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SUMMARY

Introduction/Objective Previously, we have shown that six months after initiating monotherapy in
school-age children with new-onset uncomplicated epilepsy, minimal changes in cognition and signifi-
cant symptoms of anxiety, depression, and behavioral changes were observed.

In the same group of children, we aimed to show and compare the effects of the most commonly used
anti-seizure medications (ASMs) on cognition, psychopathological symptoms, and behavior, to provide
guidance in selecting appropriate ASMs.

Methods Children with newly diagnosed epilepsy completed the Revised Wechsler Intelligence Scale for
Children in Serbian (REVISK), the Revised Child Anxiety and Depression Scale (RCADS), and the Nisonger
Child Behavior Rating Form (NCBRF), immediately after initiating therapy and six months later, at the
University Children’s Clinic in Belgrade.

Results Scores on the social phobia subscale increased significantly in children on lamotrigine mono-
therapy compared to other ASMs, as well as on the separation anxiety disorder subscale and total in-
ternalizing symptoms in patients on ethosuximide (p < 0.05). The scores on the depressive disorder
subscale increased significantly in those on ethosuximide, followed by levetiracetam (p < 0.05). There is
no statistically significant difference in the change of other RCADS scores and REVISK and NCBRF scores
between different types of ASMs during the six months (p < 0.05).

Conclusion The subtle influence of the tested ASMs was already present during the first six months of
treatment. Valproate led to a trend of improved cognition, while ethosuximide and levetiracetam con-
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tributed to worsening internalizing symptoms during the first six months.
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INTRODUCTION

Children with epilepsy experience challenges in
behavioral, cognitive, psychological, and emo-
tional functioning. It has been shown that anti-
seizure medications (ASMs) may contribute to
these issues in different ways [1].

Thus, topiramate (TPM), valproate (VPA),
and carbamazepine (CBZ) can significantly ad-
versely affect cognitive status, while the adverse
impact of ethosuximide (ESM), levetiracetam
(LEV), and lamotrigine (LTG) is minimal, al-
though there are other findings [2, 3].

Some studies have suggested that VPA, LTG,
and CBZ may lead to a mood-stabilizing effect
in children with anxiety, depression, and bipo-
lar disorder [3, 4, 5]. On the other hand, the
same drugs have also been linked to increased
anxiety and symptoms of depression in some
patients [6]. LEV may also induce anxiety, de-
pression, emotional lability, reversible psychotic
symptoms, and behavioral disorders, particu-
larly in predisposed individuals, although there

are also other findings [7, 8, 9]. Moreover, after
six months of treatment with TPM, children
may exhibit varying emotional improvement
or deterioration [10].

Previously, we have shown that six months
after initiating monotherapy, minimal changes
in cognitive functioning and significant symp-
toms of anxiety, depression, and attention-
deficit/hyperactivity disorder (ADHD) were
observed [11]. Adverse effects of ASMs signifi-
cantly contributed only to depressive symptoms
(Table 1) [11].

In some cases, the impact of ASMs during
the initial months of treatment may be subtle
and hard to notice and, in fact, can be a pre-
lude to more serious damage [1]. Therefore, the
question remains: What is the subtle influence
of antiepileptic drugs on anxiety, depression,
behavior, and cognition?

On those grounds, we aimed to evaluate the
effects of the most commonly used ASMs on
cognition, psychopathology, and behavior in
school-aged children with newly diagnosed
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Table 1. Summarized predictors of cognitive status, anxiety, depressive and be-

havioral disorder symptoms

Serbian (REVISK), Revised Child Anxiety and
Depression Scale (RCADS), and the Nisonger

i viq | piq | Anxiety | Depressive| ADHD |Behavior|  Child Behavior Rating Form (NCBREF) for
symptoms | symptoms | symptoms | disorder . . .
typically developing children and adolescents

before | A . .
VIQ in Serbian.

after

before A . .
PIQ after Questionnaires

i before A A
?ynrﬁlsgms after a a Y Revised Wechsler Intelligence Scale for Children
- in Serbian (REVISK)

Depressive | before A o
symptoms | after A A A This instrument was used to assess the cog-
ADHD before A N nitive status in patients [11, 14]. REVISK is a
symptoms | after A N standardized battery of Wechsler tests tailored
Behavior | before A A to evaluate intelligence and cognitive func-
disorder after A tioning in children aged 5-15 years, cultur-
Type of ASM A ally adapted for the Serbian population [14].

VIQ - verbal IQ; PIQ - performance 1Q; ADHD - attention-deficit/hyperactivity disorder

epilepsy, as well as to determine which antiepileptic drugs
contributed most significantly to depressive symptoms.
Here, we present the individual effects of these medica-
tions during the first six months of treatment to guide the
selection of appropriate ASMs.

METHODS
Study design and methodology

The study was designed as a segment of a more extensive
prospective study investigating the impact of ASM mono-
therapy on cognition, behavior, and psychopathological
symptoms in school-aged children with newly diagnosed
epilepsy. The diagnosis of epilepsy was made based on the
definition of the International League Against Epilepsy
(ILAE) [12]. It was conducted during two research visits,
immediately after initiating therapy and six months later,
at the University Children’s Clinic in Belgrade in 2020.
The selection of ASM was determined independently of
the researcher, based on ILAE guidelines [13].

Inclusion criteria were regular psychomotor develop-
ment, an intelligence quotient (IQ) > 80, normal physi-
ological and neurological status, normal brain MRI, ab-
sence of comorbid conditions, and no concurrent therapy.
Exclusion criteria included the need to switch the pre-
scribed ASM, the addition of another ASM to therapy
(polytherapy), poor compliance, a subsequently discovered
structural lesion on the MRI, or an I1Q lower than 80 in
children whose test results were received after the start of
treatment.

Testing and follow-up procedures

After obtaining consent for participation, participants
completed a set of questionnaires. During the two research
visits, children and/or their parents completed the follow-
ing questionnaires, and psychological testing was conduct-
ed: Revised Wechsler Intelligence Scale for Children in
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REVISK is based on the WISC-R (Wechsler
Intelligence Scale for Children) standardization
and is psychometrically closest to the WISC-III
[15]. It consists of 11 subtests, and scores are calculated
relative to age norms and expressed as scaled scores rang-
ing 1-19 [14]. Total scores are reported as verbal IQ (VIQ),
performance IQ (PIQ), and total IQ (TIQ). In this study,
internal consistency reliability measured by Cronbach’s a
coefficient was 0.77, 0.86, and 0.88 for VIQ, PIQ, and TIQ
scores respectively [11].

Revised Child Anxiety and Depression Scale (RCADS)

RCADS was used to assess anxiety and depressive symp-
toms [11, 16]. It includes both a self-report and a parent-
report version, each containing 47 questions addressing
anxiety symptoms (31 questions), depressive symptoms
(10 questions), and obsessive-compulsive disorder (OCD;
six questions). Higher scores indicate greater presence of
global and specific anxious, depression, and OCD symp-
toms. Psychometric studies have demonstrated reliable and
valid measurements in the Serbian version applied in this
study [17, 18]. Cronbach’s a coefficients for the self-report
version were 2 0.70 for all scores except for the depression
subscale (0.50) [11]. For the parent-report version, the so-
cial phobia and OCD subscales had a coefficients of 0.57
and 0.41, respectively, while all other subscale scores had
a>0.7815 [11].

Nisonger Child Behavior Rating Form TIQ Version
(NCBRF)

This rating form was used to evaluate behavior [11].
The questionnaire, completed by parents only, consists of
64 questions rated on a Likert scale from 0 (never) to 3
(always). Scores are calculated by summing item responses.
ADHD symptoms are assessed through the hyperactivity
and inattention subscales, disruptive behavior disorder
symptoms through conduct and compliance subscales,
and total externalizing symptoms through the sum of the
previous scores. Higher scores indicate greater behavioral
difficulties. The questionnaire has demonstrated reliability
and validity. In this study, internal consistency reliability
measured by Cronbach’s a was > 0.76 for all scores except
for the hyperactivity subscale (0.56) [11].
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Statistical analysis

In this study, the type of ASM was analyzed as an inde-
pendent variable. The dependent variables included total
scores from the REVISK, RCADS, and NCBRF scales. Only
adequately completed data from filled questionnaires and
tests were included in the analysis.

Descriptive statistical methods used included absolute
values, percentages, mean values (M), and measures of
dispersion (standard deviation — SD and standard error
- SE). Analytical statistical methods included the follow-
ing tests and analyses: paired t-tests were conducted to
assess differences in participants’ questionnaire scores at
the beginning of treatment (baseline) and after six months
of follow-up. For statistically significant changes, the effect
size of the score differences was expressed using Cohen’s d
coefficient, interpreted as small (< 0.5), medium (0.5-0.8),
or large (> 0.8) [11]. Analysis of variance (ANOVA) for
repeated measures was used to examine the magnitude of
score changes in questionnaires over time (baseline and
after six months) regarding the type of ASM. All analyses
were performed using the PASW Statistics, Version 18.0
(SPSS Inc., Chicago, IL, USA), with a significance thresh-
old of p < 0.05.

The study was conducted following Good Clinical
Practice guidelines, the Declaration of Helsinki, and ap-
plicable local and regional regulations, following approval
by the Ethics Committee of the University Children’s Clinic
(UDK) in Belgrade, number 13/208. It was designed as an
academic, non-profit, non-interventional clinical study.

RESULTS

The study included 69 school-aged children who were
treated at the University Children’s Hospital in Belgrade
in 2020 who met the inclusion criteria. Nine patients were
lost to the six-month follow-up due to poor compliance
and necessary polytherapy. The demographic and clinical
data of the subjects are presented in Table 2.

Table 2. Clinical data of the subjects

Followed for 6

Age (SD), span

Allincluded, n =68

months, n =60

12.32(3.34),7-18

12.45(3.25),7-18

Male/female, n (%)

38 (55.9) /30 (44.1)

34 (56.7) / 26 (43.3)

Antiepileptic, n (%)

VPA 23(33.8) 18 (30)
LEV 16 (23.5) 15 (25)
CBZ 14 (20.6) 13(21.7)
LTG 8(11.8) 7(11.7)
ESM 6(8.8) 6(10)
TPM 1(1.5) 1(1.7)

TPM - topiramate; VPA - valproate; CBZ - carbamazepine; ESM - ethosuxi-
mide; LEV - levetiracetam; LTG - lamotrigine
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Table 3 shows the mean values (SD) of the REVISK
scores for the type of ASM. There is no statistically signifi-
cant difference in the change in scores between different
types of ASM during the six months.

Table 4 shows the mean values (SD) of the subjects’
RCADS scores for the type of ASM. Scores on the social
phobia subscale increased significantly less than those on
the separation anxiety disorder subscale and total internal-
izing symptoms compared to lamotrigine. The scores on
the depressive disorder subscale increased significantly
less than those on ethosuximide. There is no statistically
significant difference in the change of other scores between
different types of ASM during the six months.

Finally, there was no statistically significant difference
in the change in NCBRF scores between different types of
ASM over the six months (Table 5).

DISCUSSION
The impact of ASMs on cognitive status

Although it was not clinically significant, subtle effects of
ASM:s on specific cognitive domains were observed.

In our study, VPA demonstrated a positive impact on
cognitive status in the first six months. Children receiv-
ing VPA therapy showed increased verbal, nonverbal, and
overall intelligence quotients. However, the overall effect of
VPA did not differ significantly from other ASMs.

VPA, like ESM, is commonly used as a first-line treat-
ment for absence epilepsy. Prior research reported that
ESM is more favorable than VPA for cognitive outcomes
[19]. However, in our study, during the first six months
of treatment, children treated with ESM exhibited a trend
of decline in VIQ, PIQ, and overall IQ. Due to the small
sample size, this negative impact of ESM on cognition was
not statistically significant and does not warrant chang-
es in clinical guidelines for treating absence epilepsy.
Nevertheless, our findings suggest that in children with
absence epilepsy who present with cognitive deficits at
baseline, VPA may be a preferable treatment option.

We have shown that LEV is associated with a trend of
decreasing nonverbal IQ, which is novel. However, con-
sistent with earlier observations, LEV was linked to mild
cognitive improvement in verbal IQ, attention, and overall
cognitive status [20]. While most studies report cognitive
abatement following CBZ use [21], our findings indicate
mild improvement in VIQ despite a trend of decline in
nonverbal IQ domains. It would be useful to see what
happens to our subjects later, considering recent studies
showing significant cognitive improvement over one year
in children treated with LEV and LTG compared to school-
aged children treated with CBZ [21, 22]. Of course, this
remains a preliminary observation; no significant differ-
ences between these drugs were found.

The subtle trend of adverse effects of ESM, LTG, and
CBZ on cognitive status during the first six months,
though unexpected, highlights the need for further inves-
tigation into the cognitive impacts of ASMs. Therefore, we
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Table 3. Distribution of REVISK scores with regard to the type of ASM*

VPA LEV CBz LTG ESM Significant
1Q n=18 n=15 n=13 n=7 n=6 differences
M SD M SD M SD M SD M SD between ASMs
VIQ before 92.8 1.3 92.1 11.6 95 129 98.7 26.4 101.5 20.5 N
[o)
VIQ after 93 13.51 86.7 9.2 99.2 13.11 94.1 217 96.2 17.2
PIQ before 93.8 13.2 97 15 108.7 15.11 105.5 17.8 104.3 15.3 No
PIQ after 98.3 17.2 86.7 10.7 105.9 16.3 104.3 16.1 97.51 11
TIQ before 93.1 10.2 94.1 10.4 101.7 125 104 17.5 97.5 111 No
TIQ after 95.8 13.9 86.9 9.5 101.9 129 100.9 13 97 14
ASMs - anti-seizure medications; VPA - valproate; CBZ - carbamazepine; ESM - ethosuximide; LEV - levetiracetam; LTG - lamotrigine;
VIQ - verbal IQ; PIQ - performance 1Q; TIQ - total 1Q;
*ANOVA for repeated measurements, Bonferoni corrected, p < 0.05
Table 4. Distribution of RCADS scores about the type of ASM*
VPA LEV CBz LTG ESM Significant
Parameter n=18 n=15 n=13 n=7 n=6 differences
M SD M SD M SD M SD M SD between ASM
TotAbefore 10.3 9.4 10.3 59 10.5 7.2 17.2 1 14.5 9
VPA < ESM
TotA after 16.1 8 26.9 129 20.1 13.6 25 12.2 29.8 10.8
TotD before 2.7 1.9 1.8 2 2.7 1.5 3.9 29 2.2 1.5 N
o
TotD after 5.7 4.5 7.5 4.3 6.9 3.7 5.1 3.1 10.9 7.1
Sph before 4.2 3.8 4.7 2.7 3.8 29 8.1 4.3 6.3 3.8
VPA < LTG
Sph afer 6.9 2.6 10.9 4.8 7.3 4.9 11.6 5.1 12.8 4.4
OCD before 1.72 1.82 0.91 0.9 2.2 1.8 2.62 2.2 0.3 0.5 N
o
OCD after 2.2 2.6 1.9 2 25 2.6 3.1 2.6 25 24
PD before 1.22 0.8 1.3 1.2 1.3 1.4 2.7 2.1 13 0.5 N
o
PD after 2.7 24 3.9 3.6 23 291 33 2.8 5.8 5.6
SAD before 1.6 2.8 1.5 1.6 1.9 1.9 3.1 3.9 3.7 3 No
SAD after 2.5 3.8 2.7 24 1.71 2.2 34 35 7.8 5.6
GAD before 2.7 1.9 24 1.7 1.8 1.7 24 2.1 2.7 1.6 No
GAD after 3.1 1.9 4.8 2.7 2.5 1.7 4.4 3.7 6.7 3.6
TotINbefore 13 10 121 7.3 13.2 8.2 21.1 13.9 16.7 9.8
VPA < ESM
TotINafter 921.8 11.9 344 16.7 26.9 16.2 30.1 14.8 50.7 16.7

ASMs - anti-seizure medications; VPA - valproate; CBZ - carbamazepine; ESM - ethosuximide; LEV - levetiracetam; LTG - lamotrigine; TotA - total score for anxi-
ety; TotD - total score for depression; Sph - social phobia; OCD - obsessive-compulsive disorder; PD - panic disorder; SAD - separation anxiety disorder;

GAD - generalized anxiety disorder; TotIN - internalizing symptoms total score;
*ANOVA for repeated measurements, Bonferroni corrected, p < 0.05

Table 5. Distribution of NCBRF scores about the type of ASM*

VPA LEV CBz LTG ESM Signiﬁcant

Parameter n=18 n=15 n=13 n=7 n=6 differences
M SD M SD M SD M SD M SD between ASM

ADHD before 54 4.7 4.5 3.2 73 4.8 7.7 3.8 6.2 43 No
ADHD after 103 7.1 11 6.7 11.7 7.2 11.7 53 15.3 7.7
TE before 11.6 10 8.8 43 15.9 13.2 18.4 10.2 33 9.8
TE after 225 17.7 18.6 16.8 24.5 18.2 16.61 13 315 14.3 No
DBD before 6.1 5.6 4.31 2.6 8.6 9 10.7 6.6 7.2 5.8 No
DBD after 121 10.9 17.7 12.5 129 125 14.9 8.8 16.2 7.1

ADHD - attention-deficit/hyperactivity disorder; DBD - disruptive behavior disorder; TE - total externalizing score;

*ANOVA for repeated measurements, Bonferroni corrected, p < 0.05

underscore the necessity of individualized approaches to
ASM selection and emphasize the importance of monitor-
ing cognitive changes in children undergoing antiepileptic
treatment.

The impact of ASMs on anxiety, depression, and
behavioral problems

Although antiepileptic treatment did not significantly af-
fect the presence of anxiety symptoms after six months
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[11], some ASMs were more likely to contribute to anxiety
than others. Participants treated with ESM had the high-
est anxiety scores, followed by those on LEV, LTG, CBZ,
and finally VPA, which demonstrated the lowest average
anxiety scores.

Among all the ASMs evaluated, VPA was the only one
associated with the trend of positive effects on symptoms
of social phobia and generalized anxiety disorder. It sug-
gests that VPA has the most favorable effect on anxiety
symptoms and, if possible, should be the first-line choice
in children with seizures and anxiety. Nevertheless, LTG
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and VPA demonstrated favorable effects on obsessive-com-
pulsive disorder symptoms after six months, supporting
earlier evidence [23].

It has already been said that this research is part of a
larger project in which we showed that ASMs, during the
first six months, only contribute to the significant oc-
currence of internalizing symptoms [11]. Based on these
tindings, LEV stood out for its effect on the occurrence of
depressive symptoms, compared to other ASMs. There is a
clinically significant negative effect of LEV on internalizing
symptoms, including anxiety and depression, which was
recently demonstrated and explained in the population of
adult patients with epilepsy [24].

In contrast to previous studies [25], our findings suggest
that, like other drugs, LEV did not clinically significantly
influence behavioral disorders within the first six months
of treatment. However, children on LEV exhibited the most
pronounced difficulties with conduct, attention, and social
competence, alongside increased hypersensitivity, hyper-
activity, and ADHD symptoms. Monitoring these trends
over time is essential to determine whether LEV’s impact
on behavioral issues may become clinically significant in
the long term.

According to earlier findings of favorable or neutral ef-
fects of LTG and CBZ on ADHD symptoms [26, 27], our
study showed their less negative, although not clinically
significant, impact on behavioral aspects than other drugs,
in the following order: ESM > LEV > VPA > CBZ > LTG.
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YTULaj NojeAMHUX aHTUENUNENTUYKUX 1EKOBA HA KOTHUTUBHM CTaTYC, NOHaLUAME,
AaHKCUO3HOCT U Aienpecujy Koz AeLie WKOICKOT y3pacTa ca HOBOAMjarHOCTUKOBAHOM
enuaencujom — CTyamja wectomeceyHor npahemwa

Kerka Porau'? Anekcangap Qumutpujesuh®*, iBaHa AHgpuh?, BecHa MupaHosuh'2, [lejaH CteBaHoBMA®

'KnuHnukn uentap LipHe lope, MHcTuTyT 32 6onectn peue, Mogropuua, LipHa lopa;
*Yunsep3uTet LipHe fope, MegnumHcku dakynter, Moaropuua, LipHa lopa;
YHnBep3uTeT y beorpagy, YHUBep3uTeTCKa fieyja KNnHuKa, beorpag, Cpbuja;
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YHneep3uTeT y Kparyjesuy, OakynteT MeamLMHCKIX Hayka, KparyjeBal, Cpbuja;
*KnuHKKa 3a Heyponorujy 1 ncuxujatpujy aee 1 omnapuHe, beorpag, Cpbuja

CAMETAK

YBoa/Lnsb MNpeTxoaHO MO NoKa3anu Aa ce WecT meceLim HakoH
noyeTKa fleyetba fAeLie WKOJICKOT y3pacTa ca HOBOAMjarHOCTU-
KOBaHOM HEKOMMIMKOBaHOM enuencujom jaBsbajy MUHMan-
He NPOMeHe y KOTHUTUBHOM QYHKLMOHMCakY, alin 11 3HaYajHu
CYMMTOMY aHKCMO3HOCTU, Aienpecuje 1 nopemehaja noHaluara.
Y nomeHyToj rpynu geLie npouerbrsanv cmo 1 ynopehusanu
edekTe Hajuelwhe KoprWheHNX aHTUENMNENTUYKUX JIEKOBA
(AEJT) Ha KOrHMLKjy, CUMMNTOMe NcuxonaTtosioruje u nopemehaj
MoHalllakba LWeCT MeceL HaKoH MoYeTKa feyetba, ca Lnibem
[la lonpriHecemMo CMepHyLama 3a n3bop ogrosapajyher AEJL.
Metopge [leLia ca HOBOAWjarHOCTMKOBAHOM enUencujomM TecTu-
paHa cy PeBnarpaHom BelunepoBom cKanom 3a UHTeAnreHuujy
Ha CpPMCKOoM je3uKy, PeBnaMpaHoM CKanoM 3a aHKCMO3HOCT 1
Jenpecyjy Kog aete 1 HucoHreposrm obpacuem 3a npoLeHy
noHallara AeLie, ogMax no yBohery Tepanuje N HaKOH LuecT
MeceLn, Ha YHUBEP3UTETCKOj AeYjoj KnnHULM y beorpagy.
Pesyntatu Pe3yntati Ha cynckanu coumjanHe ¢pobuje 6unm
Cy CTAaTUCTUYKYM 3HaYajHO BULLIM KOJ feLle Ha MOHOTepanuju
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namotpurmHom y nopeherby ca apyrvm AEJT, Kao v Ha cynckanu
nopemehaja cenapavuje 1 yKynHUX MHTEPHaNN3aLMjCKUX CUMM-
TOMa KOpA AeLle Ha etocykemmmay (p < 0,05). PesynTati Ha cyn-
cKanu fenpecmBHor nopemehaja 3HauajHo cy ce nosehanu Kog
OHWX Ha Tepanujyi eTOCYKCUMIAOM, @ NOTOM JIeBET/PaLeTaMoM
(p < 0,05). Hema cTaTUCTYKM 3HaYajHe pasfvke y NpoMeHamMa
OCTanux pesynrata Ha PeBranpaHoj ckanu 3a aHKCMO3HOCT 1 fie-
npecujy Kop AeLe, Kao H1 y pesyntatuma Pesuavipaxe Beune-
poBe cKane uHTenmreHuyje 3a ety 1 HucoHreposor obpacia
3a NpoLieHy noHallara feLe n3mehy pasnuuntux Tunosa AEJ
TOKOM NpBYX WecT meceuy (p < 0,05).

3akmyyvak CyntunaH ytuuaj ucnutreanux AEJ] youeH je Beh
TOKOM NPBYX LLECT MeceLy Sieyetrba. Bannpoar je nokasao TpeHa
nobosbluarba KOrHUTUBHMX QYHKLMja, AOK CY €TOCYKCUMUZA 1
neBeTUpaLeTam y Hajgehoj Mepu JONpPUHeN NoropLuakby 1H-
TepHanu3yjyhux cumntoma y Tom nepuogy.

KrbyuHe peun: KOrHUTUBHE GyHKLj€; aHKCMO3HOCT; ienpecyja;
MOHaLlabe; aHTUEeNUNENTUYKM JIEKOBU
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