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Abstract:

Among neurosteroids, allopregnanolone is the most potent endogenous positive modulator of GABA� receptors, and disturbances in
its release may play a role in pathomechanism of some neurological and psychiatric disorders. In contrast to a large body of evidence
on allopregnanolone involvement in pathogenesis of epilepsy, no data are available on its role in pseudoseizures. Therefore, the aim
of the present study was to find out whether pseudoseizures are associated with changes in plasma allopregnanolone level in pediatric
patients. This study was carried out on 45 children with video EEG-diagnosed pseudoseizures, divided into three groups according
to results of placebo test i.e: (I) children with pseudoseizures attacks without antiepileptic drug treatment; (II) children with pseu-
doseizures attacks and treated with antiepileptic drugs; (III) children without pseudoseizures attacks and no treatment. Allopregna-
nolone level was estimated by radioimmunoassay in blood samples collected before and after provoking pseudoseizures by placebo.
No significant changes have been found in allopregnanolone level between all experimental groups. This suggests that in contrast to
epileptic seizures, during pseudoseizures no compensatory increase in the endogenous antiepileptic and anxiolytic neurosteroid re-
lease occurs. The low level of allopregnanolone may have a detrimental effect on GABAergic inhibitory system in the brain ag-
gravating stress response and promoting pseudoseizure occurrence. On the other hand, the clinical value of allopregnanolone plasma
level as a biomarker distinguishing between epileptic and pseudoseizures remains questionable due to its high inter-individual
differences.
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Introduction

Neurosteroids are precursors or metabolites of steroid
hormones which can be synthesized de novo in brain
tissue mainly from cholesterol (pregnenolone, dehy-
droepiandrosterone), or from hormones transported to
the brain from peripheral sources (allopregnanolone,
allotetrahydrodeoxycorticosterone) [21]. Neurosteroids

modulate brain function mainly via allosteric regula-
tion of GABAA receptors, NMDA receptors, sigma
receptors and voltage-dependent calcium channels [3,
5, 18, 32]. The most potent positive modulator of
GABAA receptor is the reduced metabolite of proges-
terone – allopregnanolone (3�-hydroxy-5�-pregnan-
-20-one) which possesses anxiolytic, anesthetic and
anticonvulsant properties. Accumulating data indicate
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that allopregnanolone may play an important role
in pathogenesis of epilepsy. This neurosteroid protects
experimental animals against seizures induced by
GABAA receptor antagonists (pentylenetetrazole, bi-
cuculline, picrotoxin) or by glutamatergic receptor
agonists (kainate, N-methyl-D-aspartate) [4, 16, 19].
Allopregnanolone shows also ability to inhibit kin-
dling – an experimental model of epileptogenesis
[14]. Clinical data indicate that low plasma level of
allopregnanolone is associated with increased suscep-
tibility to convulsive seizures [2, 24]. Moreover, en-
hanced plasma level of allopregnanolone was found
in postictal phase of epileptic seizures. This may rep-
resent a compensatory response aimed to suppress
seizure activity, and it has been postulated that en-
hanced allopregnanolone level could be a possible se-
rum marker of an epileptic event [8, 10]. Indeed, in
children with partial or generalized seizures the level
of allopregnanolone in plasma was increased at 30 min
in postictal phase. In contrast to epileptic seizures, no
data are available on circulating allopregnanolone
level in children with pseudoepileptic seizures. Pseu-
doseizures are difficult to diagnose and treat because
their pathogenesis is unknown, symptomatology ap-
pears very complex and specific biochemical markers
are lacking. Pseudoseizures are more frequent in girls
than in boys [17] and electrophysiological data show
only minor changes in bioelectrical brain activity in
some of these patients [13]. Occurrence of pseudosei-
zures is sometimes accompanied with symptoms of
anxiety and depression. It should be mentioned here
that in pathomechanism of these disorders, besides
glutamatergic and serotoninergic systems, the GABA-
ergic network plays the most important role [6, 22, 27,
31, 33]. Moreover, significant changes in allopreg-
nanolone level in depressed patients were reported
[30]. The aim of the present study was to find out
whether pseudoseizures, like epileptic seizures, lead
also to enhancement of plasma allopregnanolone level
in pediatric patients.

Materials and Methods

Subjects

Forty five children (41 girls and 4 boys) with pseu-
doseizure attacks aged from 11 to 19 years were re-

cruited for the study. Classification of the type of
pseudoseizure attacks was based on the referral from
a neurologist and video-EEG recording. The patients
were divided into 3 groups according to results of pla-
cebo test: group I: 27 patients with positive clinical
test and negative electrophysiological test untreated
with antiepileptic drugs, group II: 11 patients with
positive clinical test and negative electrophysiological
test treated with antiepileptic drugs, and group III: 7
patients with negative clinical test and negative elec-
trophysiological test untreated pharmacologically.
Description of all cases is presented in Tables 1–3.

Methods

Children were not informed about the aim or charac-
ter of the test until sample I of venous blood was col-
lected. Immediately thereafter, children were trans-
ferred to the Laboratory of Clinical Electrophysiolo-
gy. Thirty minutes after blood sample I collection,
blood sample II was drawn and 1 ml of 0.9% NaCl
was administered intravenously as the placebo test.
The children were then informed that the substance
they were administered should induce an attack simi-
lar to or identical with the attack they had previously
experienced. The next blood sample III was withdrawn
from the same venous approach 30 min after sample
II collection.

Video-EEG recording lasted 30 min, 15 min before
and 15 min after placebo administration. Video-EEG
recording was performed using MedtronicDantec ap-
paratus and Samsung camera with changeable focal
length. The tests in all children were carried out by the
same licensed senior EEG technician. Video-EEG
records were analyzed by the same physician possess-
ing license in electroencephalography. Visual analysis
of two 15-min EEG recordings was conducted and the
following, always the same, parameters of bioelectri-
cal brain activity were assessed: background activity,
reactivity, symmetry, synchrony, occurrence of wave-
form abnormalities and spikes.

Blood was collected to heparinized tubes, centri-
fuged at room temperature (900 × g, 20 min). Plasma
was stored at –20°C until assayed.

Allopregnanolone assay

3H-labeled allopregnanolone (0.1 ml, 2000 dpm) was
added to a plasma sample (1 ml) as a recovery stan-
dard. After 30 min of equilibration at room tempera-
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No. Initials Age Clinical symptoms After placebo

1. K. M. 11 Fainting, amaurosis lasting about 40 min, headache,
abdominal pain, pain in legs, akinesia for 4 days, eyelid
itching

Increasing abdominal pain, vertigo, muscular pain, pain in legs,
complete loss of sight

2. A. K. 12 Paroxysmal headache, psychomotor agitation, sensation
of shortness of breath

Vertigo

3. J. P. 13 Paroxysmal headache, loss of consciousness accompanied
by spasm of upper extremities and abdominal pain

Mood depression, dyspnea, scotoma

4. D. T. 13 Loss of consciousness, with amnesia lasting 3 h Periodically increasing headache

5. A. K. 14 Hyperventilation attacks, rigidity of neck and hands,
vomiting, without amnesia

Weakness, slight tingling sensation in the right hand

6. J. D. 14 Fainting Vertigo, headache, nausea followed by fainting with flaccidity and
complete unresponsiveness, after 2 min clonus of lower extremities
and right hand

7. M. Z. 14 Loss of consciousness with seizures of upper extremities,
headache in occipital region

Vertigo and headache, lack of reaction to surroundings, mutism

8. B. O. 14 Mutism, pressure in throat, loss of consciousness,
salivation, post-attack confusion

Tremor of upper and lower limbs, cyanosis of hands, tremor of
eyelids

9. A. D. 14 Headache, fainting, numbness, pain and rigidity of left leg,
pseudodystony of the neck

Increasing headache and pain in the neck, numbness of left leg.

10. O. L. 14 Strong headache in frontooccipital region Paroxysmal vertigo, tremor of right hand

11. K. K. 15 Behavioral and emotional impairment, aggression Unresponsiveness, paroxysmal anxiety, crying, paroxysmal
motor disturbances in upper limbs

12. M. P. 15 Headache with vertigo, weakness without loss of
consciousness, chest pain, dyspnea

Increasing headache, pain in left eye and neck, vertigo, dyspnea

13. J. G. 15 Fainting, vertigo, seeing darkness after getting up Heat sensation, scotoma, severe weakness, headache with
vertigo, seeing moving objects

14. J. R. 15 Fainting, nightmares, irritability, piercing pain in the heart,
headache, vertigo

Weakness, headache, vertigo, fainting with head falling to the
right, she was able to answer questions

15. M. G. 16 Fainting episodes, headache in occipital region Vertigo, tremor of lower limbs

16. A. G. 16 Headache, sensation of being behind the mirror, dull
sounds, blurred vision, ear buzzing, sleep disturbances

Heat sensation, sensation of breathlessness, vertigo, sensation of
being behind the mirror, sensation of clogged ears, dryness in mouth

17. K. J. 16 Increasing headache in frontal right region, visual defects,
blurred vision, photo- and phonophobia

Pain in eyes, blurred vision, headache in frontal region, vertigo,
weakness, photophobia, pre-fainting sensation”

18. M. M. 16 Nystagmus, vertigo, slowness, double vision Short-lasting sight disturbances while looking to the right,
deliquescence of visual image

19. M. M. 16 Recurrent headache, shortness of breath, fainting, episodes
of weakness with numbness of hands and legs

Sensation of hard breathing, weakness, tingling sensation in
hands and legs

20. J. P. 16 An attack of numbness of left hand with loss of
consciousness, headache, abdominal pain

Numbness in hands and legs, headache, sleepiness, nausea, heat
and cold sensation, internal tremor, head falling

21. K. F. 16 Periodical shortness of breath, headache, vertigo, piercing
pain in the heart, loss of consciousness for 1 h

Heavy headache in occipital region radiating to nasal bone,
scotoma, vertigo

22. K. M. 17 Frequent fainting and weakness episodes Increasing weakness, nausea, sensation of cold hands and legs,
head falling

23. A. K. 17 Myoclonus of upper limbs and shoulder Slight spasm of right shoulder twice

24. A. J. 17 Headache, weakness, absence Strong pain in frontal region, heavy and aggravating weakness

25. M. K. 17 Loss of consciousness followed by weakness, headache,
sleepiness, sometimes dyspnea and vomiting

Increasing weakness, numbness, head falling to the back,
headache, heat sensation, blurred vision, hyperventilation

26. K. E. 17 Dyspnea attacks Spasms and numbness of lower limbs

27. C. P. 19 Vision defects Deliquescence of visual images and letters



ture with agitation, the samples were extracted with
5 ml of diethyl ether for 30 min. The extraction was
repeated twice and the combined extracts were evapo-
rated to dryness. Extracts were loaded on the thin-
layer chromatographic plates (C 18 TLC; Merck); de-

fatted with n-hexane, and steroids were separated
using mobile phase composed of chloroform: metha-
nol (98:2 v/v). Standards for allopregnanolone were run
on each plate, and appropriate parts of the plate were
collected and eluted with 1 ml of ethanol. An aliquot
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No. Initials Age Clinical symptoms After placebo Drug

1. I. W. 13 Loss of consciousness, with tremor of
limbs, piercing pain in the left
temporal region

Tremor of right hand, insensibility,
stiffness, hyperventilation

Orfiril retard (sodium valproate)

2. M. R. 14 Fainting episodes, pain, spasms of
upper limbs

Sensation of weakness, headache,
vertigo, akinesia, areactivity, seizures
of upper limbs

Depakina Chrono (sodium valproate)

3. M. K. 14 Loss of consciousness without
seizures

Mood depression with abdominal pain
and headache

Depakina chrono (sodium valproate)

4. K. O. 15 Loss of consciousness,
hyperventilation

Weakness, vertigo Orfiril retard (sodium valproate)

5. M. K. 15 Seizures without loss of
consciousness, strong headache, pain
in legs, screaming, hyperventilation

Numbness of hands and legs with
muscular pain, spasms of shoulders,
head, trunk and upper limbs

Depakina chrono (sodium valproate)

6. I. L. 15 Fainting preceded by dyspnea, tremor
of legs

Sensation of heavy legs, tremor of legs
and trunk, headache, vertigo, anxiety

Depakina chrono (sodium valproate)

7. A. £. 16 Fainting episodes preceded by
dyspnea

Dyspnea, weakness, headache,
akinesia with head falling to the back,
unresponsiveness to requests

Depakina chrono (sodium valproate)

8. S. C. 16 Paroxysmal headache, fainting
episodes

Headache, stiffness and tremor of
fingers of right hand, stiffness of left
hand, sensation of tremor of hands

Depakina chrono (sodium valproate)

9. K. N. 16 Right-sided hemihyposthesia of
superficial sensibility

Right-sided hemihyposthesia, pain in
the eye, numbness of right side of the
face, general numbness

Neurotop retard (carbamazepine)

10. A. T. 16 Fainting, headache, vertigo Vision defects, vertigo, weakness,
dyspnea, nausea, strong headache

Depakina chrono (sodium valproate)

11. D. W. 17.5 Fainting episodes, vertigo, double
vision

Double vision, strong increasing
headache, heat sensation

Orfiril retard (sodium valproate)
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No. Initials Age Clinical symptoms After placebo

1. K. P. 13 Headache, weakness episodes without loss of consciousness –

2. R. B. 13 Tonic seizures of upper limbs –

3. I. Œ. 14 Short fainting episodes without falling –

4. K. K. 14 Tonic-clonic seizures –

5. A. A. 15 Fainting episodes –

6. A. L. 16 Fainting episodes, vertigo with falling, headache, loss of
consciousness with seizures of upper limbs

–

7. T. M. 13 Sensation of dyspnea, anxiety attacks, palpitation –



(400 �l) was used to determine the recovery through
the extraction and chromatographic procedures and
two 200 �l aliquots were evaporated and used for RIA
allopregnanolone determination. The recovery rate was
about 82%. The dried residues of allopregnanolone
fractions were dissolved in 0.1 ml of 0.05 mM phos-
phate buffer, pH = 7.0, containing a 0.9% NaCl and
a 0.1% gelatin (Sigma Chemical Co), and were incu-
bated with a 0.1 ml solution of [9,11,12 3H(N)]-allo-
pregnanolone (20000 dpm/sample; PerkinElmer, s.a.
85 Ci/mmol) and with a 0.1 ml of allopregnanolone
antibody solution (AgriSera) for 16 h at 4°C. Free and
antibody-bound allopregnanolone was separated using
dextran-coated charcoal. The samples were incubated
for 10 min at 4°C with 0.1 ml of a 0.0625% dextran
(Dextran T 70, Pharmacia) and a 0.625% charcoal (ac-
tivated, Sigma) suspension. After centrifugation at
1000 × g for 20 min, 0.2 ml of the supernatant was
placed in a scintillator and the radioactivity was
measured with a counter (Beckmann LS 335). Allo-
pregnanolone content was calculated using a log-logit
transformation. Anti-allopregnanolone antibody used
in the present study has minimal cross-reactivity with
other circulating steroids. The assay sensitivity was
20 pg/tube. Intra- and interassay coefficients of varia-
tion were lower than 7 and 9%, respectively.

Results

Clinical

Thirty eight of 45 children had clinical pseudoseizure
attacks. The placebo test was clinically negative in
7 children. A majority of clinical attacks recorded
during video-EEG monitoring were similar to those
they had before hospitalization. Such attacks had
20/27 children of group I and 8/11 children of group
II. The placebo test had little effect on bioelectrical
activity of the brain of children with pseudoseizures.
No one of 45 children showed epileptiform activity.
Background activity in most of children was periodi-
cally irregular in EEG recording with signs of asyn-
chrony and asymmetry already before the placebo
test. Reactivity was normal. After placebo administra-
tion, bioelectrical activity was accelerated, especially
in the right hemisphere with an increased high-
frequency beta waves mostly in the right centrotem-

poral regions. After the test, wave amplitude was de-
creased, percent of theta waves was diminished, and
periodical gamma waves and mu rhythm in centro-
temporal regions, and high-frequency beta waves
mostly from the right hemisphere were observed. The
placebo test enhanced number of sharp waveform ab-
normalities in children who had them before but no
spikes occurred. The test decreased number of low-
frequency waves in frontal regions. Therefore, it can
be concluded that the intravenous placebo test in-
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No. Initials Group I
ng/ml

Group II
ng/ml

Group III
ng/ml

1. K. M. 0.95 0.41 0.46

2. A. K. 1.45 1.77 1.39

3. J. P. 1.33 2.58 2.75

4. D. T. 0.23 0.04 0.11

5. A. K. 0.22 1.97 1.45

6. J. D. 0.84 0.74 0.97

7. M. Z. 0.22 0.06 0.03

8. B. O. 2.78 2.80 2.86

9. A. D. 0.88 1.08 0.09

10. O. L. 1.05 1.85 0.07

11. K. K. 2.71 1.25 0.97

12. M. P. 2.01 3.83 0.88

13. J. G. 0.76 0.64 1.01

14. J. R. 0.92 0.98 1.62

15. M. G. 0.81 0.9 0.25

16. A. G. 1.34 0.87 0.77

17. K. J. 1.9 1.8 0.77

18. M. M. 0.44 1.03 0.3

19. M. M. 2.06 3.89 0.82

20. J. P. 1.61 2.16 1.97

21. K. F. 0.24 0.54 0.18

22. K. M. 3.15 1.38 1.54

23. A. K. 0.39 0.11 0.58

24. A. J. 0.73 2.67 2.55

25. M. K. 0.77 0.38 0.67

26. K. E. 1.23 0.99 1.31

27. C. P. 1.90 2.09 2.63

Mean ± SEM 1.22 ± 0.16 1.44 ± 0.20 1.07 ± 0.17



duced bioelectreical activity characteristic of stress,
extreme emotions and increased concentration in chil-
dren with pseudoseizure attacks. The test did not in-
duce spike discharges in EEG recording.

Allopregnanolone concentration

Mean levels of plasma allopregnanolone during the
first blood collection were: 1.22 ± 0.16 ng/ml in group
I patients; 0.75 ± 0.17 ng/ml in group II patients; 1.33
± 0.58 ng/ml in group III patients (Tab. 4–6).

During the second blood collections, the plasma
levels of this neurosteroid were: 1.44 ± 0.20; 1.20 ±

0.51 and 1.82 ± 0.79 ng/ml in group I, II and III, re-
spectively. No statistically significant differences
were found between allopregnanolone plasma level in
all the groups and between the first and the second
blood collection. Allopregnanolone plasma level after
placebo injection and the third blood collection were:
1.07 ± 0.17 ng/ml in group I; 0.72 ± 0.22 in group II,
and 0.97 ± 0.33 in group III. The obtained values did
not differ between the groups as well as with the values
obtained from the first and second blood collection.

Discussion

The present data showed that induction of pseudosei-
zures did not affect the plasma allopregnanolone level,
regardless of the patient group. Thus the children which
were treated with antiepileptic drugs had similar allo-
pregnanolone levels as the untreated subjects, suggest-
ing that chronic treatment with valproate or carbama-
zepine did not influence the neurosteroid biosynthesis.
In contrast to the well-confirmed stimulatory effect of
antidepressant drugs especially the selective serotonin
uptake inhibitors on allopregnanolone plasma level
[25, 29], no data are available on antiepileptic drug ef-
fects on this parameter. On the other hand, it has been
reported that allopregnanolone plasma level can be
elevated following stress and in some stress-related
disorders [15, 26, 28]. Despite that in the present
study intravenous administration of placebo (NaCl so-
lution) evoked bioelectrical symptoms of stress in
children with pseudoseizures, this reaction was not
followed by enhancement in allopregnanolone secre-
tion. This suggests that in contrast to epileptic seizu-
res [10, 11], during pseudoseizures no compensatory
increase in the endogenous antiepileptic and anxio-
lytic neurosteroid release occurs. It is difficult to pre-
dict whether the low responsiveness of endogenous
mechanisms of allopregnanolone release can play
a role in pathogenesis of pseudoseizures, since in the
present study for ethical reasons no healthy control
children injected with NaCl solution were included.
Nevertheless, it can be expected that low level of al-
lopregnanolone may have a detrimental effect on GA-
BAergic inhibitory system in the brain, attenuates the
control of corticoliberin release [23] and aggravates
stress response [9], which, in turn, may promote epi-
sodes of pseudoseizures. Indeed, it has been reported
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No. Initials Group I
ng/ml

Group II
ng/ml

Group III
ng/ml

1. I. W. 0.29 1.07 0.34

2. M. R. 0.25 0.28 0.41

3. M. K. 0.62 0.36 0.88

4. K. O. 1.14 1.08 1.09

5. M. K. 0.55 0.16 0.04

6. I. L. 0.1 0.13 0.08

7. A. £. 0.67 0.12 0.14

8. S. C. 2.15 5.88 2.42

9. K. N. 0.99 1.83 1.09

10. A. T. 0.41 0.47 1.19

11. D. W. 1.1 1.86 0.23

Mean ± SEM 0.75 ± 0.17 1.20 ± 0.51 0.72 ± 0.22
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No. Initials Group I
ng/ml

Group II
ng/ml

Group III
ng/ml

1. K. P. 0.29 0.33 0.28

2. R. B. 0.91 5.82 1.11

3. I. Œ. 1.3 0.45 1.01

4. K. K. 0.6 3.44 0.56

5. A. A. 0.74 0.49 0.46

6. A. L. 0.76 0.66 0.5

7. T. M. 4.72 1.55 2.84

Mean ± SEM 1.33 ± 0.58 1.82 ± 0.79 0.97 ± 0.33



that plasma cortisol level, that is a non-selective
marker of stressful events, is enhanced to a higher ex-
tent in pseudoseizure patients than in those suffering
from partial or generalized tonic clonic seizures [20].
Other authors found that cortisol secretion was similar
in temporal lobe epileptic patients and pseudoseizure
patients [7]. With regard to other possible endocrine
markers of pseudoseizures, contrasting data were ob-
tained with prolactin. In particular Mehta et al. [20]
reported that in patients with generalized tonic clonic
seizures the level of prolactin was elevated at 30 min
after seizures, whereas no changes could be found in
patients with pseudoseizures. In contrast, Alving [1]
observed a significant rise in prolactin levels in both
epileptic and pseudoseizure patients. Moreover, Hal-
czuk [12] reported that in contrast to generalized tonic
clonic seizures and complex partial seizures, simple
partial seizures and partial seizures of frontal lobe ori-
gin usually do not affect serum prolactin. Thus, as yet
no reliable biomarker with high discriminative power
in distinguishing between epileptic and pseudosei-
zures has been offered.

Summing up, although the present data indicate
that allopregnanolone plasma level is not affected by
pseudoseizures, which is in contrast to its elevation
after epileptic seizures, it may have rather limited use-
fulness as a marker in the clinical practice due to its
high inter-individual variability.
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