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Abstract

Scopolamine is used clinically, but it is also used as a recreational drug and as an incapacitat-
ing drug in sexual crimes and robberies. In this paper, the authors report the case of a woman
with a diminished consciousness following an unsuspected overdosewith scopolamine and review
published articles on scopolamine poisoning that included concentrations in biological samples.
Scopolamine was identified in the patient’s serum and urine samples collected 1 h post-admission
to intensive care unit at concentrations of 8.4 ng/mL and 62,560 ng/mL (169,539 ng/mg creati-
nine), respectively. In non-fatal cases, the median [interquartile range] of serum scopolamine
levels was 1.9 [2.1] ng/mL. The serum concentration found in our case would explain the abrupt
clinical presentation suffered by the patient. Scopolamine in urine could be detected up to 48 h
after admission. This report illustrates that broad toxicology screening, including scopolamine,
should be considered when patients with diminished consciousness are attended after ruling out
infection or cerebrovascular disease. This can play an important role in identifying this potentially
life-threatening etiology.

Introduction

Scopolamine (hyoscine hydrobromide) is the epoxide of atropine;
it is used for treating motion sickness, and due to its sedative
capacity, it is also used in palliative care. Scopolamine can cause
central effects, such as mydriasis, visual hallucinations, agitation

and coma. For these reasons, it is also used as a recreational drug.

Additionally, the use of scopolamine as an incapacitating drug, in

sexual crimes and robberies, has been reported in forensic toxicol-

ogy (1). Anterograde amnesia, hallucinations and submissive behav-

ior are prominent symptoms in victims of scopolamine-facilitated
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crimes (2). We discuss a diminished consciousness in a woman fol-
lowing an unsuspected overdose with scopolamine and review the
literature on this topic.

Case History

A 51-year-old woman presented an abrupt alteration of the level
of consciousness at home (3:30 a.m.) after going out for dinner.
Emergency services found her with bilateral unreactive mydriasis and
score 8 in Glasgow Coma Scale. She was intubated and mechani-
cally ventilated and transferred to the reference hospital. There was
not known medical history, medical treatment or substance abuse.
On arrival to the Emergency Department (5:00 a.m.), the patient
appeared to display significant anticholinergic signs and symptoms.
Physical examination revealed a blood pressure of 106/56 mmHg,
rhythmic cardiac auscultation without murmurs and normal pul-
monary auscultation. Neurological examination (under sedation)
only revealed unreactive mydriatic pupils. Hematological, biochemi-
cal and arterial blood gas laboratory results were within the reference
range. Serum ethanol was 0.16 g/L. An urgent computed tomogra-
phy (CT) perfusion of the head and CT angiographywere performed,
but no acute intracranial hemorrhage, occlusion in proximal cere-
bral arterial vessels or notable alterations in the perfusion study were
reported.

The patient was transferred to the intensive care unit (ICU)
(7:00 a.m.). She persisted with non-reactive mydriatic pupils,
was hemodynamically stable without vasoactive support and was
afebrile. The patient remained connected to mechanical ventila-
tion. Empirical antibiotic and antiviral treatment were initiated.
Electroencephalogram (EEG), electrocardiogram (EKG) and cere-
brospinal fluid (CSF) showed no pathological findings. Labora-
tory testing showed no abnormalities, and urine drug screen-
ing immunoassay (DRI®Assay, Abbott Laboratories Inc., North
Chicago, IL, USA) was negative. After ruling out ischemic cause
of the picture and venous sinus thrombosis, a broad toxicological
screening in serum and urine was requested (1 h post-admission to
ICU and 4.5 h after alteration of the level of consciousness was
detected).

Within a few hours, the patient was conscious and could be extu-
bated. Physostigmine was considered but ultimately not adminis-
tered as the patient awakened rapidly and had a favorable evolution.
Moderately reactive bilateral mydriasis was still present. After 36 h,
she was moved to the Neurology Unit. The patient explained that at
home, she drank from a bottle her daughter had brought after attend-
ing a party. After drinking, the patient fell asleep soundly without
responding. She also reported hallucinations. Detailed neurological
examination noted the patient to be conscious and oriented, without
speech and language alterations. Medium and poorly reactive pupils
persisted. The rest of neurological examination was normal. A new
blood test with immunology and infectious serology was within the
reference range.

From the fourth day of admission, she presented isochoric and
normoreactive pupils, without neurological focality. Magnetic res-
onance imaging study only suggested the possibility of some degree
of chronic vasculopathy. Twelve days after admission, she was dis-
charged. The patient granted the authors permission to use her
medical records during manuscript preparation.

Methods

Chemicals and reagents
Scopolamine, scopolamine-d3, β-glucuronidase, N,O-bis(trime-
thylsilyl) trifluoroacetamide (BSTFA) and trimethylchlorosilane

(TMCS) (99% BSTFA with 1% TMCS) and N-methyl-bis
(trifluoroacetamide) (MBTFA) were purchased from Sigma
Aldrich (Sigma-Aldrich, Barcelona, Spain). Heptane, dichlorome-
thane, dichloroethane isopropanol high performance liquid chro-
matography (HPLC) grade (LiChrosolv®) solvents and LC–MS
grade methanol were purchased from Merck (Merck, Barcelona,
Spain). Liquid chromatography–mass spectrometry (LC–MS) grade
acetonitrile and ammonium formate were from Scharlau Chemie
(Sentmenat, Barcelona, Spain). All other chemicals used were ana-
lytical reagents from commercial vendors.

Toxicological analyses
A broad toxicological urine drug screening was performed by gas
chromatography (GC)–electron impact–MS non-targeted analysis as
described in a previous report (3), using an Agilent HP 7890A/5975C
instrument (Agilent Technologies, Santa Clara, CA, USA). Identifica-
tions were completed by computer matching against GC–MS library
spectra of the National Institute of Standards and Technology (NIST
Mass Spectral Library Revision 2017).

Scopolamine quantification in urine samples was performed by
GC–MS targeted drug screening, using our routine method (4),
which is adapted from Namera et al. (5). Briefly, urine speci-
mens (3 mL) were mixed with β-glucuronidase (5,000 F units/mL in
1.0 M acetate buffer, pH 5.0) and hydrolyzed for 3 h at 65◦C. When
cold, the hydrolyzed specimen was extracted in a Pyrex tube that
contained an organic mixture of solvents (heptane/dichlorometh-
ane/dichloroethane/isopropanol, 33.3/25/25/16.7, v/v; 4.5 mL) and
buffering salts to give a pH of 9.0 (0.15 g sodium carbonate, 0.15 g
sodium bicarbonate and 1.5 g sodium chloride). After stirring the
mixture and centrifugation, the organic layer was evaporated to dry-
ness and derivatized using 50 µL BSTFA with 0.1% TMCS at 80◦C
for 15 min. Two microliters of the extract was injected into the GC–
MS. Ion used for quantitation was m/z 138. Qualifier ions were m/z
94 and 154. Ion 375 (m/z for the derivatized parent drug) was used to
demonstrate effective derivatization. The method was validated for
the analysis of urine samples, including linearity (50–5,000 ng/mL),
accuracy [%MRE=4.2%–(–19.9%)], inter- and intra-assay preci-
sion (%CV<10.0%) and endogenous interferences (not detected).

Quantification of scopolamine in serum samples were performed
by LC–MS-MS. The HPLC system was an Alliance 2795 Separation
Module with an Alliance series column heater/cooler coupled to a
QuattroMicro™API triple quadrupole (Waters Corp., Milford, MA,
USA). Data acquisition was controlled with Masslynx 4.0 software
and processed with Quanlynx software (Waters Corp.). LC–MS-MS
conditions were those reported in a previous publication (6). Briefly,
chromatographic separation was performed using an Atlantis T3
analytical column (2.1 mm × 50 mm, 3 µm) (Waters Corp.) and
maintained at 26◦C. A gradient was applied using 2 mM ammo-
nium formate with 0.1% formic acid in water (A) and acetonitrile
(B) as mobile phase. Detection was performed in multiple reac-
tionmonitoring (MRM)mode, monitoring the following transitions:
304.3 > 138.2 (cone voltage=34 V; collision energy=24 eV) and
304.3 > 156.2 (34 V; 16 eV) (quantifying transition is underlined)
for scopolamine and 307.3 > 141.3 (35 V; 25 eV) for scopolamine-
d3. For sample extraction, 0.5 mL of serum was mixed with 1.2 mL
of ethyl acetate after the addition of the internal standard (50 µL
of scopolamine-d3 at 0.02 µg/mL). Samples were shaken in a rotor
for 5 min and subsequently centrifuged at 14,000 rpm. The organic
phase was then evaporated to dryness in a TurvoVap LV evapora-
tor (Zymark Corp., MA, USA), reconstituted with 100 µL of 2 mM
ammonium formate with 0.1% formic acid/acetonitrile (95:5, v/v)
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and 10 µL injected into the LC–MS-MS system. The method was ini-
tially developed in hair (6) and adapted and partially validated for
the analysis of serum samples, including linearity (0.1–50 ng/mL),
accuracy (%MRE=−2.8%–12.0%), inter- and intra-assay precision
(%CV<11.8%) and endogenous interferences (not detected).

Literature search
A literature search was conducted using scientific databases
(PubMed, MEDLINE, Scopus, Cochrane Central, Web of Sci-
ence, EMBASE, Science Direct and reports from international insti-
tutions) to review published articles on scopolamine poisoning.
The descriptors used were “scopolamine”, “Datura”, “poisoning”,
“hallucinogens”, “toxicity” and “intoxication”. The articles were
manually examined, checking on content and checking also for
cross-references. Publications were selected, in any language, when
included scopolamine concentrations in biological samples. The
median and interquartile range (IQR) of serum scopolamine levels
were calculated from cases where this concentration was available.

Results

Scopolamine and ibuprofen were identified in the toxicological urine
drug screening.

At 1 and 48 h post-admission, scopolamine serum concentra-
tions were 8.4 and <0.1 ng/mL, respectively (Figure 1). At 1, 30
and 48 h, urine scopolamine concentrations were 62,560 ng/mL

(169,539 ng/mg creatinine), 199 ng/mL (414 ng/mg creatinine) and
59 ng/mL (93 ng/mg creatinine), respectively.

The literature search resulted in 47 relevant cases to the objective
(Table I). In non-fatal cases, median [IQR] serum scopolamine level
was 1.9 [2.1] ng/mL (Figure 2). Blood scopolamine levels were only
published in two fatal cases (4.8 and 1,890 ng/mL).

Discussion

A high percentage of patients with an altered state of consciousness
of unknown origin require intensive care management. Objectives
of the neurological examination are to identify lateralizing or focal
findings, recognize signs of brainstem dysfunction and define its
severity. Brain imaging should be done without delay in comatose
patients with unclear diagnoses. Suggested causes of a sudden onset
are stroke, seizure and drug overdose. Many toxics can produce
coma directly or indirectly. Combinations of physical findings can
also characterize toxic syndromes. Supportive care is the cornerstone
of the management; however, in some cases, a specific therapy or
antidote is beneficial. In this case report, physostigmine was con-
sidered. A large retrospective review (7) shown that physostigmine
administration to reverse anticholinergic delirium had a good safety
profile and often improved or resolved anticholinergic deliriumwhen
administered in doses less than 2 mg.

Scopolamine confirmation is complicated in clinical laboratories
as analytical instrumentation availability is scarce and because of its
short half-life in plasma. Furthermore, LC–MS-MS is required when

Figure 1. Chromatograms of serum samples obtained at 1 h (A) and 48 h (B) post-admission. Scopolamine concentrations were 8.4 (A) and<0.1 (B) ng/mg. From
top to bottom: two MRM transitions for scopolamine (m/z: 304.3 > 138.2 and 304.3 > 156.2) and one MRM transition for scopolamine-d3 (307.3 > 141.3).
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Figure 2. Scopolamine serum concentrations reported in non-fatal and fatal cases (Gray: Non-fatal cases; Black: Fatal cases; CR: Case report).

it is necessary to quantify in serum or hair. Thus, in clinical labo-
ratories in which scopolamine in urine or blood analysis cannot be
performed, clinical response to the administration of physostigmine
can be a practical diagnosis aid. For these reasons, traditionally the
detection of scopolamine has more forensic than clinical value.

Toxicology screening is useful in the diagnosis of unexplained
coma. In our case, scopolamine identification in urine was performed
only 4 h after the admission to the ICU. This was important in
evaluating and managing this case. Meanwhile, the entire clinical
management and diagnostic tests continued. The patient was dis-
charge after 12 days, and criminal prosecutions were not initiated.
However, toxic effects in the patient described in this case report did
not correspond to any of the typical profiles in which the presence
of scopolamine has been shown before.

Scopolamine shows longer central effects in comparison to the
peripheral effects. High serum concentration measured in the ICU
would explain the abrupt clinical presentation that suffered by our
patient. Unfortunately, sample volume was not enough to mea-
sure serum concentration at admission. Furthermore, retrograde
scopolamine concentration is difficult to know due to the high inter-
individual variability in all pharmacokinetic parameters (1,8,9).

Even the first urine concentration was higher than those previ-
ously reported (Table I). This could explain why scopolamine could
be detected up to 48 h after admission.

Conclusion

This report illustrates that broad toxicology screening, including
scopolamine, should be considered when patients with diminished
consciousness are attended after ruling out infection or cerebrovas-
cular disease. This can play an important role in identifying this
potentially life-threatening etiology.
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