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AOUTUBHUN AHTUOENPECUBHUN U UMYHOMOOYNUPALLA
E®EKTU OT KOMBUHUPAHOTO NPUNATAHE HA ECLIMTAINOINPAM
N KETOFrEHHA OUETA NMPU LPS MHOAYUUPAH HEOHATAINEH
MOLEN HA OEMNPECUA NMPU NITbXOBE

E. Xapumoe’, K. Hauoez, K. Cmqueez, C. Heaﬂm(oeaz, y. Tue'-leeaz,

T. AHzenoe? u U. Hayoé®

1Kamedpa 1o ghapmakosnoausi U mokcukonoausi, MeduyuHcku ¢gbakynmem,
MY — Cogpusi

2Cmy6eHm, MY — Cocpusi

Pe3stome. [NpoyyBaHus npe3 nocnegHunTe roaMHU JoKasBaT, Ye HEBPOBBL3Na-
NEHVETO UMa BaxkHa pons B natoreHesarta Ha genpecusta. Mpu 30-40% ot na-
LUMEHTUTE C AENpecvBHU CUMMNTOMU Ce YCTaHOBSBa (hapMaKOpe3VICTEHTHOCT.
Mpegnonara ce, Yye B ocHOBaTa U Ca pa3CTPOEHUTE HEBPOUMYHHU MEXaHMU3MU B
LIHC. BugHa e HeobxogumocTTa OT TbpCeHE Ha anTepHaTMBHW TepaneBTUYHU
noaxoam B aHTMAENPECMBHATa Tepanus, KOUTO TapreTupaTt HapyLeHUTe UMYHHU
MexaHu3MW, BbBIIEYEHN C naToreHesarta Ha genpecusta. HuckoBbrnexvapatHa-
Ta keToreHHa aveta (KD), no3HaTo cpencTBo B HEBPONOrusATa, NpyBnmMya BHUMA-
HMETO KaTo anTepHaTUBHO aHTMANPECUBHO CpeacTBo. B HacTosALwwoTo nscnensa-
He Ce TbPCAT AoKa3aTericTa 3a HEMHUTE aHTUOENPECUBHU Y UIMYHOMOAYIMPALLIN
edpekTun. Llen Ha npeacTaBeHOTO NPOyYBaHe € OLeHKa Ha aauTUBHUTE aHTuaen-
PECUBHU 1 aHTUMHPNaMaTopHuTe edpekT OT CaMOCTOATENHOTO 1 KOMOMHMPaHO-
TO npunaraHe Ha aHTugenpecaHTa oT rpynata Ha SSRI ecuurtanonpam 1 KD B
VHOYyUMpaH C nvnononusaxapvg Mofen Ha genpecus npu nitbxoBe, nopoaa
Bucrap. Pesyntatute oT npoy4BaHETO MOKa3BaT, Ye B eKCriepUMEHTanHnUTE rpynim
C KOMOVHVpaHo NpwurnaraHe Ha ecuutanonpam n KD ce Habnogasa Hal-n3paseH
eekT Ha noThcKaHe Ha MnokasaTenuTe 3a OEenpecuMBHOCT B MOBELAEHYECKUTE
TectoBe (FST, SPT n NSFT), B cpaBHEHME CbC CaMOCTOATENTHOTO MM MpunaraHe.
OcobeHo BHMMaHWe NpvBAMYaT AaHHUTE 3@ pedyuMpaHe HMBaTa Ha npouHdnia-
MaTopHUst LMTOKUH IL-13 B X1nokammnycuTe Ha eKCrepyuMEHTarnHNTE XMBOTHU NOS
BMUsiHWE Ha KOMBMHMpaHoTo npunaraHe Ha KD u ecuntanonpam. [NpeacraBexu-
Te AaHHW JaBaT OCHOBaHWe da ce 3akmtouu, Ye KD n aHTugenpecaHTute oT rpy-
nata Ha SSRI° geiicTBaT CMHEPrYHO MO OTHOLLIEHME Ha MOTUCKaHe Ha aenpe-
cvBHaTa cvmnToMaTuka. B ocHoBaTa Ha TOBa BEPOSTHO Ca TEXHUTE peayLmpaLlm



ebekTn BbpXy HMBaTa Ha NpouHdnamatopHuTe umTtokuHmn B LUHC, konTo oT cBosi
CTpaHa ca B OCHOBaTa Ha maToreHesata Ha fenpecusta U MexaHu3MuTe Ha
drapmMakope3nCTeHTHOCTTA.

Knroyoeu dymu: denpecusi, ecyumarnonpam, KemoaeHHa duema, Hegposebararie-
Hue, nabxose

ADDITIVE ANTIDEPRESSANT AND IMMUNOMODULATORY

EFFECTS OF THE COMBINED ADMINISTRATION

OF ESCITALOPRAM AND KETOGENIC DIET IN THE LPS-INDUCED

NEONATAL MODEL OF DEPRESSION IN RATS

E. Haritov', K. NacoV?, K. Stanchev?, S. Nedialkova’, J. Tivcheva®

and I. Nacov?

1Depan‘ment of Pharmacology and Toxicology, Medical Faculty,
Medical University — Sofia

2Student, Medical University — Sofia

Abstract. Studies in recent years have shown that neuroinflammation plays
an important role in the pathogenesis of depression. In 30-40% of patients with
depressive symptoms, pharmaco-resistance is established. It is believed that its
base are the impaired neuroimmune mechanisms in the CNS. The necessity of
searching for alternative therapeutic approaches in antidepressant therapy that
target the impaired immune mechanisms involved in the pathogenesis of
depression is evident. The low-carbohydrate keto-diet (KD), a familiar neurological
agent, attracts attention as an alternative antidepressant agent. The present study
seeks evidence of its antidepressant and immunomodulatory effects. The aim of
the study is to evaluate the synergistic antidepressant and anti-inflammatory
effects of the single and combined administration of the antidepressant
escitalopram and KD in lipopolysaccharide (LPS)-induced model of depression in
Wistar rats. The results of the study show that in the experimental groups with the
combined application of escitalopram and KD, the most pronounced anti-
depressant effect in behavioral tests (FST, SPT and NSFT) was observed,
compared to their single administration. Particular attention was drawn to data
showing reduction in the levels of proinflammatory cytokine IL-18 in the
hippocampus of the experimental animals under the influence of the combined
administration of KD and escitalopram. The present data suggest that KD and
antidepressants of the SSRIs group act synergistically to suppress depressive
symptoms and are based on their effects on reducing proinflammatory cytokine
levels in the CNS. It is believed that these cytokines are probably the basis of
depression pathogenesis and the mechanisms of pharmacoresistance.

Key words: depression, escitalopram, ketogenic diet, neuroinflammation, rats



OLEEHKA HA E®EKTUBHOCTTA HA PA3XOOUTE U BIOXKETHO-
TO Bb3OEUCTBUE HA COUHIO3UH-1-dOCPAT PELLENTOPHUTE
MOAYNATOPU 3A NNIEYEHUE HA BTOPUYHO NPOIrPECUPALLIA
MYNTUNNEHA CKITEPO3A

T. Bekos
QapmauesmuyeH chakynmem, MY — lNneseH

Pestome. Llen Ha nacnegBaHeTo € MofenvpaHe Ha fokanHu faHHU 3a
pasxoav v 3gpaBHM nonau Ha siponimod (SIP) B cpaBHeHue ¢ nogabpxalim
rpvwxun (BSC) 3a neyeHne Ha nauMeHTU C BTOPUYHO Nporpecupaiiara myr-
TunneHa ckneposa (SPMS) B Bbwvnrapus. BxogawmTte aaHHM B mMogena ca
OLleHeHNUTe TepaneBTUYHA edmKacHOCT M 6e3onacHOCT B paHOOMU3NPAHOTO
MHOIOLEHTPOBO KnMHMYHO manutBaHe EXPAND. lNpoBegeH e aHanua pas-
X04/eheKTMBHOCT U € U3YMCIIEHO WMHKPEMEHTaNnHOTO CbOTHOLIEHWE Ha [o-
MbIHUTENHW pa3xoan W OOMbAHUTENHW 34paBHM Monsu (incremental cost-
effectiveness ratio, ICER) Ha SIP B cpaBHeHue ¢ BSC 3a neyeHne Ha naumneHTu
cbe SPMS. MogenupaHeTo Ha gaHHK 3a 6baelum 3apaBHU Nonan, 6asmpaHo Ha
KNMHUYHUTE KpaMHW TOYKM OT aHanM3npaHoTO KIMHWYHO M3NuUTBaHe, gocTura
0o n3Boaa, Ye SIP gemMoHcTpypa TepaneBTUYHO NPeBb3XOACTBO B CPaBHEHME C
BSC (A QALY +0,87), HO He e pa3xodHO eheKT1BHa Tepanus nopagu TBbpae
BMCOKaTa cu LeHa (A costs +68 508 nB.). CtonHoctTa Ha ICER Ha SIP cnpsimo
anTepHaTMBHUTE nogabpxawm rpwkn e 78 700 ne./QALY. lNMpu BkntouBaHe B
Mo3nTMBEH NekapcTBEH CNUCHK HA HoBaTa 34paBHa TexHonornst SIP 1 HelHo-
TO pemmbypcupaHe ¢ Nyb6rnuMyHM cpeacTBa OOWMAT pasxon 3a fedeHne Ha
naumeHtTute cbc SPMS Han-BeposiTHO Lie 6bae yBenudeH ¢ 51,38 mnH. nB.
3a nepuog ot 5 roanHu.

Knroyoeu Jdymu: npospecupawja MynmurneHa cKrieposa, CehUHe03UH-1-
gocgpam peuyenmopHu Modyrnamopu, Siponimod, Moddbpxawju 2puxu, aHanu3 pas-
xod/ehekmusHocm

AN ASSESSMENT OF THE COST-EFFECTIVENESS

AND BUDGETARY IMPACT OF THE SPHINGOSINE-1-PHOSPHATE
RECEPTOR MODULATORS FOR TREATMENT OF SECONDARY
PROGRESSIVE MULTIPLE SCLEROSIS

T. Vekov

Faculty of Pharmacy, Medical University — Pleven

Abstract. The study aim was to model local data for costs and health
benefits of siponimod (SIP) in comparison with supportive care (BSC) for
treatment of patients with secondary progressive multiple sclerosis (SPMS) in



Bulgaria. The input data in the model were the assessed therapeutic efficacy
and safety in the EXPAND multicenter randomized clinical trial. A cost-
effectiveness analysis was performed and incremental cost-effectiveness ratio
(ICER) of SIP in comparison with BSC for treatment of patients with SPMS
was calculated. Modeling of data for further health benefits based on the clini-
cal end-points from the analyzed clinical trial concluded that SIP demonstrates
therapeutic superiority in comparison with BSC (A QALY +0.87) but it is not a
cost-effective therapy due to its very high price (A costs + BGN 68,508). The
value of ICER of SIP in comparison with alternative supportive care is BGN
78,700/QALY. If the new health technology SIP is included in the Positive
Drug List and covered with public funds, then most probably the total expens-
es for treatment of patients with SPMS will be increased by BGN 51,38 million
for a 5-year period.

Key words: progressive multiple sclerosis, sphingosine-1-phosphate receptor
modulators, siponimod, supportive care, cost-effectiveness analysis
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B3AMMOBPB3KU MEXAOY KNETbYHATA BUOEHEPTETUKA
Y HEBPOUMYHHUTE HAPYLLEHUS NMPU OENPECUBHUTE
PA3CTPONCTBA

E. Xapumos’, K. Hauosz, K. Cmqueez, Aa. TeHeez, T. AHzenoe?
um. Hauoez
7Kame0pa o ghapmakosioausi U MOKCUKOoausl,
MeduyuHcku pakynmem, MY — Cocpusi
2Cmydenm, MY — Cogpusi

Pestome. ['onsm 6poin HayyHW JaHHW nNpe3 nocrnegHWTe rognHn CBbP3-
BaT Aenpecusita C Bb3nanuTenHuTe npouecu U MMyHWTeTa B OpraHv3ama,
KoeTo AoBeae A0 hopMupaHe Ha Taka HapeyeHaTa "UMTOKMHOBA XMNoTes3a 3a
genpecusata". HapylweHuaTa B MMyHHaTa cuctema ce xapakrtepusupaTt C no-
BMLLEHW HUBA Ha NPOBB3MNANUTENHN LUMTOKMHU WU aKTMBaUMSA Ha MUKpOrnusATa
B MO3bka. CbBpeMeHHU AaHHW MoKa3BaT, Ye MUTOXOHAPWanHUTEe AUCHYHK-
LuM MmaT KM4oBa pons B naTtoreHesaTta Ha AenpecuBHUTE pa3cTponcTBa.
MuToxoHOpuKUTE ca perynaTtopu Ha MHOXECTBO KNeTbYHU (DYHKLMW, BKMHOY-
BalLM eHeprmeH MetabonuabM, NogabpXKaHe Ha kanuueBaTa XxomeocTasa U
KneTbyHa CMBbPT, U MOZYNMPaT MHOTO acnekTu Ha BPOL4EHUSA MMYHEH OTrOBOP.
YcTaHoBeHO e, 4e 0CcBOOOXAaBaHETO Ha HSAKOM MUTOXOHAPUAIHN KOMMNOHEHTU
1 MOMEeKynun ycunea HeBponMyHHUTe peakuum B LIHC. OT gpyra cTtpaHa, npo-
MHNAMaTopHUTE LUMTOKMHW MOraT Aa MNOBMUSAT TakuBa MWUTOXOHAPWArHM
YHKLMM KaTo oKUCnuTenHo docdopunmpaHe 1 NpomM3BOACTBO Ha PeaKTUBHM
KMCMOPOAHU YacTULM, KaTo MO TO3W HAaYMH yCUNBaT Bb3NanutenHuTe peakumm
B opraHmsma. B To3u acnekt ponsta Ha umyHomeTabonuama e OT BCe Mo-
HapacTBal, nHTepec. Llen Ha HacTosiwmst o630p e ga ce onuwar B3aumo-
AencTBuATa Mexay MUTOXOHApUanHMs MetabonusbM 1 BPOAEHUS UMYHUTET
B MmaToreHe3aTta Ha AenpecuBHuTe pasctpouctea. CneuvanHo BHUMaHue e
06bpHATO BbPXY MMYHOMETaAbONUTHUTE NpoLecH, perynupatum pyHkuumTe Ha
MUKpOTManHnTe n nepudepHnTe MMyHHN KMNeTKWU, 3a KOUTO € U3BECTHO, Ye
yyacTBaT B HEBPOMMYHHUTE HapylleHus npu genpecudta. BnusHneTto Ha
MeTaboNMTHUTE NpoLecM B MUKPOrNMATa BbpXY MaTOreHeTUYHWs Xxon Ha



OenpecuaTa U BbNpoChT Kak MaHWUMNynMpaHeTo Ha MMyHoMeTabonMama Moxe
na 6bae NpeHeceHo B KNMHUYHATA NpakTuka 3a NedyeHne Ha adeKTUBHM pas-
CTpOWCTBa, NpeacTon aa 6baaT NPoyYeHHu.

Kmo4oeu 0yMU.' Oenpecw?, UMYHHU KIlemku, umyHomema6onu3bM, MUKpPOe/us,
HegpoebariaseHue

INTERACTIONS BETWEEN CELLULAR BIOENERGETICS AND
NEUROIMMUNE ALTERATIONS IN AFFECTIVE DISORDERS

E. Haritov’, K. Nacovz, K. Stanchevz, J. Tivchevaz, T. Angelov2 and

I. Nacov?

1Depan‘ment of Pharmacology and Toxicology, Medical Faculty,
Medical University — Sofia

2Student, Medical University — Sofia

Abstract. A great deal of scientific data in recent years has linked de-
pression with inflammation and immunity, which has led to the formation of the
so-called “cytokine hypothesis for depression”. The alterations of the immune
system are characterized by increased levels of pro-inflammatory cytokines
and microglia activation in the brain. Recent data show that mitochondrial
dysfunctions have a key role in the pathogenesis of depressive disorders.
Mitochondria are regulators of multiple cellular functions, including energy
metabolism, maintenance of calcium homeostasis, and cell death, therefore
they modulate many aspects of the innate immune response. The released
mitochondrial components have been shown to increase neuroimmune re-
sponses in CNS. On the other hand, proinflammatory cytokines may affect
mitochondrial functions such as oxidative phosphorylation and reactive oxy-
gen species production, thus worsening inflammation. In this relationship, the
role of immunometabolism is of increasing interest. The aim of this review is to
describe the interaction between mitochondrial metabolism and innate immun-
ity in the pathogenesis of depressive disorders. We focus on immunometabol-
ic processes that govern microglial and peripheral immune cell functions, both
involved in neuroimmune alterations in depression. The influence of metabolic
processes in microglia on the pathogenesis of depression and the question
how the manipulations of immunometabolism could be translated into clinical
practice for management of affective disorders remain to be investigated.

Key words: depression, immune cells, immunometabolism, microglia, neuroin-
flammation



