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Abstract

This case report describes an alleged scopolamine facilitated sexual assault case in
which the victim requested a toxicological hair analysis. Hair decontamination wash
solvents were evaporated and stored until analysis. Hair was incubated with 2 mL
0.01M phosphate buffer pH 8.4, and liquid-liquid extracted. LC-MS/MS analysis of hair
extracts revealed the presence of scopolamine at lower concentrations than the limit of
quantification. However, scopolamine was also present in the last wash solvents, with
wash/hair ratios >4, suggesting hair external contamination rather than drug use. These
data emphasize the usefulness of analyzing wash solvents for the correct interpretation

of hair results.

Keywords: scopolamine, DFSA, hair, wash/hair ratio, decontamination
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Introduction

Drug facilitated sexual assault (DFSA) has been defined as sexual activity occurring
while the victim is incapacitated or unconscious due to the effects of alcohol and/or
other drugs and is, therefore, prevented from resisting or unable to consent [1]. The use
of a drug to modify a person’s behavior for criminal purposes has occurred for
centuries. Nevertheless, the number of reported DFSA cases has increased over the past
few years, and it has also generated widespread media interest and caused alarm in the
society [2-5]. In Spain, few DFSA cases have been toxicologically documented,
probably due to a lack of information about this type of crimes within health care

professionals and the general population [6].

Typical drugs used in drug facilitated crimes are likely to have one or more of the
following properties: cause sedation; cause amnesia; colorless, odorless and tasteless;
dissolve readily in alcohol (or other beverage); rapidly absorbed after oral
administration; active at small doses; rapidly eliminated and, therefore, difficult to be
detected [7-9]. An ideal drug also will render the victim submissive or will decrease
her/his inhibitions, resulting in their participation in activities that they normally would
not [7]. Common substances typically found in casework include alcohol, cannabis,
benzodiazepines and other sedating drugs, or stimulants such as cocaine and ecstasy [7].
Scopolamine, an anti-muscarinic agent that blocks short-term memories formation, has
been used to rob or kidnap for decades in South America [10]. In Spain, although the
media reported several DFSA cases with scopolamine, literature search did not reveal

any extensive illegal use in our country.

The toxicological investigation of a DFSA case is a challenge because of the scarce

information about the incident due to the victim’s unconsciousness or anterograde
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amnesia, the delay in reporting the incident, and the low drug concentrations that should
be detected [8,11]. Blood and urine are the classical biological matrices used to perform
the toxicological analysis, and they should be collected at the earliest opportunity [7].
However, if the delay between the incident and sample collection is too long, the drug
will already be eliminated from these matrices and, therefore, they will not allow to
prove the exposure to the drug [7]. Hair analysis represents a useful biological matrix in
drug-facilitated cases because of the much larger window of drug detection compared to
blood or urine [12]. Moreover, most of the DFSA cases are due to a single drug
exposure, which could be discriminated from a chronic exposure by segmental hair

analysis. Some DFSA cases have already been documented using hair [2,13-19].

In this case report, hair analysis results from an unusual case of chronic alleged DFSA
with scopolamine are presented, emphasizing the importance of the decontamination

procedure and the analysis of the wash solvents in the interpretation of the results.

Case history

A middle aged-married woman pleaded in her defense that her lover had surreptitiously
drugged her when her husband discovered that she had been having an affair for the last
two years. In order to probe her statement, the married couple came to the lab to
perform a toxicological investigation two months after the affaire finished. In the lab,
they were informed that hair was the only biological matrix that could confirm their
suspicions after the time elapsed since the last possible exposure to the drug. Therefore,
they agreed to perform the hair analysis, and suggested to look for scopolamine. The
married couple and the lover were health care professionals, and had easy access to

scopolamine. She did not refer drug abuse or medical drug use in the last year.
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Materials and Methods

Chemicals and Reagents

Standard of scopolamine (powder) was purchased from Sigma-Aldrich (Steinheim,
Germany) and benzoylecgonine-d; (BE-d3) (0.1 mg/mL in methanol) from Cerilliant™
(Round Rock, TX, USA). LC-MS Chromasolv® acetonitrile (> 99.9% pure),
dichloromethane (= 99.8% pure) and 2-propanol (= 99.9% pure) were obtained from
Sigma-Aldrich). HPLC grade methanol (= 99.9% pure) was from Panreac Quimica
(Castellar del Valles, Spain), and reagent grade n-heptane, sodium hydroxide, sodium
dihydrogen phosphate monohydrate and potassium dihydrogen phosphate were from
Merck (Darmstadt, Germany). Reagent grade formic acid (98-100%) and ammonium
formate for LC-MS were from Scharlau (Sentmenat, Spain). Purified water was
obtained in the laboratory using a Milli-Q water system (Le Mont-sur-Lausanne,

Switzerland).

Specimen

One hair strand of approximately 400 mg weight and 15 cm length was collected from
the vertex posterior of the head, as close as possible from the scalp. Hair was
cosmetically altered (bleached), except for the roots (approximately, 5 cm). The
specimen was stored in a paper envelope at room temperature until analysis. Hair
specimens from other locations were not collected. Segmental hair analysis was

performed to chronologically study the possible exposure to scopolamine.

Toxicological analysis

Hair decontamination, incubation and extraction
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Hair specimen was divided in three 4.5-5 cm segments (S1, S2 and S3, being S1 the
proximal and S3 the distal segments), which were individually decontaminated twice
using 2 mL dichloromethane for 2 min. Wash solvents were transferred into a clean
tube, evaporated to dryness with nitrogen in a Turbovap LV evaporator (Zymark,

Hopkinton, MA) at 35°C and refrigerated at 4°C until analysis.

Hair segments were subsequently dried, weighted (50+£2 mg each segment) and cut into
small pieces. After fortifying each segment with 25 uLL BE-ds at 0.1 pg/mL as internal
standard, hair specimens were incubated with 2 mL 0.01 M phosphate buffer pH 8.4 at
room temperature for 12 hours, following Kintz et al. procedure [20]. Samples were
centrifuged at 4000 rpm for 10 min at 4°C, and the supernatants were liquid-liquid
extracted with 5 mL dichloromethane:2-propanol:n-heptane (50:17:33) [20]. After
mechanical shaking for 30 min and centrifugation, the organic layer was evaporated to
dryness. Extracted hair samples and dichloromethane washes were reconstituted in 100
puL of 2 mM ammonium formate with formic acid 0.1%:acetonitrile (95:5), and 10 pL

injected onto the LC-MS/MS.

Preparation of the calibration curve

A stock solution of scopolamine at 1 mg/mL was prepared from the powder.
Scopolamine and BE-d3 stock solutions were individually diluted in methanol to
prepare working solutions at 0.1 pg/mL and 0.01 pg/mL for scopolamine, and 0.1
ug/mL for BE-ds. A calibration curve from 10 to 100 pg/mg was prepared by cutting
and fortifying blank hair samples (50 mg) with the appropriate scopolamine working
solution and 25 pLL BE-d3 at 0.1 pg/mL. The same protocol as described in 2.3.1 section

was applied to calibrators.
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LC-MS/MS

The HPLC was a Waters Alliance 2795 Separation Module with a Waters Alliance
series column heater/cooler (Waters Corp., Mildford, MA). Chromatographic separation
was achieved with an Atlantis T3 column (2.1 mm x 50 mm, 3 pm) maintained at 26°C.
Gradient elution with 2 mM ammonium formate with formic acid 0.1% (A) and
acetonitrile (B) at a flow rate of 0.3 mL/min was as follows: 5% B for 0.8 min;
increased to 45% over 6.2 min; decreased to 5% B over 0.5 min and re-equilibrated for

2.5 min.

A Quattro Micro™ tandem mass spectrometer (Waters Corp.) working in electrospray in
the positive mode was used for the detection. The following conditions were found to be
optimal: capillary voltage, 3 kV; source and desolvation temperatures, 125 and 350°C,
respectively; desolvation and cone gas (nitrogen) flow, 700 and 50 L/h, respectively.
Collision gas (argon) pressure was maintained at 3 x 10 Bar. Multiple reaction
monitoring (MRM) transitions and optimal conditions for scopolamine and BE-d; are

summarized in Table 1.

Results and discussion

The present case report describes results and their interpretation after the analysis of a
hair specimen from a married woman who alleged that her lover had chronically
intoxicated her during their affair, probably with scopolamine. The secret affair finished
two months before the analysis request and, therefore, hair was the only biological
sample collected. Usually, a single exposure to the drug is used in DFSA cases, which
makes hair toxicological analysis very challenging due to the low concentrations

expected in this matrix. On the other hand, chronic drug facilitated crimes are unusual,
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and only few cases have been described in children and elderly people [21-23].
However, in this case report a chronic intoxication was suspected and, therefore, hair

analysis seemed simple.

To perform a chronological study of the possible exposure to scopolamine, hair
specimen was divided in three segments of 4.5-5 cm (S1, S2 and S3), which were
individually washed, incubated and analyzed. Table 2 shows the peak areas of
scopolamine in the incubated hair and in the wash solvents of segments S1, S2 and S3.
Criteria for analyte identification included retention time and the presence of the three
selected transitions with the appropriate ion ratio (+20% of ion ratio values in the

calibrators).

LC-MS/MS analysis of the incubated hair revealed the presence of scopolamine in the
three segments, with higher concentrations in S1, indicating a presumptive exposure to
scopolamine. However, the concentrations found in all cases were below the limit of

quantification (10 pg/mg).

The Society of Hair Testing (SOHT) recommends the analysis of hair washes as one of
the criteria to evaluate the possibility of hair contamination [24]. In the method applied
to the present case report, hair decontamination was carried out with two 2 mL
dichloromethane washes, which were subsequently evaporated and analyzed.
Scopolamine was detected in both washes; the lower amount in the second wash solvent
compared to the first one proved the efficacy of the decontamination procedure.
However, scopolamine peak areas in the washes were much higher than in the incubated
hair, with wash/hair (W/H) ratios ranging from 74 to 709 for the first wash, and 4.6 to
42 for the second wash. Figure 1 shows scopolamine comparative chromatograms in the

two wash solvents and inside the hair for S1, S2 and S3. The amount of scopolamine in
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the wash solvent due to extraction of accumulated scopolamine in hair is unknown.
However, the applied wash procedure has been previously employed for the
determination of scopolamine [20]. In addition, this common wash procedure is also
used in our laboratory for the determination of 35 common drugs in hair [25], including
scopolamine, and the calculated W/H was <0.1 for all detected drugs in the analyzed
real specimens (n= 85). Therefore, it is very likely that most of scopolamine found in
the wash solvent in the present case report came from external contamination. On the
other hand, although fully extraction of scopolamine from the inner hair with the
selected incubation procedure could not be guaranteed, its usefulness to detect
scopolamine has been previously probed by Kintz et al. [20], who detected this analyte
in a hair specimen from a subject who declared drinking Datura Inoxia infusion, which

contains scopolamine.

Different methods have been proposed to differentiate systemic exposure from external
contamination of hair, such as the detection of appropriate levels of metabolites, but the
difficulty in the interpretation arises when metabolites are not detected. Tsanaclis et al.
[26] proposed the analysis of the wash residue, and the comparison of the
concentrations found with those in hair. They analyzed 216 hair specimens from police
officers dealing with drug related cases, where hair external contamination could be
expected, and established three groups according to the wash/hair (W/H) ratio: W/H
ratio 0 and <0.1, would indicate drug use; W/H ratio >0.1 and <0.5 is not conclusive,
but indicates possible drug use with a degree of external contamination; and finally they
concluded that W/H ratio >0.5 is likely to indicate that the source of most of the drug in
the wash residue stems from external contamination. W/H ratios found in this case
report were >4.6 in all cases, strongly suggesting external scopolamine hair

contamination.
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Few data on hair concentrations after exposure to scopolamine have been published so
far. Kintz et al. reported hair concentrations of scopolamine from 14 to 48 ng/mL in the
three analyzed segments of a young male after repeatedly drinking an infusion of Datura
inoxia flowers [20]. However, in this case, wash solvents employed to eliminate
external contamination were not analyzed and, therefore, it was not possible to verified
the absence of external contamination, or to compare scopolamine amounts in the outer
and inner hair. Pujol et al. [22] analyzed hair specimens from three children allegedly
exposed to FEMINAX, a pharmaceutical that contains 100 pg scopolamine per tablet,
among other active ingredients. Scopolamine hair concentrations ranged from 0.2 to 1.1

pg/mg but, again, wash solvents were not analyzed.

After discussing the analytical results with the marriage couple, they refused to perform
a second analysis of, for instance, pubic hair. This fact, in addition to the orientation of
the toxicological analysis to look for scopolamine, make us suspect about the possible

deliberate contamination of the hair by the victim herself to justify her marital infidelity.

Conclusions

In the present case report, a positive hair result to scopolamine would have been
reported in the absence of data related to the amount of scopolamine in the external hair
layers, highlighting the importance of evaluating analytes’ presence in the incubated

hair together with the wash solvents.
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Table 1. Retention time (Rt), MRM transitions and optimal cone voltage and

collision energy conditions for scopolamine and benzoylecgonine-d3 (BE-d3).

Compound | Rt (min) | MRM transition | Cone voltage (V) | Collision Energy (eV)
Scopolamine 4.6 a304.3 > 138.2 34 24
304.3 > 156.2 16
304.3>103.0 41
BE-d3 5.6 293.2>171.2 30 20

aMRM transition was used for quantification

Table 2. Peak area of scopolamine (transition 304.3>138.2) in the incubated hair

and in the wash solvents of segments S1, S2 and S3 (S1, proximal segment; S3,

distal segment).

Segment Scopolamine Peak Area
Wash 1 Wash 2 Incubated
hair
S1 682294 387479 9216
S2 628211 26911 885
S3 106345 2859 625




Figure 1. Scopolamine chromatograms in the first and second wash solvents,
compared to chromatograms in hair (S1, proximal segment; S3, distal segment).
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