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Abstract Doxylamine is one of the first effective anti-

histamine agents to have been discovered. The compound

is also used as a sedative night-time cold and allergy relief

drug and for its antiemetic effects. The first case involving

sedation linked to the use of doxylamine as a drug-facili-

tated crime and subsequent impairment of a 21-year-old

female victim is reported. Due to the long delay between

the alleged crime and clinical examination, collection of

blood or urine was of little value. Hence, the laboratory

developed an original approach based on hair testing by

liquid chromatography–tandem mass spectrometry. A lock

of hair from the victim was collected 5 weeks after the

suspected administration. After cutting into small pieces,

about 20 mg of hair was incubated overnight in a phos-

phate buffer (pH 8.4). The aqueous phase was extracted

with 5 ml of a mixture of methylene chloride/diethyl ether

(80/20), in presence of haloperidol-d4, used as internal

standard (IS). The hair extract was separated on an XTerra

MS C18 column using a gradient of acetonitrile and for-

mate buffer. Detection was based on two daughter ions:

transitions m/z 271.3–182.1 and 167.0 and m/z 380.2–169.2

for doxylamine and the IS, respectively. In the hair of the

woman, doxylamine was detected in the proximal segment

(0–3 cm) at a concentration of 37 pg/mg. The concentra-

tion was compared with those obtained after a single dose

and after daily dose administration. In the hair of four

subjects receiving a single 15-mg dose and collected

4 weeks later, doxylamine was detected in the proximal

segment at 18–52 pg/mg. After daily 15-mg doses for at

least 4 months, the hair concentrations of three subjects

under doxylamine therapy were 840–2050 pg/mg.
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Introduction

Drug-facilitated crime is not a new phenomenon but rather

an age-old practice. However, reports of drug-facilitated

crimes have significantly increased since the mid-1990s. In

the past few years, considerable information about drug-

facilitated crimes (rape, sexual assault, robbery, sedation of

elderly persons) has accumulated. In these situations, the

victims are subjected to nonconsensual acts while they are

incapacitated through the effects of a drug. This impairs

their ability to resist or to give consent to the act. In a typical

scenario, a predator (rapist, robber) surreptitiously spikes a

drink of an unsuspecting person with a hypnotic drug.

Victims usually report loss of memory during and after the

event. For the perpetrator, the ideal substance is one that is

readily available, is easy to administer, rapidly impairs

consciousness, and causes anterograde amnesia (i.e., it

prevents the recall of events that occurred whilst under the

influence of the drug but not general memory) [1, 2].

For all intents and purposes, the drug acts as the offender’s

weapon; therefore, many jurisdictions require analytical

proof of its presence, which helps substantiate the alleged

victim’s claim. Blood and urine are the conventional speci-

mens to document drug exposure [3]. However, in cases of

drug-facilitated crime, hair sampling is a useful complement

to these analyses because segmentation of the hair permits

differentiation of a single exposure from chronic use of a

drug. Moreover, due to the long delays that are frequently
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encountered between the event and the matter being reported

to the police, hair may often be the only matrix capable of

providing corroborative evidence of a committed crime.

There are a number of reports in the literature where hair has

been utilized to provide evidence of drug exposure [4, 5].

The most commonly encountered drugs in alleged drug-

facilitated crimes are ethanol, and cannabis. The benzodi-

azepines and some hypnotics have also been observed,

though to a lesser degree [6, 7]. Beside these drugs, some

other compounds have been detected in routine caseworks,

including the first generation of antihistamines, diphenhy-

dramine [8] and doxylamine [9]. However, there is no

report focussed on doxylamine detection in hair with

suitable interpretation.

Doxylamine was one of the first effective antihistamine

agents discovered, introduced in 1948. The drug is used

primarily as a short-term sleep-inducing agent, and in com-

bination with other drugs as a night-time cold and allergy

relief compound. A wide variety of ‘‘over-the-counter’’

preparations exist in the form of tablets, capsules, and elixirs

to promote sleep and in the treatment of coughs, thus making

it an easily accessible drug to the potential assailant. In

addition, doxylamine’s liquid or effervescent formulations

represent a suitable form for the surreptitious addition to

beverages. After doxylamine exposure, subjective sedation,

reduced sleep latencies, and impairment in the performance

of tasks requiring sustained attention have been noticed [10].

We present here an original method to test for doxyla-

mine in hair by liquid chromatography–tandem mass

spectrometry (LC–MS/MS) and its application to document

a drug-facilitated sexual assault case.

Materials and methods

Case report

A 21-year old woman claimed to have been raped during an

afternoon, while sedated at the home of a professional col-

league. Due to the long delay (7 days) between the alleged

event and her deposition to the police, there was no interest

in sampling blood or urine. We were requested to analyze the

victim’s hair, collected 5 weeks after the alleged offense.

The hair of the victim was blonde, with a total length of

3 cm. There was no evidence of cosmetic treatment.

Given tablets of doxylamine (Donormyl) were found at

the home of the alleged perpetrator, the Judge in charge of

the case requested this specific drug be tested for.

Specimens

To interpret the detection of doxylamine in hair, we analyzed

specimens obtained from four volunteers (two men and two

women, aged 32–48 years, with light brown to brown hair)

who had ingested a single 15-mg doxylamine tablet. Hair from

the volunteers was collected 1 month after they were admin-

istered a single oral dose of doxylamine. In addition, hair from

three repetitive doxylamine users (three women, aged 25–46

years, with blonde to light brown hair; 15 mg/day for at least

4 months) was collected. Strands of about 60 fibers were

oriented (tied up at the root), cut in vertex posterior as close as

possible to the scalp, and stored at room temperature. Only the

first 3-cm segment from the root was analyzed (to fit with the

present case). Subjects participated in the experimental part of

the study through oral informed consent.

Doxylamine-free hair samples were obtained from lab-

oratory personnel and these were screened for doxylamine

before being used for both calibrators and negative control.

There was no evidence of coloring or chemical treatment of

the blank hair.

Chemicals and reagents

Acetonitrile, diethyl ether, and methylene chloride were

HPLC grade (Merck, Darmstadt, Germany). Chemicals

for the saturated phosphate buffer—(NH4)2HPO4, adjusted

at pH 8.4 with orthophosphoric acid—ammonium phos-

phate and formic acid were purchased from Fluka (Saint-

Quentin Fallavier, France). Haloperidol-d4 was purchased

from Promochem (Molsheim, France). Doxylamine was

purchased from Sigma (Saint-Quentin Fallavier, France).

Extraction

The hair strand was washed twice using methylene chlo-

ride (5 ml, 2 min). The 0–3 cm segment was cut into

small pieces (\1 mm) and about 20 mg was incubated

overnight in 1 ml of phosphate buffer at pH 8.4, in the

presence of 2 ng of haloperidol-d4 used as internal stan-

dard (IS) at 40 �C without agitation. After liquid–liquid

extraction with 5 ml of a mixture of methylene chloride/

diethyl ether (80/20, v/v) and evaporation to dryness, the

residue was reconstituted in 50 ll of acetonitrile/water

(50/50, v/v).

LC–MS/MS procedure

LC was performed using a Waters Alliance 2695 system.

Chromatography was achieved using an XTerra MS C18

column (100 9 2.1 mm, 3.5 lm) eluted with a gradient

delivered at a flow rate of 0.2 ml/min (5 % acetonitrile,

95 % formate buffer adjusted to pH 3.0 with formic acid

0.1 % to a ratio 80–20 % at 10 min). An injection volume

of 10 ll was used in all cases. A Quattro Micro triple-

quadrupole mass spectrometer (Micromass-Waters) fitted

with a Z-Spray ion interface was used for analyses.
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Ionization was achieved using electrospray in the positive

ionization mode (ES?).

The following conditions were found to be optimal for

the analysis of doxylamine and the IS: capillary voltage,

1.0 kV; source block temperature, 120 �C; desolvation gas

(nitrogen) heated to 350 �C and delivered at a flow rate

of 550 l/h. In order to establish appropriate multiple reac-

tion monitoring (MRM) conditions, the cone voltage was

adjusted to maximize the intensity of the protonated

molecular ion and collision-induced dissociation (CID) of

both species was performed. Collision gas (argon) pressure

was maintained at 3.0 9 10-3 bar and the collision energy

(eV) was adjusted to optimize the signal for the two most

abundant product ions: transitions m/z 271.3–182.1 and

167.0 and m/z 380.2–169.2 for doxylamine and the IS,

respectively. Transition m/z 271.3–167.1 was used for

quantitation. MassLynx 4.0 software was used for

quantitation.

Method validation

A standard calibration curve was prepared for hair fortified

with the drug and obtained by preparing spiked standards

containing 10, 50, 100, 250, 1000, and 2500 pg/mg of dox-

ylamine. Within-batch precision (n = 8) was determined

using blank hair spiked with doxylamine at 50 pg/mg. The

limit of detection (LOD) was evaluated by decreasing con-

centrations of doxylamine until a response equivalent to

three times the background noise [signal-to-noise ratio (S/N)

= 3] was observed. Relative extraction recovery was deter-

mined by comparing the representative peak area of doxyl-

amine extracted from negative control hair spiked at the final

concentration of 50 pg/mg with the peak area of a metha-

nolic standard at the same concentration. Ion suppression

was established by infusing doxylamine at 1 mg/l and

evaluating the deviation in signal response at its reten-

tion time when blank hair (n = 10) was injected at the same

time.

Results and discussion

Validation

Linearity was observed for doxylamine concentrations

ranging from 10 to 2500 pg/mg with a correlation coeffi-

cient of 0.991. Within-batch precision at 50 pg/mg was

17.1 %, and the extraction recovery was 73.9 %. The limit

of detection was 2 pg/mg, with a S/N ratio of 3. Under the

chromatographic conditions used, there was no interference

Fig. 1 MRM chromatogram obtained after the extraction of a negative hair sample
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with the analytes by chemicals or any extractable endog-

enous materials present in hair. It should be noted that the

conditions of sample preparation (particularly the pH) are

not optimal for doxylamine and that they were used only

because it was in the frame of a general procedure in case

of drug-facilitated crime [4]. Ion suppression was about

10–20 %, irrespective of the hair color. Stability analysis

showed that doxylamine and the IS are stable for at least

3 months when stored at 4 �C. Figures 1 and 2 show the

chromatograms obtained from a negative and a control at

100 pg/mg, respectively.

Detection in hair

The doxylamine concentration in the victim’s hair was

37 pg/mg. It is obvious that LC–MS/MS is the method of

choice for testing low levels of drug in hair due to its

extraordinary sensitivity and specificity. Figure 3 shows

the chromatogram after the extraction of the hair of the

subject. The significance of this concentration could not be

determined due to a lack of data in the literature. Specifi-

cally, it was not possible to put any quantitative interpre-

tation on the dosage that was administered to the alleged

victim.

To better interpret the concentration, single-dose sub-

jects and long-term dose subjects were tested. Individual

results are presented in Table 1. In the hair of four subjects

receiving a single 15 mg dose and collected 4 weeks later,

doxylamine was detected in the proximal segment at

18–52 pg/mg. After a daily dose of 15 mg for at least

4 months, the hair concentrations of three subjects under

doxylamine therapy were 840–2050 pg/mg. Given the low

number of subjects tested, there was no attempt to correlate

the concentrations with the color of the hair.

The findings in the hair of the victim are in accor-

dance with a single exposure to the drug. The major

practical advantage of hair testing compared to urine or

blood testing for drugs is that it has a larger surveillance

window (weeks to months, depending on the length of

the hair shaft, against 2–4 days). For practical purposes,

the two tests complement each other. Blood or urine

would still remain the matrices of choice if they can be

obtained within a suitable time frame. Urinalysis and

blood analysis provide short-term information of an

individual’s drug exposure and thus can provide a more

accurate reflection of the situation present within the

body at the relevant time. However, long-term histories

are accessible through hair analysis and thus can be

Fig. 2 MRM chromatogram obtained after the extraction of a hair sample spiked with doxylamine at 100 pg/mg
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useful where the window of opportunity for blood or

urine has passed or where a drug has been detected in a

body fluid and investigation of previous drug use may be

of value.

Hair analysis may be especially useful when a history of

drug use is difficult or impossible to obtain, notably when a

child or a baby is poisoned and the defence is one of the

child accidentally gaining access to the drug on a single

occasion. The discrimination between a single exposure

and long-term use can be documented by multisectional

analysis [4].

Conclusion

In this instance, the surreptitious administration of doxyl-

amine to obtain sedation was considered a drug-facilitated

crime, and the perpetrator admitted to charges presented at

Court relating to the abuse of the woman. Without hair

testing, this aspect of the crime may not have been con-

firmed. First-generation H1 antihistamines are suitable for

use as knockout drugs because of their anticholinergic

effects, and, not least, because of their ready availability.

This case has demonstrated the usefulness of hair testing

when there is a delay in the procurement of samples from a

victim. Hair testing should, however, be regarded as a

complement to conventional blood and urine analysis and

will not replace examination of these samples when

obtained within a suitable time frame.
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