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Abstract
Introduction: The mechanism underlying endometriosis-related pain remains poorly 
understood. Previous studies have indicated that γ-aminobutyric acid (GABA) type A 
(GABAA) receptors and GABAergic substances (eg endogenous neurosteroids) play 
important mechanistic roles in various pain conditions. Our primary objective was to 
compare GABAA receptor function between women with endometriosis and healthy 
controls by performing a challenge test with diazepam, a GABAA receptor agonist, 
using the saccadic eye velocity as the main outcome. The secondary objective was 
to investigate the relation between GABAA receptor function and serum levels of 
allopregnanolone, an endogenous positive modulator of the GABAA receptor, in the 
participating women.
Material and methods: 15 women with pelvic pain and laparoscopically confirmed 
endometriosis and 10 healthy, symptom-free, control women, aged 18–40 years, 
underwent the diazepam challenge test during the follicular phase of the men-
strual cycle. Basal serum allopregnanolone levels were measured prior to diazepam 
injection.
Results: Compared with healthy controls, women with pelvic pain and confirmed en-
dometriosis had a significantly smaller change in saccadic eye velocity after GABAA 
receptor stimulation with diazepam, indicating lower sensitivity to diazepam. The 
saccadic eye velocity response was not correlated with the serum allopregnanolone 
levels.
Conclusions: Women with painful endometriosis show altered GABAA receptor func-
tion, depicted as a muted response to an exogenous GABAA receptor agonist.
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1  |  INTRODUC TION

Endometriosis typically presents with various pain symptoms, 
ranging from dysmenorrhea (painful menstruation) and dyspareu-
nia (painful intercourse) to more persistent, chronic pelvic pain. 
However, the extent of the endometriosis lesions is poorly corre-
lated with the pain symptoms experienced by the patient, which is a 
puzzling finding.1

In recent years it has been hypothesized that endometriosis-
associated pain might, beyond a nociceptive component, also involve 
a neuropathic component.2 A central pain component may explain 
the poor correlation with the macroscopic stage of endometriosis 
and why conventional surgical and hormonal treatments sometimes 
fail.3 Because women with endometriosis often have a lower pain 
threshold than healthy controls, it seems likely that central sensitiza-
tion and alterations in the central nervous system might be involved 
in the pathogenesis of endometriosis-associated pain.4

Gamma-aminobutyric acid (GABA) is the main inhibitory neu-
rotransmitter in the brain and appears to play a central role in pain 
regulation.5 Inhibitory synapses are predominantly populated with 
GABAA receptors. The action of GABAA receptors can be potenti-
ated by exogenous substances including benzodiazepines, as well 
as neurosteroids.6,7 Neurosteroids are endogenous steroids pro-
duced in the central or peripheral nervous system, independently 
from the activity of endocrine glands.8 They can modulate nervous 
system activity by acting through various membrane receptors. 
One neurosteroid, allopregnanolone, is secreted during stress and 
mirrors the fluctuations of serum progesterone levels during the 
menstrual cycle and pregnancy, and it plays important roles in var-
ious disorders in women, including premenstrual dysphoric disor-
der.9 The binding of GABA agonists to GABA receptors facilitates 
the inhibitory actions of GABA and elicits hypnotic, anxiolytic and 
anticonvulsant effects.10 The use of GABAergic substances induces 
tolerance to many of their therapeutic actions, as shown by a de-
crease in the GABAA receptor-mediated effect of the substance.11 
Chronic stress also inhibits GABAA receptor function.12 Acute and 
chronic pain could be perceived as a type of stress and may thereby 
alter GABAA receptor function. Recent animal studies have pro-
vided increasing evidence that neurosteroids, and their action on 
the GABAA receptor, play a central role in the pathogenesis of neu-
ropathic pain.13 However, the role of GABAA receptor function in 
the development of endometriosis-related pain has not been stud-
ied to date.

A saccade is the rapid movement of the eye when moving from 
one point of fixation to another. The maximal velocity of a saccade 
varies between individuals but is stable within the same individual 
and is not voluntarily controlled.14 Measurement of the saccadic 
eye velocity (SEV) can be used to study the effects of GABAergic 
substances in humans because the maximal SEV is affected by sub-
stances acting on the GABAA receptor and is reduced in a dose-
dependent manner.15 This method has frequently been used to 
study GABAA receptor function, especially the sensitivity to GABAA 
receptor modulators.16,17

The primary objective of this study was to evaluate GABAA re-
ceptor function by performing a diazepam challenge test in patients 
with painful endometriosis and healthy controls. The secondary ob-
jective was to investigate whether altered GABAA receptor sensi-
tivity is correlated to endogenous allopregnanolone levels in these 
patients.

2  |  MATERIAL AND METHODS

Endometriosis patients were recruited from the gynecologic outpa-
tient clinic at Sundsvall County Hospital, Sweden. All patients had 
pelvic pain and endometriosis according to European Society of 
Human Reproduction and Embryology criteria18 and confirmed by 
laparoscopy. Women in the control group were healthy volunteers, 
without any symptoms indicative of endometriosis, recruited via an 
advertisement.

Women aged 18–40 years with regular menstrual cycles, suffer-
ing from severe dysmenorrhea and varying degrees of pelvic pain 
and a laparoscopically confirmed diagnosis of endometriosis were 
eligible for the endometriosis group. We excluded patients if they 
had recently used benzodiazepines or any other psychoactive drug 
or any hormonal contraceptive or other hormonal therapy in the last 
month. Women with signs of a gynecologic disorder (apart from en-
dometriosis in the patient group), ongoing or past psychiatric illness, 
premenstrual dysphoric disorder, ongoing or past somatic diseases 
(including liver, kidney, heart, lung or neurological diseases), alcohol 
or drug abuse, and ongoing pregnancy were also excluded.

The screening phase commenced after the patients had pro-
vided consent to participate. The medical examination included 
a structured mental health interview (M.I.N.I.: International 
Neuropsychiatric Interview), a gynecologic examination, including a 
vaginal ultrasound to rule out other pathological conditions, a preg-
nancy test and blood sampling.

All study participants were examined in the follicular phase 
(cycle days 5–12) of the menstrual cycle, when sex hormone lev-
els are generally low and allopregnanolone levels are more closely 
related to adrenal activity, rather than in the luteal phase, when al-
lopregnanolone is produced mainly by the ovary.19 Blood samples 
were taken to measure allopregnanolone levels. To avoid interfer-
ence due to diurnal variations of allopregnanolone levels, all par-
ticipants were tested during the same part of the day, before noon.

Key message

Women with endometriosis show a significantly decreased 
GABAA receptor-mediated inhibition compared to healthy 
controls, indicating changes in the central nervous system 
that could explain why treatment targeted at the noci-
ceptive component of the pain sometimes fails in these 
women.
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GABAA receptor function was evaluated during a diazepam chal-
lenge test, as described in an earlier study by our group on diazepam 
and SEV.16 In brief, saccadic eye measurements were measured be-
fore and after the administration of a commonly used GABAA recep-
tor agonist, diazepam (Stesolid®, Novum-Oripharm AB, Stockholm, 
Sweden; 5  mg/mL) at a dose of 0.1  mg/kg. SEV was measured at 
baseline (before diazepam injection) and then at 5, 30, 60 and 
120 min after injection.

We used a video nystagmographic device (Ulmer VNG; Synapsys 
Micromega, Marseille, France), which uses a sophisticated algorithm 
to measure ocular movement accurately with high reliability. The the-
oretical accuracy of the measurements of eye movements is 0.25°. 
The system consists of software and hardware consisting of a com-
puter, screen, color printer, projector and a VISIO mask (open mask) 
to record rapid eye movements using a camera permitting binocular 
analysis. The camera has an unlimited horizontal viewing angle and a 
vertical angle of view of +90°/−20°, with sample frequencies of 50, 
100 or 200 Hz. Eye movements are recorded by infrared video oc-
ulography. During the examination, the patient is seated in a stable 
chair with the head fixed in a headrest. For saccade measurement, we 
used high-frequency (200 Hz) infrared video oculography. The patient 
wears the VISIO mask on which the camera is fixed 10 cm from the 
nose and oriented to record both eyes simultaneously. The saccades 
are induced by light-emitting diodes (LEDs) presented on a ramp 
placed 1.5 m in front of the patient. The LEDs elicit 40° horizontal 
saccades (±20°). The software uses “contrast image detection” and 
calculates the horizontal position of the centre of each pupil. The cal-
culated parameters include the latency and maximal SEV. Delta SEV 
(ΔSEV) was calculated as the difference in the maximal SEV at each 
timepoint relative to the baseline SEV. ΔSEV was used because SEV 
varies markedly between individuals but shows high within-subject 
stability, both within testing sessions and between testing days.20

During the study, 5-mL blood samples were collected at baseline 
and the serum was separated by centrifugation and stored at −80°C 
for later analysis of allopregnanolone levels. In the control group, 
the allopregnanolone levels were measured using a radioimmunoas-
say at our laboratory at Umeå University. The method is described 
in detail elsewhere.21 In brief, after separation from cross-reacting 
steroids by celite chromatography, allopregnanolone was measured 
by radioimmunoassay using a polyclonal rabbit antiserum raised 
against 3α-hydroxy-20-oxo-5α-pregnan-11-yl-carboxymethyl ether, 
coupled to bovine serum albumin. The sensitivity of the assay was 
0.025 ng/mL. The intra-assay coefficient of variation was 6.5% and 
the interassay coefficient of variation was 8.5%.

Although the sample preparation and extraction processes were 
the same in both study groups, the method used to quantify allo-
pregnanolone differed between the groups because the laboratory 
at Umeå University had ceased activities when the blood samples 
for the patient group were ready for analysis. Therefore we received 
help from another laboratory in Oulo-Finland. In the patient group, 
we used the method described by Pekka Keski-Rahkonen et al. to 
quantify allopregnanolone.22 In brief, the serum level was quantified 
by ultra-high performance liquid chromatography (UPLC/MS/MS 

Waters Acquity) using a C18 column on a Waters XEVO-TQ-S triple 
quadrupole mass spectrometer at Admescope Oy laboratory (Oulu, 
Finland). The detection limit for allopregnanolone was 0.002 ng/mL 
(0.063 nmol/L).

2.1  |  Statistical analyses

All statistical analyses were performed using SPSS version 28 (SPSS; 
IBM Corp., Armonk, NY, USA). Baseline characteristics were com-
pared between the two groups using the Mann–Whitney U test. 
Outcome variables, maximal SEV, SEV latency and ΔSEV were com-
pared between the groups using two-way repeated-measures analy-
sis of variance (ANOVA). Correlations among variables within each 
group were analyzed using Spearman's rank correlation test. A linear 
regression analysis was used to reveal causal relation between allo-
pregnanolone (independent variable) and the latency, SEV and ΔSEV 
(dependent variables). Values of p < 0.05 were deemed statistically 
significant. For determination of the sample size, in our previous 
studies, we found that the standard deviation of SEV within individ-
uals was ±7°/s.16 The smallest change in SEV between baseline and 
after injection of a GABAergic substance that we want to be able to 
detect is 15°/s. Therefore, at an α of 0.05 and a power of 0.90, the 
calculated study size was seven participants per group.

2.2  |  Ethics statement

All study participants received written and oral information about 
the study and provided signed consent before entering the study. 
The study was approved by the regional ethics review board in 
Umeå, Sweden (DNR 2012/63-31) on June 5, 2012.

3  |  RESULTS

A total of 17 patients with endometriosis (endometriosis group) 
and 10 healthy controls (control group) were enrolled in the study. 
However, two patients in the endometriosis group were excluded 
because they missed the diazepam challenge test. Therefore, data 
for 15 patients with endometriosis and 10 healthy controls were 
analyzed (Table 1).

Regarding baseline characteristics, there were no differences in 
the age or body mass index between the two groups. All participants 
in the control group were non-smokers. In the patient group there 
were two smokers. We know that nicotine can affect GABA signal-
ing and blood neurosteroid levels.23 Comparison of smoking vs non-
smoking patients did not, however, reveal any significant difference 
in serum allopregnanolone levels or SEV test results.

The endometriosis group had significantly longer latency and 
lower SEV at baseline compared with the control group. The serum 
allopregnanolone levels were also significantly lower in women in 
the endometriosis group (Table 1).
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3.1  |  Diazepam challenge test

3.1.1  |  Latency

The latency of the onset of eye movements after a change in tar-
get did not change during the challenge test within each group 
(p = 0.602). However, there was a significant overall difference be-
tween the groups (p = 0.019), with a shorter latency in the endome-
triosis group (Figure 1).

3.1.2  |  Maximal SEV

After diazepam injection, there were significant decreases in the SEV 
after 5 min in both groups. Within each group, the SEV was signifi-
cantly different between the measurement timepoints (p = 0.002). 
The overall differences between the two groups were not significant 
(p = 0.249; Figure 2).

3.1.3  |  ΔSEV

The effect of diazepam was generally greatest immediately after 
injection in both groups. Its effect was more pronounced and 
disappeared more quickly in the control group. Statistical analy-
ses over the whole study period (up to 120 min after diazepam 
injection) with repeated-measures ANOVA revealed a significant 
difference in ΔSEV within the groups (p  =  0.008). For all time-
points combined, the ΔSEV after diazepam injection was signifi-
cantly smaller in the endometriosis group than in the control group 
(p = 0.005; Figure 3).

3.2  |  Correlations among study parameters

Because allopregnanolone is a mediator of the GABAA receptor, a cor-
relation between allopregnanolone levels and SEV can be expected. 
However, the regression analysis did not detect an association or 
causal relation, in any of the groups, between the basal serum allo-
pregnanolone levels (independent factor) and saccadic eye measure-
ments (ie latency, SEV or ΔSEV; dependent factors). Furthermore, in 
none of the groups, were age, body mass index or serum allopregna-
nolone levels correlated with the baseline measurements of latency or 
SEV or ΔSEV values during the diazepam challenge test.

4  |  DISCUSSION

The main finding of this study was that women with endometriosis 
and associated pain have a significantly reduced latency and ΔSEV 

TA B L E  1  Background characteristics and baseline 
measurements of serum allopregnanolone and saccadic eye 
velocity parameters before diazepam injection in patients with 
endometriosis (n = 15) and healthy controls (n = 10).

Endometriosis 
group Control group

pMedian (IQR) Median (IQR)

Age (years) 27 (6) 25 (11) 0.350

BMI (kg/m2) 24 (7) 24 (4) 0.147

Serum 
allopregnanolone 
(nmol/L)

0.18 (0.24)a 0.53 (0.16)b <0.001

Latency (ms) 157 (59) 221 (64) 0.023

Peak SEV (°/s) 296 (84) 426 (58) 0.010

Note: Between-group differences were determined using the Mann–
Whitney U test at a significance level of p < 0.05.
Abbreviations: BMI, body mass index; IQR, interquartile range; SEV, 
saccadic eye velocity.
aAnalyzed by mass spectrometry.
bAnalyzed by radioimmunoassay.

F I G U R E  1  Saccadic eye velocity latency measured before and 
after a single injection of diazepam (0.1 mg/kg) in women with 
endometriosis (n = 15) and healthy controls (n = 10). There was 
a significant overall difference between groups (p = 0.019). The 
vertical line shows the timing of diazepam injection. * Significant 
difference between groups for the measured time point.

F I G U R E  2  Peak saccadic eye velocity (SEV) measured before 
and after a single injection of diazepam (0.1 mg/kg) in women with 
endometriosis (n = 15) and healthy controls (n = 10). The overall 
difference between groups was not significant (p = 0.249). The 
vertical line shows the timing of diazepam injection.
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after a diazepam challenge test, indicating an impaired inhibitory 
function of the GABAA receptors compared with a group of healthy 
women. Women with endometriosis also had significantly lower 
serum allopregnanolone levels, although this finding is uncertain 
because the analysis methods differed between the two groups. 
This is an obvious limitation to this study but is due to practical and 
resource-related problems. However, methodologic comparisons for 
other steroids between radioimmunoassay, after extraction and sep-
aration from cross-reactive steroids, and GC–MS have shown similar 
sensitivity at low serum levels and a high correlation.24

Oculographic measurement of SEV provides an objective 
and sensitive method of assessing GABAA receptor sensitivity. 
Alterations in SEV were previously demonstrated in various pain 
conditions, including patients with fibromyalgia who showed de-
creased SEV.25 We found similar results in women with endometri-
osis and pain, who had significantly lower SEV and latency values 
compared with healthy controls. This could be explained by alter-
ations in the GABAergic system and, more precisely the GABAA re-
ceptor, because SEV is directly affected by GABAergic substances.15 
Although the effect of diazepam was significantly smaller in the 
endometriosis group, as expected, the SEV decreased rapidly after 
diazepam injection in both groups. There is evidence to suggest 
that acute tolerance to the various pharmacologic effects of diaz-
epam may develop after a single exposure to this drug.26 Because 
the baseline SEV differed between the two groups, this difference 
cannot be explained solely by effects specific to diazepam, but 
rather as a chronic alteration of the GABAA receptor that is already 
present in women with endometriosis and associated pain. The 
present findings may thus be explained by altered GABAA receptor 
function, although we can only speculate on the underlying mecha-
nism. Endometriosis typically presents with various pain symptoms, 
and there is a complex relation between stress and chronic pain. It 
is already known that stress, neurosteroids and GABAA receptor 

function are intimately related.27 Various stressful conditions, in-
cluding pain, can acutely induce marked increases in the plasma and 
brain concentrations of neuroactive steroids, including allopreg-
nanolone and allotetrahydrodeoxycorticosterone, and subsequently 
downregulate GABAergic transmission.28 Neurosteroids are the 
most potent endogenous modulators of GABAA receptors, and their 
production is altered in many clinical conditions, including acute and 
chronic pain.29 Increased allopregnanolone levels are associated 
with increasing GABAA receptor tolerance to GABAergic substances 
over time.30 In contrast to these previous findings, we did not detect 
increased serum allopregnanolone levels or any correlation between 
GABAA receptor function and serum allopregnanolone levels in 
women with painful endometriosis.

Although cross-tolerance does not always occur to drugs that 
act at sites separated from the target site of the administered 
drug, chronic benzodiazepine treatment appears to decrease al-
losteric coupling of neuroactive steroid and benzodiazepine sites.31 
Furthermore, short-term benzodiazepine administration changes 
GABAA receptor function, and these changes impact modulatory 
sites differently, but it remains unclear whether acute diazepam ad-
ministration causes cross-tolerance to the effect of neuroactive ste-
roids or vice versa.32 In this study, the lack of a correlation between 
peripheral allopregnanolone levels and GABAA receptor function 
could be explained by the fact that the GABAA receptors were stim-
ulated with diazepam, not allopregnanolone, during the challenge 
test. Another explanation for the absence of correlation could be 
the small sample size in the groups.

Effects of acute and chronic stress also differ; acute stress is as-
sociated with elevated allopregnanolone levels,33 whereas chronic 
stress has been shown to decrease GABAA receptor function and 
allopregnanolone levels.12 Chronic pain has been associated with 
decreased serum allopregnanolone levels, and a previous study on 
war veterans in the USA showed that allopregnanolone levels were 
inversely correlated with pain severity in patients with chronic back 
pain.34 Although women in the endometriosis group had significantly 
lower serum allopregnanolone levels compared with the healthy 
controls, conclusions from this comparison should be made very 
cautiously because the analysis methods differed between the two 
groups. Even though both methods are valid and well proven, this 
represents an apparent limitation to the study. Another limitation 
to the study is the small sample size. Even though we met the power 
needed, the small study size may still have an impact on the results. 
The fact that the control group did not undergo diagnostic laparos-
copy to rule out asymptomatic endometriosis could be considered a 
limitation. As we find it unlikely that the endometriosis lesions them-
selves, but rather the pain associated with endometriosis, would be 
the cause of GABAA-receptor alterations, we found it sufficient to 
use controls without laparoscopy as long as the patients did not suf-
fer from any pain symptoms associated with endometriosis.

Age and body mass index may also affect SEV, GABAA recep-
tor function and serum allopregnanolone level.30,35 However, 
the two groups did not differ with regard to these background 
characteristics.

F I G U R E  3  Change of peak saccadic eye velocity from baseline 
(ΔSEV) after a single injection of diazepam (0.1 mg/kg) in women 
with endometriosis (n = 15) and healthy controls (n = 10). There 
was a significant overall difference between groups (p = 0.005). 
The vertical line shows the timing of diazepam injection. * 
Significant difference between groups for the measured time point.
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    |  1321SANDSTRÖM et al.

Women with endometriosis are often hypersensitive to pain, indi-
cating a possible change in the central nervous system leading to pain 
sensitization,4 in which stimuli that normally do not evoke pain can 
cause an exaggerated perception of pain. Some studies have indicated 
that downregulation of GABAA receptors due to painful conditions is 
probably responsible for chronic pain later in life.36 If the initial pain 
experienced by patients with endometriosis affects GABAA receptor 
function over time, the reduction in GABAA receptor function may 
lead to worse pain symptoms and central sensitization, which could 
explain the development of neuropathic pain in women with endo-
metriosis. Increasing evidence suggests that GABA may play a role 
in neuropathic pain, and the loss of GABAergic inhibition within the 
spinal pain circuits is believed to be involved in the development of 
central sensitization.37 Functional magnetic resonance imaging stud-
ies have revealed altered GABA levels in various regions of the brain 
in patients with different pain conditions.38 A recent study on post-
stroke pain in an animal model revealed that thalamic GABAA recep-
tor expression and allopregnanolone levels decreased as allodynia 
developed after the insult. When allopregnanolone levels and GABAA 
receptor expression increased after intrathalamic injection of ep-
oxyeicosaeicosatrienoic acid (an arachidonic acid metabolite involved 
in regulation of cerebral blood flow), the signs of allodynia were de-
creased. Interestingly, when allopregnanolone synthesis was inhibited 
or the GABAA receptor was blocked, allodynia persisted unchanged.39

5  |  CONCLUSION

Women with endometriosis and associated pain show signs of im-
paired GABAA receptor function. This finding not only supports the 
concept of a central component and a neuropathic characteristic of 
the pain experienced by women with endometriosis, it also provides 
insight into the possible underlying mechanisms. To increase our 
understanding of the pain mechanisms in patients with endome-
triosis, further studies are needed to investigate how the levels of 
GABAergic substances and GABAA receptor function in the central 
nervous system are correlated with pain symptoms.
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