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Abstract

Following closely behind levels in Western countries, the number of drug-facilitated sexual assaults (DFSAs),
involving the illicit use of medicine, has been recently increasing in Japan. Tirazolam is the most frequently used
date-rape drug in DFSAs occurring in Japan. In this study, the effect of triazolam on behavior in response to fear and
anxiety was evaluated using an elevated plus-maze test in mice. Triazolam-treated animals (0.01 mg/kg) showed no
significant difference in total locomotor activity compared with vehicle-treated mice (controls). On the contrary,
activity levels on the open arms of the apparatus (time spent, mean value of movement), where mice would normally
feel anxiety or fear, were significantly increased in triazolam-treated mice compared with controls. However, total
locomotor activities on the plus-maze were not different between two groups, indicating that sedation was not
induced by tirazolam under these conditions. These results suggest that triazolam treatment led the mice to become
insensitive to fear and anxiety; their defence reactions were impaired. We conclude that this finding provides
scientific evidence in reply to defence arguments presented in court trials that there is little or no evidence of the
victim attempting to escape from a sexual assault. Additionally, the finding is as true of other benzodiazepine
receptor agonists as of triazolam.

Keywords: Drug-facilitated sexual assaults (DFSAs); Date-rape drug;
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Introduction
Since the mid-1990s, there has been a steady increase in the number

of crimes, including sexual assaults, in which victims were unwittingly
led to consume alcohol pretreated with hypnotics (or tranquilizing
agents) and/or anxiolytics (both are benzodiazepine receptor agonists)
in Japan [1-3].

When chemicals including prescribed medicines are used to
incapacitate someone for the purposes of committing drug-facilitated
sexual assaults (DFSAs), these drugs are defined as “date-rape drugs”,
also referred to as “predator drugs” or “club drugs” [4-9].

In the United States of America, flunitrazepam (Rohypnol®),
ketamine, and gamma-hydroxybutyrate (γ-GHB) are commonly used
date-rape drugs [10-16]. These drugs, including benzodiazepine
receptor agonists, are all odourless and colourless, and can easily be
concealed in beverages, incapacitate humans and render the victims
vulnerable to DFSAs.

The physical symptoms and signs of DSFA victims attributable to
the pharmacological actions of benzodiazepine receptor agonists may
cause loss of consciousness (due to the hypnotic effect), decrease in
muscular strength, and staggering (due to the muscle relaxant effect),
loss of caution and error in judgment (due to anxiolytic effect), and
loss of memory with anterograde amnesia.

Therefore, victims are unaware of and unable to recollect events that
happened after being drugged. These are high-risk drugs when

combined with alcohol, although alcohol alone has been and is still the
drug most commonly associated with sexual assaults.

The Japanese legal system in facie curiae is often unable to
comprehend or accept the anterograde amnesia in DFSA victims as
prima facie evidence, because the assault, if it did actually occur, would
be considered to have left a clear and indelible impression upon the
victim.

We have previously reported that anterograde amnesia frequently
occurs after taking benzodiazepines and ethanol in a rat model [17]. In
that investigation, we studied in vivo hippocampal presynaptic
glutamate transmission in conjunction with memory deficits induced
by benzodiazepines and ethanol in rats as an animal model of amnesia,
and found that significant decreases in hippocampal glutamate
transmission closely correlated with the extent of impairment of spatial
memory performance.

The purpose of the present study using a rodent model was to
establish scientific evidence that a loss of danger avoidance
performance, which is often observed in DFSAs, is indeed a
psychoactive effect of benzodiazepine receptor agonists.

Materials and Methods

Materials
Triazolam, which was tested as a typical benzodiazepine receptor

agonist in this study, was commercially acquired from Pfizer Co. Ltd.
(Tokyo, Japan). All other chemicals were of reagent grade, and were
from Wako (Osaka, Japan). The drug was dissolved in physiological
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saline (1 µg/mL) with ultrasonication for 30 min before the
experiment. Saline was used as the vehicle.

Animal treatment
The present experiment was approved by the Ethical Committee for

Appropriate Animal Experiments at Asahikawa Medical University
and was performed in compliance with the Japanese Experimental
Animal Guidelines.

Female BALB/c mice (19-20 weeks old) weighing 30 g to 35 g (SLC,
Shizuoka, Japan) were housed in stainless-steel cages at 6 mice/cage
(17 cm × 30 cm × 10 cm) for at least 1 week prior to behavioural
testing. Animals were given standard commercial food pellets
(Oriental Yeast Co. Ltd., Tokyo, Japan) and water ad libitum, and were
accommodated in a temperature-controlled room (24 ± 1°C)
maintained on an alternating 12 h light/dark cycle (lights off at 07:00).
Behavioural tests were performed during the dark phase of the light
cycle (09:00 to 12:00).

To evaluate the anxiety-related behavior in crisis situation, two
groups of mice were subjected to the elevated plus-maze test. Mice
were intraperitoneally administered with triazolam at 0.01mg/kg, in a
volume of 10 mL/kg of body weight (experimental group, n = 7), or
with the same volume of sterile saline (control group, n = 7) 10 min
before the elevated plus-maze test.

Evaluation of anxiolytic effects of triazolam in response to
crisis situations
The elevated plus-maze test, which has been successfully used for

the screening of potential anxiolytics, has previously been described
[18-26]. The explanation of the behavior of rodents in the elevated
maze is that exposure to novel stimuli (in the form of maze arms) can
evoke both exploratory and fear-driven tendencies, thus generating
approach-avoidance conflict behavior, and the elevated maze arms
evoke a greater level of fear in the open arms (and therefore more
avoidance behavior) than enclosed arms [18]. Briefly, the elevated
plus-maze consists of two open (25 cm × 5.6 cm × 0.5 cm) and two
closed (25 cm × 5.6 cm × 20 cm) arm emanating from a common
central arena (4.2 cm × 4.2 cm) to form a plus shape (Figure 1).

Figure 1: A diagram of the elevated plus-maze placed on the floor
was used for testing mice.

The entire apparatus was set 40 cm above the floor level. First, a
mouse was placed on the central arena of the maze facing an open arm,
and its movement was recorded by an instrumentation system with
laser sensors (PLUS MAZE PM-20, MELQUEST Co., Ltd., Toyama,

Japan) at 10 min intervals. For the purpose of analysis, three
measurements were taken as performance indexes: open-arm activity
(time spent in the open arms relative to the total time spent in the
maze: open/total × 100), mean value of movement (counts of beam
breaks on the maze in each arm), and number of entries into the open
arms relative to the total number of entries into any arm (open/total ×
100). Locomotor activity was expressed as the number of total arm
crossings (entries central arena) and the total value of movement in the
maze. Performance indexes of open-arm activity were used to evaluate
the anxiolytic effect.

Statistical Analysis
All of the data were expressed as the mean ± SEM. Differences

between the treated mice and control mice were determined with the
Student's t-comparison test. Differences with a P value of < 0.05 were
regarded as statistically significant.

Results

Figure 2: Effect of triazolam (T) on anxiolytic behavior in the
elevated plus-maze test of mice compared with vehicle (V) use.
Columns and vertical bars represent the means ± SEM. (n = 7).
Each mouse was allowed to freely explore the maze for 10 min.
Triazolam or vehicle was intraperitoneally administered 10 min
prior to the maze test. Differences where *P < 0.05 were
significantly different from values of the vehicle-treated group.

Locomotor activities, evaluated by total number of crossings and the
total value of movement, were not influenced by the treatment with
triazolam (Figure 2A).

However, activities in the open arms, which were evaluated as time
spent and mean value of movement, were affected by the treatment of
triazolam. The time spent in the open arms was significantly (P< 0.05)
longer in triazolam-treated mice (4.2 ± 1.6% of total time on the maze)
than controls (0.2 ± 0.2%) (Figure 2C).

The mean value of movement in the open arm also markedly (P
<0.05) increased in triazolam-treated mice （24.4 ± 8.15 /10 min）
compared with controls (0.2 ± 0.2 /10 min) (Figure 2D). The number
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of entries into open arm was slightly increased by triazolam treatment,
and performance indexes of closed-arm activity were not significantly
different between the two groups (Figures 2B-D).

Discussion
In 1995, we were asked to provide our medical perspective by a

prosecutor regarding a particular crime case: After meeting on the
street, two males (a rental video shop owner and an office worker)
coaxed a female high school student to a karaoke bar, where she
unwittingly took a tiazolam (0.25 mg) pretreated cola prepared by the
perpetrators. The victim was stupefied and rendered unconscious after
consuming the triazolam-pretreated beverage, and the two males
sexually assaulted her, and illegally shot a video of the assault with the
intention of selling it on the black market. Since the investigating
authorities, though aware that she had unintentionally consumed
triazolam, were unable to comprehend how the victim could have no
recollection of the event after being subjected to such a significant
assault, an inquiry was made to our department concerning the
pharmacological effects of triazolam. We confirmed that her symptoms
resembled “anterograde amnesia” which was manifested as a side effect
of triazolam intake [27-29], viz., the victim was under the influence of
the drug and was unable to form memories of events at the time when
the crime was committed.

After our experience in this case, we re-created those symptoms in
an experimental animal model, and revealed a neuropharmacological
mechanism of anterograde amnesia induced by alcohol combined with
triazolam. In this animal model, we employed the Morris water maze
test combined with the brain microdialysis technique to verify
anterograde amnesia produced by alcohol combined with
benzodiazepines. This combination of neurodepressive agents
specifically reduces neural transmission of glutamate in the dorsal
hippocampal sites, thus inhibiting spatial memory formation to induce
anterograde amnesia [17]. These findings strongly support that claims
of anterograde amnesia due to triazolam action by victims are not
fabrications or false impressions, but are in fact verified behaviorally,
pharmacologically, and neurologically. We have subsequently been
summoned as witnesses in many criminal trials of similar cases, and
have used the findings from that study as a reference [1].

In these cases, another question about the plaintiff’s behavior often
arose: viz., why was there little or no evidence of the plaintiff
attempting to escape from the perpetrators’ assault? The obvious
reason was that the plaintiff was rendered passive and incapacitated
due to the drug effects i.e., unable to put up resistance due to being
drugged. Misinterpretation and incomprehension of, and failure to
recognize this behavior by the court often led to inappropriate
judgments, in which the sexual activity was considered to have been
consensual and feigning ignorance on the part of the plaintiff reigned.
These judgments thus led to the actual victim further unacceptable and
unbearable suffering. As such, scientific evidence in support of the
victim’s loss of defenses during the sexual assault was desperately
needed.

The elevated plus-maze is widely used as a behavioral assay for
rodents, and it has been confirmed as reliable of measuring the
anxiolytic effects of pharmacologically active agents and has helped to
define the mechanisms underlying anxiety-related behavior. Because
placing a rodent on an elevated fenceless open arm is actually inducing
a crisis situation or fear for the rodent, and where the anxious behavior
is reflected by decreased locomotor activity in the open arm (duration

and/or number of entries) and vice versa [18-26]. In nature, rodents
prefer dark enclosed spaces (it is the enclosed arm in this case) with
walls to open areas. Therefore, the elevated plus- maze is a useful
model to study crisis-ignoring behavior, such as lack of flight-and/or-
fight response, in DFSA cases.

This experimental animal model, where arbitrary motion could not
be controlled by the investigator, clearly demonstrated that
insensitivity to fear and/or crisis was induced as a result of the
anxiolytic effects typically elicited by benzodiazepine receptor agonists,
such as triazolam. In fact, since the open arms of the plus-maze
represent a crisis or danger zone for the animals, locomotor activity in
the open arms was significantly (P < 0.05) less than that in the closed
arms in control rats. On the contrary, open-arm activity increased
significantly (P < 0.05) as a result of triazolam administration.
However, total locomotor activity in the danger zone did not decrease
in the triazolam-treated group as compared with the control group in
this experimental condition, indicating that there was no reduction in
motor activity due to the sedative effect induced by the administered
drug in the present concentration. These experimental findings are
consistent with the behavior seen in victims involved in sexual assaults,
viz., the flight-and/or-fight response under crisis in the victim is
impaired due to drug effects without impairment of mobility. This fact
is scientific evidence supporting the conclusion that the behavior of
victims, which has often been posited in criminal trials by the defense
as evidence of agreement or consent is actually due to the effect of
neurodepressive drugs.

The dose of triazolam (0.01 mg/kg) used in this study was extremely
close to that in clinical use. Evidence of the anxiolytic effects of
triazolam using the elevated plus-maze test has been reported by
Nishino et al. [22]; however, the dose administered in that study was
vastly higher than the dose used in clinical practice. Benzodiazepine
receptor agonists generally cause anxiolytic effects at low
concentrations, sequentially followed by muscle relaxation, sedation
and hypnotic effects with increasing blood concentrations. Therefore,
experiments using higher doses are unsuitable for evaluation of
anxiolytic effects.

The results of this study clearly showed that animals under the
influence of triazolam became insensitive to crisis or danger, even
though they did not exhibit any reduction in activity levels. We
confirm and assert that this finding is scientific evidence in rebuttal to
implications of defense counsel arguments in trials that little or no
evidence exists of the victim attempting to escape from the purported
sexual assault. Additionally, the finding is as true of other
benzodiazepine receptor agonists as of triazolam. The results of the
present study provide concrete evidence for judicial authorities to
adequately understand and recognize the behavioral and
pharmacological effects of benzodiazepine receptor agonists. In other
words, the avoidance of danger and lack of fight-and/or-flight
responses to crisis, which are the natural instinct and response in
humans and animals under normal circumstances to survive intact, is
impaired by date-rape drugs, especially benzodiazepine receptor
agonists. It will be useful if the present results could be used as
reference material in the investigation and prosecution of DFSA cases,
and in so doing this scientific evidence will contribute to the protection
of the legal and human rights of victims.
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