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1 INTRODUCTION

1.1 Background

Sleep disorders in children provide a frequent cause for parents to seek
medical care. If a child has several kinds of sleep disorders and (or) has
another illness, their diagnosis and treatment typically become more
complicated. Sleep disorders are a frequent comorbidity to epilepsy.

In the Lithuanian populiation, Endziniene M (1997) conducted an
epidemiological study of epilepsy in the town of Kaunas and found, that
the incidence of this disease is 68 cases out of 100 000 children and the
prevalence of active epilepsy - 4.25 out of

100 000. The prevalence of epilepsy in human population is 0.5 - 1%
(Hauser et al., 1991).

In scientific literature, the data from clinical studies suggest, that epi-
leptic seizures are related to the circadian rhythm. The analysis of data in
the literature, describing studies of epilepsy and sleep disorders in chil-
dren, shows, that interrelation between them is complicated and etiol-
ogy is complex: i) recurrent epileptic seizures during sleep disturb sleep
pattern; ii) sleep disturbances cause changes in sleep architecture and
children with epilepsy experience epilepsy seizures during night and day
more often; iii) patients with epilepsy are taking medicine that may af-
fect sleep architecture. On the other hand, anticonvulsant effect of sleep-
wake rhythm regulating melatonin (MLT) hormone has been suggested
in experimental and clinical studies.

Melatonin is a pineal gland hormone that is synthesized from tryp-
tophan and released in the circadian rhythm, with peak concentrations
at night (Brzezinski, 1997). The hormone is involved in the control of
various physiological functions in humans (sleep, body temperature,
blood pressure regulation, modulation of mood and behaviour, repro-
ductive and immune functions) (Zhdanova et al, 1997).

Its role in epilepsy has been noted since early 70-ies (Anton-Tay, 1974)
and linked either to the epileptogenic process direct (y-aminobutyric
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acid (GABA) neurotransmission, oxidative stress (Bazil et al, 2000), or
to the exacerbations of seizures via disrupted sleep patterns (Becker et al,
2003). Experimental studies have suggested, that pinealectomy induces
seizures, and that exogenous melatonin may have anticonvulsant prop-
erties (Yehuda et al,1993; Chung et al, 2003). However, it has also been
observed that melatonin may increase the frequency and amplitude of
epileptiform field potentials in the hippocampus (low Mg2+ model, day-
time) (Musshoff et al, 2003) and, consequently, may increase the risk of
seizures.

In the clinical practice synthetic melatonin is prescribed for treat-
ment of sleep disorders in children with epilepsy. Clinical trials suggest
that melatonin may shorten duration to sleep onset and balance the
sleep structure, leading to decrease in the number of epileptic attacks.
However, the melatonin system in these trials has not been explored and
changes of the melatonin system in children with epilepsy are not yet
fully understood.

In the present reach program we showed the most common children
sleep disorders in patients with epilepsy. The studies included in this dis-
sertation present contribution to the research on pineal gland melatonin
hormone secretion and excretion patterns in children. The studies of
melatonin system in control group and in children with the epilepsyhave
shown that laboratory measurements of both salivary MLT and its uri-
nary metabolite can be applied in clinical practice, and further studies
on the function of melatonin system in children with epilepsy are war-
ranted.

We have carried out the first salivary melatonin and its urinary me-
tabolite aMT6s studies in Lithuania.

1.2 Aim and objectives of the study

The main aim of the present study were to examine the profile of sleep
disorders in children with epilepsy and characterize the MLT system in
children with epilepsy in detail: to describe full diurnal profile, search cor-
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relation with anthropometric data, seizure characteristics (time, type of
seizures, antiepileptic medications (AED)) as well as the other physiologi-
cal circadian rhythms (core body temperature, pulse, blood pressure).

Objectives

1. To examine the profile the most frequent kinds of sleep disorders in
children with epilepsy.

2. Toexamine melatonin secretion and excretion of the circadian rhythm
in children with epilepsy and the children of the control group by us-
ing the enzyme-linked immunoassay (ELISA) techniques and intro-
ducing the international quantitative parameters of melatonin circa-
dian rhythm.

3. To characterize the melatonin secretion and excretion in the control
group and children in the epilepsy group, in detail: to describe full di-
urnal profile, search correlation with: i) anthropometric data at birth
(gestational age, birth weight and height) and trials (weight, height,
body weight index) ii) sexual maturity iii) other physiological circa-
dian rhythms (body temperature, pulse, blood pressure).

4. To search for correlations between the melatonin secretion and ex-
cretion parameters and seizure characteristics (time, type of seizures,
antiepileptic medications) in the epilepsy group.

5. To investigate relation between the melatonin system and sleep char-
acteristics using the Sleep Disturbance Scale for children (SDSC) (by
Bruni O et al, 1996).

1.3 The scientific novelty and practical significance
of the study

1. For the first time, the detailed and comprehensive examination of the
melatonin system in the control children and in the epilepsy group
were performed, i.e. both melatonin concentration in saliva and its
metabolite aMT6s concentration in urine were evaluated in the same
individual, full circadian rhythm was examined in the epilepsy group,
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correlations were searched both with anthropometric data, as well as
the other physiological circadian rhythms (core body temperature,
pulse, blood pressure) that were mapped simultaneously.

2. The data obtained have added knowledge about variability of the
melatonin circadian rhythm patterns among children and presented
novel characteristics of melatonin systemin patients with epilepsy.

3. We showed that salivary melatonin and urinary metabolite aMT6s
concentrations can be well measured, using non-invasive methods,
though in children with epilepsy urinary metabolite, measurements
may be preferred due to safety reasons. Laboratory analysis of mela-
tonin concentrations and quantitative data analysis were introduced
in Lithuania.

2 SUBJECTS AND METHODS OF THE STUDY

2.1 Ethical issues and funding of the study

The study was approved of by the Bioethics committee of Lithuania
(Registry 2004-12-22 No. 69). Participation in the study was voluntary,
and the subjects agreed to participate after receiving written and oral in-
formation. The written informed consent was obtained from the parents
and assent from the children, in accordance with the Declaration of Hel-
sinki. The study was carried out in the years of 2005-2011 at the Depart-
ment of Child Neurology of the Children’s Hospital, Affiliate of Vilnius
University Hospital Santariskiu Clinics. The study conduct received sup-
port from the Lithuanian State Science and Studies Foundation (2006;
No. T- 06131; T-39/06).

2.2 Study design and subjects

The study was carried out during the months of September —March. The
light in the corridors and wards was measured with lux meter JU-166 (Vi-
brator, Russia). During data sampling, fluorescent room lighting provided
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relatively constant illumination throughout the day (100-200 Lx) and with
intensities at night, with curtains closed, not exceeding 10 Lx (a dim light),
so as to prevent suppression of melatonin secretion by the bright light.

The study was performed in two stages. At stage I, a survey of chil-
dren with epilepsy and the control group was performed, in order to
better understand distribution of sleep disorders . At stage II, a subgroup
of children with epeilepsy and the control group underwent detailed ex-
amination of the melatonin system.

Stage I: Investigation of sleep disturbances in children using
the Sleep Disturbance Scale for children

We performed a survey of 246 children, 5 to 18 yrs of age. Among
them, 152 children had epilepsy (67 males, 85 females, 5. 5 to 17.9 yrs of
age (mean 12.2+3.3)) and 94 control, typically developing children (38
males, 56 females, 4.9 to 18 yrs (mean 12+ 3.5).

Parents and children were interviewed using the standardised ques-
tionnaire for sleep,

the Sleep Disturbance Scale for children (SDSC) (Bruni et al, 1996)
which evaluated the sleep quality over the previous six months. The SDS
includes such sleep disorders, as difficulty in initiating and maintaining
sleep (DIMS), sleep breathing disorders (SBD), arousal disorders (DA),
sleep-wake transition disorders (SWDT), disorders of excessive somno-
lence (DOES), sleep hyperhydrosis (SHY).

Stage II: Examination of melatonin secretion and excretion

This was an open exploratory study, comparing two groups of chil-
dren: the epilepsy and comparison group. There were 83 children en-
rolled in this study from the first stage. The children had been selected
according to the following inclusion criteria: 1) no gross, progressive
brain pathology (magnetic resonance or computer tomography imaging
was performed to exclude); 2) the SDSC reserved for the control chil-
dren; children with total score SDSC below 50 (T-value < 70 %o) and no
circadian rhythm or sleep disorders. Exclusion criteria:1) no endocrino-
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logical disorders, blindness, autism, severe mental retardation, depres-
sion, migraine, kidney and liver disease, fever.

The final study group consisted of 80 subjects, 29 comparison group
children, 17 girls and 12 boys, 5.5 to 17.3 yrs of age (12.2 + 3.6 years,
mean+SD), and 51 child with epilepsy, 25 girls and 26 boys, 6.6 to 17.9
yrs of age (12.6+ 3.0).

The samples for melatonin were collected on the third day of hospi-
talisation, after children had got synchronized to the hospital routines
and were asleep from 22:00 to 07:00. Children and their parents were
explained the sampling procedures and were instructed to drink 125-
250ml fluids (water, juice) every 3 hours during the day, to rinse the
mouth 15 min before a saliva sampling during the day, shortly rinse the
mouth and drink a gulp of water at the sample collection during a night
period. On the day of sample collection, bananas, chocolate products,
coffee, tea, cacao and other caffeine containing products were excluded.

The sample collection included probes at 3 hour intevals, starting at
15:00 and finishing at 12:00 the next day. Saliva samples were collected in
the saliva collection device (Buhlman, Allschwil, Switzerland) by chew-
ing on a polystyrol plug for 1 min. The urine samples were collected into
a plastic beaker. All the samples were stored at 2-8°C until the last sample
and then were taken to the laboratory, where they were centrifuged for
5 min (saliva at 1000 x g, urine at 2000 x g), supernatant was transferred
to fresh micro-tubes and was frozen and stored at — 20°C until assay.

At the same time points, all the participants were subjected to meas-
urements of core body temperature, pulse and blood pressure.

Sleep and wake electroencephalography (EEG) was registered dur-
ing the screening period, to confirm epilepsy diagnosis (10-20 system
electrodes arrangement,Cadwell Laboratories computer electroencepha-
lograph, Kennewick WA, US). The type of epileptic seizures was defined,
following the International League Against Epilepsy Classification and
Terminology (Engel, 2001).

Laboratory analysis of MLT concentrations was conducted at the
Division of Immunology, State Research Institute Center for Innovative
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Medicine. The concentrations were measured in duplicate, using com-
petitive enzyme-linked immunosorbent assay (ELISA) commercial kits
(Buhlman Laboratories, Allschwil, Schwitzerland). Data processing was
performed by BioTek’s Gen5 data Analysis Software.The standard curve
was calculated by using a four parameter algorithm.

2.3 Quantifications of melatonin parameters

Melatonin system was evaluated by using parameters that describe volume
of MLT and the circadian phase. Individual diurnal profiles were inspect-
ed visually and the peak (maximum) value of salivary MLT and urinary
aMT6s was identified for each subject. The area under the concentration-
time curve (AUC) was calculated using the trapezoidal method and ex-
pressed as pg/ml*h for salivary MLT and ng/ml*h for urinary aMT6s, to-
tal AUC and AUC for daytime and night time (21:00-9:00) periods were
calculated. Circadian phase variables were acrophase, onset-offset time
and duration of elevated melatonin (time above threshold). A threshold
to determine onset-offset values was calculated as the mean of consecutive
daytime values plus twice the standard deviation of these points.

2.4 Statistical data analysis

Prior to statistical analyses, all data were inspected for outliers, skewness,
and homogeneity of variance to ensure their appropriateness for paramet-
ric statistical tests. Both parametric and nonparametric tests were used,
depending on variables analyzed. Differences between the groups in de-
mographic characteristics were assessed using the t-test for independent
samples (two-tailed). Comparison of circadian rhythms between the study
groups was performed using the analysis of variance. Potential associations
between the clinical data and laboratory measurements were assessed by
Pearson product moment correlation (r). In all the analyses, the statistical
significance was set at p<0.05. Statistical analysis was performed with soft-
ware STATISTICA, v10, StatSoft, Inc, Tulsa, OK, USA.

~13—



3 RESULTS

3.1 Sleep Disturbances in typically developing children
and children with epilepsy

Children with epilepsy had significantly higher levels on all subscales of
SDSC (absolute scores) (Table 1). Sleep disturbance profile in children with
epilepsy was characterised by highest scores in sleep-wake transition disor-
ders, excessive somnolence and sleep breathing disorders. 39% of children
in the epilepsy group and 15% in the control group had total T-score above
70 %o. In the epilepsy group, 48% of children had SWTD, 34% DA, 28%
DOES, 20% DIMS, 14% SBD, 7% SHY scores above threshold (>70 %o
T-score). In the control group, 21% had SWDT, 8% DA, 14% DOES, 12%
DIMS, 5% SBD and SHY T-scores above threshold (chi-square, p<0.005
for DA, SWTD, DOES and total scores). No correlates to age, gender were
observed in any of the groups.There was no difference in sleep profile be-
tween the children with different types of seizures (focal, generalized), but
the children with active epilepsy* had significantly higher SDSC scores
(DA, DOES , SHY and total scores, p<0.05). DA, SHY and total SDSC
scores were significantly higher among the children having night seizures,
as compared to those having daytime seizures (p<0.05).

Table 1. Characteristics of sleep disturbances in children with epilepsy

Sleep Disturbance Scale for Children, Epilepsy Control
subscores (Mean, SD) | (Mean, SD)

Disorders of initiating and maintaining
sleep (DIMS)

Sleep breathing disorders (SBD) 4.46 (1.74) 3.68(1.58) | 3.54 | 244 | 0.0005
Disorders of arousal, nightmares (DA) 4.46 (1.81) 3.94(1.85) | 219 | 244 0.03

Sleep and wake transition disorders

13.03(3.78) | 12.21(3.54) | 1.69 | 244 0.09

12.89(3.69) | 10.55(3.29) | 5.03 | 244 | 0.000001

(SWTD)

Disorders of excessive somnolence 11.04(3.64) | 853(3.92) |509 | 244 |0.000001
(DOES)

Sleep hyperhydrosis (SHY) 343(1.88) | 290(1.68) |224 | 244 0.03
Total score 49.48(10.2) | 41.67(11.68) | 550 | 244 | 0.00
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3.2 Melatonin system in children with epilepsy

3.2.1 Sleep Disturbance Scale for Children (SDSC)
and demographic characteristics

At recruitment, parents filled in the standardised questionnaire for sleep,
the Sleep Disturbance Scale for Children (SDSC), which evaluated the
sleep quality over the past six months. The SDSC also served as inclusion
criteria for the control children:the children with the total score below
50 (T-value < 70%o) and no circadian rhythm disorders were included
in the study’s II stage. In the group of children with epilepsy, 25 children
(49%) had sleep disorder (total SDSC score T-value >70%o).

The clinical descriptions of children in both groups contained infor-
mation on gestation age, height, weight, body mass index (BMI, weight/
height®), Tanner pubertal stage. The study groups did not differ in demo-
graphic characteristics, except for lower BMI in epilepsy group (p<0.01).
Sleep questionnaire had higher scores in children with epilepsy (Table 2).

3.2.2 Clinical characteristics of both study groups

Children in the comparison group had the following medical conditions:
twenty participants had the tension type headache, two adolescents had
low back pain, two - simple motor tics, and the other five had the fol-
lowing diagnoses: myotonia, undifferentiated myopathy, inguinal her-
nia, congenital heart disease, dyslalia.

The children with active epilepsy (at least one seizure during a year
before the study) and on antiepileptic treatment, as well as with newly
diagnosed epilepsy were recruited to the study group. Overall duration
of epilepsy was from 3 days to7 years. Wake and sleep EEG was regis-
tered during the screening period to confirm epilepsy diagnosis. Chil-
dren with epilepsy had the following seizure types: simple and complex
partial seizures (16), partial seizures with secondary generalisation (27),
generalised tonic-clonic (2), myoclonic (5) and absence seizures (1). The
diagnosis of epilepsy syndrome was defined in 35 children: Rolandic
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Table 2. Characteristics of the study groups

Group Statistics
Variable Comparison Epilepsy .
(n=29) (n=51) X df P
Age (years) 12.2(3.6) 12.6 (3.0) 0.58 78 0.56
Sex (M/F) 17F/12M 25F/26M 0.21/0.25 1 0.65/0.62
Tanner stage? 9/12/8 19/19/13 0.15/0.06/0.02 1 0.69/0.81/0.87
Weight (kg) 48.8 (20.1) 44,7 (14.3) -1.05 78 0.29
Height (cm) 152.7 (20.3) 155.4(16.9) 0.65 78 0.52
BMI (kg/mz) 20.1 (4.0) 18.0 (3.1) -2.55 78 0.01
SDSC (total 78
score) 33.9(4.5) 51.7 (7.8) 11.27 78 0.00
DIMS 9.5(2.2) 12.7 (2.8) 5.43 78 0.00
SBD 3.4(1.0) 49(1.9) 3.64 78 0.0005
DA 3.6(1.7) 4.4(1.8) 2.06 78 0.04
SWTD 9.1(2.1) 13.5(3.0) 6.88 78 0.00
DOES 5.6 (3.6) 12.1(3.6) 9.28 78 0.00
SHY 2.7(1.7) 3.6(1.7) 2.46 0.02

data presented as mean (standard deviation);

aTanner stage is divided in groups: prepubertal - stage 1, pubertal - stage 2-4,
postpubertal - stage 5.

Abbreviations: BMI = body mass index. SDSC = sleep disturbance scale for children.

DIMS - difficulty in initiating and maintaining sleep. SBD - sleep breathing disorders.

DA - arousal disorders. SWTD - sleep-wake transition disorders. DOES - disorders of exces-
sive somnolence. SHY - sleep hyperhidrosis.

epilepsy (21), idiopathic generalised epilepsy (5), temporal lobe epilepsy
(7) and Lennox-Gastaut syndrome (1), Landau-Kleffner syndrome (1).

Eleven children with epilepsy were medication-free during the study

period, 11 were on combined antiepileptic medication (valproate-lamo-

trigine, valproate-topiramate, oxcarbazepine-topiramate) and 29 chil-

dren were using monothrepy with valproate (VPA) (16), oxcarbazepine

(9), and lamotrigine, sultiam, primidone and topiramate, one each.
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3.3 Melatonin levels

In both groups, salivary MLT and urinary aMT6s concentrations and
termoregulatory, cardiovascular parameters followed diurnal circadian
rhythm (Figure 1, Table 3). Significant negative correlations were found
between the salivary MLT, urinary aMT6s concentrations and core body
temperature, pulse and systolic blood pressure measurements, in each
studied group and in combined sample (epilepsy: r>-0.43, p=0.00; con-
trol: r>-0.23, total:p=0.00; r>-0.13, p<0.01). Salivary MLT and urinary
aMT6s concentrations correlated in either group and in the combined
sample (r>0.36, p=0.00).

In children with epilepsy, the salivary MLT threshold and daytime
AUCG, the urinary aMT6 AUC was significantly higher than that of com-
parison group children (Table 4). No difference between the groups re-
mained after controlling for multiple comparisons, except for the higher
daytime salivary MLT AUC in children with epilepsy. Children in the ep-
ilepsy group were, in addition, analyzed with focus on presence/absence
of concomitant sleep disorder, by dividing them into two subgroups: the
children who had epilepsy and sleep disorder (n=25) and the children
with epilepsy only (n=26). No difference in MLT parameters was found
between these subgroups (Mann-Whitney U test p>0.05).

All children in the epilepsy and comparison groups had preserved
circadian rhythm of melatonin (Table 3, Figure 1). High intersubject var-
iability in MLT diurnal profiles was found. To further assess this variabil-
ity, concentrations were grouped by level, arbitrarily set as low <20 pg/
ml, medium 20-60 pg/ml, high 60-100 pg/ml and very high >100 pg/ml
level for salivary MLT peak, and as low <60 ng/ml and high > 60 ng/ml
levels for nocturnal urinary aMT6 peaks (Figure 2). Levels of peak MLT
concentrations were distributed equally between the groups, except for
the very high salivary MLT level which was found only in children with
generalised epilepsy (x2(4.93), p=0.03; 9 (17.6%) children had salivary
MLT peaks in the range of 120-200 pg/ml.
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Table 3. Melatonin concentration in the studies groups by the time of day

Salivary melatonin concentration

Group Time point
15:00 18:00 21:00 00:00 3:00 6:00 9:00 12:00

control 29 20 5.6 27.5 314 28.3 53 1.9

(n=29) (4.7) (1.8) 9.8 (17.4) (20.1) (20.4) (4.8) (1.6)
epilepsy 4.5 6.7 18.7 36.3 379 334 79 6.0

(n=51) (5.6) (15.1)* | (24.0)*** | (17.9) (32.4) (42.5) (10.7) (9.7)**

Urinary 6-sulphathoxymelatonin concentration
control 7.5 49 6.0 26.6 49.7 57.6 42.7 18.3
(n=29) (7.9 (7.2) (10.0 (21.0) (18.3) (20.9) (19.6) (16.1)
epilepsy 8.8 4.2 74 22.8 47.1 51.0 27.0 10.9
(n=51) (11.4) (3.7) (11.0) (36.7) (14.7) (15.4) | (19.4)*** | (11.9)**
Body temperature

control 36.7 36.6 36.5 36.1 357 36.0 364 36.6

(n=29) (0.3) (0.3) (0.4) (0.5) (0.4) (0.5) (0.4) (0.3)
epilepsy | 36,5004 365 364 35.9p=007) 356 358 36.2 364

(n=51) (0.3) (03) (0.4) (0.4) (0.4) (0.4) (04) | (0.3)p=002

Puls

control 80.1 80.4 81.9 76.4 69.4 70.9 73.9 76.7

(n=29) (10.4) (9.5) (9.8) (8.8) (9.5) (10.4) (8.0) 9.3)
epilepsy 78.8 78.6 80.6 753 70.6 70.8 78.2 80.1

(n=51) (12.2) (11.5) (13.9) (13.5) (12.3) (10.0 (11.8) (11.2)

Systolic blood pressure

control 103.3 105.5 106.3 101.8 96.2 97.2 100.9 102.0

(n=29) (16.2) (17.8) (19.8) (16.7) (13.9) (13.4) (14.8) (16.9)
epilepsy | 108.9 109.8 109 101.5 98.9 98.8 105.2 106.4

(n=51) (15.8) (14.4) (12.8) (11.9) (13.2) (11.2) (14.1) (15.5)

Diastolic blood pressure

control 63.5 62.8 64.1 62.6 58.1 57.6 60.4 59.9

(n=29) (10) (9.5) (11.9) (11.2) (9.9 (20.9) (9.5) (9.7)
epilepsy | 62.2 62.9 63.9 60.5 59.6 51.0 63.7 62.7

(n=51) (8.5) (8.6) (8.1) (10.9) (10.3) (15.4) (10.7) (8.2)

*p <0.09, *p<0.05, **p<0.01;

Laboratory values presented as mean (standard deviation)
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Table 4. Group comparison of melatonin parameters

Group
Variable Comparison Children t df p
group with epilepsy
(n=29) (n=51)
Peak salivary melatonin (pg/ml) 60.7 (19.5) 56.9 (44.6) 1.89 | 77 0.06
Peak 6-sulfatoxymelatonin (ng/ml) 44.7 (27.5) 53.6(13.9) |-043| 77 0.66
AUC salivary melatonin (pg/ml*h) 597.8(190.9) | 513.3(170.6) | -2.02 | 77 | 0.05*
AUC 6-sulfatoxymelatonin (ng/ml*h) 309.9(156.2) | 406.5(323.0) | 149 | 77 | 0.01*
AUC salivary melatonin (pg/ml*h) (day) 13.3(9.1) 47.2 (57.6) 297 | 75 | 0.004*
AUC 6-sulfatoxymelatonin (ng/ml*h) 24.2 (17.4) 35.1(31.9) 1.61 75 0.11
(day)
AUC salivary melatonin (pg/ml*h) 279.4(149.4) | 290.6(231.9) | 0.23 | 77 | 0.82
(night)
AUC 6-sulfatoxymelatonin (ng/ml*h) 421.4(154.4) | 471.8(1329) | -1.52 | 77 0.13
(night)
Threshold salivary melatonin (pg/ml) 2.5(1.9) 4.0(3.4) 198 | 75 0.05*
Thershold 6-sulfatoxymelatonin (ng/ml) 4.8(2.0) 3.7(2.6) -1.61| 75 0.11
Duration above threshold of salivary 9.4 (3.3) 10.9(3.4) 1.88 | 75 0.06
melatonin
Duration above threshold 6-sulfa- 11.4(2.9) 12.3(3.0) 126 | 75 0.21

toxymelatonin

Notes: Data presented as mean (SD).

*significant difference between groups (not corrected for multiple comparisons).

The peak salivary MLT concentration could not be clearly determined in one child with epi-
lepsy and peak of urinary aMT6s concentration was not determined in one control child. Due
to high variability in daytime MLT measurements, threshold and duration above threshold

were not determined in 3 cases

—20—



w

® ©
S oS

\,
3
~

/T\\ n=12

=3
<3

Melatonin in saliva (pg/ml)
8

6-sulfathoxymelatonin in urine (ng/ml)
N S [
8 & 8
e e
e e
e
- >
7
\ >

B
-
e

15:00 21:00 3:00 9:00 15:00 1‘5:00 21:00 3:00 9:00 15:00
18:00 24:00 6:00 12:00 18:00 24:00 6:00 12:00
Time (h) Time (h)

Figure 2. Chronograms of the (A) salivary MLT, (B) urinary 6-sulphathoxymelatonin
concentration curves represent three typical salivary melatonin profiles in the control
groups, with the low, medium and high peak (A) and two, high-low, urinary 6-sulfa-
toxymelatonin profiles (B). (The threshold (horizontal) line is based on mean of 2 day-
time values+2SDs; all data shown as mean (SD), arrows indicate onset and offset times.

Melatonin and clinical correlates

Correlations between chronological age, anthropometric parameters
(height, weight, BMI), and melatonin measurements (the peak salivary
MLT and urinary aMT6s concentrations) were nonsignificant in each
of the groups and pooled data set (Pearson product moment, r). Diur-
nal profile of MLT concentrations was also not related to antropometric
measures (analysis of variance). A three-way ANOVA including group
(control, epilepsy), puberty (pre, pubertal and postpubertal phase) and
sex factors showed no significant effects (F<1, p>0.5). Melatonin metab-
olism (AUC/per kg body weight) correlated with age and Tanner stage in
each group separately and in the pooled total group (Figure 3).

In six children with epilepsy, seizures occured during the day of the
sample collection, however, no clear changes in salivary MLT concentra-
tions could be related to the seizure time (Figure 4). The data of child
n6 are not presented, due to interrupted MLT measurements during the
seizures and were excluded from the statistical analysis.
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Figure 3. Chronograms of correlation between salivary melatonin metabolism (area un-
der curve/per body weight) and age (A); and the Tanner stage (B) in both study groups
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Figure 4. Individual salivary MLT profiles of the subjects who had seizures during the

testing day (time of seizures indicated by arrows, the 6t subject had no nocturnal sam-
ples, due to frequent seizures)
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The children, using valproate had numerically higher MLT concen-
trations compared to non-treated ones and no differences in MLT were
seen for other antiepileptic medications, either. Overall, there were no
significant associations between MLT parameters and epilepsy charac-
teristics (seizure type, time of the day, medication used) (Kruskal-Wallis
ANOVA by Ranks, comparison of multiple groups).

Sleep disorders were more frequent in the group of children with epi-
lepsy (x? test: DIMS, (3.81) p=0.05; SWDT,(7.73) p=0.005; total SDSC,
(12.52) p=0.0004). There was no relation between the SDSC scores and
the seizure type/frequency, except for sleep-wake transition disorder
(SWDT) score, that was higher in the generalised seizures than in the
partial ones (p=0.004). There were no significant correlations between
the SDSC scores and the MLT parameters in children with epilepsy,
though the children with very high nocturnal MLT concentrations had
higher SDSC compared to the other children with epilepsy (Figure 5).

T-score

p=0.02
p=0.03

85

p=0.08

75 p=0.06

p=0.06

: T
5| = @*@ q] STI

[ Mean+SE
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I ultrahigh peak salivary MLT (n=9)
[ typical peak salivary MLT (n=69)

Figure 5. Comparison of sleep scores in the children with epilepsy, having a very high

nocturnal peak salivary MLT concentration and the other children with epilepsy (t test;
sleep scores are expressed as T-values)
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4 CONCLUSIONS

1. Sleep disorders were more expressed in the group of children with
epilepsy, i.e., total score as well as subscores for different sleep disor-
ders were significantly higher in the epilepsy group compared to the
control one. The highest difference between the groups was observed
for the sleep — wake transition disorders (SWTD), disorders of exces-
sive somnolence (DOES) and sleep breathing disorders (SBD). Dis-
orders of arousal (DA), sleep hyperhydrosis (SHY) and total SDSC
scores were significantly higher among the children having night sei-
zures, as compared to those having daytime seizures.

2. Melatonin metabolism (AUC/per kg body weight) had negative cor-
relations with age and stage of sexual maturity (Tanner stage) in each
group separately and in the pooled total group. No relations between
melatonin concentrations and anthropometric parameters, age, or
sexual maturation were found.

3. The circadian rhythms of salivary MLT secretion and excretion of
urinary metabolite 6-sulphatoxymelatonin (aMT6s), core body tem-
perature, pulse, blood pressure were preserved in children with epi-
lepsy.

4. The diurnal profiles of MLT secretion and excretion showed high
inter-individual variability in both study groups.

5. In the group of children with epilepsy, a subgroup of children had
very high peak nocturnal salivary MLT concentrations (9/50; 18%).

6. MLT concentrations showed no associations with seizure character-
istics (type of seizures, time, during the day, epilepsy syndrome, treat-
ment).

The study suggests that the MLT system should be studied further in

children with epilepsy and used in the clinical workup when treatment
with melatonin is intended.
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6 SUMMARY IN LITHUANIAN

Vaiky miego sutrikimai — dazna problema, dél kurios 25 - 40 proc. tévy
kreipiasi j gydytoja (Mindell La ir kt., 2003). Jeigu vaikui yra keli miego
sutrikimai ir jis serga dar kita liga (nervy, somatine), tai diagnostika ir
gydymas yra sudétingi. Pasirinkome tirti epilepsija sergancius vaikus,
nes ji yra dazniausia vaiky nervy liga.

Lietuvoje M. Endziniené (1997) atliko epilepsijos epidemiologinius
tyrimus Kauno mieste ir nustaté, kad sergamumas $ia liga yra 68 atvejai
i$ 100 000 vaiky, o aktyvios epilepsijos paplitimas - 4,25 i§ 100 000. Epi-
lepsijos paplitimas Zmoniy populiacijoje yra 0,5-1 proc. (Hauser ir kt.,
1991).

Literattiroje apraSomi klinikiniai tyrimai, kuriuose teigiama, kad epi-
lepsijos priepuoliai yra susije su cirkadiniu ritmu. I$analizavus literata-
roje paskelbtus vaiky epilepsijos ir miego sutrikimy tyrimy duomenis,
parodyta, kad jy tarpusavio rysys yra sudétingas, o etiologija kompleksi-
né: i) besikartojantys epilepsijos priepuoliai miego metu sutrikdo miego
struktiirg, ii) miego sutrikimai lemia miego struktairos poky¢ius, ir epilep-
sija sergantys vaikai dazniau patiria epilepsijos priepuolius dieng ir naktj,
iii) sergantys epilepsija vaikai vartoja vaistus, kurie gali daryti jtaka miego
struktiirai. Miego ir budrumo ritmo sutrikimai yra susije su kankorézinés
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liaukos hormono melatonino stoka (Leu-Semenescu ir kt., 2010). Epilep-
sija sergantiems vaikams gali triikti $io hormono, nes G. Coppola ir kt.
(2004), atlike dvigubai aklg placebu kontroliuojamg tyrimga, jrodé egzoge-
ninio melatonino efektyvuma miego ir budrumo ritmui vaikams su raidos
sutrikimais ir epilepsija, nes pageréjo jy uzmigimas.

Melatoninas yra sintetinamas kankorézinéje liaukoje i$ triptofano, is-
siskiria cirkadiniu ritmu ir maksimalig koncentracijg pasiekia 2-4 val.
naktj (Brzezinski, 1997). Hormonas reguliuoja jvairias fiziologines or-
ganizmo funkcijas (miega, kiino temperatiirg, arterinj kraujo spaudima,
nuotaika ir elgesj, reprodukcing ir imunine) (Zhdanova ir kt., 1997).

Eksperimentiniais tyrimais melatonino receptoriai rasti Zinduoliy
Amono rage (lot. hippocampus) (Laudon ir kt., 1988; Nonno ir kt., 1995;
Mazzuchelli ir kt., 1996; Yamamoto ir Tang, 1996; Musshoft ir kt., 2002).
Todél galima manyti, kad melatoninas turi jtakos ir moduliuoja neurony
jaudruma Amono rage, kuriame sinchronizuojasi epilepsinis aktyvumas.

Eksperimentiniais tyrimais su Ziurkémis jrodyta, kad melatoninas
slopina traukulius (Kabuto ir kt., 1998; Mevissen ir kt., 1998; Srivastava ir
kt., 2002; Musshoff ir Speckmann, 2003; Ray ir kt., 2004; Yahyavi-Firouz-
Abadi ir kt., 2006, 2007). Tirdamas gyviinus Munoz-Hoyos ir kt. (1998)
apraseé traukulius sukeliantj melatonino poveikj. Eksperimentiniy darby
rezultatai paskatino atlikti klinikinius hormono MLT tyrimus.

Pirmuosius klinikinius tyrimus, jrodancius traukulius slopinantj
MLT poveikj epilepsija sergantiems pacientams, 1974 metais aprasé E
Anton Tay ir $ie tyrimai trunka iki $iy dieny (Jan ir kt.,1994; Molina-
Carballo ir kt., 1997; Sheldon, 1998; Fauteck ir kt.,1999; Ross ir Morris,
1999; Madhur ir kt. 2004, Uberos ir kt., 2011). Tyréjai empiriskai skyré
sintetiniy melatonino preparaty, kurie sutrumpino uzmigimo laika, re-
guliavo miego struktiirg, dél to retéjo epilepsijos priepuoliai. Taciau pati
MLT sistema vaikams, sergantiems epilepsija, néra iSsamiai istirta.

Atliktu tyrimu i$siaiSkinome dazniausius epilepsija serganciy vaiky
miego sutrikimus. Savo gautais duomenimis papildéme hormono me-
latonino ir jo metabolito aMT6s $lapime tyrimus vaiky amziuje. Kon-
trolinés grupés ir serganciy epilepsija vaiky melatonino ir jo metabolito
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aMTé6s profilio tyrimai parodé, kad melatonino koncentracijy tyrimus
galima jdiegti klinikinéje praktikoje, o $io hormono rysj su epilepsija
tikslinga tyrinéti toliau.

Mes atlikome pirmuosius Lietuvoje klinikinius melatonino ir jo me-
tabolito aMT6s tyrimus.

Mokslinio darbo tikslas

I$siaiskinti epilepsija serganciy vaiky dazniausius miego sutrikimus ir
hormono melatonino, jo metabolito 6-sulfatoksimelatonino (aMT6s)
paros profilio ypatumus ir rysj su antropometriniais duomenimis, epi-
lepsijos formomis, priepuoliy tipais, priepuoliy laiku, vartojamais vais-
tais nuo epilepsijos (VNE) bei kitais fiziologiniais cirkadiniais rodikliais
(kiino temperatira, pulsu, arteriniu kraujo spaudimu).

Mokslinio darbo uzdaviniai

1. Ivertinti jvairiomis epilepsijos formomis serganciy vaiky miego sutri-
kimus.

2. Istirti serganciy epilepsija ir kontrolinés grupés vaiky melatonino
sekrecijos ir ekskrecijos paros ritma, jdiegiant imunofermentinio
tyrimo (ELISA) metodika bei jsisavinant melatonino cirkadinio rit-
mo rodikliy tarptautines apskai¢iavimo metodikas.

3. Ivertinti epilepsija serganciy ir kontrolinés grupés vaiky melatonino
sekrecijos ir ekskrecijos rysj su: i)antropometriniais duomenimis gi-
mimo metu (gestaciniu amziumi, gimimo svoriu ir Ggiu) ir tyrimy
metu (svoriu, Ggiu, kiino svorio indeksu); ii) lytine branda; iii) kitais
fiziologiniais cirkadiniais ritmais (temperatiiros, $irdies susitraukimy
daznio, arterinio kraujo spaudimo).

4. Ivertinti melatonino sekrecijos ir ekskrecijos rysj su traukuliy laiku,
epilepsijos forma, VNE vartojimu (epilepsijos grupéje).

5. [Istirti kontrolinés grupés ir epilepsija serganciy vaiky melatonino
sekrecijos rys$j su miego ypatumais, naudojant vaiky miego sutrikimy
skale (VMSS) (pagal O. Bruni, 1996).
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Darbo mokslinis naujumas

1. Detalts melatonino tyrimai jvairiose vaiky amziaus grupése ir epi-
lepsija serganciy grupéje, jvertinant tam paciam individui melato-
nino koncentracijg seilése ir jo metabolito aMT6s koncentracija $la-
pime, bei kartu atliekant kity fiziologiniy cirkadiniy ritmy matavi-
mus (temperatiros, arterinio kraujo spaudimo, $irdies susitraukimy
daznio) atlikti pirma karta.

2. Gauti duomenys papildé zinias apie hormono cirkadinio ritmo indivi-
dualius désningumus vaiky amziuje bei ypatumus, sergant epilepsija.

3. Melatonino tyrimo metodikos ir skaic¢iavimas jsisavintas Lietuvoje.

Tirtasis kontingentas ir tyrimo metodika

Tyrimas atliktas 2005-2011, gavus Lietuvos bioetikos komiteto leidima
(2004-12-22, Nr. 69). Melatonino tyrimus finansavo Lietuvos valstybinis
mobkslo ir studijy fondas (projekto registracijos Nr. T-06131; sutarties
Nr. T-39/06).

Tyrimas vyko dviem etapais.

Pirmame etape dalyvavo 246 vaikai (94 kontroliniai, 151 sergantis
epilepsija). Vaiky amzius buvo nuo 5,5 iki 17,9 mety. Vaikai su tévais
ir gydytoju tyréju uzpildé vaiky miego sutrikimy skalés klausimyna
(VMSS) (pagal Bruni ir kt., 1996). Siame etape i$siaiskinome abiejy gru-
piy vaiky miego sutrikimus.

Antrame etape dalyvavo 80 (83) vaiky (29 kontroliniai; 51 sergantis
epilepsija). Trims vaikams nepavyko surinkti bandiniy.

Melatonino seilése ir jo metabolito aMT6s $lapime cirkadinio profilio
ir kity cirkadiniy fiziologiniy parametry (temperataros, pulso, arterinio
kraujo spaudimo) tyrime dalyvavo abiejy grupiy vaikai, kurie dalyvavo
pirmame etape ir atitiko jtraukimo kriterijus: abiejy grupiy vaikai nuo
5-18 mety be organiniy galvos smegeny pazeidimy (atliktas kompiute-
rinés tomografijos ir (ar) magnetinio branduoliy rezonanso tyrimas);
kontrolinés grupés vaikai, kurie pagal VMSS neturéjo miego ir budrumo
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ritmo sutrikimy ir bendrojoji VMSS reik§mé buvo maziau 50 ( T-verté
< 70 %o). Nejtraukimo kriterijai: vaikai, sergantys endokrininés sistemos
ligomis, aklumu, autizmu, sunkiu protiniu atsilikimu, depresija, migrena
ir kitomis létinémis somatinémis (inksty, kepeny) ligomis; vaikai, var-
tojantys medikamentus zinomai somatinei ligai gydyti; karsc¢iuojantys
vaikai.

Abiejy grupiy vaikams rinktos seilés ir $lapimas kas trys valandos
visg parg ir tuo paciu metu matuota temperatira, arterinis kraujo spau-
dimas, pulsas.

Melatonino koncentracija seilése ir jo metabolito aMT6s koncentra-
cija $lapime itirta imunofermentinu metodu (ELISA) Valstybiniame
moksliniy tyrimy institute Inovatyvios medicinos centro Imunologijos
departamento laboratorijoje.

Melatonino rodikliy skaic¢iavimas

Melatonino koncentracijos rodikliai buvo skai¢iuojami naudojant Voult-
sios ir kt., (1997), Benloucif ir kt. (2008) metodikas. Melatonino sekrecija
buvo jvertinta naudojant parametrus, kurie apibadina MLT koncentracija
ir cirkadine faze. Pakartotiniy MLT matavimy individualus paros profilis
ir piko verté (maksimalus taskas) seilése ir jo metabolito aMT6s $lapime
buvo jvertintas vizualiai kiekvienu atveju. I$vestiniai fazés kintamieji buvo
tamsa ir $viesa, sekrecijos pradzia ir pabaiga bei melatonino pakilimo
trukmé. Riba, apibudinanti sekrecijos pradzios ir pabaigos vertes, buvo
apskaiciuota kaip dienos tyrimy, einanciy is eilés, verc¢iy vidurkis, prie ku-
rio pridedamas dvigubas standartinis nuokrypis (Voultsios ir kt., 1997).
Kiekvieno atvejo MLT sekrecijos pradzios ir pabaigos laiko taskai buvo lai-
ko taskai, kai melatonino koncentracija virsijo ir liko didesné uz nustatyta
ribing verte ar sumazéjo ir isliko Zemiau ribos bent 1 valanda.

Greta cirkadiniy MLT rodikliy jvertinome ir jo apykaitg. Hormono
melatonino ir jo metabolito aMT6s slapime kitimui paskaiciuoti buvo
naudojamas rodiklis — plotas po koncentracijos ir laiko kreive (angl. area
under the concentration-time curve, AUC). Plotas po koncentracijos ir
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laiko kreive nusako koncentracijos kitimo greitj ir yra i$vestinis hor-
mono apykaitos rodiklis. Tai koncentracijos integralas laiko intervale.
Jis buvo skai¢iuojamas visai parai, nuo 15:00 val. iki 12:00 val., taip pat
apskaiciuotas atskirai dienos (nuo 15:00 val. iki 21:00 val.) ir nakties pe-
riodu (nuo 21:00 val. iki 09:00 val.). Skai¢iavimai buvo atlikti trapecijos
metodu pagal formule:

AUC,_; = {Cpozcm . (tl)}
¢ia AUC, , - koncentracijos integralas per laiko pokytj t, Cp, - pradiné
koncentracija (ng/ml/val.), Cp, - koncentracija po trijy valandy (ng/ml/
val.) (nes méginiai rinkti kas tris valandas), t, - laiko pokytis.
Gauta verté buvo isreikSta kaip pg/ml/val. melatonino seilése ir
ng/ml/val. jo metabolito aMT6s $lapime.

Statistiné duomeny analizé

Disertacijoje buvo naudojami jvairiis statistinés analizés metodai. Gru-
piy klinikiniai ir demografiniai rodikliai pateikti naudojant aprasomaja
statistikg, vidurkiai - su standartiniu vidurkio nuokrypiu (vidurkis +
SE). Skirtumai tarp grupiy demografiniy savybiy ir melatonino rodikliy
buvo vertinami naudojant Studento t-testa nepriklausomoms imtims,
jei tiriamoji aibé atitiko parametrinei statistikai keliamus reikalavimus.
Mann-Whitney U testas buvo naudojamas neparametrinei analizei (kai
lyginamose mazose grupése pasiskirsté netolygiai).

Melatonino koncentracijy, temperatiiros, pulso, arterinio kraujo
spaudimo cirkadiniy ritmy palyginimas atliktas naudojant variacing
analize ANOVA (angl. a three-way ANOVA).

Galimo rysio tarp klinikiniy ir laboratoriniy tyrimy ieskojome nau-
dodami Pearsono koreliacine analiz¢ (angl. Pearson product moment
correlation analysis), kai skai¢iuojamas koreliacijos koeficientas r ir pati-
kimumo lygmuo p. Patikimumo lygmuo (p), mazesnis uz 0,05 (p <0,05),
laikomas statistiskai reik§mingu.
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Statistiné duomeny analizé atlikta naudojant programine jrangg ,,Sta-
tistika 10.0“ ir programinj paketa ,,StatSoft, Inc Tulsa OK®, JAV.

Rezultatai

Pirmojo etapo - apklausos pagal Vaiky miego
sutrikimy skalg (VMSS) duomeny apibendrinimas

Pirmame etape buvo apklausti 246 vaikai nuo 5,5 iki 17,9 mety amziaus.
IS jy 152 vaikai, sergantys epilepsija (67 berniukai, 85 mergaités), nuo
6,6 iki 17,9 mety (12,6 + 3,0, vidurkis £+ SD) ir 94 normalios raidos kon-
trolinés grupés vaikai (38 berniukai, 56 mergaités) nuo 5,5 iki 17,3 mety
(12,2 + 3,6, vidurkis £ SD). Visy 246 vaiky miegas buvo jvertintas ap-
klausus vaikus ir jy tévus ar globéjus, naudojant vaiky miego sutrikimy
skale (VMSS), i$verstg j lietuviy kalbg (pagal Bruni ir kt., 1996), o gauti
duomenys pateikti 1 lenteléje.

Vaiky, serganciy epilepsija, balai pagal visas VMSS skalés dalis buvo
gerokai didesni (kaip absoliutas balai, p = 0,00). Pagal gautus auksciausi-
us balus, dazniausi epilepsija serganciy vaiky miego sutrikimai buvo $ie:
miego ir budrumo ritmo sutrikimai (MBRS), padidéjes mieguistumas
(PM) ir kvépavimo sutrikimai miego metu (KSMM).

Epilepsijos grupéje net 48 proc. vaiky turéjo MBRS, 28 proc. - PM,
14 proc. - KSMM ir baly vir$ slenksc¢io (> 70 proc. T-lygmuo). Kontro-
linés grupés 21 proc. vaiky turéjo MBRS, 14 proc. — padidéjusj mieguis-
tumg dieng (PM), 5 proc. - KSMM ir baly virs slenkscio (chi kvadrato
p <0,005 MBRS, PM skalés dalyse). StatistiSkai patikimos koreliacijos
tarp amziaus ir lyties miego sutrikimy grupése nerasta. Nebuvo miego
sutrikimy tarp vaiky, serganciy epilepsija, ir turinciy skirtingy tipy prie-
puolius (zidininius, generalizuotus, misrius - Zidininius ir generalizu-
otus). Vaiky, kuriems epilepsija aktyvi (priepuoliai kartojasi ne reciau
kaip kartg per metus), VMSS balai buvo gerokai didesni (MBRS, PM,
HM skalés dalyse, p <0,05). Vaiky, kuriems priepuoliai yra naktiniai,
gauti reikémingai didesni bendrieji VMSS skalés balai negu ty, kuriems
priepuoliai pasireiskia dieng (PA, HM) (p<0,005).
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1 lentelé, Kontrolinés grupés ir epilepsija serganciy vaiky miego sutrikimy skalés
duomeny palyginimas

Vaiky miego sutrikimy skalé Ep'llep5|.Ja Kontroliné
(miego sutrikimo dalys) s, (vidurkis, SD) t df P
SD, %) !
Miego pradzios ir eigos ligos (MPE) 13,03 (3,78) | 12,21(3,54) | 1,69 | 244 0,09
Kvépavimo sutrikimai miego metu
(KSMM) 4,46 (1,74) 3,68(1,58) | 3,54 | 244 | 0,0005
Parasomnijos (PA) 4,46 (1,81) 394(1,85) | 2,19 | 244 0,03
Miego ir budrumo ritmo sutrikimai 12,89(3,69) | 10,55(3,29) | 5,03 | 244 | 0,000001
(MBRS)
Padidéjes mieguistumas (PM) 11,04 (3,64) | 853(3,92) | 5,09 | 244 |0,000001
Hiperhidrozé miego metu (HM) 3,43(1,88) 2,90(1,68) |224 | 244 0,03
Bendras skaicius 49,48 (10,2) | 41,67 (11,68) | 5,50 | 244 0,00

Antrojo etapo : melatonino seilése ir jo metabolito
aMTé6s slapime tyrimy rezultatai

Buvo analizuojami 80 tiriamyjy bandiniy: 29 kontroliniy, i$ jy 17 mergaiciy
ir 12 berniuky nuo 5,5 iki 17,3 mety amziaus (12,2 + 3,6 mety, vidurkis +
SD), ir 51 sergancio epilepsija vaiko nuo 6,6 iki 17,9 mety amziaus (12,6 +
3,0, vidurkis + SD). Sie vaikai tyrime dalyvavo po pirmojo tyrimy etapo,
kai jau buvo uzpilde VMSS ir atitiko visus jtraukimo kriterijus. Epilepsijos
forma buvo diagnozuota remiantis priepuoliy klinika, budrumo ir mie-
go elektroencefalogramy analizés i§vadomis. Diagnozei nustatyti remtasi
2001m. patvirtintais Tarptautinés lygos pries epilepsija kriterijais — Tarp-
tautine epilepsijos priepuoliy ir sindromy klasifikacija (Engel, 2001). Visi
vaikai sirgo aktyvia epilepsija (priepuoliai kartojosi bent kartg per metus).
Abiejy tirty vaiky grupiy demografiniai, antropometriniai ir klini-
kiniai duomenys palyginti 2 lenteléje. Epilepsija sergantys vaikai turéjo
aukstus VMSS rodiklius, palyginti su kontrolinés grupés vaikais. Rezul-
tatai atitiko gautus pirmame etape. Epilepsijos grupéje statistiskai patiki-
mai aukstesnés buvo MBRS, PM, KSMM miego sutrikimy skalés.
Paaiskéjo, kad 49 proc. vaiky, serganciy epilepsija, turéjo miego sut-
rikimy. Taigi tolesnei analizei epilepsijos grupés vaikai buvo suskirstyti
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2 lentelé. Abiejy grupiy demografiniai, antropometriniai ir klinikiniai duomenys

Grupeés
Duomenys Kontroliné Epilepsijos /2 df p

grupé grupe

(n=29) (n=51)
Amzius (metais) 12,2 (3,6) 12,6 (3,0) 0,58 78 0,56
Lytis (M/B) 17M/12B 25M/26B 0,21/0,25 1 0,65/0,62
Tannerio stadijos? 9/12/8 19/19/13 0,15/0,06/0,02 1 0,69/0,81/0,87
Svoris (kg) 48,8 (20,1) 44,7 (14,3) -1,05 78 0,29
Ugis (cm) 152,7(20,3) | 155,4(16,9) 0,65 78 0,52
KMI(kg/m?) 20,1 (4,0) 18,03 (3,1) -2,55 78 0,01
VMSS 33,9(4,5) 51,7 (7,8) 11,27 78 0,00
MPES 9,5 12,7 543 78 0,00
KSMM 34 4,9 3,64 78 0.0005
PA 3,6 44 2,06 78 0,04
MBRS 9,1 13,5 6,88 78 0,00
PM 56 12,1 9,28 78 0.00
HM 2,7 3,6 2,46 78 0,02

Pastabos: pateikti duomeny vidurkiai (SD); a - Tannerio stadijos yra suskirstytos j grupes: iki bren-
dimo - | stadija; brendimo - I1, lll, IV stadijos; po brendimo -V stadija. Sutrumpinimai: KMI - kiino
masés indeksas, VMSS - vaiky miego sutrikimy skalé, MPES — miego pradzios ir eigos sutrikimai,
KSMM - kvépavimo sutrikimai miego metu, PA - parasomnijos, MBRS — miego ir budrumo ritmo
sutrikimai, PM - padidéjes mieguistumas, MH —hiperhidrozé miego metu, VMSS (t-reikmé) —
bendra reikSmeé.

du pogrupius: vaiky, kurie turéjo miego sutrikimy (kriterijus T > 70 %o
VMSS) (n = 25), ir vaiky, kurie tokiy sutrikimy neturéjo (n = 26). Skir-
tumo tarp melatonino parametry (koncentracijos piko, AUC, akrofazés
laiko, koncentracijos trukmeés virs slenkstinés reikémés) vaiky epilepsi-
jos pogrupiuose nerasta (Mann-Whitney U testas p >0,05).

Abiejose grupése rasti individualtis melatonino kitimo profiliai seilé-
se ir jo metabolito aMT6s Slapime, esant dideliam kintamumui nakties
metu (1 pav,, 3 lentelé).
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1 pav. Kontroliniy vaiky grupiy chronogramos per 24 valandas: (A) MLT koncentracijos
seilése lygiai (pg/ml) ir (B) 6-sulfatoksimelatonino koncentracijos Slapime lygiai (ng/ml)
(testiné linija jungia slenkstines vertes, vertikalias linijas laiko taskuose pazymi SD)

Maziausiai kintancios $lapime buvo melatonino metabolito aMT6s
vertés 03:00 — 09:00 (variacijos koeficientas 31-70 proc.). Tirty kontro-
liniy vaiky grupéje hormono reik§més buvo individualios ir turéjo Ze-
mus, vidutinius, aukstus rodiklius. Melatonino kiekio seilése piko vertés
svyravo 20 karty, kisdamos nuo 5,6 iki 128,2 pg/ml.

Sesiems vaikams rasta labai maza seiliy melatonino koncentracija be
piko nakties metu (MLT <20 pg/ml), 18 vaiky nustatyta vidutiné mela-
tonino sekrecijos piko koncentracija (20-60 pg/ml) ir 5 vaikai turéjo me-
latonino pika (MLT >60 pg/ml) (grupés vertés pasirinktos atsitiktinai)
(zr. 1 pav., A). Slapime hormono metabolito aMT6s piko vertés svyravo
4 kartus, kisdamos nuo 39,3 ng/ml iki 122,7 ng/ml, 16 vaiky tyrimuose
rastos piko vertés <60 ng/ml (zr. 1 pav., B).

Tirty kontroliniy vaiky melatonino sekrecijos vidutiné (SD) reiksmé
buvo 4,8 (7,6) pg/ml. Hormono paros profiliai de$imciai kontroliniy
vaiky buvo nereguliariis arba buvo santykinai dideli dieng, o dviem i$ jy
nebuvo galima nustatyti hormono didéjimo pradzios.
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Todél hormono metabolito $lapime aMT6s ribos bei ekskrecijos pra-
dzios ir pabaigos vertés buvo skai¢iuojamos tik 26 vaikams, vidurkis
(SD) buvo 9,9 (8) ng/ml.

Padidéjusiy (vir$ ribos) MLT lygiy seilése trukmé 9 (31 proc.) vai-
kams buvo 12 valandy, 9 (31 proc.) vaikams - 9 valandos, ir 11 (38 proc.)
vaiky - 6 valandos, dazniausiai nuo 21:00 val. iki 9:00 val. arba nuo
21:00 val. iki 12:00 val.

Slapime aMTé6s isliko vir$ ribos >15 val. - 5 (18 proc.) vaikams,
12 val. - 13 (44 proc.) vaiky, 9 val. - 5 (18 proc.) vaikams ir 6 val. - 4
(15 proc.) vaikams; dazniausiai nuo 21: 00 val. iki 12 : 00 val. ir nuo
21: 00 val. iki 15 : 00 val. Intervalo matavimai yra apytiksliai, nes riboja
kas 3 valandas imti bandiniai.

Abiejose tiriamyjy grupése melatonino seilése ir jo metabolito aMT6s
$lapime koncentracijos ir termoreguliacija, $irdies ir kraujagysliy siste-
mos parametrai atitiko paros cirkadinj ritmg (3 lentelé, 2 pav.). Aiskiai
neigiama koreliacija buvo rasta tarp melatonino seilése ir metabolito $la-
pime aMT6s bei kiino temperatiiros, pulso ir sistolinio arterinio kraujo
spaudimo (koreliacijos atliktos kiekvienoje tiriamoje grupéje atskirai ir
bendroje sujungtoje grupéje: kontroliné grupé r >-0,43, p = 0,00; epilep-
sijos grupé r >-0,23, p = 0,00, sujungta grupé r >-0,13, p < 0,01; 2 pav.).

Epilepsija serganciy vaiky grupéje dienos melatonino, slenkstiné ir
dienos laiko AUC reik§més buvo daug didesnés, palyginti su kontroline
grupe (4 lentelé). MLT seilése ir metabolito aMT6s Slapime koncentra-
cijos aiskiai koreliavo kiekvienoje grupéje atskirai ir sujungtoje grupéje
(r> 0,36, p =0,00).

Melatonino seilése koncentracijos plotas po kreive (angl. area under
curve, AUC) buvo 597 (191) pg/ng/val. ir metabolito aMT6s Slapime —
310 (156) pg/ml/val. (kreivé apskai¢iuota per 24 val.) (4 lentelé). Seiliy
melatonino AUC parodé tendencija, kad su amziumi hormono mazéja
(r=-0,31,p=0,1).
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3 lentelé. Abiejy tirty grupiy duomeny palyginimas (melatonino ir metabolito aMT6s
koncentracijy, kino temperataros, sistolinio ir diastolinio kraujo spaudimo)

Melatonino koncentracija seilése (ng/ml)

Laikas
Grupés 15:00 18:00 21:00 00:00 3:00 6:00 9:00 12:00

kontroliné 2,9 2,0 5,6 27.5 314 28,3 53 1,9
(n=29) (4,7) (1,8) (9,8) (17,4) (20,1) (20,4) (4,8) (1,6

epilepsijos 4,5 6,7 18,7 36,3 37,9 334 7.9 6,0
(n=51) (5,6 (15,1)* | (24,00*| (17,9) (32/4) (42,5) (10,7) | (9,7)**

Melatonino metabolito $lapime 6-sulfatoksimelatonino (aMT6s) koncentracija (pg/ml)

kontroline| 7,5 49 6,0 26,6 49,7 57,6 42,7 18,3
(n=29) (7,9) (7.2) (100 | (210 | (183) | (209 | (196) | (161)

epilepsijos 8,8 4,2 7,4 22,8 47,1 51,0 27,0 10,9
(n=51) (11,4) (3,7) (11,0 (36,7) (14,7) (15,4) | (19,4)*** | (11,9)**

Kdno temperatdra

kontroliné| 36,7 36,6 36,5 36,1 357 36,0 364 36,6
(n=29) (0,3) (0.3) (0,4) (0,5) (0,4) (0,5) 0,4) (0.3)

epilepsijos| 36500 | 365 | 364 359099 356 | 358 | 362 | 364
(n=51) | ©03) | ©3) | (04 | 04 | 04 | ©04 | (04 |03*

Pulsas

kontroliné 80,1 80,4 81,9 76,4 69,4 70,9 73,9 76,7
(n=29) (104) (9.5) (9.8) (8:8) (9.5) (104) (8,0) (93)

epilepsijos| 78,8 78,6 80,6 75,3 70,6 70,8 78,2 80,1
(n=51) (12,2) (11,5) (13,9) (13,5) (12,3) (10,0) (11,8) (11,2)

Sistolinis kraujo spaudimas

kontroliné | 103,3 105,5 106,3 101,8 96,2 97,2 100,9 102,0
(n=29) (16,2) (17,8) (19,8 (16,7) (13,9 (13,4) (14,8) (16,9)

epilepsijos| 108,9 109,8 109 101,5 98,9 98,8 105,2 106,4
(n=51) (15,8) (14,4) (12,8) (11,9) (13,2) (11,2) (14,1) (15,5)

Diastolinis kraujo spaudimas

kontroliné | 63,5 62,8 64,1 62,6 58,1 57,6 60,4 59,9
(n=29) (10) 9,5) (11,9 (11,2) (9.9) (20,9) (9.5) 9.7)

epilepsijos | 62,2 62,9 63,9 60,5 59,6 51,0 63,7 62,7
(n=51) (85) (8,6) &71) (109 | (103) | (154) | (10,7) (8,2)

Laboratorijos vertés pateikiamos kaip vidurkis (standartinis nuokrypis). T laikosi apie p = 0,1;
*p <0,09, **p<0,05, ***p<0,01
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4 lentelé. Melatonino seilése ir metabolito 6-sulfatoksimelatonino Slapime duomeny
palyginimas

Grupés
Kintamieji Kontroliniy | Vaiky, sergan¢iy t df p
vaiky (n=29) | epilepsija (n=51)
Melatonino pikas seilése (pg/ml) 41,9 (22,2) 56,9 (44,6) 1,66 77 0,102
6-sulfatoksimelatonino pikas 60,7 (19,5) 53,6 (13,9) 1,31 77 0,061

Slapime (ng/ml)

AUC melatonino seilése (pg/ml/ | 597,8 (190,9) 513,3(170,6) -2,02 | 77 0,047*
val.)

AUC 6-sulfatoksimelatonino 309,9 (156,2) 406,5 (323,0) 1,49 77 0,014*
Slapime (ng/ml/val.)

AUC melatonino seilése (pg/ml/ 13,3(9,1) 47,2 (57,6) 297 | 77 | 0,004*
val.) (dieng)

AUC 6-sulfatoksimelatonino 24,2 (17,4) 35,1(31,9) 1,61 77 0,110

Slapime (ng/ml/val.) (diena)

AUC melatonino seilése (pg/ml/ | 290,6 (149,4) 279,4 (213,9) 0,23 77 0,818
val.) (naktj)

AUC 6-sulfatoksimelatonino (ng/ | 421,4 (154,4) 471,8(132,9) -1,52 | 77 0,132
ml/val.) (naktj)

Slenkstiné melatonino riba 2,5(1,9) 4,0 (3,4) 1,98 67 0,052*
seilése (pg/ml)

Slenkstiné 6-sulfatoksimelatoni- 4,8 (2,0) 3,7 (2,6) -1,61 56 0,113

no riba slapime (ng/ml)

Trukmé vir$ apatinés melatonino 9,4 (3,3) 10,9 (3,4) 1,88 | 67 0,063
ribos seilése (val.)

Trukmeé virs kritinés 6-sulfatok- 11,4 (2,9) 12,3 (3,0) 1,26 56 0,211

simelatonino ribos Slapime (val.)

Pastaba: *skirtumai tarp grupiy. Duomeny vidurkis (SD); AUC - plotas po kreive; slenkstiné riba
(angl. threshold).

Melatonino koncentracijas koregavus pagal kiino svorj (AUC/kg kiino
svorio), nustatytas neigiamas koreliacinis ry$ys su amziumi ir Tannerio
stadija kiekvienoje grupéje atskirai ir sujungtoje bendroje grupéje (n =
78; amzius su: AUC MLT seilése/svoris, r2 = 0,60, p = 0,00, AUC aMTé6s
$lapime, r? = 0,16, p = 0,0003; Tannerio stadijos su: AUC MLT seilése,
r?= 0,41, p = 0,00; AUC aMTés slapime, r?= 0,10, p = 0,004) (3 pav.).
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4 pav. Melatonino koncentracijos seilése cirkadinis ritmas vaikams, kuriems tyrimo metu
jvyko traukuliy priepuoliai (priepuolio laikas atzymétas rodykle)
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Sesiems vaikams jvyko epilepsijos priepuoliai rinkimo parg. Vieno
vaiko duomenys neanalizuoti, nes nesurinkti méginiai dél priepuoliy pa-
sikartojimo. MLT cirkadiniai profiliai buvo jvairas ir priepuolis neturéjo
pastebimos jtakos hormono koncentracijy kaitai. Dviem i$ $iy vaiky buvo
labai didelés MLT koncentracijos seilése naktj (117;128 pg/mg) (4 pav.).

Individuali duomeny analizé

Né vieno tyrimuose dalyvavusio vaiko melatonino sekrecijos ir ekskre-
cijos ritmas nebuvo sutrikes. Melatonino koncentracijos seilése ir jo me-
tabolito Slapime, jy paros profilis pasizyméjo didele jvairove tarp abiejy
tiriamuyjy grupiy individy (3 lentelé; 1 pav.). Tolesniems palyginimams
MLT koncentracijos buvo pasirinktinai sugrupuotos pagal kieki, lygi:
Zemg <20 pg/ml, vidutinj 20-60 pg/ml, auksta 60-100 pg/ml ir labai
auksta >100 pg/ml, o slapime metabolito aMT6s lygj: Zema <60 ng/ml,
auksta >60 ng/ml. MLT koncentracijos kiekiai tarp grupiy pasiskirsté ly-
giai, iSskyrus labai didelj melatonino kiekj seilése, kuris buvo rastas tik
epilepsijos vaiky grupéje (x* = 4,93, p = 0,03). Devyniems vaikams, ser-
gantiems generalizuota epilepsija (17,6 proc.), naktiné melatonino kon-
centracija seilése sieké pikg 120-200 pg/ml ribose, devyniems epilepsijos
grupés vaikams MLT koncentracijos seilése kreivé turéjo dvigubg pika.

Temperattros paros profilis skyrési nuo tipisky (pikas krinta 3:00 val.)
dviem i$ 29 kontroliniy vaiky ir $eSiems i§ 51 vaiko, sergancio epilepsi-
ja: ritmas turéjo keleta piky, akrofazés poslinkj ar sunkiai apibréziama
kreive.

Melatoninas ir klinikinés koreliacijos

Atlikus koreliacing analize tarp chronologinio amziaus, antropometriniy
duomeny (agio, svorio, KSI) ir melatonino rodikliy (maksimalios MLT
nakties koncentracijos seilése ir jo metabolito aMT6s koncentracijos $la-
pime), statistiskai reik§mingy duomeny negauta né vienoje is $iy grupiy
atskirai, taip pat sujungtoje grupéje, naudojant Pearsono koreliacija (r).
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ANOVA variacijos analizé (angl. a three-way ANOVA), jskaitant
grupe (kontroling, epilepsijos), lytinio brendimo stadijg (stadijos - iki
lytinio brendimo, lytinio brendimo, pasibaigus lytiniam brendimui) ir
Iyties veiksnj (B/M), parodé, kad $ie veiksniai neturéjo rysio su melato-
nino koncentracijomis (F < 1, p > 0,5).

Miego sutrikimai (>70 %0 VMSS bendros (T) reik§més) buvo dazne-
sni epilepsijos grupéje (x? testas: MPES (3,81) p = 0,05; MBRS (7,73) p =
0,005; bendrasis balas VMSS (12,52) p = 0,0004).

Nebuvo gauta patikimo rysio tarp VMSS ir priepuoliy tipo/daznio,
i$skyrus miego ir budrumo ritmo sutrikimy (MBRS) pogrupij, kurio ro-
dikliai generalizuoty epilepsijos priepuoliy grupéje buvo aukstesni negu
zidininiy epilepsijos priepuoliy grupéje (p = 0,004).

Nebuvo aiskios koreliacijos tarp VMSS ir MLT parametry (piko,
AUC) epilepsijos grupéje, nors vaikai, kuriy seilése rasta labai didelé me-
latonino koncentracija, turéjo didesnes VMSS vertes negu Kkiti epilepsija
segantys vaikai (5 pav.).

VMSS(T)
p=0.02
85 p=0.03
p=0.08
75 p=0.06
p=0.06
55| O [I]
o Vidutiné
Ovidutine+SE
Tvidutine+1,96*SE
45
MPES KSMM PA MBRS PM HM Bendroji reiksmé VMSS

I Labai aukstas melatonino pikas seilése (n=9)

[ Tipinis melatonino pikas seil4se (n=41)

5 pav. Epilepsijos grupés vaiky melatonino koncentracijos seilése piko
palyginimas su VMSS
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Tyrimo iSvados

1.

Epilepsija serganciy vaiky VMSS rodikliai buvo statistiskai patikimai
didesni visuose miego sutrikimy pogrupiuose nei kontrolinés grupés.
Labiausiai grupése skyrési padidéjusio mieguistumo (PM), miego ir
budrumo ritmo (MBRS), kvépavimo sutrikimy miego metu (KSMM)
skalés rodikliai. Bendros VMSS, parasomnijy (PA), hiperhidrozés
(HM) gauti aukstesni balai vaikams su naktiniais priepuoliais.
Abiejose grupése melatonino apykaita, iSreiksta kaip ekskrecijos meta-
bolito aMT6s kiekis kiino svorio vienetui, turéjo neigiama rysj su am-
ziumi ir lytinés brandos stadija. Rysio tarp melatonino koncentracijy
ir antropometriniy rodikliy, amziaus, lytinés brandos stadijy nebuvo
nustatyta.

Vaiky, serganciy epilepsija, cirkadinis melatonino sekrecijos ir eks-
krecijos ritmas, kiino temperatiros, $irdies ir kraujagysliy sistemos
cirkadinis ritmas buvo nesutrike.

Abiejose grupése MLT sekrecijos ir ekskrecijos intensyvumas nakties
metu pasizyméjo didele koncentracijy jvairove.

Epilepsija serganciy vaiky grupéje, nepaisant didelés naktiniy kon-
centracijy piky jvairoveés, i§siskyré pogrupis, kuriame maksimali nak-
tiné MLT koncentracija seilése buvo labai auksta (18 proc.).
Epilepsija serganciy vaiky grupéje nebuvo rysio tarp MLT rodikliy
ir epilepsijos fenotipo (epilepsijos priepuoliy tipo, priepuoliy laiko
paros metu, epilepsijos formos, VNE).

Praktiné tyrimo reikSmé

Svarbu laiku atpazinti ir gydyti epilepsija serganciy vaiky miego sut-
rikimus.

Parodéme, kad galima idtirti vaiky melatonino ir jo metabolito aMT6s
cirkadinj profilj neinvaziniais metodais. Seiliy ir $lapimo rinkimas gali
bati jdiegtas j kliniking praktika. Tyrimo rezultatai leidzia teigti, kad
tikslinga tirti melatonino paros koncentracijas vaikams, sergantiems
epilepsija.

Melatonino tyrimo metodikos ir skai¢iavimas pirmga kartg jsisavintas
Lietuvoje.
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