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Abstract

We here report a series of six patients who were admitted at a hospital’s emergency room because of voluntary or involuntary intoxication with non-
pharmaceutical scopolamine preparations known as ‘“Devil’s Breath”. Physostigmine, the antidote of choice in such cases, was not available at that institution. In 
four of these cases, psychotic symptoms did not improve after four days of treatment with appropriate doses of atypical antipsychotics (risperidone, olanzapine 
or quetiapine). The antipsychotic medication was then suspended in each case, and a transdermal patch of 10 cm2 of rivastigmine (equivalent to 9.5 mg of the 
drug) was indicated as monotherapy. The remaining two subjects did not receive any antipsychotic treatment but were administered rivastigmine immediately 
upon their arrival at the emergency room. Mental status was assessed with the Brief Psychiatric Rating Scale (BPRS) at baseline and on the third and fifth day. 
The BPRS scores significantly decreased when assessed on days 3 and 5 (p = 0.012). We argue that rivastigmine was pivotal in the fast and efficient resolution 
of these cases of intoxication with non-pharmaceutical scopolamine preparations.

INTRODUCTION
Scopolamine is a muscarinic antagonist widely known outside 

the scientific community as ‘Devil’s breath’ or ‘Burundanga’ 
(among other names) that denote its alkaloid cognitive inhibition 
properties when used for criminal purposes [1,2]. The botanical 
genres Datura and Brugmansia are the main natural suppliers of 
these highly toxic alkaloids [3], and poisoning with these plants 
is not uncommon [4].

Because of its anticholinergic power and parasympathetic 
activity, scopolamine has been found to be useful in clinical 
practice [5], and to be especially effective to prevent motion 
sickness [6]. It is moreover well known that the cholinergic 
hypofunction induced by scopolamine produces a loss of the 
emotional excitation stimulating effect in memory [7]. This 
seems to be the main effect sought out by criminals who have 
used preparations of the substance to commit various crimes in 
both Europe and the Americas [8,9] .

Scopolamine intoxication is characterized by being dose-
dependent with specific central and peripheral symptoms. 
Scopolamine causes a central and peripheral blockade of 
the muscarinic receptor causing restlessness, excitement, 

hallucinations, euphoria, and disorientation. Moreover, 
disturbances in level of consciousness at varying degrees and 
respiratory depression are not uncommon [10].

At proper doses physostigmine is, inter alia, the antidote of 
choice for scopolamine intoxication [11,12], but, because of the 
drug unavailability at the time of the study, the patients reported 
here --who had been intoxicated with non- pharmaceutical 
preparations of scopolamine--could not be treated with 
physostigmine.

Rivastigmine administration was decided because of its 
composition and properties similar to those of physostigmine 
[12,13]. Indeed, its combination with atypical antipsychotics has 
been well documented in the management of psychotic agitation 
in cases of dementia [14,15], but not in intoxication cases such 
as those reported here. Cases of scopolamine intoxications 
have been treated with other cholinesterase inhibitors, such as 
galantamine [16], and donezepil [17]. 

PATIENTS AND EXPERIMENTAL PROCEDURES
Six patients (all singles, 03 males, 03 females; aged: 17 

± 1,8 years) were admitted at the Emergency Unit of the 
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University Hospital of The Andes (Mérida, Venezuela) because 
of an intoxication with non-pharmaceutical preparations of 
scopolamine. The emergency treatment -- which included general 
detoxification measures, an initial biomedical and psychosocial 
evaluation, and forced diuresis with matched hydration-- did 
not solve the psychiatric symptoms in spite of the fact that it 
improved the patients’ overall conditions, including the mixed 
alteration of their state of consciousness (lucidity, orientation 
and memory). Four of the patients were medicated with atypical 
antipsychotics for at least four days, but no therapeutic response 
was observed. The remaining two patients did not receive any 
antipsychotics. None of the patients presented Delirium due 
to scopolamine (mixed disturbance of consciousness) as it is 
described in the literature [5,18], and the psychotic symptoms 
were the main concern at the Emergency Unit. All the subjects 
were thus referred to the Psychiatric Emergency Unit of that 
same Institution. A before/after pre - experimental study was 
designed. 

So as to discard kidney, liver or any other pathologies that 
could explain our patients’ symptomatology, the following 
laboratory tests were performed on the six subjects: red blood 
cell count, hemoglobin, hematocrit, white blood cell count and 
distribution, transaminase, creatinine, urea, baseline glycaemia, 
urinalysis and blood screening for marijuana, cocaine, opiates 
and benzodiazepines metabolites. No patient presented 
respiratory depression, stupor or coma, and all of them were 
treated according to the treatment guidelines of the University 
Hospital of the Andes Psychiatry Unit. 

Laboratory values of the substance were not determined. 
However, it is well known that urine concentrations of 
scopolamine may range from 32.4 to 186.4 ng /mL in cases 
of intoxication due to the ingestion of plants containing the 
substance [4]. Moreover, a series of scopolamine-facilitated 
robberies reported a concentration of scopolamine in blood of 
0.30mg/L, about 3000 times higher than the average therapeutic 
level of 0.0001mg/L [19]. 

Once the protocol was accepted, the antipsychotic medication 
was suspended (when applicable), and the six patients were 
treated once daily and for five days with 10cm2 transdermal 
patches equivalent to 9.5 mg of rivastigmine. 

Following the Ethics Committee of the University Hospital 
of The Andes recommendations and the Declaration of Helsinki 
Ethical Principles for Medical Research Involving Human Subjects  
(WMA 2015), all the patients and/or their legal representatives 
were informed about the aspects related to this research, 
including the protocol, risks, goals, confidentiality, and access to 
the research results,  

The level of psychopathology was assessed with the Brief 
Psychiatric Rating Scale (BPRS) of 18 items quantified with a 
Likert scale of 1-7 [20]. In the present study, a validated version 
for the Spanish language was used [21]. The total score has a 
maximum of 126 points; the subscales of positive and negative 
symptoms (each one with 4 items) have a maximum score of 28 
points. The BPRS scale was applied on the first, third and fifth day 
of treatment.

The SPSS statistical package, version 22, was used to organize 

the data obtained. The BPRS score at baseline and throughout the 
treatment was analyzed using Friedman’s non-parametric tests 
as well as the Wilcoxon Sign rank test for comparison of specific 
treatment intervals. Statistical significance was set at p <0.05.

RESULTS
In these subjects, the scopolamine route of entry to the 

organism was either involuntary (the patient had been a victim 
of premeditated poisoning) or voluntary since it is well known 
that the substance can also be used for fun or in canonical 
ceremonies. In all six cases, the scopolamine preparations had no 
authorized pharmaceutical origin and their form of preparation 
was unknown, although the literature reports cases of extraction 
from over the counter preparations [22], or as botanical 
extractions [23]. 

The six subjects were adolescents and single. Five (83 %) 
were unemployed. The sex distribution was uniform, and in 
50% of the cases the use of scopolamine was involuntary. Of the 
six subjects, two did not receive any antipsychotic medication, 
two were administered risperidone (2-6mg / day), one was 
given olanzapine (10-20mg/day), and another one received a 
combination of quetiapine (200-300 mg/day) plus risperidone 
(2-6 mg/day). 

Before starting the treatment with rivastigmine (baseline 
conditions), the score on positive symptoms was much higher 
than that on negative symptoms: 23.8 ± 1.6 vs. 15.3 ± 2.5, 
Mann-Whitney U test, z = 2.9, p = 0.004. This may be a pointer 
of the clinical picture of this type of intoxication. Treatment 
with rivastigmine was associated with a significant decrease 
in the overall score (p=0.002) and in the subscales for positive 
and negative symptoms (p = 0.003 for both type of symptoms) 
(Figure 1). 

On the following items of the scale, no significant decrease 
was detected in the individual scores: basal vs. day 3: items 1 
(somatic concern), 5 (self-deprecation and feelings of guilt), 6 
(somatic tension / anxiety), 7 (mannerisms and strange postures) 
and 9 (depressive mood); basal vs. day 5: items 5 and 16 (dulling 
/ affective flattening). 

DISCUSSION
The present study demonstrates the clinical effectiveness 

of transdermal patches of rivastigmine in the treatment of 
non-pharmacological scopolamine intoxication. This is an 
encouraging finding that will help improve the treatment of a 
medically unrecognized intoxication with psychiatric symptoms 
that is often reported in the media [23-25].

The beneficial effect of transdermal rivastigmine patches was 
evident both on the global BPRS scale and on the subscales for 
positive and negative symptoms. It is important to emphasize 
that the beneficial effect was greater on the positive than 
on the negative symptoms, which allows a better clinical 
characterization of the psychopathological effects of non-
pharmacological scopolamine.

The improvement of the psychotic symptoms in the six 
cases reported here could be explained by the fact that the 
majority of our patients had received antipsychotics prior to 
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We argue that the improvement in psychotic symptoms (as 
revealed by the BPRS overall and sub-scale results) can only 
be explained by the beneficial effect of the transdermal patches 
of rivastigmine since it is the only pharmacological variable 
introduced in the treatment, especially in the four subjects who 
did not respond to antipsychotics for over 72 hours.

It is well known that the addition of cholinesterase inhibitors 
to antipsychotics improves symptoms [14], but not under the 
circumstances reported here where the muscarinic antagonistic 
properties of the antipsychotic would have accentuated the anti-
cholinergic symptoms produced by scopolamine poisoning. It is 
worthwhile emphasizing that the response to the transdermal 
patches of rivastigmine was identical in the two cases where no 
atypical antipsychotic was prescribed.

It could be argued that, since our six subjects were young and 
healthy, their improvement was due to the substance elimination. 
However, because the metabolism of scopolamine can take 
up to 108 hours [5,29], our patients’ improvement can only be 
explained by the therapeutic effect of rivastigmine.

It should finally be emphasized that our patients’ 
improvement was similar for the subjects who were given the 
transdermal patch several days after their arrival at the Hospital 
Emergency Unit as for those who were immediately given the 
patch upon admission. As we stated before, previous research on 
animal models has shown that rivastigmine reverts the cognitive 
effects of scopolamine [30-32], but we would like to suggest 
here that rivastigmine could also reverse psychiatric symptoms 
induced by scopolamine intoxication.

Given the efficacy of rivastigmine transdermal patches and its 
ease of administration, further research should be conducted on 
larger samples of patients. Additional research should also aim to 
compare the efficacy of rivastigmine vs that of physostigmine and 
to determine rivastigmine response time course. 
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• 9. HighlightsScopolamine preparations known as Devil’s 

Figure 1 

(A) Friedman test:  χ2 (2) = 12.0, p = 0.002; Wilcoxon test: basal vs. day 
3: Z = 2.2, p = 0.028; basal vs. day 5 and day 3 vs. day 5: Z = 2.1, p = 
0.019.

(B)  Friedman test:  χ2 (2) = 11.6, p = 0.003: Wilcoxon test: basal vs. 
day 3: Z = 2.2, p = 0.027; basal vs. day 5: Z = 2.1, p = 0.026; day 3 vs. 
day 5 = 2.0, p = 0.039. 

(C) Friedman test:  χ2 (2) = 11.5, p = 0.003: Wilcoxon test: basal vs. day 
3: Z = 2.2, p = 0.026; basal vs. day 5: Z = 2.2, p = 0.028; day 3 vs. day 
5 = 2.0, p = 0.04.

the administration of rivastigmine. However, previous research 
has shown that the mechanism by which psychotic symptoms 
occur in scopolamine intoxication is due to the drug anti-
muscarinic effects, and that when those symptoms are treated 
with antipsychotics, the response is not the expected one unless 
a cholinesterase inhibitor is added [26,27]. 

Although the ratio response of scopolamine-rivastigmine has 
already been tested in experimental animals [28], the present study 
is the first to suggest that rivastigmine without antipsychotics could 
be effective in this type of intoxications in humans.
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Breath are reportedly used by criminals.

• An approach to the psychopathological effects of non-
pharmacological scopolamine.

• A treatment for a medically unrecognized intoxication 
often reported in the media.

• Rivastigmine alone might reverse psychiatric symptoms 
induced by scopolamine.
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