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consequence of the synthesis of such lysosomes is the release of proteolytic enzymes
and an imbalance between the activity of proteinases and their endogenous inhibitors.
Decreased effectiveness of the control activity of trypsin-like proteinases with
endogenous inhibitors against a background of increasing intensity of proteolysis can
lead to irreversible tissue damage (Koll et al., 2002).

Aim. This study was undertaken to assess the activities of lysosomal alanyl
aminopeptidase (AAP) and leucyl aminopeptidase (LAP) in the liver tissue of mice
with alcohol-induced toxicity and to investigate the modulatory effect of melatonin in
preventing this toxicity.

Materials and methods. The animals used in this experiment were male white
mice (Mus musculus), aged 2 to 3 months. The animals were housed in cages (6 animals
per cage) in rooms with artificial lighting (8.00-20.00 — light, 20.00-8.00 — dark) under
conventional conditions (25 + 2 °C temperature; 45-60% relative humidity). The mice
had ad libitum access to food and water. The animals were previously acclimatised to
the light/dark cycle for 7 days: darkness = 12:12 (12 hours light 750 Lx / 12 hours
darkness; light from 6.00 to 18.00) in the spring-summer period. After a period of
acclimatisation, the mice were randomly divided into three groups of six mice each.
All procedures and protocols were approved according to national and international
guidelines and regulations. To eliminate circadian rhythm changes, all studies started
at the beginning of the animals' resting period (10:00 am and ended at midnight). After
a l-week adaptation period, mice were randomly divided into three groups: 1)
untreated control (6 animals), 2) acute ethanol-induced stress (6 animals), 3) melatonin
treatment + acute ethanol-induced stress (6 animals).

Irrespective of whether the animal is active during the day, at night or has no
clear activity schedule, the maximum melatonin level is always observed during the
dark phase of a natural or artificially created cycle of alternating day and night (Binkley,
1988; Reiter, 1991; Arendt, 1995). Melatonin (Sigma-Aldrich Sp. z 0.0., Poznan,
Poland) was administered daily by intraperitoneal injection at a dose of 10 mg per kg
body weight (b.w.) for 10 days at the beginning of the animals' resting period (starting
at 10.00 a.m. and ending at midnight). It was dissolved in a minimal volume of ethanol
and diluted in 0.9% NacCl to give a dose of 10 mg per kg b.w., as described in previous
studies by Bonnefont-Rousselot and Collin (2010) and Shin and co-workers (2015).
Melatonin was injected intraperitoneally 30 min before ethanol.

Acute alcohol-induced stress was induced by intraperitoneal injection of ethanol
at a dose of 0.75 g per kg body weight per day. It was diluted from a 95% (v/v) solution
to a concentration of 20% (v/v) with physiological saline (0.9%) and administered as
intraperitoneal injections at a dose of 0.75 g per kg b.w. in an injection volume of 4.73
mL per kg b.w. for 10 days of the experiment, as described by Powers and Chester
(2014). At the end of the study (10 days), mice were immediately decapitated. Samples
were collected 24 h after the last drug administration and ethanol injection (between
10:00 and 12:00). The liver was also immediately removed and weighed. Briefly, liver
tissue was excised, weighed, washed in ice-cold buffer and minced. The minced tissue
was rinsed with cold isolation buffer 0.15 M KCI to remove blood and homogenised
on ice in a Potter-Elvehjem glass homogeniser using a Teflon motorised pestle. The
isolation buffer consisted of 0.25 M sucrose and 2 mM EDTA,; the pH was adjusted to
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7.0 with KOH. Homogenates (20% w/v) were prepared for the next differential
centrifugation according to the method described by DeMartino and Goldberg (1978).
After centrifugation, the supernatant fractions were stored and used after resuspension
in 50 mM acetic acid/sodium acetate buffer, pH 5.0. These isolation fractions were
homogenised and subjected to two freeze-thaw cycles.

The activity of alanyl aminopeptidase (EC 3.4.11.2) and leucyl aminopeptidase
(EC 3.4.11.1) was determined spectrophotometrically as Fast Blue BB salt (4-
benzoylamino-2,5-diethoxybenzene-diazonium chloride) derivatives at 540 nm
according to McDonald and Barrett (1986). The reaction was initiated by mixing 50 pl
of sample and 500 pl of substrate incubation medium with DMF (Serva, Germany),
incubated at 37 °C, pH 6.0, for 60 min. Then 500 ul of stop buffer containing Fast Blue
BB salt dissolved in 2% Tween 20 (Sigma, USA) was added and measurements were
performed at 540 nm. For the determination of alanyl aminopeptidase activity, L-
alanyl-2-naphthylamine in 0.1M PBS buffer was used as substrate. For the
determination of leucyl aminopeptidase activity, L-leucyl-2-naphthylamine in 0.1M
PBS (pH 7.0) buffer was used as substrate.

All variables were tested for normal distribution using the Kolmogorov-Smirnov
and Lilliefors tests (p>0.05) and homogeneity of variance using the Levene test (Zar,
1999). The significance of the differences in the levels of enzymes and substrates
between the control and study groups was tested by one-way ANOVA. Bonferroni's
post-test was also used. Differences were considered significant at p<0.05 (Zar, 1999).
All statistical calculations were performed on separate data from each individual using
STATISTICA 13.3 software (TIBCO Inc., USA).

Results. The results of the current study showed that the activities of alanyl
aminopeptidase and leucyl aminopeptidase were significantly increased (by 16.9%, p
< 0.05) in the liver tissue of ethanol-treated mice. Melatonin administration inhibited
the increased activities of alanyl aminopeptidase (by 36.1%, p < 0.05) and leucyl
aminopeptidase (by 46%, p < 0.05). The alanyl and leucyl aminopeptidase activities in
the melatonin-treated group were decreased more than the values obtained in the
untreated control group (by 25.36% and 37.3%, respectively, p < 0.05).

The liver, as a central site of metabolism and detoxification, is particularly
susceptible to the detrimental effects of ethanol and oxidative stress (Cichoz-Lach and
Michalak, 2014). In hepatocytes, lysosomes play a crucial role in cellular homeostasis
by participating in the degradation of macromolecules and the recycling of cellular
components (Trivedi et al., 2020). As key players in these processes, lysosomal
enzymes are sensitive indicators of cellular health and stress response (Bonam et al.,
2019). The lysosomal system is the major degradation mechanism of the mammalian
cell (Mindell, 2012). They are ubiquitous membrane-bound organelles that contain acid
hydrolases, which are digestive enzymes responsible for the proper degradation of
lysosomal contents (Kirkegaard and Jaitteld, 2009; Watts, 2012; Witek et al., 2014).
Lysosomes play a fundamental role in autophagy as these organelles fuse with
autophagosomes to digest their contents and degrade cellular components such as
damaged cell organelles or misfolded proteins (Roberg and Ollinger, 1998; Blomgran
et al., 2007).
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A possible mechanism associated with ethanol damage is the process of
lysosome assembly in cells, resulting in alcohol intoxication and the formation of
lysosomes with a defective membrane (Donohue and Osna, 2003). A consequence of
the synthesis of such lysosomes is the release of proteolytic enzymes and the imbalance
between the activity of proteinases and their endogenous inhibitors. In ethanol-induced
toxicity, ROS modify the structure of lysosomal proteases, thereby reducing their
activity, facilitating their passage into the cytosol and increasing their activity (Lee et
al., 2012). This is due to the peroxidation of membrane lipids by acetaldehyde and the
resulting free oxygen radicals, and the binding of acetaldehyde to the functional groups
of amino acid residues of proteins (Donohue and Osna, 2003; Li et al., 2014; EI-Mas
and Abdel-Rahman, 2019).

Animal studies suggest that different catabolic pathways are initiated depending
on the type of ethanol exposure. Acute ethanol exposure stimulates autophagy, whereas
chronic exposure suppresses it. Acute ethanol intoxication causes rapid hepatic
polarisation in mitochondria with oxidation of ethanol in liver cells. This reaction
induces superoxide production in the mitochondria (i.e. superoxide burst). During
chronic alcohol-induced intoxication, the continuously produced free radicals damage
liver cell structures, ultimately leading to dysfunction (Donohue and Thomes, 2014).
Inflammation and altered activity of lysosomal enzymes in acute ethanol intoxication
or chronic alcohol-dependent disease are in most cases interrelated (Koll et al., 2002).
Greater destruction of cell structure and release of lysosomal enzymes have been
observed in patients with alcohol-related diseases by Milnerowicz and co-workers
(2014).

Conclusions. The results suggest that melatonin participates in several defence
mechanisms against ethanol-induced oxidative stress by preventing lysosomal enzyme
disruption, inhibiting the increased activities of alanyl aminopeptidase and leucyl
aminopeptidase, and thus reducing the extent of liver damage, especially in the early phase of
ethanol-induced toxicity. Melatonin shows promising antioxidant properties, effectively
scavenging free radicals and attenuating oxidative stress in hepatocytes. This antioxidant
activity is accompanied by modulation of lysosomal enzyme activity, highlighting the
complex regulatory mechanisms by which melatonin exerts its protective effects. The
restoration of lysosomal enzyme levels and activities by melatonin suggests its potential role
in maintaining cellular homeostasis and promoting hepatocellular integrity in the face of
ethanol-induced oxidative insult. By maintaining lysosomal function, melatonin may
facilitate the efficient degradation of damaged macromolecules and the recycling of essential
cellular components, thereby attenuating the progression of liver injury. As a pleiotropic
molecule, melatonin's ability to modulate lysosomal function highlights its potential as a
therapeutic agent for various liver-related disorders characterised by oxidative stress and
impaired cellular clearance mechanisms. Future studies using advanced molecular techniques
and animal models may help to unravel the complex signalling pathways involved and pave
the way for the development of targeted therapeutic interventions.

This research was supported by the Pomeranian University in Stupsk, which is
gratefully acknowledged by the authors.
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CYYACHA IIATOTEHETUYHA TEPAIIISI BPOHXIAJIBHOI ACTMHA
I'pumuna K. B., I'natiok B. B.
Hayionanvnuti meouunuu ynisepcumem imeni O. O. bBoeomonvys,
m. Kuis, Ykpaina
hrishinakaterina@gmail.com

Beryn. 3a cratuctukoio Ha OponxianbHy actMmy (BA) crpaxnae mpubin3HO
300 mutH. monel y BchOMy CBIiTi. 3rigHO 3 maHuMu [ o0anpHOI 1HIIATHBH 3 aCTMH
(GINA), mommpeHicTh bOTO HEAYTY y PI3HUX KpaiHax xonuBaeThes Bia 1 g0 18 %.
Ha cporonHi 1e 3axBOpIOBaHHS BBAXAETHCA OIHIEIO 3 HAWBAXKIMBIIINX MEIAYHHX
npo0sieM 3 TOYKU 30pY BaKKOCTI MEpediry Ta TPUBAJIOCTI 1HBANIIHOCTI, OCKUIBKU
npubnan3Ho y 4-17% mari€eHTiB crocTepiraeTbes TSHKKa actMa — (opMa, MoB's3aHa 3
MiJBULICHOI0 CMEPTHICTIO, 3HIKEHHSAM SIKOCTI JKUTTS Ta 30UIbIICHHSM BHUTpAT Ha
oxopony 3aopoB's (IlepmeBa T. O., 2015). Ilomyk HOBHX JiKapChKHX 3aco00iB,
CIPSIMOBAaHUX Ha TNATOTEHETWYHI JIaHKM PO3BUTKY BA € akTyanbHUM TUTaHHSAM
cyyacHoi (hapMakoJIorii Ta MEAULIMHU.

Merta pocaimxkenns. JlocniguTu cydacHi JIKapChbKi 3aCO0M MaTOr€HETHYHOT
Teparnii OpoHX1aJIbHOI ACTMHU.

Marepiaiau Tta Mmeroau. byno nmpoBeneHo iH(OpMaLIHHUN NOLIYK Ta aHai3
HAayKOBOi JITepaTypu IIOJI0 TMAaTOreHe3y Ta CY4YyaCHUX METOMIB JIIKyBaHHS
OpoHxianbHOI acTMH OiOTEXHOJIOTIYHUMH TpenaparamMu Ha tuiatdpopmax PubMed,
Google Scholar, Cochrane Library, FreeFullPDF, mnpoananizoBano nepkaBHI Ta
MIDKHApPOJIHI MPOTOKOJIM, PEKOMEH/allli, HaCTAHOBU IOAO JIIKYBaHHSI OpOHX1aJdbHOT
acTMU. BUKOpHCTOBYBaJIM MOLIYKOBUW, AHAIITUYHUNA METOJ, METOAU aHAII3y Ta
y3arajJbHEHHS.

Pe3yabTaT Ta iX 00roBopeHHsi. 32 OCTaHHI POKM HayKa Jocsrjia CyTTEBOIO
Mporpecy B PO3YMIHHI MOJICKYJIAPHUX MeXaHi3MmiB po3BUTKY BA. 3a cyuacHumu
HAyKOBUMHU JIaHWUMU KapJAWHAIBHY pPOJb B MaroreHe3sl BA BimirpatoTe 3MmiHU Yy
cyononysiisx JimorutiB Th2-xenmepis, KOTpi TPOAYKYIOTh XapaKTepHU podisib
mutokiniB (1JI-4, 1JI-5, 1JI-13), mo BrutuBatoTh Ha yrBopeHHs IgE B-niMdoruramu, a
TaKOX Ha PICT, AUdEpeHIlaIlli0 Ta aKTUBallio €03uHO(DUIIB 1 MacTouuTiB. OCcTaHH1
pO3pOOKM B TEpaleBTUYHUX CTPATETisIX AacTMU MPOIMOHYIOTH albTePHATUBY
KOPTHKOCTEpOiaM sl JTIKyBaHHS 3alajeHHS IUXAIbHUX NUISXIB MPU acTMi — IIe
pO3po0Ka aHTHIMTOKIHOBUX MOHOKIOHabHMX aHTUTLI (Hammad H. et al., 2021).
MOHOKIOHANBHI aHTUTUIA — NPUHIMIOBO HOBUM Kiac OlogapmalieBTHUYHUX
npenaparisB, OTPUMaHUMI 3aBISKH TeHHIM iHkeHepii (3aituenko ['. B. ta in., 2019), sikwuit
3aiHB OJIHE 13 IIEHTPAJIBHUX MICIh B TATOT€HETUYHOMY JIIKyBaHHI BA.

OCHOBHUM JIOKyMEHTOM, 3a SIKUM Y BCbOMY CBITI B110yBa€eThCs JiKyBaHHsS BA,
€ «I'mo6anpHa iHiliaTHBa 3 BeaeHHs Ta mpodimaktuku actmuy (Global Initiative for
Asthma, GINA), siki Briepiire Oyu Bugani y 1993 porii 3a iHimiarnsoro HarioHaabHOTO
IncTuTyTy Cepus, nererb Ta KpoBi Ta BcecBiTHBOT opranizaiiii OXOpOHH 370pOB’S.
Koxnoro poky GINA mnepernsgacThcsi, 1 KOXHUNW HACTyMHUN TEPETyisi] MICTUTH
OHOBJICHI PEKOMEH/IaIlii, 3aCHOBaH1 Ha HOBUX OTpUMaHuX AaHuX. OCTaHHIN Mepersia
GINA-2023 Bxitouae Ha 5 etari JikyBaHHS BA 6ionoriuHi mpemnapaTy, MeXaHi3m Jii
akux cnpsimoBanuii Ha IgE (omanizyma0), IL-5 (Menmomizymab 1 pecnizyma0), o-
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peuentop IL-5 (Oenpanizymab) ta a-penentop IL-4 (ayminmymal), aHTUTUMIYHUN
cTpoMaJIbHUH JTiMdorioeTrH (Te3enenyMad) (Pemenko FO. 1. Ta in., 2023).

Owmanizymad — TryMaHi3oBaHe MOHOKJIOHaiIbHEe aHTuTU0 (MAT), 10
CEJIEKTUBHO 3B'S3YETHCS 3 JI0ACHKUM iMyHorno0ymiHoM E (IgE), Helitpanizytoun fioro
BIUTMB Ha auepriunuii kackana. [Ipu3HavyaroTh TpuU CIOHTaHHIM KPOMUB SHII,
OponxianpHiit acT™i Bix 6 pokiB (Agache 1., 2020).

Pecnizymab 1 w™emomizymab BigHOCSITH 10 rymaHizoBanumx MAT, ski
3B’s3y10Thess 3 IL-5 — mposanmaapHUM IIMUTOKIHOM, IO BIJAMOBIAAE 3a PICT 1
TUu(dEepeHIliIoBaHHS, aKTHUBAIlll0 Ta BIWKHUBAHHS €O3WHOMUIIB, 1 OJOKYIOTh HOTO
3B’s13yBaHHs 3 BiamoBigHuM perentopoM (IL-5R), 1m0 excnpecyeTbcs Ha MOBEPXHI
eosuHo(dumiB, 3amobirarote  IL-5-3ymoBieHiii  mpomideparnii  €03uHODLIIB.
3aCcTOCOBYIOTh MPHU TSAXKKIM €03MHOPUIBHIN acTM1 y MaIlieHTiB BiKOM BiJ 18 pokiB
(Lambrecht B.N., 2019).

Hyminymab — rymanizoBane MAT (1gG4), mo inridye inTepnetikiau 4 ta 13 (IL-
4 ta |L-13). Ha ceorozni BiH € equaumM 010katopom IL-4 ta IL-13. L-13 € xrogoBuM
(bakTOpOM maToreHe3y 3anajieHHs npu bA, mo npu3BoAUTH 10 AUCPYHKIIT IIKIPHOTO
Oap’epy, MOPYLIEHHSI IMYHHOI PEryJyslii Ta XpOHIYHOIO 3alajbHOrO MPOLECy, HOoro
piBeHb Kopentoe 3 TskKIicTIo BA. B 2020 pormi npemnapat Takoxk OyB CXBaJeHHUH s
JIKyBaHHS aronuyHOro aepmartity (A/Jl) y mopocnux ta miteit Bikom 6—17 pokiB, a B
2022 pomi, cxBamenuii FDA pans mikyBaHHS aTOMIYHOTO JE€PMATHTy Yy JiTEH
MOJIOJIIOTO BiKY (6 MicsIliB — 5 pokiB). [Ipu3HadaeTbes s TiKyBaHHS OpOHX1aJIbHOT
aCTMU 3 TIOMIPHHUM Ta Ba)KKUM TMepedirom BiJi 6 pOKiB KUTTS, aTOMIYHOTO JEPMATUTY
CEpEHBOTO Ta TSKKOIO CTYTIEHIB Y IOPOCIIUX Ta AITeH, pUHOCUHYCUTY 3 Ha3aJIbHUMHU
noJIiaMK y TOPOCnX Ta eo3uHO(ibHUM e3odaritom (Akenroye A. T. et al., 2023).

Tezenenymab — rymanizoBane MAT (IgG2)\) mpoTu TUMYCHOTO CTPOMaJIBLHOTO
mimpomnoeruny (TSLP). TSLP — e mnpencraBaukom IL-2, ogHMM 3 OCHOBHHX
pEryJsTOpiB, IO CTUMYJIOE IMYHHMI KackaJ Y BIANOBIAb Ha peCHipaTopHi
nonpasuuku-aneprenn (Gauvreau G. M. et al., 2020). IlIpemapar 3amo0irae
3yMmoBJieH1d TSLP eo3uHodiii B AMXaTbHUX LUISXAaX 1 KPOBI, 3YNMHUHSIE aKTHBALIIO
JEHJPUTHUX 1 OMTACUCTUX KIIITUH AUXAJIBHUX IUISAXIB Ta MPUTHIYYE Tiposidepartito T-
XeNmnepiB 2-ro THUMY, B pe3yJbTaTi YOro TaJIbMYEThCS YTBOPEHHS MpO3amalbHUX
UTOKIHIB, 30kpema IL-5 Ta IL-13. Ilpenapatr pexomeHaoBaHMI maiieHTam Big 12
POKIB 3 TsKKOI0 eo3uHO(piIpHOI0 acTMoro (Lambrecht B. N., 2019).

BucnoBku. 1. CyuacHa maroreHeTHYHa Teparis OpOHXIaJbHOI acTMH €
TaApreTHOI0 TEPAIMI€I0 Ta BKIIOYAE MPU3HAYCHHS OlodapMarieBTUYHUX IpenapariB —
MOHOKJIOHAJIbHUX @aHTUTLI Ha 5 eTani JIKyBaHHI K y TOPOCIIHX, TaK 1y AiTel 3 6 pOKiB.
2. OCHOBHUMHU TIpenapaTamu JJis JIIKyBaHHSI OpOHX1aJbHOT acTMU € aHTaronictu IgE,
Mpo3anajbHUX IUTOKUHIB Ta iX pEHEenTopiB, AHTUTUMIYHOTO CTPOMAIBHOTO
nimpomnoetuny. 3. CydacHa TapreTHa Teparis MOHOKJIOHAJTLHUMU aHTUTIJIaMH 3/1aTHA
3HAYHO MOKPAILUTHU SKICTh KHUTTS NAIIEHTIB 3 OPOHX1aJIbHOIO aCTMOIO.

KuarouoBi ciaoBa: OpoHxianbHa acTMma, NaToreHeTWyHa (apMakoTrepanis,
OiogapmalieBTUUHI penapaT, TapreTHa Tepartis, MOHOKJIOHAJIbHI aHTUTLIA.
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