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Patients with Premenstrual Syndrome Have 
Reduced Sensitivity to Midazolam Compared 
to Control Subjects 
Inger Sundstrom, M.D., Sigrid Nyberg, and Torbjorn Backstrom, M.D., Ph.D. 

Premenstrual syndrome (PMS) depends on gonadal 
hormones produced by the corpus luteum. Given the 
facilitory actions on GABAergic inhibitory 
neurotransmission excerted by certain progesterone 
metabolites, further studies on the GABA A receptor system 
in premenstrual syndrome are warranted. This study 
evaluated the benzodiazepine sensitivity in PMS patients 
and control subjects, using saccadic eye velocity (SEV) and 
visual analogue ratings of sedation as dependent measures. 
PMS patients displayed a significantly reduced SEV 
responsiveness to benzodiazepines compared to control 
subjects in the follicular phase, whereas there was no 
difference between groups in the luteal phase. In the luteal 
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Premenstrual syndrome (PMS) is characterized by the 
recurrence of physical and psychological symptoms in 
the premenstrual phase (Backstrom et al. 1983; APA 
1994). There is a clear relation between the appearance 
of symptoms and factors produced by the corpus lu
teum as the cyclicity disappears during anovulatory cy
cles (spontaneous or induced by GnRH-analogues) 
(Hammarback et al. 1991; Hammarback and Backstrom 
1988). The recent finding that ovarian steroids have di-
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phase, the sedation response to benzodiazepines was 
significantly reduced in PMS patients compared to control 
subjects. There was also an influence of PMS symptom 
severity on these measures, as high-severity PMS patients 
displayed blunted SEV and sedation responses to 
benzodiazepines compared to low-severity patients. These 
results indicate that PMS patients have a reduced 
functional sensitivity at the GABAA/benzodiazepine 
receptor complex throughout the menstrual cycle. 
[Neuropsychopharmacology 17:370-381, 1997] 
© 1997 American College of Neuropsychopharmacology. 
Published by Elsevier Science Inc. 

rect effects in the central nervous system (CNS) has fo
cused attention on several neurotransmitter systems, 
presumably involved in the pathophysiology of PMS. 
Much evidence indicates that a serotonergic dysfunc
tion is coupled to PMS (Bancroft et al. 1991; Sundblad et 
al. 1992), whereas studies on the GABAA-transmitter 
system in PMS are more scarce. Progesterone metabo
lites such as the 3cx-hydroxy-5<X/j3 reduced metabolites 
(allopregnanolone and pregnanolone), allosterically bind 
to the GABAA receptor complex (GRC), thereby modu
lating inhibitory neurotransmission (Majewska et al. 
1986). Brain and plasma levels of allopregnanolone 
temporally follow those of progesterone (Paul and 
Purdy 1992; Wang et al. 1996). Allopregnanolone has in 
several animal anxiety models been shown to exhibit 
anxiolytic effects (Bitran et al. 1993; Wieland et al. 1991) 
and has also been suggested to be involved in stress-re
sponse (Purdy et al. 1991). 

Evidence of a possible role for the GABAA-transmit
ter system in the pathophysiology of premenstrual syn-
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drome is mainly drawn from clinical trials on benzodi
azepines. Alprazolam has been proven useful in the 
treatment of PMS (Freeman et al. 1995; Smith et al. 
1987). Plasma levels of allopregnanolone correlate with 
well-being in PMS patients (Wang et al. 1996); however, 
no difference in plasma levels of pregnanolone and al
lopregnanlone between PMS patients and control sub
jects has been demonstrated (Wang et al. 1996; Schmidt 
et al. 1994). Cerebrospinal fluid (CSF) levels of GABA 
have been reported to remain unaltered across the men
strual cycle in PMS patients (Parry et al. 1991). The lack 
of consistent results regarding abnormalities in the 
GABAA transmitter system in PMS patients is primarily 
due to the difficulty of identifying measurable vari
ables, reflective of GABA system function, in living hu
man subjects. However, in recent years saccadic eye 
movement velocity (SEV) has been proposed as a sensi
tive measure on benzodiazepine/GABAA receptor sen
sitivity. Benzodiazepines, acting via the GABAA-recep
tor, are known to reduce the velocity of saccadic eye 
movements in a highly quantifiable, dose-dependent 
fashion (Hommer et al. 1986), and this reduction is 
blocked by the specific benzodiazepine antagonist flu
mazenil (Ball et al. 1991). The saccadic eye velocity is 
stable and reproducible within subjects, both between 
tests and within a testing period (Mercer et al. 1990) and 
once a saccade has been initiated, the velocity is not un
der conscious control. Saccadic velocity is generated by 
complex mechanisms involving the frontal eye fields, 
substantia nigra, superior colliculus, and pontine retic
ular formation (Becker 1989). When muscimol, a potent 
GABAA receptor agonist, is injected directly into the su
perior colliculus of a rhesus monkey, it produces a se
lective decrease in saccadic velocity. On the other hand, 
injection of bicuculline, a GABAA receptor antagonist, 
results in stereotyped and irrepressible saccades (Hiko
saka and Wurtz 1985a). When injected into the substan
tia nigra, these substances produce opposite effects be
cause neurons from this region exert a tonic GABAergic 
inhibition on saccade-related cells in the superior collic
ulus (Hikosaka and Wurtz 1985b). These regions con
tain the highest density of GABAA-receptors in the 
brainstem (Okada 1992). Moreover, effects on SEV are 
highly correlated with sedation, which is another phar
macological action of the benzodiazepines (Hommer et 
al. 1986). 

In a pilot study, we have recently demonstrated that 
PMS patients have a reduced SEV and sedation respon
siveness to diazepam (Sundstrom et al. 1997). In an at
tempt to confirm our previous results we have, in the 
present study, increased the study group, measured ef
fects over longer time, and used a different benzodiaz
epine compound (midazolam). Midazolam is a water
soluble benzodiazepine, which has a shorter half-life 
than diazepam and is less accompanied by administra
tion problems. Furthermore, we also wanted to evalu-
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ate the severity of PMS and its influence on the SEV and 
sedation response to benzodiazepines. 

Our hypothesis was that PMS patients would dem
onstrate a blunted SEV and sedation response to mida
zolam challenge compared to controls subjects. We also 
hypothesized that the severity of PMS symptoms would 
have relevance for these measures. 

MATERIAL AND METHODS 

Subjects 

The patient group consisted of 12 physically healthy 
women between the ages of 25 and 45 with regular 
menstrual cycles, who sought treatment for severe dys
phoric premenstrual changes of more than 6 months 
duration. The patients completed daily, prospective vi
sual analogue ratings on 14 items descriptive of mood 
and physical symptoms and on six items descriptive of 
social and occupational impairment (Hammarback et 
al. 1989a). The daily ratings were filled in during two 
menstrual cycles to establish the diagnosis. Patients 
were considered to have PMS if they had a significant 
increase in at least five negative symptoms during 9 
premenstrual days compared to 9 mid-follicular days, 
associated with a clinically significant social and occu
pational impairment (Hammarback et al. 1989a). All pa
tients displayed at least 6 days of sparse symptomatol
ogy in the follicular phase and fulfilled the criteria of 
premenstrual dysphoric disorder according to the Diag
nostic and Statistical Manual of Mental Disorders, 4th edi
tion (APA 1994). Twelve physically healthy women be
tween the ages of 25 and 45 with regular menstrual 
cycles and no significant premenstrual dysphoric symp
toms in daily prospective ratings served as controls. All 
subjects completed a semi-structured interview and 
those taking oral contraceptives, other hormones, ben
zodiazepines or other psychotrophic medication were 
excluded. Those with an episode of mental disorder 
within the last 2 years and a history of drug abuse were 
also excluded from the study. No subjects consumed al
cohol within 24 h of the test sessions. Caffeine use was 
restricted 3 h prior to, and throughout, the testings. Cy
cle phase was monitored by daily ratings continued 
throughout the study and confirmed by plasma proges
terone sampled on each testing day. Subjects gave writ
ten informed consent and the study was approved by 
the Ethics Committee, University of Umea, Sweden. 

Experimental Design 

Measurements were made on four occasions during the 
menstrual cycle; on 2 succeeding days in the follicular 
phase (days 6-12 of the menstrual cycle) and luteal 
phase (1-7 days prior to the onset of menstruation), re
spectively. The luteal phase intervals were chosen to 



372 I. Sundstrom et al. 

correspond with maximum severity of mood symptoms 
rather than peak progesterone levels (Backstrom et al. 
1983). Monitoring of luteal phase was confirmed by 
records on the next menstrual bleeding. 

Testing was carried out in a hospital outpatient de
partment. Subjects arrived in the morning or early after
noon. Scheduling was made according to the subject's 
wish, and the number of A.M. and P.M. testings were 
evenly distributed between groups as well as within in
dividuals. An intravenous (IV) cannula was inserted in 
the forearm and blood samples were taken for estradiol 
and progesterone. The IV cannula was thereafter used 
for the intravenous injections. To establish baseline, 
three sets of SEV measurements and visual analogue 
ratings were made, with 5 min rest in between. Thereaf
ter two IV injections of either placebo or midazolam 
were given with a 25-min interval. Midazolam was 
given in doses of 8 µg/kg and 16 µg/kg. Equal vol
umes of saline was given as placebo. All injections were 
given over 60 s. After the two injections of placebo/mi
dazolam, SEV recordings were made at 5, 10, and 15 
minutes, respectively. The second dose of placebo/mi
dazolam was followed by additional SEV measure
ments made at 55, 70, 85, and 115 min (from the first mi
dazolam injection). In connection to every set of SEV 
measurements, visual analogue symptom ratings were 
completed. Injections were given single-blindly. Dou
ble-blinding the injections was not considered to be ef
fective due to the obvious sedative effect of the active 
drug. The placebo injections were always given on the 
day preceding the midazolam injections due to our 
wish to examine the patients for both placebo and mi
dazolam in the same menstrual cycle with a comparable 
hormonal environment. Plasma levels of progesterone 
and estradiol are known to change rapidly from day to 
day in the luteal phase. Furthermore, in PMS patients 
symptom severity varies from cycle to cycle, possibly 
due to varying steroid production by the corpus luteum 
(Hammarback et al. 1989b). Had placebo and benzodi
azepine injections been given in a randomized order, a 
wash-out period of approximately 5-7 days between 
testing days would have been necessary. As this proce
dure would alter the timing between placebo and ben
zodiazepine injections in the luteal phase, the symp
tomatology and hormonal environment in subjects 
would differ considerably between treatments. Alterna
tively, placebo and benzodiazepine injections could have 
been given on the same day in separate cycles but for ob
vious scheduling reasons and because of the variation in 
plasma levels of gonadal hormones and PMS symptom 
severity between cycles, this was not a happy choice. 

Measurements of Eye Movements 

Saccadic eye velocity was measured using electroocu
lography (EOG) with the CSGAAS5 system, fully docu-
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mented elsewhere (Marshall et al. 1985; Marshall and 
Richens 1989). The test was performed in a quiet, semi
lighted room with the patient sitting in a comfortable 
chair. Head movement was prevented by supporting 
the subject's head with a pillow. EEG cup electrodes 
(Synetics AB, Stockholm, Sweden) with a small amount 
of electrode-gel (Elefix, Nihon Kohden) were used. Af
ter the skin had been scarified with Skinpure cream (Ni
hon Kohden), the electrodes were placed 1 cm laterally 
of the outer canthus of both eyes with one common 
electrode in the center of the forehead. Electrode im
pedances were measured and confirmed to be less than 
5 kohm. The subject was instructed to watch an array of 
light-emitting diodes {LED), placed at eye-level, 67 cm 
from the glabella. The subject was asked to look at the 
illuminated LED and as that LED was turned off and 
the next one in the array was lit, to move her eyes to the 
next target. Subjects were instructed not to anticipate 
targets. The target movements took place at 1.5-s inter
vals. A fixed, non-random sequence of 4 X 20 targets 
producing target steps of 10, 20, 30, and 40 degrees, was 
displayed with a brief rest in between. The EOG was 
DC amplified and low-pass filtered (-3dB at 50 Hz) be
fore being digitized to 12-bit resolution at a sampling 
frequency of 250 Hz. A personal computer controlled 
the target movements and digitized the waveform using 
an A-D converter. The 80 individual EOGs were ana
lyzed according to the method of Marshall and Richens 
{1989). First, the digitized data from each target dis
placement was processed to locate saccades. Secondly, 
each saccade was analyzed to determine the size of the 
saccade in degrees and the peak saccadic velocity. 
Thereafter a velocity-saccade size curve, known as the 
main sequence, was plotted (Baloh et al. 1975). The rela
tionship between actual target displacement and peak 
velocity is important, since it remains intact even when 
voluntary control of saccades is attempted. The main 
sequence was fitted by a quadratic equation to the peak 
velocity data using the calculated saccade angle as the 
independent variable. The influence of outliers in the 
data was minimized by carrying out the fitting proce
dure twice and weighing the second fit with the inverse 
of the square of the residuals from the first fit. The val
ues for peak velocity for 10, 20, 30, and 40 degrees sac
cades were then calculated by interpolation. Saccades 
with 30 degrees amplitude were chosen for further 
analyses because peak saccadic velocity reaches a maxi
mum at approximately 30-35 degrees of angular move
ment (Baloh et al. 1975). 

Visual Analogue Ratings 

During the two diagnostic cycles and throughout the 
testing cycle/ cycles, the women filled out a daily rating 
scale. In total, four negative mood parameters, four pos
itive mood parameters, three behavioral parameters, 
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and three somatic symptoms were rated as was the se
verity of menstrual bleeding. For each item, the subject 
marked on a 10-cm line to indicate how she had experi
enced a particular symptom during that day, with O as 
complete absence of symptoms, and 10 as the maximal 
severity of the symptom. Throughout the testing days 
similar visual analogue scales were used after every set 
of SEV measurements. The subjects were asked to rate 
six symptoms; cheerfulness, relaxation, anxiety, seda
tion, depression, and irritability. Visual analogue scales 
have been found to be an effective tool in measuring 
changes over time in response to treatment for mood 
symptoms and their reliability and validity have been 
well documented (McCormack et al. 1988). 

Statistics 

The three baseline SEV measurements and visual ana
logue ratings were calculated into meaned baseline scores. 
Saccadic eye velocity, self-ratings of sedation, and other 
mood symptoms were calculated as delta scores (differ
ence from the meaned baseline at each time point). 
Eleven time-points were available; one meaned baseline 
and 10 post-injection measurements. The first six mea
surements represented acute benzodiazepine effects 
(three time points after each of the two injections) and 
the following four measurements the off-set back to 
baseline. The focus in this study was on the acute effects 
of benzodiazepines. 

To subdivide the PMS group into a high-severity and 
low-severity group, the number of expressed symp
toms per day during the premenstrual period was used 
as dividing ground (Wang et al. 1996). The visual ana
logue ratings of the testing cycle was used for this pur
pose. The total number of days with expressed symp
toms (symptom score >1) in the 10-day premenstrual 
period was counted for the four negative mood symp
toms. The higher the total number of expressed symp
toms per day, the more severe PMS the patient was ex
periencing. A day with a negative symptom score of 0-
1 was defined as symptom-free. This definition permit
ted the comparison of expressed symptoms between in
dividuals, whereas visual analogue ratings are subjec
tively defined and less suitable for between-subjects 
analyses. The PMS patients were subdivided into two 
equally large groups, a high-symptom group (n = 6) 
and a low-symptom group (n = 6). 

Four-way analysis of variance (ANOV A) was used 
on the SEV results, sedation, and mood change scores. 
The appropriate model would have been a repeated 
measures ANOV A, but due to the large number of in
tra-individual repetitive measures, a univariate model 
was chosen. The independent factors were time (change 
with time after each drug dose), phase (follicular vs. 
luteal phase), drug (placebo vs. midazolam), and group 
(control subjects vs. PMS patients or high-severity pa-
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tients vs. low-severity patients). The focus of these anal
yses was whether there was: (1) a dose-related effect of 
midazolam compared to placebo (drug by time), (2) 
whether there was a difference between groups in the 
response to benzodiazepines (group by drug effect), (3) 
whether this difference was dose-related (group by 
drug by time), (4) whether the difference between 
groups depended on cycle phase (group by drug by 
phase), and (5) whether a difference in sensitivity to 
benzodiazepines between cycle phases (phase by drug 
effect) existed. As far as possible, the results presented 
were drawn from this analysis. However, to clarify cer
tain aspects, two-way ANOV A on the post-benzodiaz
epine results were performed. Accordingly, group dif
ferences in each cycle phase were tested by two-way 
ANOV A on the post-benzodiazepine results with 
group and time as independent factors. Phase differ
ences in each group was tested by two-way ANOV A on 
the post-benzodiazepine results with phase and time as 
independent factors. Whenever there was an interac
tion with time, post-hoc analyzes by Tukey's Honestly 
Significant Difference Test were made. One-way ANOV A 
was made in each group and phase on the placebo and 
benzodiazepine response over time. Diagnostic mood 
ratings were evaluated by three-way ANOV A with 
group, cycle day, and phase as independent variables. 
For intraindividual comparison between menstrual cy
cle phases of hormone levels and visual analogue rat
ings in each respective group, the Wilcoxon Matched
Pairs Signed-Ranks Test was performed. Differences 
between groups in hormone levels were evaluated by 
the Mann-Whitney U-test. As normal distribution could 
not be assured, due to small sample size, nonparametric 
tests were used. Correlations between SEV and mood 
symptoms were made by partial correlation where the 
effect of time was controlled for. Missing values were 
excluded from the analyses. All values are displayed as 
mean :±: SEM. The SPSS statistical package was used for 
all analyses. 

RESULTS 

Patients and control subjects were similar in age (pa
tients 36.5 :±: 1.3, control subjects 36.4 :±: 1.2). Based on 
the progesterone levels (> 15 nmol/1), cycle length and 
onset of next menstrual bleeding, all subjects were con
sidered to have had ovulatory cycles. During the luteal 
phase, the PMS group showed significant increases in 
irritability F(l,276) = 219; p = .001, depression F(l,276) = 
219; p = .001 and anxiety scores F(l,276) = 150; p = .001 
compared to control subjects. The control subjects, on 
the other hand, exhibited constantly low levels of 
symptoms throughout the menstrual cycle. One PMS 
patient reported a prior episode of depression, and one 
PMS patient had experienced a post-partum depres-
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Table 1. Mean ± SEM of Estradiol and Progesterone Plasma Levels in PMS Patients and 
Control Subjects with Respect to Different Menstrual Cycle Phases 

Control Subjects PMS Patients 

Estradiol 
(pmol/1) 

Progesterone 
(nmol/1) 

Estradiol 
(pmol/1) 

Progesterone 
(nmol) 

Follicular phase 
Luteal phase 

202 ± 27 
270 ± 29 

2.0 ± 0.2 
25.3 ± 3.6b 

261 ± 20 
293 ± 34 

2.3 ± 0.3 
14.8 ± 2.oa,b 

Both groups increased their plasma progesterone levels in the luteal phase. PMS patients had lower plasma 
progesterone levels in the luteal phase compared to control subjects. 

'Difference from control subjects, p < .05, Mann-Whitney U-test. 
bDifference from follicular phase, p < .001 Wilcoxon Signed-Ranks Test. 

sion. Control subjects were devoid of psychiatric illness, 
and there was no report on prior use of benzodiaz
epines in either group. 

One control subject became pregnant in the men
strual cycle following her luteal phase testings, and 
therefore only her luteal phase values were included. 

One control subject became so sedated after the first 
midazolam injection in the luteal phase that the second 
injection was not given for safety reasons. All other sub
jects received both their injections, but at various times 
some subjects were unable to fixate and follow the LED. 
In the follicular phase, after midazolam injections, con
trol subjects failed to perform saccades at six times and 
one PMS patient at one time. In the luteal phase, after 
midazolam injections, control subjects failed at three 
times and PMS patients at two times. There were also a 
small number of missing values during the placebo in
jections, equally spread over groups and phases. 

Control subjects and patients did not differ with re
spect to the timing of testings for follicular phase (cycle 
day 9.2 ± 0.34 vs. cycle day 9.5 ± 0.43), whereas con
trols were tested earlier in the luteal phase, although 
not significantly (cycle day -4.0 ± 0.54 vs. cycle day 
-3.0 ± 0.58). 

Estradiol and progesterone levels for each respective 
group and phase are shown in Table 1. In the luteal 
phase, PMS patients had significantly lower progester
one levels than control subjects, p = .017. This finding 
was presumably due to the difference in timing be
tween groups in the luteal phase. As expected, progest-

erone levels increased significantly between phases in 
both groups, p < .001, respectively. 

Saccadic Eye Movements 

PMS patients had lower baseline SEV than control 
subjects F(l,86) = 6.06; p = .016. There was no group by 
phase interaction, indicating that the difference be
tween groups in baseline SEV persisted throughout the 
menstrual cycle (see Table 2). Results from the overall 
SEV response to placebo and midazolam, including data 
from both groups and cycle phases, are shown in Figure 
1. Compared to placebo, midazolam injections induced a 
significant dose-related SEV response F(5, 499) = 2,93; 
p = .013. Post-hoc analyzes are given in Figure 1. 

Results from the acute SEV response (the first six 
time-points) to the midazolam injections for each group 
and phase are shown in Figure 2. Midazolam injections 
induced a significant decrease in SEV in both groups 
and cycle phases (control subjects follicular phase 
F(5,54) = 3.93; p = .0041, luteal phase F(5,60) = 2.65; p = 

.032, PMS patients follicular phase F(5,65) = 4.37; p = 

.0017, luteal phase F(5,64) = 6.60; p = .001). Following 
placebo injections, there was no significant decrease in 
SEV in either group or phase (not shown). 

The four-way ANOV A revealed a significant drug by 
group by phase interaction in SEV response F(l,499) = 
4.39; p = .037 (Figure 2). By analyzing the menstrual cy
cle phases separately by two-way ANOV A on the post
benzodiazepine SEV results, this three-way interaction 

Table 2. Mean± SEM of Saccadic Eye Velocity and Sedation Scores at Baseline on the 
Midazolam Testing Days 

Saccadic eye 
velocity, deg/s 

Sedation 

Control Subjects 

Follicular Phase 

459 ± 11 
0.85 ± 0.29 

Luteal Phase 

470 ± 11 
1.39 ± 0.65 

PMS Patients 

Follicular Phase 

420 ± 20 
2.86 ± 0.82 

Luteal Phase 

432 ± 19 
4.47 ± 0.77 

PMS patients had lower SEV than control subjects in both phases of the menstrual cycle F(l,86) = 6.06; p = 
.016. There was no difference in sedation ratings between cycle phases in either group. 
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was further clarified. Accordingly, the PMS patients 
showed a reduced responsiveness to midazolam com
pared to control subjects in the follicular phase F(l,119) = 
17.73; p = .001, whereas there was no difference be
tween groups in the luteal phase F(l,124) = 1.71; p = 
.19. There was no interaction with time in either cycle 
phase, indicating that the group difference present in 
the follicular phase was not dose-related, but generally 
present over all measurements. Due to the significant 
difference in baseline SEV a four-way ANCOV A cor
recting for pretreatment levels was made, in which the 
drug by group by phase interaction was preserved 
F(l,584) = 4.08; p = .044. Maximum percent reduction 
in SEV following midazolam injections in the follicular 
phase was 30.3 ::!:: 5.3% among control subjects and 
21.7 ::!:: 1.9% among PMS patients. In the luteal phase, 
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Figure 1. Mean saccadic eye velocity ::!:: SEM and mean 
sedation change scores ±: SEM in response to placebo and 
midazolam. Data from both groups and phases combined. 
Placebo/midazolam injections indicated by vertical lines. 
Doses of midazolam were 0.008 mg/kg and 0.016 mg/kg. 
There were significant, dose-related decreases in SEV and 
sedation change scores following midazolam injections 
(SEY: F(5,499) = 2.93; p = .013, sedation: F(5,516) = 4.13; p = 
001, four-way ANOVA). Post-hoc comparison with Tukey's 
HSD test. *Difference from placebo, p < .05. 
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maximum percent reduction in SEV after midazolam 
injections was 24.5 ::!:: 3.5% and 24.6 ::!:: 1.7%, respec
tively. The four-way ANOV A did not reveal any drug 
by phase effect F(l,499) = 0,89; p = .35, indicating that 
the within-group response to midazolam did not 
change throughout the menstrual cycle. However, 
when the midazolam response in each group was ana
lyzed separately, the control subjects showed a ten
dency toward an increased reduction in SEV after mi
dazolam injections in the luteal phase compared to the 
follicular phase F(l,114) = 3.35; p = .07, whereas the 
PMS patients did not F(l,129) = 1.24; p = .27. 

Visual Analogue Ratings 

Baseline scores of sedation did not differ between cycle 
phases in either group (Table 2). Compared to placebo, 
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Figure 2. Mean saccadic eye velocity ±: SEM in response to 
midazolam in the follicular phase (top) and luteal phase (bot
tom). Midazolam injections indicated by vertical lines. Doses 
of midazolam were 0.008 mg/kg and 0.016 mg/kg. PMS 
patients demonstrated a reduced response to midazolam 
challenge compared to control subjects in the follicular 
phase F(l,119) = 17.73; p = .001 (two-way ANOVA), 
whereas there was no difference between groups in the 
luteal phase. 
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midazolam injections induced a significant dose-related 
increase in sedation change scores F(5,516) = 4.13; p = 

.001 (Figure 1). After midazolam injections, control sub
jects increased their sedation ratings in both cycle 
phases (follicular phase F(5,60) = 3.89; p = .0041, luteal 
phase F(5,66) = 3.41; p = .008, see Figure 3). PMS pa
tients, on the other hand, increased their sedation rat
ings after midazolam injections only in the follicular 
phase F(5,66) = 4.64; p = .001, but not in the luteal 
phase F(5,66) = 1.97; p = .095 (Figure 3). Placebo injec
tions did not induce any increase in sedation change 
scores in either group or phase (not shown). 

The four-way ANOV A on sedation change scores re
vealed a significant drug by group interaction where 
PMS patients responded with less increase in sedation 
ratings following midazolam compared to control sub
jects F(l,516) = 10.23; p = .001 (Figure 3). When each cy-
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Figure 3. Mean sedation change scores ± SEM in response 
to midazolam in the follicular phase (top) and luteal phase 
(bottom). Midazolam injections indicated by vertical lines. 
Doses of midazolam were 0.008 mg/kg and 0.016 mg/kg. 
PMS patients demonstrated a reduced response to mida
zolam in the luteal phase compared to control subjects 
F(l,132) = 7.75; p = .006 (two-way ANOVA), whereas there 
was no difference between groups in the follicular phase. 

NEUROPSYCHOPHARMACOLOGY 1997-VOL. 17, NO. 6 

de phase was analyzed separately by two-way ANOV A 
on the post-benzodiazepine sedation change scores, this 
difference between groups in sedation response reached 
significance in the luteal phase F(l,132) = 7.75; p = .006, 
but not in the follicular phase F(l,126) = 0.57; p = .45. 
The two-way ANOV A on benzodiazepine sedation re
sponse between cycle phases, revealed that PMS pa
tients decreased their change in sedation scores in the 
luteal phase compared to the follicular phase F(l,132) = 
6.73; p = .011. Control subjects did not change their se
dation response to benzodiazepines across the men
strual cycle F(l,126) = 0.22; p = .64. Four PMS patients 
reached the highest score for sedation prior to the last 
time-point (15 min after the second midazolam injec
tion) in the follicular phase, whereas in the luteal phase 
only two PMS patients rated the highest score for seda
tion on the visual analogue scale. It is therefore unlikely 
that the group difference in sedation response is due to 
a ceiling effect in the PMS patients. 

No other rated mood symptoms changed signifi
cantly throughout the testing days in either group or 
cycle phase. 

Correlations between Saccadic Eye Velocity and 
Visual Analogue Ratings on Testing Day 

There were significant inverse correlations between se
dation change scores and SEV after midazolam injec
tions among the control subjects in both phases (follicular 
phase: r = -0.26; p = .027, luteal phase: r = -0.26; p = 
.024). PMS patients showed a significant inverse corre
lation between sedation change scores and SEV in the 
follicular phase, r = -0.34; p = .002, but not in the luteal 
phase, r = -0.04; p = .72. 

Premenstrual Symptom Severity 

To further evaluate whether the reduced responsive
ness to benzodiazepines could be due to a difference in 
symptom severity, the PMS patients were subdivided 
into two groups according to the counting of expressed 
symptoms, described in the methods section. Baseline 
SEV was not different between the two subgroups 
F(l,40) = 0.042; p = .84. The results after midazolam in
jections are displayed in Figures 4 and 5. When the 
three time-points, corresponding to the 8-µg/kg dose of 
midazolam, were used in the analysis, the four-way 
ANOV A revealed a significant group (high-severity vs. 
low-severity PMS patients) by drug interaction F(l,120) = 
28.30; p = .001, indicating that high-severity PMS pa
tients responded with less decrease in SEV after the 
lower dose of midazolam compared to the low-severity 
patients. The two-way ANOV A on data from the first 
midazolam dose showed significant differences be
tween groups in both phases (follicular phase F(l,30) = 
15.16; p = .001, luteal phase F(l,30) = 7.16; p = .012) 
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(Figure 4). However, there was no difference between 
the subgroups of PMS patients after the higher dose of 
midazolam (Figure 4). The four-way ANOV A on seda
tion change scores showed a significant group by drug 
by phase interaction F(l,240) = 4.85; p = .029 (Figure 5). 
Further analysis by two-way ANOV A on the post-ben
zodiazepine sedation response confirmed that high-se
verity PMS patients responded with less increase in se
dation ratings after midazolam injections compared to 
low-severity patients in the luteal phase F(l,60) = 46.54; 
p = .001, but not in the follicular phase F(l,60) = 0.27; 
p = .61 (Figure 5). Baseline mean sedation scores in the 
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Figure 4. Mean saccadic eye velocity ±: SEM in response to 
midazolam in the follicular phase (top) and luteal phase (bot
tom) compared between high-severity PMS patients and 
low-severity PMS patients. Injections of midazolam indi
cated by vertical lines. Doses of midazolam were 0.008 mg/ 
kg and 0.016 mg/kg. The high-severity PMS patients 
showed a reduced SEV response in both cycle phases after 
the lowest dose of midazolam compared to low-severity 
PMS patients (follicular phase F(l,30) = 15.16; p = .001, 
luteal phase F(l,30) = 7.16; p = .012, two-way ANOVA on 
data corresponding to the lower dose of midazolam). There 
was no difference between groups after the higher dose of 
midazolam. 
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luteal phase was 4.78 ± 1.5 among the high-severity pa
tients and 3.44 ± 0.96 in the low-severity group. 

DISCUSSION 

The main finding of the present study was that PMS pa
tients showed a reduced responsiveness to midazolam 
in comparison with control subjects. Using SEV as de
pendent measure, the reduced sensitivity to midazolam 
was most apparent in the follicular phase, whereas the 
sedation response was reduced in the luteal phase. 

PMS patients had lower baseline SEV compared to 
control subjects. As the ANCOV A analyses preserved 
the findings of the delta SEV scores, the baseline differ
ence was not considered to be a confounder of the ben-
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Figure 5. Mean sedation change scores ±: SEM after mida
zolam injections in the follicular phase (top) and luteal phase 
(bottom) compared between high-severity PMS patients and 
low-severity PMS patients. Injections of midazolam indi
cated by vertical lines. Doses of midazolam were 0.008 mg/ 
kg and 0.016 mg/kg. In the luteal phase, the high-severity 
PMS patients responded with less increase in sedation self
ratings after midazolam injections compared to low-severity 
patients F(l,60) = 46.54; p = .001 (two-way ANOV A). 



378 I. Sundstrom et al. 

zodiazepine results. Furthermore, it has been stated 
that a 30% reduction in SEV represents the physiologi
cal limitations of the saccadic eye movement system 
(Cowley et al. 1993). PMS patients in the follicular 
phase showed a maximum 22% decrease in SEV and 
had therefore not reached their floor of performance. 
Control subjects, on the other hand, showed a 30% de
crease in SEV in the follicular phase, further illustrated 
by the large number of missing values at this stage of 
the menstrual cycle. PMS patients often report sleep 
disturbances in the luteal phase, but possible sleep dep
rivation among PMS patients could not have accounted 
for the baseline differences in the follicular phase where 
patients are asymptomatic. A decreased baseline SEV 
could also indicate an altered GABAergic tonic inhibi
tion on saccade-related cells of the superior colliculus, 
but due to the unexpected nature of the finding and the 
small sample size we believe it should be considered a 
chance finding until replicated. 

As expected, midazolam injections induced signifi
cant slowing of SEV and increases in sedation ratings in 
both groups and cycle phases. There were significant 
inverse correlations between sedation and SEV in con
trol subjects in both cycle phases and in PMS patients in 
the follicular phase. These findings are consistent with 
previous studies on benzodiazepine effects on SEV and 
sedation (Ball et al. 1991; Hommer et al. 1986). 

In comparison to control subjects, PMS patients over
all responded with less slowing of SEV after midazolam 
injections in the follicular phase, less increase in seda
tion ratings in the luteal phase, and displayed an absent 
correlation between the SEV and sedation change 
scores in the luteal phase. These data indicate that PMS 
patients have a reduced functional sensitivity at the 
benzodiazepine/GABAA-receptor, present in both phases 
of the menstrual cycle. The different effects of these two 
measures could be due to the fact that SEV is not merely 
related to states of arousal, as several studies have been 
able to distinguish between self-ratings in sedation and 
slowing of saccadic velocity (Glue et al., 1992; Hopfen
beck et al. 1995). In addition, SEV has been proposed to 
be a more sensitive measure on benzodiazepine recep
tor sensitivity compared to sedation ratings (Roy-Burne 
et al. 1990). The findings of the present study are partly 
in line with our previous pilot study, where diazepam 
was used for the benzodiazepine challenge (Sundstrom 
et al. 1997). Using SEV and sedation as dependent mea
sures, the pilot study indicated that PMS patients were 
less sensitive to benzodiazepines compared to controls, 
especially in the luteal phase. There was a trend toward 
a reduced sensitivity in the follicular phase as well, a 
finding which reached significance in the present study 
where a larger sample was used. However, we were not 
able to confirm the luteal findings of the pilot study. 
There are several possible explanations to this; first, the 
findings of the pilot study may have been mere chance 
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findings. However, since the reduced luteal phase seda
tion response to benzodiazepines in PMS patients was 
confirmed by this study, this appears unlikely. Second, 
the divergent results might be due to the design of the 
study and/or to the use of a different benzodiazepine 
compound. Diazepam is a lipid-soluble benzodiazepine 
with a maximum CNS effect after 1-2 min, whereas the 
water-soluble midazolam has its maximum CNS effects 
after 5-10 min (Buhrer et al. 1990). The half-life of diaz
epam is considerably longer than midazolam (33 vs. 2.8 
h), and the sedative effect of diazepam is more linear 
than that of midazolam (Reves et al. 1985). It is there
fore possible that the divergent results are due to differ
ent drug actions. Furthermore, using midazolam in a 
study of benzodiazepine sensitivity, Ball et al. (1991) re
ported of a phenomenon suggestive of an acute toler
ance mechanism, i.e., a rapid return of SEV toward 
baseline values within 15 min after each benzodiaz
epine injection. This phenomenon was encountered in 
the present study as well, among the control subjects af
ter the second dose of midazolam in the luteal phase. 
This rapid decline in benzodiazepine effect on SEV in 
control subjects might have obscured a possible group 
difference in the luteal phase. The mechanism of acute 
tolerance is unclear but the increase with subsequent 
doses (Ball et al. 1991), and the rapidity in its develop
ment may indicate alterations in brain sensitivity rather 
than metabolic tolerance (Wong et al. 1986). As yet, it is 
not clear why this phenomenon occurred in control 
subjects only, but hypothetically it may be due to in
creased sensitivity to endogenous GABA-positive ste
roids in the luteal phase. We have conducted a similar 
challenge, using pregnanolone (a GABA-positive proges
terone metabolite), and preliminary data indicate an in
creased sensitivity to this endogenous compound in the 
luteal phase among control subjects (Sundstrom et al. 
unpublished). 

Furthermore, the disadvantages of the EOG, includ
ing susceptibility to blink artifacts, poor signal-to-noise 
ratio, and susceptibility to changes in skin conductance, 
could also have affected the luteal phase response due 
to increased arousal among PMS patients at this stage. 
However, the most likely explanation for the conflicting 
results between the two studies is that group differ
ences in the luteal phase are less reproducible due to 
differences in the timing of testings and to differences 
in PMS symptom severity. Results on biochemical mark
ers on serotonin metabolism and function also demon
strate the difficulty of reproducing luteal phase find
ings in PMS patients. The blunted prolactin response to 
tryptophan challenge in the premenstrual phase re
ported by Bancroft et al. (1991) has not been confirmed 
(Veeninga and Westenberg 1992). The 5-HT uptake and 
contents in platelets reported to be significantly re
duced in PMS patients in the luteal phase (Ashby et al. 
1988) was contradicted by others (Rojansky et al. 1991; 
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Veenings and Westenberg 1992). The luteal phase is 
characterized by rapid changes in plasma levels of es
tradiol, progesterone, and GRC-active progesterone 
metabolites (Wang et al. 1996), and the plasma level of 
progesterone certainly plays a role for the benzodiaz
epine sensitivity among control subjects. Progesterone 
treatment has been shown to enhance the sensitivity to 
triazolam as measured by several psychomotor tests in 
post-menopausal women (McAuley et al. 1995), and pe
ripheral GABA-levels have been reported to increase in 
the late luteal phase compared to the mid-follicular 
phase in control subjects (Halbreich et al. 1996). In our 
previous study, control subjects increased their benzo
diazepine sensitivity in the luteal phase compared to 
the follicular phase, whereas in the present study, ben
zodiazepine sensitivity remained unaltered through
out the menstrual cycle among control subjects. It is 
therefore likely that the timing of measurements, with 
respect to the progesterone levels in control subjects, 
plays a role for obtaining optimal conditions for be
tween-group analyses of benzodiazepine sensitivity. 
Furthermore, the severity of PMS symptoms during the 
actual study cycle is likely to contribute to the between
group differences in the luteal phase. High-severity 
PMS patients showed a reduced SEV responsiveness to 
midazolam in both cycle phases, and a reduced seda
tion response in the luteal phase compared to low-se
verity patients. These findings are, however, prelimi
nary as the sample size was extremely small. Moreover, 
the difference between the PMS subgroups in sedative 
response is likely due to a ceiling effect, operating in the 
high-severity group. However, although preliminary 
this finding indicates that the actual severity of PMS 
symptoms during the study cycle will contribute to the 
overall difference between PMS patients and control 
subjects. Another interesting point was the similar phe
nomenon of acute tolerance which occurred in the low
severity patients after the first dose of midazolam. This 
findings may indicate that, during less symptomatic cy
cles, the midazolam response in PMS patients ap
proaches that of control subjects. 

A limitation to the study was the lack of midazolam 
plasma levels throughout the testings. Previous studies 
have shown poor correlations between plasma levels 
and psychomotor effects of benzodiazepines (Linnoila 
et al. 1983; Ingum et al. 1994), and we were not aware of 
any dissimilarities in benzodiazepine pharmacokinetics 
between PMS patients and controls. Similar plasma lev
els are, however, by no means guaranteed with per kg 
dosing and measuring plasma levels of midazolam in 
the present study would have been helpful in ruling out 
distributional errors. 

The reduced SEV and sedation response to benzodi
azepines in PMS patients was evident in both cycle 
phases. We had predicted, from our previous data, that 
there would be a marked subsensitivity in the luteal 
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phase. The present study, however, demonstrated that 
the functional subsensitivity of the benzodiazepine/ 
GABAA receptor complex was apparent throughout the 
menstrual cycle and is therefore not due to fluctuations 
in gonadal hormones. This GABAergic subsensitivity 
rather represents a trait finding that in tum could ren
der the PMS patients susceptible to the hormonal or en
vironmental changes that finally trigger their symptom
atology. The inability to confirm previous SEV results 
in the luteal phase emphasizes the need for rigorous ef
forts to provide comparable luteal phase conditions 
when studying biochemical or neurophysiological mark
ers in PMS patients in comparison with control subjects. 
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