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Abstract Objectives: To measure GABA , benzodiaze-
pine receptor sensitivity in patients taking benzodiaze-
pines and compare with matched controls. Methods:
Seven patients who were on prescribed benzodiazepines
for an anxiety disorder or insomnia were recruited from
general practice and an adult mental health service out-
patient clinic. They were matched with seven volun-
teers. All subjects received an intravenous injection of
midazolam 50 pg/kg in 10 ml normal saline over
10 min. Objective responses to midazolam were as-
sessed using saccadic eye movement velocity slowing
and subjective assessments using visual analogue scales.
Measurements were recorded for 120 min and plasma
midazolam concentrations obtained at 15-min intervals
post-infusion to 120 min. Ratios of pharmacodynam-
ic/pharmacokinetic effects were obtained for each indi-
vidual to estimate GABA , benzodiazepine receptor sen-
sitivity. Results: Patients had an attenuated response to
midazolam on both subjective and objective measures.
GABA , benzodiazepine receptor sensitivity was signifi-
cantly reduced in the patient group. Conclusions:
Chronic treatment with benzodiazepines was associated
with reduced effects of midazolam. Saccadic eye move-
ment velocity was especialy sensitive as a measure of
attenuated response.

Key words Benzodiazepine - GABA, receptor -
Tolerance - Saccadic eye movement

J. Potokar ([ ]) - S. Wilson - A. Rich - D. Nutt
Psychopharmacology Unit, University of Bristol,
School of Medical Sciences, University Walk,
Bristol BS8 2BA, UK

Fax: +44-117-9277057

N. Coupland

Department of Psychiatry, University of Alberta,

1E7.28 MacKenzie Centre, 8440-112 Street, Edmonton, Alberta,
Canada T6G 2B7

Introduction

Chronic use of benzodiazepines may result in the devel-
opment of tolerance, dependence and characteristic with-
drawal symptoms on cessation. Tolerance is the phenom-
enon whereby increasing amounts of a drug have to be
taken to produce the original effect. The understanding
of this process is critical, not only to improve treatments
for anxiety but also to further our understanding of other
(more lethal) drugs of addiction. The latter include alco-
hol, the drug most frequently taken for anxiolysis and
which, like benzodiazepines also has effects on the
GABA , receptor. One theory of the mechanism of toler-
ance is that chronic exposure to benzodiazepines results
in reduced sensitivity of the GBzR. Clinical research has
used various techniques to explore both the effects of
chronic exposure to benzodiazepines and GBzR sensitiv-
ity, including endocrine and biochemical responses, psy-
chometric, performance and cognitive tasks, and electro-
encephal ography. However, there are several limitations
with these approaches, including variability of responses
across gender, time and between individuals which re-
strict their usefulness.

We have been using the technique of saccadic eye
movement (SEM) analysis to study GBzR sensitivity.
SEMs are fast, conjugate gaze changes which enable the
subject to center a target of interest onto the fovea. They
have the advantages of sensitivity to low doses of benzo-
diazepines (Roy-Byrne et a. 1993) and once initiated
they are beyond voluntary control. Additionally, SEM
parameters reliably reflect plasma benzodiazepine levels
(van Stevenick et al. 1991).

The purpose of this study was to assess GBzR sensi-
tivity in patients on chronic benzodiazepines, compared
with matched controls, by measuring slowing of sac-
cadic eye movement peak velocity (SEMV) in response
to an 1V infusion of midazolam. This benzodiazepine
agonist was chosen because it is available in IV formu-
lation and has a short terminal half-life, which allows
effects to be determined over a range of concentrations
in a short experiment. Our hypotheses were that pa-



tients on chronic benzodiazepines would have less
slowing of their eye movements in response to this
challenge and less subjective sedation, reflecting re-
duced GBzR sensitivity.

Materials and methods

Seven patients on chronic benzodiazepine treatment were recruit-
ed from general practice and an adult mental health services out-
patient clinic. These were matched for age and sex with seven vol-
unteers. All subjects gave written informed consent for the study
which was approved by the local ethics committee. Patients were
taking 1-20 mg diazepam equivalents per day, for an anxiety dis-
order or insomnia. At the screening visit, a medical and psychiat-
ric history was taken by an experienced Psychiatrist and diagnoses
made according to DSM1V criteria. Patients underwent a physical
examination and ECG. Routine bloods (urea and electrolytes, full
blood count and liver fuction tests) were done and a urine sample
obtained for a toxicology screen. Exclusion criteria for patients
and volunteers were significant physical illness, females not using
adequate contraception and excessive alcohol intake (>28 units
per week for males; >21 units per week for females). None of the
healthy volunteers had a current or past history of an axis 1 disor-
der. Subjects were told of the nature of the study and that an at-
tempt was being made to understand the effect of long-term ben-
zodiazepine treatment on brain receptors. They were told that mid-
azolam might make them feel sleepy, heavy eyed and might re-
duce co-ordination. They were asked to follow a normal diet and
had their usual breakfast on the day of the study. They were not al-
lowed to consume caffeine-containing drinks during the test peri-
od. Subjects were a'so told that they should not drive until the fol-
lowing day, and that they could withdraw from the study at any
time.

Procedure

Subjects attended the testing room at 0900 hours. They were rest-
ed in a semi-supine position on a comfortable couch and IV
cannulae were inserted (one in each arm) for midazolam adminis-
tration and blood sampling.

At baseline the following parameters were recorded: anxiety
using the Spielberger trait and state anxiety inventories (STAI-
T/STAI-S). Subjective sedation using a visual analogue scale
(VAS), was also assessed. This was a 100-mm scale in intervals of
10 mm. Zero represented “not at al”, and 100 represented “the
worst ever”. SEMs and VAS were recorded at 15-min intervals for
120 min and blood was drawn at these times for midazolam assay.

Eye movements in response to a light moving across a screen
were recorded, analysed and stored using the Cardiff system
(CSGAAYS) — see below. Baseline saccadic eye movement ratings
were recorded at t=—30 min, t=—20 min and t=—10 min.

At t=0 min, the subject received midazolam 50 pg/kg made up
to 10 ml with normal saline, which was infused via a syringe driv-
er over 10 min. This regime was chosen after analysis of prelimi-
nary data showed that volunteers felt drowsy at this dose but the
majority were still able to perform saccadic eye movements.

Measurement of eye movements

A silver/silver chloride disposable EEG electrode (Medicotest,
Denmark) together with a small amount of electrode gel was
placed 1 cm laterally to the outer canthus of each eye and on the
glabella, after scarification with abrasive cream (Skinpure, Nihon
Kohden). Electrode impedances were measured and confirmed to
be less than 5 kohm. The electrodes were connected to a DC ampli-
fier with a gain of x1000; output from the amplifier was then sam-
pled 256 times per second via an analogue to digital converter. The
resulting digital information was then analysed by an IBM compat-
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ible PC. Since vertical eyeball movement significantly alters EOG
amplitude in a non-linear way (Barry and Melville-Jones 1965),
only lateral saccades were studied. Forty-eight saccade trials were
recorded at each time point, at target displacements of 10-40°.
Peak velocity for each saccade was plotted against the angle of dis-
placement, to produce a main sequence curve. The saccade peak
velocity value for each time point was produced by interpolation
into the main sequence curve at an angle of 35°. For a fuller de-
scription of the methodology used see Wilson et al. (1993).

Midazolam assay

Blood samples were placed in lithium heparin tubes, immediately
stored in ice and centrifuged within 30 min. Plasma was then
stored at —20°C until analysed. Midazolam was measured in plas-
ma by a gas liquid chromatographic (GLC) method with nitro-
gen/phosphorus end-point detection utilising a three-stage extrac-
tion process together with an internal standard to monitor recov-
ery.
Standards (0—-200 ng/ml) were extracted from drug-free plasma
obtained from normal healthy volunteers in the same manner.

The inter and intra-assay coefficients of variation (CV) were
both within 10% and the assay limit of detection (defined as
3 times baseline noise) was 0.5 ng on column. The analytical (ac-
tual) recovery was 70%. A number of psychoactive compounds
were tested for interference in the assay; none of these were found
to cause problems.

Data analysis

Baseline variables were compared between groups using unpaired
t-tests or Mann-Whitney tests, where appropriate. Repeated mea-
sures mixed ANOVA was used to examine group effects, time ef-
fects and groupxtime interaction. Heterogeneity of covariance was
tested with the Mauchly sphericity test and degrees of freedom
modified using the Greenhouse-Geisser adjustment, where appro-
priate. For significant effects, unpaired t-tests were used at the
first time point (t=15) when midazolam effect was greatest. Area
under the curve was used to estimate both total pharmacodynamic
effect (reduction in SEMV) and total pharmacokinetic effect (con-
centration of midazolam) from t=0 to t=120 min.

Results

Demographic data and baseline variables are given in
Table 1. The patients had increased lifetime anxiety as
measured by the STAI, but although there was a trend to-
wards higher state anxiety prior to the study, this did not
reach statistical significance.

Demographic and baseline clinical variables

Clinical details are presented in Table 2. A variety of
benzodiazepines were being prescribed both for anxioly-
sis and as hypnotics.

Table1l Demographic data and baseline variables

Benzodiazepine Controls

group
Age 44.0 (12.4) SD 36.1(14.2) SD NS
Sex 4F:3M 4F:3M NS
STAI 53.0 (10.8) 34.0(5.2) P=0.01
SSAl 43.9(18.5) 29.1(3.1) NS
VAS anxiety 24.4 (23.2) 5.2 (4.5) NS
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Fig. 1 Mean SEM velocity versus time in both groups. m Patients
(n=7), O controls (n=7). Black bar represents midazolam infusion

Table 2 Clinical details

Subject number Diagnosis Benzodiazepine

1 Primary insomnia 20 mg temazepam
2 OCD 6 mg clonazepam
3 Social phobia 15 mg diazepam
4 Primary insomnia 20 mg nitrazepam
5 GAD 9 mg diazepam

6 GAD 4 mg clonazepam
7 Primary insomnia 10 mg temazepam

Plasma midazolam

Plasma midazolam concentrations were higher in the pa-
tients. Repeated measures mixed ANOVA showed a
group effect (F=5.66; df=10,1; P=0.039), a time effect
(F=16.03; df=17.7, 1.77; P=0.0001 and a group-time in-
teraction (F=6.9; df=17.7, 1.77; P=0.007).

Effects of midazolam
on saccadic eye movement parameters

SEMV

There was no significant difference in baseline velocities
(controls 488.6, SD 46.7; patients 516.2, SD 79.4, NS).
Midazolam produced a reduction in velocity that peaked
in both groups at t=15. At t=105 min, velocities in both
groups were similar to baseline, and to each other (Fig. 1).

Repeated measures ANOVA (mixed) showed a main
effect of group (F=8.2, df=12,1; P=0.014), time (F=27,
df=40.6, 10, P=0.000) and group by time (F=3.9, df=10,
3.4, P=0.013).

At t=15 min, there were very significant differences
in SEMV between the groups (t=—3.3, df=12, P=0.006
(2-tailed); 95% Cl=-171.7 to —-35.1).

In order to get a measure of both pharmacodynamic
and pharmacokinetic effect we adapted the method re-
cently used by Roy-Byrne and colleagues to assess
GBzR sensitivity in patients with panic disorder and
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Fig. 2 Ratio of SEMV response to plasma midazolam concentra-
tion in patients (0) and controls (m). Black line represents median

OCD (Roy-Byrne et a. 1996). Area under the curve was
calculated for both SEMV's and plasma midazolam con-
centration from t=0 min to t=120 min. To obtain a mea-
sure of SEMV effect, we subtracted the values for AUC
from that obtained by extrapolating mean baseline
SEMVsto t=120, for each individual. Ratios of AUC for
SEMV and plasma midazolam concentration were then
compared to give a measure of receptor sensitivity (Fig.
2).
The ratios of pharmacodynamic/pharmacokinetic ef-
fect were significantly different between the two groups
(t=3.36, df=12, P=0.006 (2-tailed unpaired t-test). The
95% confidence interval for difference between means
was 0.81-3.8.

Sedation

There was an increase in sedation in both groups follow-
ing midazolam, although there was a wide variation in
response. There was no group effect, but there was a
time effect (F=5.88, df=3.4,41; P=0.05) and a group by
time effect (F=2.8, df=3.4,41; P=0.05), with the patients
experiencing less sedation at 15 and 30 min.

AUC for the sedation time plots was also examined as
a pharmacodynamic variable. There was no differencein
PD/PK ratios using sedation as the pharmacodynamic
variable (t=1.82, df=12; P=0.09).

Discussion

This pilot study extends our earlier work which showed
areduction in SEMV in response to midazolam in volun-
teers (Ball et a. 1991). The current study demonstrates
that patients on chronic benzodiazepines have a signifi-
cantly attenuated saccadic eye movement velocity re-
sponse to intravenous midazolam compared with
matched controls, despite higher plasma midazolam con-
centrations. Furthermore, there were no baseline differ-
ences between patients and controls in terms of both
SEMV and sedation ratings, suggesting that patients had
become tolerant at least to some effects of their medica-



tion. There are several possible explanations for these
findings.

Firstly, it is possible that the patient group have re-
duced GBzR sensitivity as a trait phenomenon. There is
some evidence for this. Our group has shown that the
benzodiazepine antagonist flumazenil induces panic at-
tacks in patients with panic disorder, but not in controls,
suggesting that this disorder is associated with a shift in
GBzR sensitivity in the inverse agonist direction (Nutt et
al. 1990). Roy-Byrnes group found reduced SEMV re-
sponse to |V diazepam in unmedicated patients with pan-
ic disorder (Roy-Byrne et a. 1990). The same group also
found that chronic alprazolam treatment was associated
with significantly attenuated SEMV responses to 1V di-
azepam compared with untreated patients (Cowley et al.
1995) which argues against trait differences in GBzR
function or number being the sole explanation for the at-
tenuated SEMV responses in subjects taking benzodiaze-
pines chronically.

An dternative explanation is that chronic benzodiaze-
pine use results in a decrease in number of GBzR in the
brain. Some groups have found this in animal work
(Chiu and Rosenberg, 1978; Sher et al. 1983; Miller et
al. 1988), but others have not (Gallagher et al. 1984,
Stephens and Schneider 1985; Nutt and Costello 1988).
The question of whether tolerance involves atered in-
teraction between the GABA and benzodiazepine site
has aso been studied, again with conflicting results.
Gallagher found a decreased effect of GABA agonists on
enhancing benzodiazepine binding in chronicaly treated
animals (Gallagher et a. 1984) whereas Stephens and
colleagues have not found this effect (Stephens and
Schneider 1985; Stephens et al. 1988).

In animal models, chronic treatment with benzodiaz-
epines increases the activity of inverse agonists (Little
et al. 1988; Nutt and Costello 1988), athough the
mechanism for this is not known. Advances in molecu-
lar biology have demonstrated the complex heterogene-
ity of the GBzR and an explanation for tolerance may
be that it results from changes in subunit isoforms pos-
sibly in specific brain regions. There is some evidence
for this but again the results are mixed, with some
groups finding a reduction in the expression of a, and
Y, isoforms (Heninger et al. 1990; Kang and Miller
1991) and others finding no changes in a; mMRNA, but
increases in a5 and decreases in a; MRNA (O’ Dono-
van et al. 1992).

The differences in plasma midazolam concentrations
between individual s emphasise the importance of includ-
ing pharmacokinetic measurements when assessing re-
ceptor sensitivity. The increased concentrations in the
patient group may reflect altered protein binding, or
slower metabolism. Interestingly, Roy-Byrne's group
also found increased plasma benzodiazepine levels in a
study comparing slowing of SEMVs in patients with
panic disorder versus controls (Roy-Byrne et al. 1990).

Caveats to the design include both diagnostic group-
ing and the use of different benzodiazepines in the pa-
tient group. In practice, there is considerable co-morbidi-
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ty in patients with anxiety disorders and many report
sleep problems including insomnia. Clearly, it would
have been ideal if al patients had been taking the same
benzodiazepine and future studies should control for this
variable. The cross sectional nature of the study means
that preceding trait anxiety rather than chronic exposure
to benzodiazepines may explain the attenuated response
in the patient group. A longitudina study would help
clarify thisissue.

Finally, the SEMV response to IV midazolam appears
to be less variable than subjective sedation. Preliminary
data on repeat administration also suggest that the method
is reliable (Potokar et a. 1998). Recruiting patients for
studies of this nature is often a slow, laborious process and
it istherefore essential to use paradigms which are reliable
and sensitive if type 1 error is to be avoided. Future stud-
ies would benefit from a larger number of patients as well
as less diagnostic diversity. This may help clarify whether
GBzR sensitivity is a state or trait phenomenon, whether
drug usage can alter this sensitivity and perhaps most im-
portantly whether toleranceisreversible.
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