects
and peripheral anticholinergic effects comparable to
those of jimsonweed abuse.

3.16. Eupatorium rugosum and related species
(cannabinum)-\White snakeroot—Asteraceae

3.16.1. Active molecules

Among plant toxicants excreted in the milk of
lactating animals is tremetol or tremetone, the toxins
of white snakeroot and rayless goldenrod (Hap-
plopapus heterophyllus). The active components of
Eupatorium cannabinum (crofton weed) are the
pyrrolizidinic alkaloids: echinatine, lycopsamine,
intermedine, rinderine and supinidine [9].

3.16.2. Analytical toxicology and human
poisonings

No analytica procedure has been reported in
biological specimens. These plants have been re-
sponsible for intoxication of cows and their suckling
calves and for many human fatalities in early colo-
nial times in the USA [5]. The plant is also famous
for having provoked the death in 1818 of Nancy
Lincoln, the mother of the future president of the
United States, aged 8 years at that time [5,86]. It till
continues to poison animals particularly horses and
goats.

3.17. Ferrula communis and related species
(chiliantha, tingitana)—Apiaceae

3.17.1. Active molecules

The whole plant contains ferulenol, hydroxy-
ferulenol, ferprenin and isoferprenin that have an
antithrombinic activity [87].

3.17.2. Analytical toxicology and human
poisonings

To date, no human fatality has been reported
though several cases were reported concerning sheep
and cows, particularly in North Africa. Indeed,
human poisoning could always be a possibility. In
Iran and Irag, some atoxic species of Ferrula are
used as perfumes or condiments. Ferulenol has been
quantified in sheep plasma was achieved using
HPLC on a C,g 250X4.6 mm analytical column and
fluorescence detection [81]. The mobile phase was
methanol—ammonium acetate/triethylamine buffer,
pH 5.6 (82:18, v/v). Plasma was purified (after
protein precipitation with acetonitrile) by solid-phase
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extraction on a mixture of fluorisii and aluminum
oxide. Limit of detection was 0.1 pg/ml.

3.18. Gelsemium sempervirens and related species
(elegans, rankinii)—Carolina jessamine—
Loganiaceae

3.18.1. Active molecules

Carolina jessamine is native of eastern United
Sates and is cultivated in the South. Seventeen indole
alkaloids were isolated from the various species of
Gelsemium including: gelsemine, gelsevirine, 21-0x-
ogelsemine, gelsedine, 14-beta-hydroxygelsedine,
gelsenicine, humantenidine, humantenirine, 11-hy-
droxyhuman-humantenine, koumine, koumidine,
kumantenidine, kumantenine, kumantenmine, ran-
kinidine, N-desmethoxyrankinidine and 11-hydroxy-
rankinidine [88,89]. Two pregnane derivatives: 12-
beta-hydroxy-5-alpha-pregn-16-ene-3,20-dione  and
12-beta-hydroxy-5-alpha-pregn-16-diene-3,20-dione
have been also extracted from Gelsemium semper-
virens and found to be the principal cytotoxic entities
of the plant [90].

3.18.2. Analytical toxicology and human
poisonings

A reversed-phase HPLC method for the detection
of various alkaloids has been reported for the quality
control of Gelsemium preparations but no procedure
suitable for analytical toxicology has been published
[91]. Poisoning is unlikely to occur though some
cases were described for young children who were
attracted by the brightly yellow flowers [5]. No
human fatality has been noticed for this herb.

3.19. Hyoscyamus niger and related species
(abus, falezlez, muticus, reticulatus)—Henbane—
Solanaceae

3.19.1. Active molecules

Alkaloids are the same as in Atropa belladona but
at a lower concentration in the whole plant, i.e.
between 0.05 and 0.15%. Scopolamine represents the
main drug (around 50% of the total alkaloid content)
which is usually sedative and euphoric, in contrary to
I-hyoscyamine, which is stimulatory and hallucina-
tory. Hyoscyamus albus and falezZlez contain 0.7—
1.5% akaloid.

3.19.2. Human poisonings

Documented cases of human henbane poisoning
are difficult to find. Perhaps the most startling
occurred in 1881 when Hyoscyamus falezZlez was
used by the Touareg to poison a large part of the
French Flatters expedition in the Hoggar in Algeria
[92]. This case was a precursor of modern in-
capacitating agents that take place in the chemical
warfare arsenal. The toxin was administered in dates.
In 1910, 25 men and women suffered from the
effects of eating the root of henbane given by
mistake for horseradish [93]. More plentiful cases
can be found in the Turkish literature where the
problem is endemic [94,95]. Deaths are not un-
common in children, who, when fresh vegetables are
scarce, eat the leaves, which taste like lettuce. An
identical observation was made in the Negev in
Israel, concerning Bedouin children with the species
reticulatus [94]. More recent cases are deliberate
chewing of the flowers of henbane in the hope of
producing euphoria. These cases indicate a more
widespread use of this plant among the drug-taking
community [96]. Detection in biological specimens
was reported in a case of a self-induced scopolamine
overdose [28]. Post-mortem concentrations were 0.13
pg/ml in blood, 43 pg/ml in urine and 0.08 pg/g in
liver.

3.20. Jatropha curcas

3.20.1. Active molecules

Jatropha curcas which is also known as purging
nut tree, contains a toxic lectin named curcin. A
dried extract of the seeds administered intraperitone-
aly to mice produced death for doses as low as 1
mg/kg. The authors noticed the similarity of the
lesions found in the mice to those generally attribu-
ted to ricin [97].

3.20.2. Analytical toxicology and human
poisonings

So far we are concerned, no analytical procedures
have been described yet. Several acute poisonings
due to the accidental ingestion of the seeds by
children were described but all made a rapid and
uneventful recovery [98]. However, due to its toxici-
ty, death related to Jatropha curcas could always be
a possibility.
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321. Lobdlia inflata and related species
(polyphylla, portoricensis)—Lobeliaceae

3.21.1. Active molecules

Lobeline is the main alkaloid of the species inflata
while  polyphylla contains essentially  nor-
lobelanidine. Minor components are meso-lobelanine
and meso-lobeladidine [99].

3.21.2. Analytical toxicology and human
poisonings

An assay of lobeline was proposed in plant
material [100]. A reversed-phase HPLC method was
published for the detection of lobeline in rat plasma
and brain tissue [101]. Human poisoning was rare
with no fatal case.

3.22. Nerium oleander and N. indicum, Thevetia
peruviana and T. nerifolia—Common or yellow
oleander —Apocynaceae

3.22.1. Active molecules

The common oleanders contain a mixture of
poisons including glycosides that are extremely toxic
and are found in all parts of the plant. The main one
being oleandrin, other compounds include neriine (or
neroside), oleandroside, and digitoxigenin. Thevetia
peruviana contains thevetin and thevetoxin. Among
other minor glycosides of poor activity, we could
enumerate adynerigenin, uzarigenin, adigoside and
glyco-stropeside. Leaves from Nerium oleander were
shown to contain 0.018 to 0.425% oleandrin [9].

3.22.2. Analytical toxicology

Several authors showed that the cardiac glycosides
from Nerium oleander partially cross-react with
digoxin or digitoxin immunoassays. However, this
cross-reactivity has not been correctly established
and it was demonstrated that it changes from one kit
to another [102—-104]. The response of the serum
digitoxin fluorescence polarization immunoassay
with serum specimens containing various concen-
trations of oleandrin is linear but it is impossible to
predict the degree of toxicity from the measured
digitoxin level. On the other hand, a two dimensional
thin layer chromatography analysis of ingesta of
oleandrin has been described [105]. An HPLC
method for the analysis of oleandrin in oleander

poisoning was developed after an Extrelut™ column
extraction over the range 50—10 000 ng/g in whole
blood [106]. The state of the art in this area however,
is the method developed by Tracqui et al. [107] who
described a HPLC-MS assay of oleandrin on a C,4
column (150x2.0 mm) using a gradient of
acetonitrile—2 mM ammonium formiate buffer, pH
3.0. Fig. 13 displays a chromatogram from an extract
of blood in a non-fatal Nerium oleander poisoning.
Based upon its specific fragmentation/cluster forma-
tion a m/z=618, 594 and 557, the quantification
limit of oleandrin in whole blood was 0.4 ng/ml.

3.22.3. Human poisonings

Several non-fatal poisonings were described in the
literature including young children in accidental
ingestion or adults in accidental or voluntary intoxi-
cations [5]. Indian authors reported two fatalities
with the ingestion of more than four seeds and when
arrival in an intensive care unit was done after 5 h
after intake [102]. A woman died after drinking
herbal tea prepared from oleander leaves that she
believed to be eucalyptus [104]. On a post-mortem
specimen, the measured serum digoxin level (by a
radioimmunoassay technique) was 6.4 ng/ml. In a
non-fatal self-poisoning involving ingestion of five
leaves of oleander, the measured blood concentration
of oleandrin at admission in the hospital was 1.1
ng/ml by an HPLC-MS technique [107].

3.23. Nicotiana glauca—Tobacco tree—Solanaceae

3.23.1. Active molecules

The toxicity of Nicotiana tabacum and Nicotiana
rustica will not be considered in the present paper.
The primary alkaloid of the tobacco tree is anabasine
that possesses structural similarity to nicotine and the
same molecular weight. Other tobacco akaloids
include anatabine, nicotine, nornicotine,
metanicotine, dihydrometanicotine, 2,3'-bipyridyl
and myosmine.

3.23.2. Analytical toxicology and human
poisonings

Although very toxic due to the occurrence of
anabasine throughout the plant, very few poisonings
have been noticed. The sole fatality was reported by
Castorena et al. [108] who described a triple liquid—
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Fig. 13. Chromatogram from the patient’s first blood sample. Upper graph: TIC recording (m/z 520—630); arrow: location of oleandrin.
Lower graph: reprocessed chromatogram from the same sample, in selected ion monitoring at m/z 577 (gray line) and 594 (black line). Peak
at 8.24 min: oleandrin, concentration 1.1 ng/ml. Reprinted from Ref. [107] with permission.

liquid extraction (1-chlorobutane at pH 10, re-ex-
traction with HCI 0.1 mol/l) of body fluids followed
by a GC-MS andysis in a young self-overdosed
adult male. The base ion of anabasine is m/z=84
with an apparent m/z=162 molecular ion. Additional
small fragments are present for anabasine as com-
pared to the mass spectrum of nicotine. The mea-
sured anabasine postmortem concentrations were
1.15 pg/ml in blood, 73.8 pg/ml in urine, 11.0
rg/g in the brain and 2.0 mg/g in the leaves of
some specimens of Nicotiana glauca that have been
taken in the field where the deceased was found.
When compared to nicotine poisoning cases, the
blood concentration of 1.15 pg/ml is much lower
than the measured postmortem concentrations of
nicotine. As a matter of fact, these reported levels
ranged from 5.0 pg/ml to more than 5000. Indeed,
this might suggest a higher toxicity of anabasine in
humans than nicotine. Another GC—M S method has

been described for the simultaneous measurement of
several tobacco alkaloids in urine of smokers and
smokeless tobacco users after conversion of the
secondary amine akaloids to tertiary amine alkaloids
by reductive akylation using an aldehyde and so-
dium borohydride [109].

3.24. Pachyrhizus erosus

A man cooked and ate about 200 g of the seeds of
this poisonous plant after mistaking them for kidney
beans [19]. He died 11 h after ingestion.

3.25. Pausinystalia yohimbe—Yohimbe—Rubiaceae

3.25.1. Active molecules

This African native tree contains 1-6% alkaloids
in the bark. Together with the main presence of
yohimbine, other identified drugs occurred under the
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form of isomers of yohimbine: corynanthine, pseudo-
yohimbine, allo-yohimbine and epiallo-yohimbine;
derivatives with a heteroyohimbane compounds
skeleton like gimalicine or tetracyclic derivatives like
corynantheine.

3.25.2. Analytical toxicology and human
poisonings

Overdose of this drug is very uncommon, and
concerns either suicide attempts or aphrodisiac ex-
periences. In this aim, yohimbine is known as a
street drug under the denomination ‘yo-yo'. Psychi-
atric manifestations were observed in a 31-year-old
male who alleged to have taken 75 tablets of 2 mg of
yohimbine. Measured by HPLC-PDA on a
REMEDI™ apparatus, serum concentration of
yohimbine was 0.12 g/ml, 1.5 h &fter ingestion
[110]. One fatal poisoning of a child by yohimbine
was noticed in the literature [111].

3.26. Pilocarpus microphyllus—Rutaceae

3.26.1. Active molecules

Several plants of the genus Pilocarpus contain the
toxic akaloids pilocarpine, isopilocarpine, pilocar-
pidine, jaborine and jaboridine that possess an imida-
zole skeleton [9]. The main species being mi-
crophyllus, some other minor representatives of the
genus are: jaborandi, pennatifolius, trachylophus
and racemosus.

3.26.2. Analytical toxicology and human
poisonings

A sensitive assay of pilocarpine in biological
fluids has been developed involving a separation of
the compounds on a cyanopropyl silica column and a
fluorescence derivatization using 4-bromomethyl-7-
methoxycoumarin [112]. The limit of detection was
1 ng/ml. Death related to the absorption of plant
material has not been reported in the literature. A
paper, however, described two fatal cases of hospital
inpatients who were poisoned by pilocarpine ad-
ministered through their food that had been adulter-
ated [113]. A case of a suicide attempt was realized
by drinking and self-injecting pilocarpine eyedrops
in a young male adult [114].

3.27. Genus Philodendron—Araceae

Philodendrons and dieffenbachias are members of
the araceae family including about 1800 species.
Philodendron is probably the most common house-
plant in the United States and in Europe. This plant,
like dieffenbachia, contains calcium oxalate crystals
located in ampoule-shaped raphide gector cells. A
paper reported that the raphides are coated with a
proteolytic enzyme as determined by thin layer
chromatography, ion-exchange resin and nuclear
magnetic resonance. A death is reported in the
literature concerning an 11-month-old child who had
chewed the leaves of a philodendron plant and
developed oropharyngeal erosions and dysphagia
Unexpected sudden death occurred 17 days after the
ingestion and was attributed to vagotonia secondary
to the esophageal lesions caused by the leaves [115].

3.28. Genus Polygonatum—Solomon’s seal —
Liliaceae

3.28.1. Active molecules

The cardiotonic effect and hypoglycemic effect of
various species of Solomon’s sea (multiflorum,
odoratum, officinale, prattii, sibiricum and vertic-
cilatum) have been studied over the past years [116].
Hypoglycemic effect is due to glucoquinine. Steroid
glycosides of the roots are represented by
paratiosides A—C, prosapogenins, protiosides D1, E1
and F1 and saponin POD Il [117].

3.28.2. Analytical toxicology and human
poisonings

Analytical procedures are missing in the literature.
No fatality was reported to date.

3.29. Prunus laurocerasus—Black cherry—Rosaceae

3.29.1. Active molecules

Amygdalin (p-mandelonitrile-beta-p-glucoside-6-
beta-p-glucoside) is a cyanogenic glycosides wide-
spread in the vegetable kingdom. After intravenous
administration, the greater part of the dose is ex-
creted unchanged in the urine; after oral administra-
tion glycoside excreted in the urine is almost exclu-
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sively prunasin (that is also present in the plant).
Endogenous beta-glucuronidase subsequently trans-
forms prunasin (p-mandelonitrile-beta-b-glucoside)
into R-mandelonitrile [9]. This latter unstable com-
pound gives benzaldehyde and the highly potent
toxin: cyanhydric acid. The whole plant is toxic,
except the flesh of the fruit. Young leaves are more
concentrated. The genera Pyracantha and Passiflora
also contain low quantities of cyanogenic glycosides
as well as the almonds of peaches, apricots and other
Rosaceae. The presence of these toxins in natural
populations clearly indicates a defensive function.
Detailed ecological studies of some maritime popula-
tions of Lotus corniculatus have shown that the
distribution of the cyanogenic form of this plant is
directly related to the distribution and density of
mollusks which graze selectively the acyanogenic
form [118].

3.29.2. Analytical toxicology

Some methods published were based on the
enzymatic hydrolysis of amygdalin and the determi-
nation of the product of the hydrolysis: benzaldehyde
or glucose [119]. These indirect methods must be
rejected because of insufficient selectivity and sen-
sitivity. A method was described for the determi-
nation of amygdalin and prunasin in plasma ultrafil-
trate and urine. Both compounds are separated by
high-performance liquid chromatography on a C,q
column, 250X4.6 mm 1.D. The eluent was 10%
acetonitrile in water. Detection was done at 215 nm.
Separation of amygdalin and prunasin from plasma
proteins was achieved by ultrafiltration at 800 g for
20 min. The limits of detection were 0.25 pg/ml for
both compounds [120]. Linearity was investigated in
the range 2-500 pg/ml. In another paper,
amygdalin, as an intact substance, was isolated by
extraction with acetone while a subsequent purifica-
tion step was realized by HPLC on an RP-8, 5-pum
column. The collected fraction (monitored at 262
nm) was subjected to both thin layer chromatography
and GC-MS after derivatization with trifluoracetic
anhydride [119]. Evaluation of the amygdalin con-
tent, prunasin content, cyanide content and thio-
cyanate content are all necessary components associ-
ated with an appropriate determination of black
cherry exposure.

3.29.3. Human poisonings

Two reports have appeared that described acute
lethal encounters with the pharmaceutical formula-
tion Laetrile” (amygdalin) [121,122]. In each of the
reported cases, documentation of the derived cyanide
was provided, however, demonstration of the ing-
ested parent compound amygdalin was noticeably
missing.

3.30. Rauwolfia serpentina and related species
(tetraphylla, vomitoria)—Apocynaceae

3.30.1. Active molecules

Total alkaloids content represent 0.5 to 2.5% of
the whole plant. They are divided into three groups
(@ containing the yohimbane akaloids: reserpine,
rescinnamine, deserpidine, yohimbine and corynan-
thine, (b) containing a heteroyohimbane alkaloids
skeleton: gmalicine (also called raubasing), reser-
piline, dimethoxy-ajmalicine and their isomers re-
serpiline and isoreserpiline so as their corresponding
quaternary basis serpentine and alstonine, and (C)
dihydroindole derivatives mainly represented by
gmaline.

3.30.2. Analytical toxicology and human
poisonings

A death after gimaline administration was reported
[123] as well as a fatal reserpine poisoning [124],
unfortunately, postmortem concentrations were not
reported. An HPLC-MS with a moving belt inter-
faced to a magnetic sector was used for determi-
nation of reserpine, bromazepam and clopenthixol in
a non-fatal case of intoxication with these drugs
[125]. Separation was done on a C,, column 300X4
mm [.D. using methanol-0.2% ammonia (25%) as
mobile phase. Ammonia was used as the reagent gas
in the positive chemical ionization detection mode.
The limit of detection of reserpine was 0.5 ng/ml
while the measured concentration of the drug in
plasma was 1 ng/ml about 17 h after ingestion.

3.31. Ricinus communis—Castor oil plant—
Euphorbiaceae

3.31.1. Active molecules
The seeds contain castor oil, the mildly toxic
alkaloid ricinine, and the highly potent toxalbumin
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ricin. Ricin is released only if the seed husks are
disrupted [126]. Since ricin is not soluble in lipids,
the medicinal castor oil contains no ricin. This toxin
is different from the two phyto-hemagglutinins or
lectins which are also present in the seed. Studies on
the physical and chemical properties of pure ricin
were given by Lugnier et a. [127]: molecular mass
65 750 amu, glycoproteic nature, oses composition:
15 moles of mannose and 8 moles of N-acetyl-
glucosamine per mole of ricin, amino acids com-
position: 545, bicatenery structure: the toxin is
formed by two peptides A and B chains linked
together by a disulfur bond. Ricin is thought to be
one of the top two or three deadliest poisons
available. Others as bad or worse include abrin, a
similar phytotoxin found in the rosary pea and the
jequirity bean Abrus precatorius, and plutonium
[128].

3.31.2. Analytical toxicology

The only available method for the determination
of ricin in human plasma is that of Godal et al. [8],
who described a radioimmunological method for the
measurement of abrin and ricin. Antiricin antibodies
were labeled with isotopic iodine 125. The method
was applied to a young student who ingested thirty
ricin seeds in a suicidal attempt. On the first day the
plasma level reached 1.5 ng/ml and then decreased
slowly, the calculated half-life of ricin being approx-
imately 8 days [129]. Ricin only appeared in urine
on the third day. The levels were low: around 0.3
ng/ml.

3.31.3. Human poisonings

The first death recorded in the medical literature
was published in 1900. Reported mortality rates have
decreased from 13 out of 161 before World War 1 to
2 of 247 since 1950 [130]. Ricin came to public
attention in 1978. On September, while waiting for a
bus, Georgi Markov, an exiled Bulgarian broadcas-
ter, was dlightly bumped into the thigh with an
umbrella. He died 3 days later. At the autopsy, a
1.5-mm sphere with two tiny holes was found in the
subcutaneous tissue beneath the wound. Analysis of
the particle, and similarities in the mode of death of
a pig model conducted the coroner to declare that
ricin was responsible [131,132].

3.32. Solanum dulcamara and related species
(dimitatum, malacoxylon)-\Wbody nightshade or
bitter sweet—Solanum pseudocapsi cum—Jerusalem
berry—Solanaceae

3.32.1. Active molecules

Solanine is a toxic glycoalkaloid, consisting of
two classes of glycosides: solanines and chaconines.
These glycosides contain a similar steroid skeleton:
solanidine derived from spirostane and cholestane
structures. Two other molecules were identified in
ripe and unripe berries as diosgenine and solasodine.
The mature fruit contains the least amount of
solanine, and then by increasing concentration are
the stern, the leaves and the unripe berry [9].

3.32.2. Analytical toxicology

A GC-MS procedure after triple liquid—liquid
extraction was reported for the detection of
solanidine in plant material and biological samples of
poisoned animals. The main ions are m/z=150, 204,
397, 396, 382 and 151 [7].

3.32.3. Human poisonings

Bittersweet nightshade plant ingestion is a com-
mon poisoning. In the 1993 annual report of the
American association of Poison Control centers,
more than 1800 solanine-containing plant exposures
were reported [133]. An atypical anticholinergic
toxicity from woody nightshade berry intoxication
responsive to physostigmine has been described
though no atropine or scopolamine has been iden-
tified in the seized berries. On the contrary, the same
authors have detected diosgenine and solasodine in
the fruit by using a GC-MS technique [133].

3.33. Fartium junceum and Cytisus scoparius—
Fabaceae

3.33.1. Active molecules

The main drug of the two plants is constituted by
gparteine. Other active molecules are 17-oxo-spar-
teine, lupanine, scoparoside, isolupanine, anagyrine
and cytisine [9,134].

3.33.2. Analytical toxicology
A packed column GC procedure with nitrogen-
phosphorus detection was described for the post
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mortem quantitation of sparteine in fluids and tissues
[135]. Basic organic liquid-liquid extraction was
carrying out from 2 ml of biological fluid. The limit
of detection was about 1 ng/ml. However, because
of adsorption on the column support, the method is
not suitable for the detection of sparteine metabo-
lites. Sparteine isomers have been isolated in an
extract of Lupinus argentus by thin layer chromatog-
raphy and GC-MS. An HPLC method with electro-
chemical detection was able to determine sparteine
and its 2-dehydro and 5-dehydro metabolites in urine
on a CN analytical column, 250X4.6 mm, 5 m
particle size with acetonitrile—methanol —phosphate
buffer pH 2.5 as the mobile phase [136]. The limit of
detection was 2 ng/ml for sparteine.

3.33.3. Human poisonings

Sparteine plasma levels usually range from 0.1 to
1.0 pg/ml. It has been demonstrated that about 5%
of the population is unable to metabolize sparteine
correctly, leading to plasma levels twice or three
times higher than usua. Very few fatal reports
involving sparteine have been noted in the literature.
Kintz et a. [135] reported a fatal case resulting from
the suicidal ingestion of tablets of Palpipax™ con-
taining 200 mg of meprobamate and 75 mg of
gparteine. Post mortem findings were 40.4 pug/ml of
gparteine in blood, 53.1 pg/ml in urine, 31.6 ng/g
in liver and 54.1 pg/g in kidneys.

3.34. Srychnos nux vomica and S. ignacii—
Loganiaceae

3.34.1. Active molecules

The seed of the Strychnos nux vomica tree con-
tains 1-3% of alkaloids, strychnine being the main
drug together with its demethoxylated derivative,
brucine. Other minor components are colubrines,
icgjine, novacine, vomicine, pseudo-strychnine and
isostrychnine [9]. Strychnine was used in traditional
medicine as a tonic and for criminal purposes. It is
still used as a rodenticide explaining the occurrence
of poisonings in rural areas. In China, where the
powder of the seed is still used as a popular remedy,
deaths related to incorrect dosage of the drug are
reported [19].

3.34.2. Analytical toxicology

A rapid high-performance thin-layer chromato-
graphic method with UV densitometry detection at
260 nm was described. Detection of 2.5 ng trace
levels of strychnine and crimidine proved feasible
[137]. A GC procedure equipped with thermoionic
detection was reported after a two step liquid—liquid
extraction (back extraction of an ether phase with
acetic acid) from 5 ml of body fluid [138]. A
GC-MS method for the analysis of strychnine in
plant material gave the following m/z ions: 334, 335,
333, 120, 144 and 162 [7]. HPLC methods are
available both in reversed-phase and ion-pair chro-
matography. However, competition with co-extracted
basic compounds is likely responsible for the de-
creased retention of strychnine by ion-pair HPLC.
Reversed-phase methods should thus be preferred
[139].

3.34.3. Human poisonings

The reported lethal dose of strychnine is 50-100
mg. In a fatal overdose (2.25 g ingested), tox-
icokinetic strychnine disappearance was described by
a first-order process with a half-life of 10-16 h
[140]. Aikman reported 189 deaths in the United
States from strychnine in 1928 when the drug
became widely available in tonic or cathartic pills
(also containing different amounts of belladona,
cascara, alone, aspirin, podophylline, ipecac, caffein,
camphor, gelsemium, quinine, iron or arsenic)
[5,141,142]. Drost reported 36 suicides in Canada
between 1970 and 1974 with strychnine-containing
products [141]. Some religious groups have used this
drug in their worship services in attempts to test their
faith. In China, two fatal cases recently published
were due to incorrect prescription of a non-profes-
sional herbalist. A 15-year-old boy died 15 days after
receiving a daily ora dose of 0.5 g of Strychnos nux
vomica powder. At autopsy, his gastrical liquid
contained 1 mg/ml strychnine and 0.76 mg/ml
brucine, and his liver contained 1.3 mg/g strychnine
but no brucine [19]. In a 56-year-old mae who
ingested approximately 260 mg of strychnine sulfate,
post mortem findings were: 3.3 pg/ml in whole
blood, 1.4 pg/ml in urine, 6.2 pg/g in liver and 3.2
g/ ginkidney [138]. Published data of the literature
give the following post-mortem concentrations: 0.5—
61 pg/ml in blood, 1-3 pg/ml in urine, 0.5-26
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ng/g in brain, 5-257 ng/g in liver and 0.07-106
g/ g in kidney [143]. Homicides by strychnine have
become very rare. As a matter of fact, the violent
mode of death aroused quickly suspicion of poison-
ing. In Libya however, a case was recently published
of a woman poisoned by her brother-in-law who
administered the toxin in one of her medication. The
investigation realized after exhumation of the body
revealed a strychnine concentration of 6.16 png/g in
the liver [144]. A homicide attempt in a hospital was
also reported [145].

3.35. Genus Taxus—Yew—Taxaceae

3.35.1. Active molecules

The Yew family includes in fact three genera and
more than 15 species distributed in both hemi-
spheres, eight of them being present in the northern
part. The most common of the Taxus species include
the Taxus baccata (English yew), the Taxus cus-
pidata (Japanese yew), Taxus canadensis (ground
hemlock), and Taxus brevifolia (Western yew). All
parts of the plant are toxic at all the time of the year
except the flesh of the aril. The composition of the
yew is of an extreme complexity. A hundred of
taxoids (taxus diterpenoids) have been isolated which
are diterpenoids esterified by various classical or-
ganic acids or beta amino acids like Winterstein's
acid (3-dimethylamino-3-phenylpropionic acid). The
main constituents are taxol, taxine A, B and C,
taxusin, cephalomanine and 10-deacetylbaccatin 11
[9]. Another drug called docetaxel (N-debenzoyl-N-
ter-butoxycarbonyl-10-desacetyltaxol) that has al-
ready undergone phase Il trials will be available in
the near future [146]. In the near future, accidental
poisonings, suicidal or homicidal intoxications with
commercialy paclitaxel and docetaxel are likely to
occur.

3.35.2. Analytical toxicology

HPLC-MS has been applied to study the anti-
cancer drug taxol (or paclitaxel) and its metabolites.
Collision-induced dissociation experiments enabled
the presence of hydroxylated and deacetylated me-
tabolites of taxol to be established [147-152].
HPLC-MS-MS was used to characterize the struc-
tural metabolites of paclitaxel in rat bile. Fig. 14

displays a chromatogram of paclitaxel metabolites in
rat bile. These metabolites were recognized as three
dihydroxytaxols, four monohydroxytaxols, one
deacetyltaxol and one containing the taxane ring
[153]. These methods, however, which are well
suited for the commercially available drug paclitaxel
are unsuitable in case of yew poisoning. In one fatal
case, the crime laboratory reported that extracts of
the contents of the stomach and small intestine
produced a gas chromatographic profile resembling
that of an extract from a yew plant [148]. In another
case, the same assertion was done by thin layer
chromatography between a yew extract and extract
of the duodenum of the deceased [150]. More
recently, phloroglucindimethylether (3,5-dimethoxy-
phenol) was identified as being a good marker for
poisoning from Taxus baccata. The structure of this
compound was elucidated by means of GC-MS,
infra red spectroscopy and ‘H nuclear magnetic
resonance at 300 MHz [149]. The main ions of
3,5-dimethoxyphenol from the GC-MS anaysis
were m/z=154, 125, 69, 94 and 111. The content in
yew leaves was measured at 0.9 mg/g in January
and 1.2 mg/g in September. Thuja occidentalis, a
member of another toxic plant genus was aso
examined, but research of 3,5-dimethoxyphenol was
unsuccessful. Finadly, taxine has been directly ex-
tracted from a grinding sample of yew leaves or
stomach content using a multi step liquid—liquid
extraction (via methylene chloride followed by a
re-extraction with 0.1 mol/l sulfuric acid). By GC—
MS, taxine formed a breakdown fragment which was
caused by therma degradation of the drug in the
injection port. This fragment was a fast eluting peak
with a large 134 main ion [150].

3.35.3. Human poisonings

Holy wood of the Celtic people used in the
manufacture of bows, staves of spears and musical
instruments, this tree is also a Judaic symbol of death
classically found in cemeteries of western countries.
The toxicity of yew has been known since antiquity.
Caesar reported how Ambiorix, king of Eburones
committed suicide with ingestion of yew’s leaves in
The war of the Gauls [151]. The first appearance of
yew suicide can be noticed in the medical literature
in the Lancet in 1836 [153]. In Poland, four prison-
ers drank a decoction of yew needles in order to
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Fig. 14. Analysis of paclitaxel metabolites in rat bile samples using HPLC—ISP-MS, with full scan analysis from m/z 800-1200. (a) TIC
profile of untreated rat samples, (b) TIC profile of treated rat bile samples. Reproduced from Ref. [153] with permission.



Y. Gaillard, G. Pepin / J. Chromatogr. B 733 (1999) 181229 219

commit suicide. Two died in prison and one on the
fourth day of hospitalization [154]. Another case
occurred in a young agriculture student [148]. Van
Ingen et al. reported five cases [147] with the review
of the literature concerning four other fatal cases
previously described. The authors gave evidence of
suicidal use of yew under different forms: leaves
extract, chopped or whole leaves and bark. Diagnosis
was always anamnestic or botanical. 3,5-Dimethoxy-
phenol was quantified in a case of suicide in a
depressive young man. The stomach contained 20
ng/g and cardiac blood 0.32 pg/g [149].

3.36. Trichosanthes kirilowii—Cucurbitaceae

3.36.1. Active molecules

The root of the plant contains a protein of 234
amino acids named trichosanthine, that, like ricin,
inhibits elongation in protein synthesis by acting on
ribosomes.

3.36.2. Analytical toxicology and human
poisonings

To our knowledge, no analytical procedure has
been described for trichosanthine. Two women died
from using this toxic Chinese plant as an abortifaci-
ent. The first victim died in a hospital, by filling her
vagina with a mixture of Chinese herbal medicine
that included 250 mg of Trichosanthes kirilowii. The
second victim induced abortion with bits of a broken
root tuber of this cucurbitaceae that she had wrapped
in gauze and inserted into her vagina. She delivered
a 5-month-old fetus on day 6 and died the day after
[19]. A fatal case in a man contaminated by the
AIDS virus was also described. He performed self-
infusion of trichosanthine from a mysterious origin

[5].

3.37. Tripterygium wilfordii—Celastraceae

A young woman worker who was suffering from
rheumatoid arthritis was overdosed when treated
with a mixture of Lei Gong Teng, which is the
Chinese name of this toxic plant [19].

3.38. Veratrum viride and related species (album,
californium, japonicum)—False or white hellebore—
Liliaceae

3.38.1. Active molecules

The plants of the genus Veratrum contain alkaloids
with an antihypertensive effect. Also the genera
Schoenocaulon and Zygadenus are a source of
Veratrum akaloids. The alkaloids occur as glyco-
sides, aglycones or in the form of esters with various
acids divided into seven groups [155]. The first two
most important groups are (8 akaloids of the
jervanine and veratranine type with a steroidian
skeleton (veratridine, veratramine, veratrosine, jer-
vine, pseudojervine and isorubrijerving) and (b)
alkaloids with the cevanine skeleton (cevadine,
cevine, zygadenine, veracerine, germine, protoverine
and their esters). The whole plant is toxic though the
roots and rhizomes (2% akaloids) are more toxic
than the tops (0.5% alkaloids in the leaves).

3.38.2. Analytical toxicology

Veratrum viride was employed as an American
Indian potion to test the endurance of young Indian
braves [156]. Veratrum alkaloids were also employed
as constituents of sneezing powders. However, since
several poisonings with Veratrum-containing sneez-
ing powders have occurred, a change was made to a
safer formulation [157]. The toxicological data were
rarely documented. Veratrine was sometimes iden-
tified in the decoction or in the gentian wine [158].
Identification was obtained by TLC-MS from the
suspect preparation, from the gastric flushing liquid,
urine, or viscera [158]. Thin layer chromatography
used gel layers on a glass substrate. The migration
solvent was ammoniacal methanol while the al-
kaloids were revealed when exposed to iodine va-
pors. A mass spectrometer was fitted with a chemical
ionization source where ammonia was used as the
reacting gas. An HPLC-MS method was most
recently published by Gaillard et al. [159] for the
detection and quantification of veratridine and
cevadine in two fatal cases of Veratrum album
poisoning. The drugs eluted on a Symmetry Cg
150x2.1 mm 1.D., 5 pm particle size using a
methanol—formiate buffer 2 mM, pH 3.0 linear
gradient. Selected ions were m/z=674.4 for ver-
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atridine and m/z=592.4 for cevadine. Limits of
detection were 0.07 and 0.10 ng/ml in whole blood
for veratridine and cevadine, respectively.

3.38.3. Human poisonings

Veratrum poisoning is no longer a result of
therapeutic accidents, but those resulting from the
erroneous identification of the plants Veratrum and
Gentiana lutea in the majority of the cases [160].
The latter plant is popularly used in West and Central
Europe for the preparation of homemade gentian
wine [158]. Some other confusions were described in
the literature: skunk cabbage in one case (Sym-
plocarpus foetidus) [161], pokeweed in five cases
(Phytolacca americana) [161], ramps in three cases
(Allium tricoccum) [5]. Three intoxications resulted
from ingestion of a Veratrum album tincture
[161,162], 12 cases from the inclusion of Veratrum
japonicum in soup [163] and 12 others from the
ingestion of Veratrum album root as tea [164].
Deaths related to Veratrum poisonings are very
seldom in the literature. One death was due to a
pharmacist’'s mistake (confusion with rhubarb pow-
der), one was a crime, and two were subacute
accidental poisonings [160]. A recent paper de-
scribed two fatalities due to a massive ingestion of
seeds of false hellebore. Veratridine and cevadine
were identified and quantified by HPLC-MS. Mea-
sured blood concentrations were 0.17 and 0.40 ng/
ml for veratridine and 0.32 and 0.48 ng/ml for
cevadine [159].

3.39. Xanthium sibiricum—Asteraceae

3.39.1. Active molecules

Toxicity is due to the presence of carboxyactrac-
tyloside. Other toxic species include X. spinosum and
X. strumarium.

3.39.2. Analytical toxicology and human
poisonings

As for atractyloside from Atractylis glummifera,
no analytical method is available. Three deaths were
reported. In one case, the plant was mistaken with a
bud of wild soybean. The two other victims had
eaten cakes made from this Chinese poisonous plant
after mistaking it for sesame or soybean cake [19].

3.40. Genus Zigadenus—Death camus—Liliaceae

Significant toxicity can result from the ingestion of
certain species of the zigadenus plant (chloranthus,
paniculatus), herb occasionally confused with non-
toxic onions. The literature contains several well-
documented nonfatal human cases of zigadenus
poisoning [165]. Fatal cases were recorded in inter-
views of 19th century western American Indians. A
paper contains an account from the early 20th
century of some railroad workers who died shortly
after eating the bulbs [166]. Toxic akaloids are of
the same nature and structure than those found in the
false hellebore.

4. Precision and recovery
4.1. Cyanogenic compounds molecules

The relative standard deviations (RSDs) of the
within-day precision (n=8) are usualy less than
8.2% for amygdalin and less than 5.4% for prunasin.
RSDs for amygdalin in the between-day precision
study (n=8) were 15.1, 5.9 and 3.0 at 0.5, 5 and 50
pg/ml, respectively. For the same concentrations
RSDs of prunasin were 13.2, 5.2 and 2.9%.

The overall amygdalin recovery in whole blood
was 44.5% at 5 pg/ml while prunasin recovery was
42.2% at the same concentration (n=8).

4.2. Alkaloids, oleandrine and taxol

RSDs of the between-day precision study are
givenin Table 3 at 0.1, 1, 10 and 100 ng/ml for each
molecule (when the limit of detection alowed a
measure) together with the overall recovery of the
drug measured at 100 ng/ml (n=10).

4.3. Atractyloside

Due to the absence of internal standard (lidocaine
was used as an externa standard), and to the
difficulties of extraction of the drug from the matrix,
the RSDs were indeed higher than for other mole-
cules. However, they were judged sufficiently
reasonable for a toxicological analysis. RSDs of the
within-day precision study were 20.8, 18.7 and
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11.3% at concentrations of 0.1, 1 and 10 pg/ml,
respectively (n=6) and 30.9, 24.5 and 18.4% at the
same concentrations for the between-day precision
study (n==8). The overal atractyloside recovery was
26.2% at 1 pg/ml (n=6).

5. Linearity

Analysis of variance (ANOVA) is a powerful and
very general method which separates the contribu-
tions to the overal variation in a set of experimental
data and tests their significance. The sources of
variations are each characterized by a sum of square
(SS), i.e. the sum of a number of sguared terms
representing the variation in question, a number of
degrees of freedom (DF), and a mean square, which
is the former divided by the latter and which can be
used to test the significance of the variation contribu-
tion by means of the F-test. In analytical calibration
experiments, only variation in the Y-direction is
considered. This variation is expressed as the sum of
the sguares of the distances of each calibration point
from the mean Y value [167]. This is the total SS of
Yean: Sr- There are two contributions to this overall
variation. One is the SS due to the regression: S,
and the second source of variation is the SS about
regression, i.e. residua: §,. The residual variation
can be divided itself into two contributions: lack of
fit and pure analytical error [168,169]. For example,
F.y (colchicing) =1752.6 > > F . Fineor IS fOr
(1, n—2) DF=5.32, so the source of variation is
well described by the regression, F ., (colchicine) =
202 < Flieor Fiheor is for [(N—=2)—n/2, n/2]
DF =5.41, so the model (linear regression) can be
considered as correct. The same assertion was ver-
ified for all compounds: F_, were always superior to
750.2 whereas F/, was always found to be inferior
to 3.09.

6. Accuracy

In a first step, a blood standard of known con-
centration is prepared and measured n times. From
the values of the peak-areas, we can calculate the
mean m, and the standard deviation SD that we
consider as being the true value [168].

In a second step, from the equation of the linear
regression: Y=aX + b, we can calculate the mea-
sured peak-area corresponding to this point: Y,. Then
we test the accuracy by the mean of a t-statistic; by
comparing a mean to a point as follows: t .rpeq =
(M—=Y)/(SD/n"?). If typeves < tupe the null
hypothesis is accepted. In other words, the measured
value and the true value are not different. t,, . is
given with n—1 DF [170].

Using this procedure, only interna errors were
tested. Since the way for standard preparation was
aways the same, we cannot estimate the lack of
accuracy due to the external errors (incorrect weight
or volumes of standards or samples, or inaccurate
dilution of primary standards).

Accuracy was tested a 1 and 100 ng/ml for
alkaloids, oleandrine and taxol and at 5 wg/ml for
amygdalin and prunasin. Under these conditions,
topserved WEre always inferior to t,,, . =2.26 (a =5%,
n=10). Atractyloside was not evaluated.

7. Limits of detection: LOD

The limit of detection is given by the mathemati-
cal formula: LOD = m, ., + 6 Sy Where my, ., iS
the mean of the blanks and s, corresponds to the
standard deviation of the blanks (n = 30) [170,171].

Under these conditions, LODs were 0.08 pg/ml
for amygdalin, 0.07 pg/ml for prunasin and 0.015
pg/ml for atractyloside. Table 3 lists the LODs
values for the other drugs.

8. Chromatographic separations

Alkaloids are weak bases with pKa values general-
ly contained between 7 and 10. Thus, the ion-pair
HPLC technique may be used to achieve better
peak-shape and separation of the drugs. On the other
hand, basic mobile phase can be applied on poly-
meric reversed-phase column. To thisaim, Auriola et
a. [29] have aready demonstrated the interest of a
basic eluent for the analysis of tropane alkaloids on a
poly(styrene—divinylbenzene) copolymer as the
stationary phase. Under akaline conditions, weak
bases appear neutral and ion-pairing agents can be
rejected. The mobile phase B was judged sufficiently
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Table 3
RSDs of the between-day precision study, recoveries and LODs for alkaloids, taxol and oleandrine (n=10)
Compound RSD (%) RSD (%) RSD (%) RSD (%) Overal LOD (ng/ml)
at 0.1 ng/ml a 1ng/ml a 10 ng/ml at 100 ng/ml recovery (%)
Aconitine 8.8 6.1 4.8 4.2 86.4 0.01 (0.001)*
Anabasine =P - 11.6 8.7 49.9 1.20
Arecoline - 19.0 8.0 5.6 63.1 0.91
Atropine 11.8 6.1 4.2 3.7 709 0.09
Cevadine 9.1 7.9 7.0 5.3 87.1 0.01 (0.001)*
Colchicine 24.6 134 9.9 8.2 51.1 0.09 (0.005)*
Crotaline - - 15.3 10.4 49.6 1.60
Emetine - 21.0 16.0 11.2 21.8 0.19
Eserine - 17.2 8.7 8.0 103.7 0.17
Lobeline - - 21.8 16.2 18.3 1.52
Oleandrine - 14.0 8.7 7.3 535 0.40
Pilocarpine - - 7.6 6.6 68.1 1.07
Reserpine 11.7 9.5 8.8 8.1 50.3 0.02
Retrorscine - 13.0 8.4 5.2 61.6 0.18
Scopolamine - 124 9.1 6.9 64.4 0.31
Senecionine 9.3 7.4 6.7 5.9 101.0 0.04
Sparteine - 8.4 7.2 6.0 63.3 0.16 (0.005)*
Strychnine 10.9 9.4 6.1 5.4 100.2 0.03 (0.002)*
Taxol - 12.7 7.8 6.6 43.2 0.48
Veratridine 11.7 9.2 6.3 41 86.6 0.02 (0.001)*
Yohimbine - 10.1 6.9 5.2 100.2 0.32

® Analysis redized by HPLC-MS-MS.
® _: Not determined.

basic to achieve excellent peak-shape and separation
of the 13 compounds of interest. Concentration of
the formiate buffer was increased to 10 mM, au-
thorizing a dight addition of ammonium hydroxide
and a pH of 8.2 to be obtained. This akaline eluent
was compatible with the conventional C,g packing
material. The selectivity of the mobile phase must
also be adjusted. Elution with acetonitrile generally
appears insufficient to provide good peak-shape. In
the solvent-selectivity triangle classification, acetoni-
trile possesses a 7* /3 normalized selectivity factor
of 0.60. This 7* factor encodes the solvent’s ability
to interact with a solute by dipolar and polarization
factors [172]. Acetonitrile is thus an aprotic solvent
with main dipolar interaction mechanisms. Consider-
ing the chemical properties of the analytes, a dlight
modification of the eluent selectivity appeared neces-
sary [173]. Methanol, which is protic and a good
proton acceptor (a/3=0.43), was thus added to
produce excellent peak-shape of the drugs under our
chromatographic conditions.

For the other alkaloids with pKa values less than
6.5 (strychnine: pKa=2.3 and 8.0, colchicine: pKa=

1.7, for example) classical acidic mobile phase
appeared as a good choice in terms of chromato-
graphic behavior. This group included also more
polar drugs with a number of hydroxylated and
carboxylated chains (aconitine: pKa=8.1 but 11
atoms of oxygen, reserpine: pKa=6.6 and nine
atoms of oxygen, oleandrine: glycoside, taxol: polar
taxoids with ten atoms of oxygen, atractyloside
which is an acid).

9. Forensic applications of authors own
experience

9.1. Case 1

The method was successfully applied in a delicate
forensic case. A 55-year-old man was found dead at
his residence. At the autopsy, the medical examiner
noted an intense congestion of the internal organs,
the absence of traumatic lesions as well as needle
marks. Blood and urine were sampled for a detailed
toxicological analysis. These analyses revealed the
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presence of several drugs including meprobamate 9.0
pg/ml, paracetamol 8.8 pwg/ml, phenobarbital 17.5
pg/ml and methyl phenobarbital 8.5 wg/ml. These
concentrations however, were insufficient to docu-
ment the death. Consequently, a second series of
analysis was entrusted to our laboratory approxi-
mately 6 months after the first one which showed in
addition to the above mentioned drugs, acebutolol at
a concentration of 0.09 pg/ml, morphine a a
concentration of 9 ng/ml, and colchicine a 0.79
ng/ml (see Fig. 15).

The daughter-in-law of the victim will confess
thereafter that she had administered a medication
(COLCHIMAX™ containing 1 mg colchicine, 15 mg
phenobarbital, 50 mg tiemonium iodide and 15 mg
of opium powder, per tablet) to the victim. This
medication, originally prescribed to the victim's
wife, was mixed without the knowledge of the
decedent with his food. The powerful HPLC-MS-
MS presented method enabled us to establish a low,
but significant, concentration of colchicine, in a
complex matrix, several months after the sampling. It
is thus reasonable to estimate that the many cases in
the literature, for which no post-mortem findings
could be reported, might be accounted for by the
inadequacies of the analytical methods that were
used. This case, rare as it may be, of homicide by
poisoning, is a good demonstration of the interest of
such a method.

9.2 Case 2

The described method can be successfully applied
to the anaysis of plant material. Leaves, fruits,
flowers or other parts of the plant are crushed by
means of a ball mill EI 4000 from the KLECO
manufacturer (Visalia, CA, USA) during 30 s. A 50
mg amount is introduced into a screw cap glass tube
with 2 ml of distilled water. The procedure described
for blood is then applied in the same way to this
powdered material. The plain leaves of Atropa
belladonna gathered in the East of the United
Kingdom gave a content of atropine of 4536 wg/g
and 44 p.g/g of scopolamine. The ripe berries of the
same plant contained 2696 p.g/g of atropine and 24
ng/g of scopolamine. The flowers of Datura ar-
borea collected in the Lycian coast of Turkey
contained 1592 w.g/g of atropine and 1604 pg/g of

scopolamine. Needles of Taxus baccata picked in the
South of France gave a content of taxol of 12.1
rg/g. In the same neighborhood, the leaves of
Nerium oleander contained 536.4 p.g/g of oleandrin.

93 Case 3

In the French Caribbean, two 7-year-old twin
sisters suffering from psychomotor handicaps were
found dead, burned in a fire that destroyed their
house. The criminal origin of the fire will be quickly
demonstrated. Nevertheless, the investigators found
no traces of escape of the children or panic. At the
autopsy, the medical examiner noted marks and
wounds consecutive to physical ill treatments. Res-
idues of black fume were found in the bronchi of the
two children. The bodies were burned and the faces
were particularly hit, which was the official cause of
death. In the morning of the facts, the parents had
been refused social help for the placement of the
young girls in a specialized center. Sampling of
blood, hair and gastric content were realized for a
complete toxicological analysis. Carboxyhaemo-
globin concentrations were, respectively, 11.3 and
11.9%. These concentrations were indeed insufficient
to account for the death, but significant enough, to
declare that the girls were aive at the moment of the
fire. Additionally identified in the blood of the first
victim were valproic acid at 14.4 p.g/ml, clonazepam
at 0.9 ng/ml and cyanide 1.2 mg/l. In the blood of
the second deceased valproic acid at 8.3 pg/ml,
carbamazepine at 1.9 pg/ml and cyanide at 0.7 mg/|
were identified. These findings however, do not
explain the absence of reaction of the two sisters in
front of the danger of the fire. This is why additional
investigations were undertaken. They revealed the
presence of atropine and scopolamine in the blood of
the first girl at concentrations of 32.5 and 4.4 ng/ml,
respectively (see Fig. 16). In the gastric content,
atropine and scopolamine were measured at 22.0 and
2.1 ng/ml, respectively. Analyses carried out on the
second child showed atropine concentrations of 7.5
and 18.3 ng/ml in the whole blood and in gastric
content while scopolamine levels were 0.8 and 1.1
ng/ml, respectively. No other poison of plant origin
was identified. The simultaneous presence of these
two akaloids undoubtedly indicated absorption of a
toxic plant material such as one could easily find
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Fig. 15. Chromatogram of an extract of the whole blood of the deceased man of the forensic case 1. Peaks: 1=1.S,, lidocaine (daughter ion
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under atropical climate like Datura arborea, Datura
sanguinea or Datura sauveolens. These plants are
traditionally known in the voodoo’'s rites of the
Caribbean. It is likely that the parents have managed
a potion based on one of these plants in order to put
their children to dleep. A few months later, they
confessed the administration of a Datura species so
as the infanticide by fire.

10. Conclusion

After having drawn up a non-exhaustive inventory
of the principal toxic plants responsible for death in
humans, the authors have developed a general and
powerful method of detection of several natural
poisons by HPLC-MS or HPLC-MS-MS. It is the
first published method to date, allowing the de-
termination of non-volatile akaloids at concentra-
tions as low as 0.1 or 0.01 ng/ml. It is aso the first
proposed procedure for the detection of senecionine,
atractyloside, or taxol in toxicology, the first HPLC—
MS technique for the detection of amygdalin,
anabasine, arecoline, crotaline, emetine, eserine,
lobeline, pilocarpine, prunasin, retrorscine, sparteine,
strychnine and yohimbine, and the first HPLC-MS-
MS technique for the detection of aconitine,
cevadine, colchicine, sparteine, strychnine and ver-
atridine. The presented method appeared essential for
the resolution of some very delicate forensic cases.
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