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IEVADS

Petijuma aktualitate

Mikroskopijai attistoties, ta batiski mainija biologijas pétijumu gaitu.
Mikroskopu izmanto dazadu dzivibas procesu izpéte, tadgjadi raksturojot
organismu mikroskopisko uzbuvi. Konfokala lazerskengjosa mikroskopija ir
viena no metodém ka pétit parazitu iek$gjo un argjo struktiiru, ieglistot gan
detalizétus, gan kvantitativus, gan kvalitativus datus (Jurberg et al., 2008;
Kirjusina et al., 2018; Terenina et al., 2018; Mochalova et al., 2019; Terenina et
al., 2020).

Helmintu sugas ir iesaistitas konkur&josas un plésonigas mijiedarbibas gan ar
saimnieku, gan ar ne-saimnieku taksoniem, tadgjadi tiek paradits parazitu
nozimigums ekosistémas un baribas kédés (Tompkins et al., 2011). Gan
Trematoda klase, gan Nematoda tipa Trichinella gints parstavji ir dazadu
zoonozu ierosinataji (Sah et al., 2020). Trematoda klase ietver Sistosomu un
partikas bojajosu trematodes parstavjus, kuri invad&jusi vairak ka 294 miljonu
cilveku visa pasaule(World Health Organisation, 2015, 2019; Bennett &
Robinson, 2021). Savukart, Trichinella gints parazita izraisita zoonoze —
trihineloze ir ierindota pasaules cilvékam bistamako slimibu topa desmitnieka
(Pozio & Zarlenga, 2019). Péc Pasaules Veselibas Organizacijas datiem, ik
gadu 10 000 cilveku tiek registréta invadéSanas ar trihinellu (World Health
Organization, 2022).

Izmantojot fluorescento mikroskopiju, liela nozime tiek pieskirta luminoforiem
(Ndao, 2009). Savulaik parazitu struktiiras krasoSana tika plasi izmantotas
fluorescgjosas krasvielas akridina oranzais un rodamins C (Geller & Timonov,
1969a,b; Stankiewicz et al., 1996; Janssen 1998), bet miisdienassaka paradities
citas sintez&tas krasvielas biologisko organismu morfologiskai izpétei (Dapson,
2007; Fakhar & Ghobaditara, 2016). Peéd€jo gadu laika popularitati guvusi
benzantrona luminofori, to izmantosana dod iesp&ju noteikt specifiskus lipidus
un proteinus (Zhytniakivska et al., 2014a; Ryzhova et al., 2016). Benzantrona
luminofori ir zinamas ka fluorescentas zondes, kas atkariba no krasas strukturas
emit€ noteikta, spektrala regiona: dzeltens — zal§ vai sarkans - violets (Khrolova
et al., 1984). Dazi benzantronu luminofori tiek izmantoti membranu strukturalo
izmainu noveéro8anai un nukleinskabju savienos$anas izpé&tei (Dobretsov, 1989;
Yang et al., 1999). Pe&tjjumi apstipringjusi, ka luminoforus var izmantot
biologisku 0Objektu krasoSanai. Lai gan krasoSana ar benzantrona
luminoforiem krietni vien samazina paraugu sagatavoSanas laiku, katrai
organismu grupai ir japiemekle specifisks benzantrona luminofors (Kirjusina et
al., 2018; Kirilova et al., 2019).

Pettjumos aprakstitie trematodes paraugu sagatavoSanas standarta protokoli
konfokalai lazerskengjosai mikroskopijai aiznem vairak ka vienu vai pat divas
dienas (Krupenko, 2014; Krupenko & Dobrovolskij; 2018; Krupenko, 2019) un
ir koncentréti uz kadu noteiktu sistemu izpéti, pieméram, muskulu sisteému



(Krupenko, 2019), nervu sisttmu (Kremnev et al., 2020, 2021). Paraugu
sagatavosanas posma tiek izmantoti dazadi paraugu mazgasanas un fiks€Sanas
$kidumi, piem&ram, paraformaldehids, fosfatu bufer§kidums jeb PBS ar 0.1%
natrija azidu, u.c. (Krupenko & Gonchar, 2017a,b; Krupenko et al., 2016).
Rezultata izstradatie protokoli prasa daudz resursu un cilvéka darba stundu.
Savukart, trihinellas kraso$anas protokoli biezi vien nav paredzgti pasa kapura
struktiiras noteikSanai, bet gan specifisku procesu novéro$anai, pieméram,
imunsisttmas atbildes reakcijai (Bai et al., 2012), anti-trihinellu vakcinu
parbaudei (Hu et al., 2021), noteiktu proteinu lokalizé$anai (Hernandez-Bello et
al., 2008; Morales-Montor, 2022), mijiedarbibas izp&tei starp nematodi un
muskulu §tnam in vitro (Bai et al., 2011). Tomér trakst luminoforu, kas spétu
iekrasot parazitu vispargjo struktiiru, nepatéréjot daudz resursu un laika parauga
sagatavosanai konfokalai lazerskengjosai mikroskopijai.

Parazitu mikroskopiska izpé&te ietver dzimumu noteik$anu. Viens no populaciju
raksturlielumiem ir dzimumstruktira. Kozek (1975) un Li et al. (1999) ir
meginajusi noteikt trihinellu kapuru dzimumus, uzskaitot morfologiskas
pazimes, kuras atskir matiti no tevina. Tom&r, méginajumi nav bijusi veiksmigi,
jo, izmeklgjot paraugus ar gaismas mikroskopiju, ir samera griti atSkirt
pazimes, kuras prasa lielu precizitati (Weller, 1943; Kozek, 1975). Viena no
pazimém péc kuras ir iesp&jams noteikt kapuru dzimumu ir gala zarnas garums,
bet ar gaismas mikroskopiju iegiitie mé&rijumi var bt neprecizi (Villella, 1966).

Pétijuma novitate

Trematodes parazitu sugu pétijumos aprakstitie helmintu izp&tes protokoli,
izmantojot konfokalo lazerskengjoso mikroskopiju, lielakoties ir razotaju
izstradati standarta protokoli ar nelielam modifikacijam. Paraugu sagatavosana
aiznem vienu vai pat divas dienas (Krupenko, 2014; Krupenko & Dobrovolskij;
2018; Krupenko, 2019), turklat kraso$anas protokoli ir vérsti uz konkrétu
organu sistemu izpéti (Krupenko, 2019; Kremnev et al., 2020, 2021). Savukart,
trihinellas krasosanas protokoli tiek vérsti uz specifisku procesu novérosanu vai
noteiktu proteinu lokalizésanu (Hernandez-Bello et al., 2008; Bai et al., 2011,
2012; Hu et al., 2021; Morales-Montor, 2022). Tomér triikst luminoforu un
kraso$anas protokolu, kas koncentrétos uz paSa parazita vispargjas struktiiras
izpéti, nepatérgjot daudz laboratorijas resursu un laiku parauga sagatavosSanai
konfokalai lazerskengjosai mikroskopijai.

Dota pétijuma gaita tika sintezéti septini benzantrona luminofori (AM323,
AZPP, AM1, AM2, AM4, AM16, P8,) un izstradati noteikti krasoSanas
protokoli Trematoda klases dazadu parazitu sugu izpétei, izmantojot konfokalo
lazerskeng&joSo mikroskopiju. Izstradatie krasoSanas protokoli ir pieméroti
efektivai un atrai dazados kimiskos fiksatoros fiksétiem P. fasciolaemorpha
(ad.), D. spathaceum (ad.), D. subclaviatus (mtc.) un P. confusus (ad.) izpé&tei.
Tika sintez&ti divi benzantrona luminofori (AZP un P13) un izstradati noteikti
krasoSanas protokoli Nematoda tipa parazitu sugu izpétei. Izstradatie


https://www.sciencedirect.com/science/article/abs/pii/S0304401722000164#!
https://www.sciencedirect.com/science/article/abs/pii/S0304401722000164#!

krasoSanas protokoli ir piemeroti tris dazadu trihinellu paraugu tipu izpétei:
paraugiem, kuri uzglabati 96,6% etanola; kapuriem, kas sasaldéti dzivnieku
muskulattira vai nesen ievakta dzivnieku muskulatiira, no kuras vienas dienas
laika izdaliti trihinellas kapuri un tie fikséti. Rezultata tika novérotas
morfologiskas at$kiribas starp T. spiralis un T. britovi sugu paraugiem.
Petfjuma laika tika sintez&ts AZM luminofors un izstradats noteikts krasosanas
protokols T. spiralis un T. britovi kapuru dzimumu noteik$anai, balstoties uz
kapura gala zarnas garumu.

Piemeklgjot specifisku benzantrona luminoforu dazadam parazitu sugam, tika
paaugstinata izstradato protokolu efektivitate. Izstradatie krasoSanas protokoli
ietaupa paraugu sagatavosanas laiku un laboratorijas resursus, jo paraugu
sagatavosanai konfokalai lazerskengjosai mikroskopijai nav javelta vairakas
stundas vai dienas.

Darba hipotéze

Dazadu parazitu sugu efektivai un atrai izpetei ar konfokalo lazerskengjoso
mikroskopiju ir piemérots noteikts kraso$anas protokols, izmantojot noteiktu
Kimisko fiksatoru un specifisku benzantrona luminoforu.

Darba meérkis

Izstradat krasoSanas protokolu ar benzantrona luminoforiem Trematoda klases
un Nematoda tipa dazadu parazitu sugu efektivai un atrai izpétei, izmantojot
konfokalo lazerskengjoso mikroskopiju.

Darba uzdevumi

1. Aprob&t sintezétos benzantrona luminoforus Trematoda Kklases un
Nematoda tipa dazadu parazitu sugu efektivai un atrai izpétei (I, I, 111, 1V).

2. lIzstradat krasosanas protokolu, izmantojot specifisku benzantrona
luminoforu, Trematoda parazitu sugu paraugiem, fiksétiem dazados kimiskos
fiksatoros, efektivai un atrai izpétei (I, 111).

3. Izstradat krasoSanas protokolu, izmantojot specifisku benzantrona
luminoforu, tris dazada tipa Nematoda parazitu sugu paraugiem, fiksetiem
dazados kimiskos fiksatoros, efektivai un atrai izp&tei un dzimuma noteiksanai
(11, V).

4. lzanalizét sintez&ta benzantrona luminofora piemerotibu un krasoSanas
protokola efektivitati Trematoda klases un Nematoda tipa parazitu sugu atrai
izp&tei, pielietojot konfokalo lazerskengjoso mikroskopiju (I, I, 111, 1V).

Aizstavamas tezes

1. Sintezétie benzantrona luminofori ir piemé&roti Trematoda klases un
Nematoda tipa dazadu parazitu sugu efektivai un atrai izpétei, izmantojot
konfokalo lazerskengjo$o mikroskopiju.

2. Kimiskie fiksatori ietekm& p&tama parauga detalizetu izp€ti un noteiktam
luminoforam ir piem&rots noteikts fiksators.



3. Trematodes parazitu krasoSanas sola ilgumu ietekmé pétama parauga
izcelsme — poikiloterms saimnieks vai homoterms saimnieks.

4. Efektiva un atra protokola izstrade sniedz detaliz&tus rezultatus divu stundu
laika.

5. Specifisks benzantrona luminofors un noteikts krasoSanas protokols ir
piem&rots T. spiralis un T. britovi kapuru dzimuma noteikSanai.

Pétijuma rezultatu aprobacija

Zinatniska monografija.
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MATERIALS UN METODES
Bezantrona luminoforu sintezes apraksts (1, 11, 111, 1V)

Daugavpils Universitates (DU) Dzivibas Zinatnu un Tehnologiju Institiita
(DZTI) Lietiskas kimijas departamenta tika sintez&ti devini benzantrona
luminofori: AZPP, AM323, AZM, AM1, AM2, AM4, AM16, P8 un P13, kuri
petijjuma gaita tika izmantoti biologisko objektu krasosana un specifisku
krasoSanas protokolu izstrad€, efektivai un atrai dazadu Trematoda klases un
Nematoda tipa parazitu sugu izpétei.

Pétamais materials (I, 11, 111, 1V)

Pétijuma gaita tika izmantoti helmintu paraugi no DU DZTI Ekologijas
departamenta Parazitologijas un Histologijas laboratorijas. Helminti tika iegati
no dazadiem saimniekiem: peles (II), rudas lapsas (I, 1V), alniem (1), zivim
(11) un bezastainiem abiniekiem (I11). Izmantoto materialu raksturojums
atspogulots 1. attela.

DU DZTI Ekologijas departamenta
Parazitologijas un Histologijas laboratorija

1. T. spiralis un T. britovi kapuri (izol&ti no 1. P. fasciolaemorpha (ad.) (1) fikséts 70% un 96%

dzivnieku muskulataras un fikseti) (1) etanola; AFA, Karnoja un Bouina $kiduma, 10%
2. T. britovi kapuri (uzglabati 96,6% etanola) neitrali buferata formalina
5 T('g/? aou sasaldati (20° 2. D. spathaceum (mtc.) (I11) fiksdts 96% etanola
-+ T. britovi kapuri sasaldati (-20°C 3. D. subclaviatus (ad.) fiksets Kamoja skiduma, P.

temperaturd) dzivnicku muskulatira (IV) confusus (ad.) (I11) fikséts 96% etanola un AFA

—_» Poikiloterms saimnieks ~ Skiduma
Homoterms saimnieks

1. attels. P&tjjuma izmantotais materials (Rubenina, 2022)
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P&tama materiala kimiska fiksesana (1, 11, 111, 1V)

Talit péc izdalisanas no saimnieka organisma Trematoda parazitu sugu paraugi
tika kimiski fikseti seSos dazados fiksatoros (skat. 1. tabulu).

1. tabula
Trematoda parazitu sugu paraugu kimiska fikséSana un
uzglabasSana
70% 96 % AFA Kamoja ~ Bouina ~ [00nelr
Kimiskais fiksators etanols etanols skidums  Skidums  3kidums = oo
) (1, 1 (1, 1) 0] M 0)
Fiksésanas ilgums . Lidz _ . Lidz _ . Lidz _
P. fasciolaemorpha izmekle  izmekle 2h 2h 2h izmekle
' Sanai Sanai Sanai
Fiks&Sanas ilgums Lidz
saldiidens - izmekle 1lh 1lh - -
trematodem Sanai
Skalosana P. Navoo Navo g 700 709 NV
- piemero piemero piemero
fasciolaemorpha - - etanols etanols etanols -
jama jama jama
Skalf)sana _Na\_/ 96 % 96 %
saldiidens - piemero etanols etanols - -
trematodém jama
10%
Kimiskais fiksators, 700, 96 % 70% 70% 700 ~neitali
kura tika uzglabati buferéts
. etanols etanols etanols etanols etanols -
P. fasciolaemorpha formalin
s
Kimiskais fiksators,
kura tiek uzglabatas ) 96 % 96 % 96 % ) )
saldadens etanols etanols etanols
trematodes
Uzglabasana ledusskapi +4°C temperatira lidz nakamai izmekl&$anai

- kimiskais fiksators netika izmantots materiala fiks&Sanai
Izoletie T. spiralis un T. britovi kapuru paraugi uzreiz péc izdali$anas no

dzivnieku muskulatiiras 1 stundu tika fikseti ¢etros dazados kimiskos fiksatoros
(skat. 2. tabulu).
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2. tabula
T. spiralis un T. britovi parazitu sugu paraugu kimiska fikséSana
un uzglabasana

. 96,6 % AFA Karnoja Bouina
Kimiskais 70% e - e
fiksators etanols (11) etanols Skidums Skidums Skidums

(1V) (1 (1 (1))
Fiksesanas Lidz Lidz
ilgums izmekléSanai  izmeklesanai Lh 1h 1h
. Nav Nav 70% 70% 70%
Skalosana L L
piemérojama  piemérojama etanols etanols etanols
Kimiskais
fiksators, 70% 96,6% 70% 70% 70%
kura tika
. etanols etanols etanols etanols etanols
uzglabati
kapuri
ledusskapi ledusskapi ledusskapi ledusskapi ledusskapi
Uzglabasanas +4°C lidz +4°C lidz +4°C lidz +4°C lidz +4°C lidz
temperatiira nakamajai nakamajai nakamajai nakamajai nakamajai

izmekléSanai  izmekléSanai  izmekléSanai  izmeklésanai  izmekléSanai
Uzglabasanas  Diena lidz . Diena lidz Diena lidz Diena lidz
> 1-5gadi
ilgums 1 gadam 1 gadam 1 gadam 1 gadam

Krasosanas protokoli ar specifisku benzantrona luminoforu (I, 11, 111, 1V)

Benzantrona luminofori AZPP un AM323 tika sintezéti P. fasciolaemorpha
paraugiem, kuri fikséti 70% un 96% etanola, AFA, Karnoja un Bouina $kiduma
vai 10% neitrala formalina bufer§kiduma (I). Parazits tika izdalits no alna
(Alces alces) (homoterma saimnieka). Trematoda paraugu vispargja KrasoSanas
gaita ir atspogulota 2. attgla.

Luminofors C,HsOH C,HsOH : ksilens Ksiléns, 100%

sl
ﬁuﬁ%g 1’mi’h: 8- iO.mlrl»:ﬁ;m» bl 7

Kanadas balzams

2. attels. Vispargja kraso$anas gaita trematodes paraugiem
(Rubenina, 2022)

Benzantrona luminofori AM1, AM2, AM4, AM16 un P8 tika sintez&ti
saldiidens trematodém: D. spathaceum (mtc.), kuras fiksétas 96% etanola; D.
subclaviatus (ad.), kuras fiksétas Karnoja $kiduma un P. confusus (ad.), kuri
fikseéti AFA skiduma (111). lzstradatais krasosanas protokols tika pielietos
paraugiem, kuri iegiti no poikilotermiem saimniekiem: bezastainiem
abiniekiem (D. subclaviatus, P. confusus) un saldiidens zivim (D. spathaceum).
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Benzantrona luminofors AZM tika sintezets kapuriem, kuri izoléti no dzivnieku
muskulataras un fikséti 70% etanola, Karnoja, Bouina vai AFA $kiduma.
Savukart, luminofors P13 tika sintez&ts T. britovi kapuriem, no kuriem dala
kapuru bija fikséta 96,6% etanola no 1 lidz 5 gadiem un otra dala kapuru bija
sasaldéta dzivnieku muskulatira no 1 lidz 5 gadiem. Nematoda paraugu
vispargja krasosanas gaita ir atspogulota 3. attela.

Pienskabe, 80% C,HsOH

;25% c;()f%

5 min

Luminofors C,HsOH

>

10 -20s

- »-

Pl

Kanadas balzams

3. attels. Vispargja kraso$anas gaita nematodes paraugiem
(Rubenina, 2022)

Izstradatais trihinellu kapuru krasoSanas protokols, izmantojot luminoforu
AZM, tika pielietots trihinella kapura dzimuma noteikSanai. Dzimuma
noteikSana tika balstita uz Kozek (1975) un Liu et al. (1991) p&tijumiem, kuros
tika noskaidrots, ka tévina gala zarnas garums var sasniegt 63 um, bet matitém
tas vienmér ir uz pusi mazaks — 30 pm.

Konfokala lazerskengjo$a mikroskopijas metode (I, 11, 111, 1V)

Visi paraziti péc krasoSanas ar benzantrona luminoforu tika pétiti, izmantojot
Nikon Eclipse Ti-E konfokalo lazerskengjoso mikroskopu (Nikon, Japana), kas
ir konfiguréts ar atrgaitas multifotonu AIR MP konfokalo sistému un aprikots
ar digitalo DS-U3 kameru (Nikon, Japana). Fluorescences ierosinasanai tika
izmantoti tris lazeri: Ch2 zalais lazeris A= 488 nm ar FITC filtru (500-550 nm)
(1, 11, 11, 1V)); Ch3 oranZais lazeris A= 561 nm ar TRICT filtru (570-620 nm)
(111, 1V) un Ch4 sarkanais lazeris A= 638 nm ar Cy5 filtru (662-737 nm) (1).
Visi iegutie dati tika saglabati jpg un ND2 Image File formata, péc tam dati
tika apstradi ar NIS Elements Advanced Research 3.2 64-bit programmattru
(Nikon, Japana).
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REZULTATI
Trematoda un Nematoda paraugu fiksé$ana un uzglabasana (1, 11, 111, V)

Kimisko fiksatoru iedarbiba uz paraugiem tika novérota divas reizes: laika, kad
paraugs tika sagatavots uzglabasanai un konfokalas lazerskengjosas
mikroskopijas (KLSM) laika.

P. fasciolaemorpha (1) kimiska fiks€Sana tika veikta sesos dazados fiksatoros.
Fiksésanas laika tika nov@rots vai paraugos notiek kadas morfologiskas
izmainas. Trematodes fiksé$ana Karnoja $kiduma izraisija paraugu izméru
paliclinasanos. Etanola fiksétie paraugi kluva nedaudz tumsaki, salidzinot ar
paraugu krasu pirms fikséSanas. Bouina Skiduma fiksators visus paraugus
krasoja dzeltena krasa un talaka paraugu apstradé to nebija iespgjams izskalot.
Rezultata Bouina $kiduma fiksétie P. fasciolaemorpha ietekm&ja iegito
rezultatu kvalitati izp&te ar KLSM.

Saldudens trematodes (I11) tika uzglabatas 96% etanola, ledusskapi +4°C
temperatira lidz nakamai izmeklé$anai. Ned&lu glabatos D. spathaceum (mtc.)
un D. subclaviatus (ad.) netika novérotas fiziskas izmainas. P. confusus
paraugos tika novérotas morfologiskas izmainas, jo krasosanas laika paraugs
sadalijas, tas bija kluvis parak trausls. KLSM laika paraugos tika noveéroti
fiziski parravumi kerment — melni plankumi.

Pétijuma laika tika izmantoti no dzivnieku muskulatiras izolétie trihinellas
kapuri (I1), kas tika glabati 96,6% etanola vai kapuri, kas tika iegtiti no —20°C
temperatiira sasaldétas muskulatiiras (IV). Talit péc izolésanas no dzivnieku
muskulatiiras, trihinellas kapuri tika fikséti piecos dazados kimiskos fiksatoros.
P&tot paraugus ar gaismas mikroskopiju, paraugos netika novéroti fiziski
bojajumi. Savukart, izmeklgjot paraugus ar KLSM, atklajas, ka vecakos
paraugos (3 gadi <) ir novérojama morfologiskas struktiiras degradacija.
Pétijumi apstipringja, ka kimiskajam fiksatoram ir ietekme detalizeétu KLSM
datu ieguve.

Trematoda un Nematoda paraugu efektiva un atra izpete (I, 11, 111, 1V)
Pirms paraugu fikséSanas un krasoSanas procediiram, tika veikta kontroles
parauga izpéte. Autofluorescences pétijumi tika veikti ar paraugiem, kuri vienas
dienas laika tika izoléti no saimnieka vai Sasaldétas saimnieka muskulataras.
Izoletie paraugi netika kimiski fikséti un netika krasoti ar benzantrona
luminoforiem (I, 111). Nefiksétie un nekrasotie paraugi tika izpétiti ar KLSM
metodi. Autofluorescences rezultata trematodes paraugiem tika izgaismota
vispargja kermena forma, Kur tika saskatits, ka kermena virsma nav gluda. P.
fasciolaemorpha paraugos bija iesp&jams noteikt védera piesticekna un
kopulacijas organa novietojumu. T. spiralis un T. britovi autofluorescences
eksperimentos tika izmantoti kimiskos fiksatoros fikséti paraugi (I1). Rezultati
apstipringja, ka, izmantojot 488 nm lazeri, ir iesp&jams sasniegt gandriz 10
reizes autofluorescences vajinasanas signalu salidzinajuma ar 405 nm vilgu
garuma absorbciju (11, 1V).
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P. fasciolaemorpha parazitu krasoSana tika veikta paral€li ar abam krasam,
iegiito rezultatu salidzinasanai. Trematodes kermena izp&te (ar AZPP krasotiem
paraugiem) bija iesp&jama jau zem x40 palielingjuma (skat. 4. attelu).

4. attels. Parafasciolopsis faciolaemorpha (ad.) krasota ar AZPP, fiksators
AFA (viens optiskais griezums) (Rubenina, 2021). O.S.— mutes piesticeknis,
PPH — pre-rikle, PH — rikle, E — baribas vads, C — kopulacijas organs, V
— dzeltenuma dziedzeris, TS — séklinieki, O — olnicas, INT — zarnas, V.S.

— mutes piesticeknis, U.W.E. — dzemde pildita ar olam

Tika novérota kermena virsmas struktiiras, taja skaita kermena virsmas dzelksni
un teguments. Tika vizualizéta kermena telpiska (dimensiju) struktiira. Zem
x100 palielingjuma vienlaicigi tika novéroti tris muskulu slani: cirkularais,
diagonalais un gareniskais. Mutes un védera piesticeknos tika novérotas
cirkularais, gareniskais un radialais muskulu slanis. Trematodes kermena astes
zona tika skaidri noveérotas parenhimas S$tinas. Rezultati apstiprinaja, ka
vispiemérotaka luminofora un fiksatora savieniba P. fasciolaemorpha izpétei ar
KLSM ir 70% etanols vai AFA $kidums un AZPP luminofors. Izstradatais
krasoSanas protokols, izmantojot sintezéto AZPP benzantrona luminoforu un
KLSM, ir piemérots P. fasciolaemorpha efektivai un atrai izpétei, padarot
kraso8anas protokolu mazak darb un laikietilpigu (I).

D. spathaceum mitc., fikséti 96% etanola, mikroskopiskas izpétes rezultati
noradija uz AM1, AM2, AM4, AM16 un P8 luminoforu piemeérotibu
trematodes izp&tei. Spilgta luminicence tika novérota skoleksa, pseido
piesticeknos un ekskretora sistema (111).

KLSM rezultati pétijumos ar D. subclaviatus trematodém, fiksétas Karnoja
skiduma, uzradija detalizétakus datus, iezZimgjot sikus, taksonomiski nozimigus
skeleta elementus (skat. 5. atteélu), bet no otras puses, paraugos nebija
noveérojami iek$&jie organi un struktiiras, pat mainot skené$anas iestatjjumus

an.
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5. attels. Diplostomum spathaceum (mtc.) krasots ar AM2 (Rubenina, 2018).
OS — mutes piesiiceknis; PS — pseido piesticeknis; P — rikle; HO — skoleks; CB
— kalku kemenisi; PES — primara ekskretora sistéma.

P. confusus paraugos tika noverots, ka kutikulu klaj dzelksnisi. Tika noveérota
gremosanas un reproduktiva sistéma (skat. 6. att€lu) (111).

6. attels. Pieaudzis Prosotocus confusus krasots ar AM1 (ieksgja struktiira)
(Rubenina, 2018)
OS — mutes piestceknis, P —rikle, IC — zarnu zars; VS — védera piesiiceknis; E
— olinas; S — dzelksni; B — cirrus maiss jeb bursa; C — kopulacijas organs jeb
cirrus.

T. spiralis un T. britovi kapuru izpgtei tika sintez&ti P13 un AZM benzantrona

luminofori. Benzantronu luminoforu un KLSM metodes izmantoSana deva
iesp&ju detalizéti izpetit parazita kermeni, ieskaitot organu morfologiju, to
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izkartojumu kermeni. Sintez&to luminoforu un izstradato krasosanas protokolu
efektivitate tika parbaudita, aizstdgjot luminoforu ar komerciali pieejamu
krasvielu. Rezultati apstiprinaja kvalitativaku datu ieguvi ar sintez&tajiem P13
un AZM benzantroniem, pateicoties kuriem tika novérotas atskiribas kutikulas
struktGra starp abam trihinellu sugam. T. spiralis kutikula tika noveérota
“pseidosegmentacija”, bet T. britovi kutikula segmentacija netika novérota, kas
lika secinat, ka ta ir gluda. Ar AZM izstradatais protokols deva iesp&ju precizi
izmérit kapuru gala zarnas garumus, balstoties uz zarnas garumu ir iespgjams
noteikt kapura dzimumu (skat. 7. att€lu). Rezultata tika aprékinats, ka vidgjais
gala zarnas garums T. britovi matiteém bija 21,19 um +2,45 SD un T. spiralis -
20.55 pm + 1.48 SD. Téviniem vidgjais gala zarnas garums bija 41,08 um
+4,26 SD un 46.08 um + 2.95 SD. Vélak tika novérota spilgta fluorescence
matites dzemdes aizmetni.

7. attéls. KLSM attéla atzim&ta gala zarna gan trihinella matitei, gan t€vinam
(Rubenina, 2019). TsQ—T. spiralis matite, Tsd—T. spiralis tevins. Ar <
atziméeta gala zarna.
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DISKUSIJA

Misdienas ar vien lielaka uzmaniba tiek pievérsta biologisko objektu
kraso$anai ar luminoforiem (Shivraj et al., 2018). Iepriek$€jos p&tijumos tika
apstiprinats, ka benzantrons (3-N-2-[4-(2 feniletil)piperazin-1-
ilJacetamidobenzantrons (AZP5) ir piem&rots helmintu, glabati 96% etanola,
morfologiskai izp&tei (Kirjusina et al., 2018). Kirilova et al. (2019) apstiprinaja
benzantronu luminofora izmantosanu kallusa embrija §inu vizualizé$anai. Saja
konteksta tika sintez&ti jauni benzantronu luminofori, kas vizualizétu $tnas
membranu, krasai lokaliz€joties membranas lipidos (I, 11, I11, 1V). Piemeklgjot
atbilstoSako benzantrona luminoforu, tika noskaidrots, ka bitiska loma ir C-3
pozicija eso$ajam aizvietotajam, kas sava zina nosaka luminofora efektivitati,
atklajot strukturalo un vides ietekmi uz fotofizikaliem parametriem.
Sintezétajiem luminoforiem ir plass polaritates diapazons (Kapusta et al., 2003;
Siddlingeshwar et al., 2011; Shivraj et al., 2018), apstiprinot luminoforu
izmantosanu dazadu biologisku struktaru vizualizé$anai (Kalnina et al., 2007;
Trusova et al., 2012; Ryzhova et al., 2016; Kirjusina et al., 2018; Kirilova et al.,
2019).

Benzantrona luminoforu izmanto$anas laika ir jarekinas ar fotoizbal&sanas
procesu, ka rezultata pétama parauga kvalitate sartik ar katru reizi, kad uz to
iedarbojas ar lazeri (Han et al., 2021). P&tijumos (I, I1, 111, 1V) apstiprinajas, ka
detalizetu rezultatu iegfisanai, ir ieteicams lietot 1azera vilpa garumus dilstosa
seciba. Fotoizbalé$anas process apstiprinaja, ka ar benzantrona luminoforiem
krasotie un KLSM sagatavotie paraugi ir pieméroti atrai un efektivai parazitu
sugu izpétei.

Promacijas darba izvirzita hipotéze, ka dazadu parazitu sugu efektivai un atrai
izpétei ir piemérots noteikts krasoSanas protokols, izmantojot specifisku
benzantrona luminoforu un konfokalo lazerskengjoso mikroskopiju, tika
apstiprinata.

Trematodes (I, 111)

KLSM tiek plasi pielietota dazadu sugu morfologiskas un fiziologiskas
struktiiras izpéte, it ipasi fiksétiem trematodes paraugiem. (Jurberg et al., 2008;
Borges et al.,, 2017). P&tijjuma eksperimentalie rezultati (I) paradija, ka,
izmantojot 488 nm (ar 500-655 nm filtru) lazera ierosmi, bija iesp&ams
sasniegt 23x mazaku autofluorescences signalu, salidzinajuma ar 405 nm (ar
425-580nm filtru) vilpa garuma ierosmi. Izvertgjot autofluorescenci, tika
izveleti dazadi ROI un izvéletie ROI tika salidzinati ar fona ROI. Balstoties uz
ieglitajiem datiem, 488 nm lazeris ar FITC filtru (500-550 nm) un 638 nm
lazeris ar Cy5 filtru (662-737nm) bija vispiemérotakie lazeri nevélamas
autofluorescences nomaksanai. P&tijuma ar saldidens trematodém (I11) netika
izmantots lazeris ar 405 nm vilpa garumu, jo tas ierosina paraugu
autofluorescenci. Pétjjuma gaita sintez&tie benzantrona luminofori uzradija
fluorescenci sarkana spektra regiona, tomer ar benzantronu krasotajiem
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paraugiem bija fluorescences nobide Tsaka vilpa regiona (I, I11). lespgjams.
hidrofobiskaku apstaklu dél (lielaks lipidu skaits, dehidratésana ar etanolu).
Blakus luminiscenci var radit kimiskais fiksators. Piem&ram, izmantojot
formalinu saturo$u kimiska fiksatoru sajaukumu, var tikt novérota intensivaka
§tnu luminiscence spektra dzelteni - zala regiona (Alfano et al., 1984).

Lieka udens klatbutne Stinas struktiras nelauj iegit atbilstosu parauga
caurspidigumu. Sigins (no anglu val. Shigin) (Shigin, 1996), krasojot
trematodes gaismas mikroskopijai, veica dehidratéanas soli un art pétijuma (I,
I11) rezultati apstiprinaja dehidratéSanas nozimigumu jauna protokola izstradg.
Petfjuma rezultati apstiprinaja, ka parazitiem ar planu apvalku strukttiru, piem.,
Diplostomatidae dzimtai (111), nav vajadzibas pielictot papildus dzidrinasanas
soli, izmantojot 100% ksilénu, jo absolutais ksilens var deformét jutigaku
paraugu struktiru. P&tijuma laika (1) tika noveérots, ka trematodes biezums
nosaka, cik ilgi paraugs ir jatur luminofora un cik ilgi 100% ksiléna.
Novérojumi tika ieklauti krasoSanas protokola izstrade, kur noradits, ka no
homoterma saimnieka izoléta trematode ir japatur piecas mindtes ilgak
luminofora neka no poikiloterma saimnieka izoléta trematode. P.
fasciolaemorpha tiek turéts etanola:ksiléna Skiduma 8-10 min, péc tam 100%
ksilena 30s — 3 min, $adas variacijas laikos ir pamatotas ar dazados parazitu
paraugu biezumu.

Trematodém ir raksturiga kermena sienas muskulatiiras uzbtive, kas sastav no
tris slaniem: gredzeniska, Skerssvitrota un diagonala (Ginetsinskaya, 1988;
Galaktionov & Dobrovolskij, 2003). Izmantota p&tijuma materiala (I, 111) bija
noveérojami Visi tris raksturigakie trematodes kermena sienas muskulatiiras
slani. Muskulu slanu pétfjumiem tiek izmantotas saméra sarezgitas krasosanas
metodes, ka pieméram, Krupenko (2014) parauga sagatavosana konfokalai
lazerskengjosai mikroskopijai prasija divas dienas. Masdienu ritg§juma divas
dienas ir parak ilgs laiks, tapéc tika meklStas iesp€jas izstradat krasoSanas
protokolu, kas tér&tu mazak laika un cilvéka stundu resursu, bet sniegtu
detalizétus rezultatus. Ar pétijjuma izstradatiem krasosanas protokoliem
rezultatus var iegiit jau pirmo divu stundu laika (I, 11, 111, 1V). Uzsakot pirmos
méginajumus krasot saldiidens trematodes, iegiitajos rezultatos netika novérota
visa kermena muskulu struktiira, tomér tika ieziméta muskulota rikle, mutes un
védera piesticekni (I11). P&étijuma ar P. fasciolaemorpha (I) tika noveérota
detalizetaka kermena muskulu struktiira, vizualizgjot gredzeniskas, diagonalas
un $kérssvitrotas muskulatiiras slanus. Pétijumos (I, Ill) iegatie rezultati
apstiprindja, ka sintezétie benzantrona luminofori un izstradatie krasoSanas
protokoli sniedza lidzigus rezultatus ka krasojot paraugus ar komerciali
pieejamo fluoresceina izotiocianatu vai tetrametilrodamina B izotiocianats-
konjugetu, kas iekraso tiesi aktinu (Terentina et al., 2020). Pétijuma rezultati (1)
apstiprindja dzelksniSu esamibu uz kermena virsmas, tapat ka to apstiprinaja
citi pétnieki (Rankin, 1939; Belopolskaya, 1963; Davies, 1979; Saville et al.,
1997; Pina et al., 2011; Krupenko & Dobrovolskij, 2018). Ar KLSM tika
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noverots, ka kermena priekséja dala ir blivak nosegta ar dzelkSniem neka
kermena apaksgja dala (I, 111). Lai gan Krupenko & Dobrovolskij (2018)
secinaja, ka dzelk$nu forma, zobinu skaits utt. nav nosakams tikai ar KLSM
metodi, §T pétjjuma rezultati (1) apstiprindja pretéjo. AZPP luminofors un
KLSM metode sniedza informaciju par dzelkSnu izm@riem, zobinu skaitu un to
formu.

P&tijuma (1) rezultati apstiprindja visu tiTs raksturigako muskulu slanu esamibu
mutes piesticekni: radialie, ekvatorialie (= gredzeniskie) un meridionalie (=
Skérssvitrotie). Tika secinats, ka gredzeniskds muskulu Skiedras ir blivak
izvietotas tiesi kopulacijas organa un kopulacijas organa maisina, salidzinot ar
Fasciola hepatica (Mair et al., 1998). Kopuma iegiitie p&tjjuma rezultati (I, 1)
apstiprindja vispargjo trematodes kermena morfologiju péc Skrjabin (1949).
Zem tegumenta eso$ajas parenhimas $tnas tika novérotas glikogéna rezerves,
visvairak tieSi dzeltenuma dziedzeru zona. Izkaisitas glikogéna rezerves tika
novéerotas piestiprinasanas organos. Visspilgtaka fluorescence tika novérota
parazita olas, kuras liclakoties sastav no glikogéna un lipidiem (I). Glikogéna
rezerves un lipidi kalpo par energijas avotu, $Gnu aktivitates regulatoru un to
izmanto biologisko membranu veido$anai (Swiderski et al., 2019).

Pétijuma izstradatie krasoSanas protokoli (I, Ill) netika paredzeti kadas
konkrétas organu sist€mas krasoSanai. Rezultata, krasojot trematodes ar
sintez€tajiem AZPP, AM323, AM1, AM2, AM4, AM16 un P8 benzantronu
luminoforiem, netika novérota neviena no nervu sist€émas dalam.

Petfjumos tika izmantoti benzantrona luminofori ar tris dazadam funkcionalam
grupam. Luminoforu izvéle tika balstita uz Kapusta et al. (2003);
Siddlingeshwar et al. (2011); Shivraj et al. (2018) un Tarabara et al. (2021)
pétijumiem, kur secinaja, ka funkcionala grupa nosaka luminofora efektivitati,
tadgjadi pielaujot varbiitibu, ka p&tjjuma rezultatus vargtu ietekmét benzantrona
funkcionalas grupas. Kopuma iegitie rezultati (I, 11, 111, 1V) apstipringja, ka
luminofora funkcionalai grupai ir nozime kvalitativu datu ieguvé. Efektivaka
parazitu izpéte tika veikta ar benzantroniem, kuriem ir aminoamido grupa
(AZPP (1) un AZM (11)).

Nematodes (11, 1V)

Trichinella gints pétijjumos KLSM lielakoties izmantota, p&tot ekskretoro un
sekretoro antigénu (Li et al., 1999), imtnas atbildes (Bai et al., 2012), vai T.
spiralis mijiedarbibu muskulu $tnas in vitro (Bai et al., 2011) un izmantota
dazados pétijumos, kur tiek izvertéts patologiskais un/vai terapeitiskais efekts
(Li et al., 1999; Masetti et al., 2004; Hao et al., 2014). T. spiralis un T. britovi
parazitu sugas ir cilvékam un dzivniekam bistamas trihinelozes ierosinatajas
(Rozycki et al., 2022; Tso et al., 2022).

Parasti autofluorescences ierosmes regions atrodas apméram 400 nm un
pétijuma tika izveéleta 488 nm absorbcija (Il), slapgjot autofluorescences
signalu attieciba pret markiera fluorescences signalu (Schnell et al., 1999;
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Neumann & Gabel, 2002). Absorbcija pie 488 nm deva labako
fluorescences/autofluorescences signalu attiecibu (11, 1V).

P&tamo paraugu datu kvalitati ietekm& p&tama paraugu uzglabasanas apstakli.
Trihinellu kapuri tapat ka trematodes paraugi (I, Il1) tika fikseti vairakos
kimiskos fiksatoros un tika apstiprinats, ka kimiskais fiksators ietekme gala
rezultatu. Petijums (Il) apstipringja, ka vispiemérotakais kimiskais fiksators
trihinellu kapuru efektivai izpétei ir Bouina fiksators.

Petljuma ietvaros izstradatais krasoSanas protokols ir piemérots nesen
ievaktiem, no dzivnieku muskulatiiras izdalitiem un fiksétiem trihinellu kapuru
paraugiem (11). Izstradatie protokoli ir atri un vienkarsi (11, 1V) salidzinot ar
razotaja izstradatiem standarta krasoSanas protokoliem, kur paraugu
sagatavosana sastav no vairakiem soliem, kur viens solis var ilgt pat vairakas
stundas (Stewart et al., 2003a,b,c; Davila et al., 2010).

Viena no pazimém ar ko var noteikt trihinellu kapuru dzimumu ir gala zarnas
garums. Teviniem vidgjais gala zarnas garums ir 40 um lidz 50 pm, bet
matitém tas ir gandriz uz pusi mazaks 17 pm lidz 35 pm. Pétjjuma laika tika
izstradats krasoSanas protokols (Il), kas ir piemérots kapura dzimuma
noteikSanai, izmé€rot gala zarnas garumu. P&tfjuma rezultatos tika iegiits, ka
gala zarnas garums T. britovi t€viniem ir 41.08 + 4.26 um SD un T. spiralis -
46.08 £ 2.95 um SD; matitem 21.19 + 2.45 pm SD un 20.55 + 1.48 pm SD.
legtitie petijuma dati sakrit ar citu p&tfjumu datiem un apstiprina, ka te€vinu gala
zarnas garums ir divreiz lielaks neka matitém (Kozek 1975; Liu et al., 1991,
Pozio & La Rosa, 2010).

Petijuma iegitie rezultati apstiprindja tipisko nematodes kermeni (Il, 1V):
Sauraka kermena prieksgja dala un plataka kermena aizmugurgja dala. Kapuru
kutikula sastav no tris vai vairak ar&jiem slaniem, kas ir veidoti no kolagéna un
citam sastavdalam (Lichtenfels et al., 1983). legitie rezultati uzradija augstu
fluorescences signalu kapuru kutikula (I1, 1V). Augsta fluorescences signala
celonis kutikula var bat lipidu uzkrasanas trihinellu kapuru epikutikula
(Gounaris et al., 1996). Kopuma trihinellas kermeni klaj rievota kutikula
(Hetherington, 1924) un §i pétijuma laika tika novérots, ka pastav atSkiribas
starp T. spiralis un T. britovi kapuru kutikulu. T. spiralis kapuriem tika
noverots rievojums, ta saucama ‘“pseidosegmentacija”, savukart T. britovi
kutikula netika novérotas $kérsas Iinijas vai rievojums (11). Muskulu kapuram ir
pietiekami attistiti organi (McVay et al., 1998). P&tijumos apstiprinajas, ka
muskulu kapuram ir attistita gan gremosanas, gan reproduktiva organu sistéma
(I1, 1V). Stichosome un stihociti tika novéroti gan sasaldétos paraugos, krasoti
ar P8 (1V), gan no muskuliem izdalitos kapuros, krasoti ar AZM (l1). Krasojot
paraugus ar AZM (1), tika novérots baribas vads, kas sastav no vienslana
epitélija ar bazalo membranu bazalaja pusé. Zinatniskie p&tijumi ir
apstiprindjusi, ka trihinellu baribas vada ir novérojami Cetri epitéliju tipi un
dazas no epitélija Sinam ir mioepitélijs, kas nodrosina baribas vada peristaltiku
(Takahashi, 2021). Pétijumos (11, V) netika novérotas dazadas epitéliju Stnas,
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bet pastav iesp&ja, ka, optimizgjot krasoSanas protokolu, tas varétu novérot. Ar
AZM krasotajos paraugus tika noverota gan viduszarna, gan dzimumorganu
aizmetnis (11), bet ar P8 — tikai dzimumorganu aizmetnis (V). Ar AZM tika
iekrasotas visa gremosanas organu sistema (Il). V&l viena pazime, kas var
atskirt tevinu no matites kapura ir glikogéna krajumu daudzums dzimumorganu
aizmetni (Takahashi et al., 1987). Matiteém S$ie krajumi ir lielaki, lidz ar to,
krasojot paraugus ar benzantrona luminoforiem, vieta, kur bis lielaks glikogéna
daudzums, biis novérojama intensivaka fluorescence. Rezultatu izvertesana tika
secinats, ka glikoggna krajumus matites kapuros labak iekraso P8 (1V).
Petjuma ar AZM luminoforu tika nov@rots nervu gredzens, bet netika
novérotas detalizétakas struktaras. Ar P8 luminoforu (1V) netika vizualizétas
nervu sisteémas dalas.

Kopuma tika sintezeti devini benzantrona luminofori P. fasciolaemorpha (ad.)
(AM323, AZPP), D. spathaceum (mtc.), D. subclaviatus (ad.) un P. confusus
(ad.) (AM1, AM2, AM4, AM16, P8), T. spiralis un T. britovi (AZM, P13)
efektivai un atrai izp&tei. Apkopojot iegiitos rezultatus, jasecina, ka benzantroni
ar aminoamido fukcionalo grupu sniedza viskvalitativakos rezultatus gan
Trematoda, gan Nematoda parazitu sugu izpéte. Tika izstradati noteikti
kraso$anas protokoli parazitu sugu efektivai un atrai izpétei, izmantojot KLSM,
ieglistot detaliz&tus rezultatus divu stundu laika. Protokolu izstrades laika tika
noverots, ka krasosanas sola ilgumu trematodes paraugiem nosaka tas, no kada
saimnieka (poikiloterma vai homoterma) trematode tikusi iegita. KrasoSanas
protokoli var tikt izmantoti paraugiem, kas fikséti septinos dazados kimiskos
fiksatoros, ka ar tiTs dazadu tipu trihinellu kapuru parazitiem: vienas dienas
laikda no dzivnieku muskulatiiras izdalitiem un fiksétiem kapuriem; kapuriem,
kas uzglabati 96% etanola un kapuriem Sasaldéta dzivnieku muskulatiira.
Izmantojot specifisku benzantrona luminoforus un noteiktus krasosanas
protokolus, ir iesp&ams noteikt atSkiribas T. spiralis un T. britovi kutikulas
uzbaive un precizi noteikt abu trihinellu kapuru dzimumu.
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SECINAJUMI

1. Kopuma tika aprobéti devini sintez&tie benzantrona luminofori Trematoda
klases un Nematoda tipa parazitu sugu efektivai un atrai izp&tei (I, 11, 111,
V).

2. P. fasciolaemorpha (ad.) (1), D. spathaceum (mtc.), D. subclaviatus (ad.), P.
confusus (ad.) (Ill) parazitu, kas fikséti 70% un 96% etanola;, AFA,
Karnoja un Bouina $kiduma; 10% neitrali buferéta formalina, sugu
efektivai un atrai izp&tei tika izstradati krasoSanas protokoli, izmantojot
AM323, AZPP, AM1, AM2, AM4, AM16 un P8 benzantrona luminoforus.
P. fasciolaemorpha parazitu paraugu anatomiskas un muskulatiiras
izkartojuma detalizetai izp&tei ar AZPP luminoforu vispiemérotakie ir 70%
etanola vai AFA skiduma fikséti paraugi: 70% etanols un AZPP
luminofors argjo struktiru un muskulu slanu izpétei; AFA $kidums un
AZPP luminofors iek$gjo struktiiru izpétei. Bouina fiksators nav piemérots
P. fasciolaemorpha paraugu fiksésanai, ja tie tiek analizéti ar KLSM (I).
AM1, AM2, AM4, AMI16 un P8 luminofori dod iesp&ju detalizeti
vizualizét gremoSanas un reproduktivo sisttmu D. spathaceum (mtc.),
fiksétiem 96% etanola; D. subclaviatus (ad.), fiksétiem Karnoja $kiduma;
P. confusus (ad.), fiksétiem AFA skiduma (l11). Tika secinats, ka no
poikiloterma saimnieka izol&tas trematodes krasosanai ir vajadzigs mazak
laika neka no homoterma saimnieka izolétas trematodes krasoSanai.

3. T. spiralis un T. britovi parazitu, kas fikséti 70% un 96,6% etanola; AFA,
Karnoja un Bouina $kiduma sugu efektivai un atrai izpétei tika izstradati
krasosanas protokoli, izmantojot AZM un P13 benzantrona luminoforus.
Tika secinats, ka sintezétais benzantrona luminofors AZM ir piemérots no
dzivnieku muskulatiiras izolétiem trihinella kapuriem, fiksétiem dazados
kimiskos fiksatoros, izp&tei. Izstradatais krasosanas protokols ir piemérots
T. spiralis un T. britovi kapuru dzimumu noteikSanai, mérot kapuru gala
zarnas garumu (l). Sasaldéta dzivnieku muskulatira vai 96,6% etanola
uzglabatu T. britovi kapuru efektivai un atrai izp@tei tika izstradats
krasosanas protokols ar P13 (1V).

4. Trematoda klases un Nematoda tipa parazitu sugu efektivai un atrai izpétei
izstradati noteikti krasoSanas protokoli, izmantojot specifiskus benzantrona
luminoforus. Atrasti piemérotakie kimiska fiksatora un benzantronu
luminofora kompleksi paraugu izpétei, pielietojot KLSM: P.
fasciolaemorpha (ad.) 70% etanols vai AFA skidums un AZPP (I); T.
spiralis un T. britovi Bouina $kidums un AZM (I1); D. spathaceum (mtc.)
96% etanols, D. subclaviatus (ad.) Karnoja $kidums, P. confusus (ad.)
AFA skidums un AM1, AM2, AM4, AM16 un P8 (I11); T. britovi 96,6%
etanola Iidz tiis gadiem vai sald@ti kapuri dzivhieku muskulatiira Iidz
diviem gadiem un P13 (1V).
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INTRODUCTION
Topicality of the study

With the development of the microscopy, it significantly changed the course of
biology studies. The microscope is used in the study of various life processes,
thus characterizing the microscopic structure of organisms. The confocal laser
scanning microscopy method is one of the methods to study the internal and
external structure of parasites, obtaining detailed quantitative and qualitative
data (Jurberg et al., 2008; Kirjusina et al., 2018; Terenina et al., 2018;
Mochalova et al., 2019; Terenina et al., 2020).

Helminth species are involved in competitive and predatory interactions with
both host and non-host taxons, thus showing the importance of parasites in
ecosystems and food webs (Tompkins et al., 2011). Trematoda class and
representatives of the genus Trichinella (Nematoda phylum) are initiators of
various zoonoses (Sah et al., 2020). Trematoda class includes representatives of
schistosomes and food-borne trematodes who have infected more than 294
million people worldwide (World Health Organisation, 2015, 2019; Bennett &
Robinson, 2021). In turn, the zoonosis caused by the Trichinella nematode
parasite — trichinelosis is ranked in the top 10 of the world's most dangerous
diseases for humans (Pozio & Zarlenga, 2019). According to the World Health
Organization, 10,000 people each year test positive for Trichinella infection
(World Health Organization, 2022).

Using fluorescent microscopy, luminophores are given great importance (Ndao,
2009). In the past, fluorescent dyes like acridine orange and rhodamine C
(Geller & Timonov, 1969a,b; Stankiewicz et al., 1996; Janssen 1998) were
widely used for the staining of the structure of parasites, but nowadays other
synthesized dyes for morphological study of biological organisms gradually
began to appear (Dapson, 2007; Fakhar & Ghobaditara, 2016). Benzanthrone
luminophores have gained popularity in recent years and their use makes it
possible to identify specific lipids and proteins (Zhytniakivska et al., 2014a;
Ryzhova et al., 2016). Benzanthrone luminophores are known as fluorescent
probes, which, depending on the structure of color, emit in a certain spectral
region: yellow - green or red - purple (Khrolova et al., 1984). Some
benzanthrone luminophores are used to monitor structural changes in
membranes and to study the pairing of nucleic acids (Dobretsov, 1989; Yang et
al., 1999). Studies have confirmed that luminophores can be used to stain
biological objects. Although staining with benzanthrone luminophores greatly
reduces the time of preparation of samples, each group of organisms should be
matched with a specific benzanthrone luminophore (Kirjusina et al., 2018;
Kirilova et al., 2019).

Trematoda sample preparation protocols for confocal laser scanning
microscopy, described in the studies, take more than one (Krupenko, 2014) or
even more than two days (Krupenko, 2014; Krupenko & Dobrovolskij; 2018;
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Krupenko, 2019) and is focused on the study of certain systems, such as the
muscular system (Krupenko, 2019), the nervous system (Kremnev et al., 2020,
2021). Various sample washing and fixing solutions are used during the sample
preparation phase, such as paraformaldehyde, phosphate buffer solution or PBS
with 0.1% sodium azide, etc. (Krupenko & Gonchar, 2017a,b; Krupenko et al.,
2016). As a result, the protocols require plenty of resources and hours of human
work. Trichinella staining protocols, on the other hand, are often not intended
to determine the structure of the larvae itself, but to monitor specific processes
such as immune system response (Bai et al., 2012), testing of anti-Trichinella
vaccines (Hu et al., 2021), localization of certain proteins (Hernandez-Bello et
al., 2008; Morales-Montor, 2022), study of interactions between nematodes and
muscle cells in vitro (Bai et al., 2011). However, there is a lack of
luminophores that are capable of staining the general structure of parasites
without spending a lot of resources and time preparing a sample for confocal
laser scanning microscopy.

Microscopic research of the parasites includes sex determination. One of the
characteristics of populations is gender structure. Kozek (1975) and Li et al.
(1999) have attempted to determine the sexes of Trichinella larvae by listing
the morphological characteristics that distinguish a female from a male.
However, attempts have not been successful, because, when examining samples
with light microscopy, it is relatively difficult to distinguish between
characteristics that require great accuracy (Weller, 1943; Kozek, 1975). One of
the attributes by which it is possible to determine the sex of the larvae is
measuring the length of the rectum, however, measurements obtained by light
microscopy may be inaccurate (Villella, 1966).

Novelty of the research

Protocols for the study of helminths described in studies of trematode parasite
species using confocal laser scanning microscopy mostly are standard protocols
developed by manufacturers with minor modifications, which require more
than one or even more than two days for the preparation of samples (Krupenko,
2014; Krupenko & Dobrovolskij; 2018; Krupenko, 2019), in addition, staining
protocols are focused on the study of specific organ systems (Krupenko, 2018;
Kremnev et al., 2020, 2021). In turn, Trichinella staining protocols are aimed at
observing specific processes or localizing certain proteins (Hernandez-Bello et
al., 2008; Bai et al., 2011, 2012; Hu et al., 2021; Morales-Montor, 2022).
However, there is a lack of luminophores and staining protocols that would
focus on the parasite’s structure itself without spending excessive laboratory
resources and time on preparing the sample for confocal laser scanning
microscopy.

In the course of this study, seven benzanthrone luminophores (AM323, AZPP,
AM1, AM2, AM4, AM16, P8,) were synthesized and certain staining protocols
were developed for the study of different species of Trematoda class parasites
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using confocal laser scanning microscopy. The developed staining protocols are
suitable for effective and rapid P. fasciolaemorpha (ad.), D. spathaceum (ad.),
D. subclaviatus (mtc.) and P. confusus (ad.) research. Two benzanthrone
luminophores (AZP and P13) were synthesized and certain staining protocols
were developed for the study of Nematoda phylum parasite species. The
developed staining protocols are suitable for studying three different types of
Trichinella samples: samples stored in 96.6% ethanol, frozen larvae in animal
musculature or recently collected animal musculature, from which Trichinella
larvae have been isolated within a day and fixed. As a result, morphological
differences were observed between samples of the T. spiralis and T. britovi
species. During the study, AZM luminophore was synthesized and a certain
staining protocol was developed for determining the sex of T. spiralis and T.
britovi larvae based on the length of the larva's final intestine.

By selecting a specific benzanthrone luminophore for different species of
parasites, the effectiveness of the developed protocols was increased.

The developed staining protocols save the time and laboratory resources of
sample preparation, since it is not necessary to spend several hours or days to
prepare samples for confocal laser scanning microscopy.

Hypothesis

For the effective and rapid research of different species of parasites a certain
staining protocol is determined, using a certain chemical fixative and a specific
benzanthrone luminophore for confocal laser scanning microscopy.

The aim of the study

To develop a staining protocol using benzanthrone luminophores for effective
and rapid study of different species of Trematoda class and Nematoda phylum
using confocal laser scanning microscopy.

Tasks of the study

1. To approbate the synthesized benzanthrone luminophores for effective and
rapid study of various species of parasites of Trematoda class and Nematoda
phylum (I, 11, I, 1V).

2. To develop staining protocol using a specific benzanthrone luminophore,
for effective and rapid study of Trematoda parasite species fixed in various
chemical fixatives (I, I11).

3. To develop a staining protocol using a specific benzanthrone luminophore,
for effective and rapid study of three different types of Nematoda parasite
species fixed in different chemical fixatives and for sex determination (I1, V).
4. To analyse the suitability of the synthesized benzanthrone luminophore and
the effectiveness of the staining protocol for effective and rapid study of
Trematoda class and Nematoda phylum parasite species using confocal laser
scanning microscopy (I, I, 111, 1V).

33



Statements to be defended

1. The synthesized benzanthrone luminophores are suitable for effective and
rapid studying of different species of parasites of Trematoda class and
Nematoda phylum using confocal laser scanning microscopy.

2. Chemical fixatives affect the detailed study of the sample being studied and
a certain fixative is suitable for a specific luminophore.

3. The duration of Trematoda parasite staining step is influenced by the origin
of the sample — isolated from poikilotherm or homotherm host.

4. Development of an effective and rapid staining protocol provides detailed
results within two hours.

5. A specific benzanthrone luminophore and a certain staining protocol are
suitable for determination of the sex of T. spiralis and T. britovi larvae.

Approbation of the research results

Scientific monography:

The contribution of all authors to the creation of the monograph is the equal,
irrespective of the order of mention of authors.

Gavarane |., Kirilova E., Rubenina 1., Osipovs S., Mezaraupe L., Puckins A.,
Kirjusina M. 2020. Simple and rapid luminiscent staining protocols in
Helmintology. [Monograph]. Published by Daugavpils University "Saule",
Daugavpils, 131 pages.

Patent:

Gavarane 1., Rubenina I., Kirilova J., Kirjusina M. Luminescent method for sex
determination of the Trichinella spp. parasite larva. Publication of the patent
application. Official edition of the Patent Office of the Republic of Latvia.
Inventions, trademarks and designs 2020-03. Patent Office of the Republic of
Latvia, 2020. ISSN 2255-9655 patent filed on 20.12.2019. (Application No. P-
19-76). Patent publication date 20.03.2021., Patent register No. 15489.

The results of the research have been presented at several international
conferences:

1. Fridmans R., Kirilova J., Mezaraupe L., Rubenina I., Kirjusina M. 2021.
Synthesis of new benzanthrone derivatives with imine and amine groups.
Abstracts of the 63 Scientific conference of Daugavpils University, Daugavpils,
Latvia, 15-16 April, Abstract Book, p. 33 (verbal presentation)

2. Bordjuga V., Mezaraupe L., Rubenina I., KirjuSina M. 2021. Development
of staining protocol using benzanthrone luminophores for trematodes muscle
research. Abstracts of the 63 Scientific conference of Daugavpils University,
Daugavpils, Latvia, 15-16 April, Abstract Book, p. 30 (verbal presentation)

3. Sirokova J., Mezaraupe L., Rubenina I., Kirjusina M. 2021. Comparison of
different fluorescent dyes for trematoda Prototocus confusus imaging.
Abstracts of the 63 Scientific conference of Daugavpils University, Daugavpils,
Latvia, 15-16 April, Abstract Book, p. 28 (verbal presentation)
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4. Rubenina I., Gavarane I., Mezaraupe L., Gravele E., Pupins M., Kirjusina
M. 2021. Description of Prosotocus confusus in Phelophylax esculentus
complex and Rana temporaria from Latvia. Abstract book, 79. scientific
conference Zoology and Animal Ecology, Univerity of Latvia, Riga, Latvia,
January 28, 2021, Abstract Book p. 26 (verbal presentation)

5. Kirjusina M., Gavarane 1., Mezaraupe L., Pupin§ M., Kirilova E., Rubenina
1. 2019. Luminophore AM1 for examination of adult Prosotocus confusus by
confocal laser scanning microscopy. October 09-11, 2019. Copenhagen,
Denmark, the 8th Conference of the Scandinavian-Baltic Society for
Parasitology (SBSP) and the Annual Meeting of the European Veterinary
Parasitology College (EVPC), Abstract Book, p. 72 (poster presentation)

6. Gavarane l., Rubenina |., Mezaraupe L., Kirilova E., Kirjusina M. 2019.
Luminophores for Trichinella britovi larvae examination and sex determination
using confocal laser scanning microscopy. October 09-11, 2019. Copenhagen,
Denmark, the 8th Conference of the Scandinavian- Baltic Society for
Parasitology (SBSP) and the Annual Meeting of the European Veterinary
Parasitology College (EVPC), Abstract Book, p. 64 (poster presentation)

7. Rubenina 1., Mezaraupe L., Gavarane 1., Kirilova E., Kirjusina M. 2019.
Perspectives in studies of adult Parafasciolopsis fasciolaemorpha by confocal
laser scanning microscopy. October 09-11, 2019. Copenhagen, Denmark, the
8th Conference of the Scandinavian-Baltic Society for Parasitology (SBSP) and
the Annual Meeting of the European Veterinary Parasitology College (EVPC),
Abstract Book, p. 30 (verbal presentation)

8. Rubenina 1., Kirilova E., Gavarane 1., Mezaraupe L., Kirjusina M. 2019.
Benzanthrone luminophores are not equal for simple rapid examination of liver
parasite Parafasciolopsis fasciolaemorpha (Trematoda: Digenea). September
25th - 28th, 2019. Poznan, Poland, International Conference on Biotechnology
and Bioengineering, Abstract Book p. 25 (poster presentation)

9. Gavarane 1., Rubenina 1., Kirilova E., Kirjusina M. 2019. Study of fish
parasites Dactylogyrus by confocal laser scanning microscopy. 3-6 October
2019. Jahorina, Bosnia and Herzegovina, X International Agriculture
Symposium "AGROSYM 2019", Book of Abstracts, 716 pages (poster
presentation)

10. Kirjusina M., Rubenina I., Kirilova E., Gavarane 1. 2019. Benzanthrone
luminophores for examination of fish Diplostomum metacercariae. 3-6 October
2019. Jahorina, Bosnia and Herzegovina, X International Agriculture
Symposium "AGROSYM 2019", Book of Abstracts, 719 pages (poster
presentation)

11. Gavarane 1., Rubenina I., Mezaraupe L., Bulanovs A., Kirjus§ina M.,
Kirilova J. 2019. Novel benzanthrone luminophore AZM for Trichinella britovi
larvae sex determination. 17-19 June 2019. Riga, Latvia, FEBS3+ Conference
(poster presentation)
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Turkey, INTERIM 2019 6th International congress on microscopy &
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M. 2019. Molecular identification of Trichinella spp. and sex ratio
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15. Gavarane 1., Kirilova E., Kirjusina M., Kecko S., Plaksenkova I.,
Mezaraupe L., Rubenina I. 2018. Trichinella spp. identification by molecular
biology methods and larvae examination by fluorescence microscopy
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L., Puckins A. 2018. Application of novel synthesized luminophores for
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17. Gavarane |., Mezaraupe L., Rubenina I., Kirjusina M., Kirilova J. 2018.
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MATERIALS AND METHODS
Description of the synthesis of benzanthrone luminophores (1, 11, 111, 1V)

Nine benzanthrone luminophores were synthesized in the Department of
Applied Chemistry of the Institute of Life Sciences and Technologies of
Daugavpils University (DU LSTI): AZPP, AM323, AZM, AM1, AM2, AM4,
AM16, P8 and P13, which were used in the staining of biological objects
during the course of the study and the development of specific staining
protocols for effective and rapid study of Trematoda class and Nematoda
phylum parasites of different species.

Research material (I, 11, 111, 1V)
During the research, helminth samples from the Department of Parasitology
and Histology of the Department of Ecology of the DU LSTI were used.
Helminths were obtained from various hosts: mice (1), red fox (11, 1V), elk
(1), fish (111), amphibians (111). The description of the research material is
shown in Figure 1.
Department of Parasitology and Histology of

the Department of Ecology of the DU LSTI

au

1. T. spiralis and T. britovi larvae (isolated 1. P. fasciolaemorpha (ad.) (1) fixed in 70% and
from animal muscle and fixed) (11) 96% ethanol, AFA, Carnoy’s and Bouin’s
2. T. britovi larvae (stored at 96,6% ethanol) solution, 10% neutral buffered formalin
ay 2. D. spathaceum (mtc.) (111) fixed in 96% ethanol
3. T. britovi larvae frozen (-20°C 3. D. subclaviatus (ad.) fixed in Carnoy’s solution,
temperature) within animal muscle (1V) P. confusus (ad.) (111) fixed in 96% ethanol

—» Poikilotherm hoHomotherm host

Figure 1. Research material used in the research
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Chemical fixation of the material under the research (I, I1, 111, 1V)

Immediately after isolation from the host organism, samples of trematode
parasite species were chemically fixed in six different fixatives (Table 1).

Table 1
Chemical fixation and storage of samples of Trematoda parasite species

70% 96 % AFA  Camoy’s Bouin’s 10% neutral

Chemical fixative  ethanol ethanol  solution  solution  solution ?(;’:fngﬁﬂ
) (1, 1) (1, 1) ) ) 0
Time of fixation Until Until Until
P. examina  examina 2h 2h 2h L
. . . examination
fasciolaemorpha tion tion
Time of fixation Until
for freshwater - examina 1lh 1lh - -
trematodes tion
washingotP. MU NOU 0w 70w 70w Not

fasciolaemorpha pple pple ethanol  ethanol  ethanol applicable

%Ygimagtgrf - ap:;ll?éab 9 % 96 % - -

ethanol  ethanol

trematodes le

Chemical fixative
0,
where samples of 70% 96 % 70% 70% 70% 10% neutral
P. buffered
. ethanol ethanol ethanol  ethanol ethanol .

fasciolaemorpha formalin

were stored
Chemical fixative

where samples of 96 % 96 % 96 %

freshwater i ethanol  ethanol  ethanol i i
trematodes were
stored
Storage Refrigerated at +4°C temperature until required

- chemical fixative was not used for sample fixation
Isolated specimens of T. spiralis and T. britovi larvae immediately after

isolation from the muscles of the animals were fixed for 1 hour in four different
chemical fixatives (Table 2).
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Table 2
Chemical fixation and storage of samples of T. spiralis and T. britovi
parasite species

0, ) P
Chemical 70% 9?]'6 /°| AI‘FA Calrnqy S B‘;”'_” S
fixative ethanol (I1) ethano solution solution solution
(v) (n (n (n
Time of Until Until 1h 1h 1h
fixation examination  examination
Washin Until Until 70% 70% 70%
g examination  examination ethanol ethanol ethanol
Chemical
fxﬁ;'r"ee 70% 96.6% 70% 70% 70%
ethanol ethanol ethanol ethanol ethanol
samples

were stored

Refrigerated  Refrigerated Refrigerated  Refrigerated  Refrigerated

emperature required required - . .
required required required
Time of Day to 1 15 years Dayto 1 Dayto 1 Day to 1
storage year year year year
Staining protocols with specific benzanthrone luminophore (I, I, 111, 1V)

Benzanthrone luminophores AZPP and AM323 were synthesized for P.
fasciolaemorpha samples fixed in 70% and 96% ethanol, AFA, Carnoy’s and
Bouin’s solutions or 10% neutral buffered formalin (I). The parasite was
isolated from the elk (Alces alces) (homothermic host). The overall staining
process of the Trematoda samples is shown in Figure 2.

Luminophore C;HsOH CZHSOH xylene  Xylene, 100%

@‘ 7
Xf— »&‘5
15 m|n < 1 min 8 10 min 30s - 3 min ’

Canada balsam

Figure 2. General staining process of Trematoda samples (Rubenina, 2022)

Benzanthrone luminophores AM1, AM2, AM4, AM16 and P8 were
synthesized for freshwater trematodes: D. spathaceum (mtc.), fixed in 96%
ethanol; D. subclaviatus (ad.) fixed in Carnoy’s solution and P.confusus (ad.)
fixed in AFA solution (I11). The developed staining protocol was applied to
samples from poikilothermic hosts: amphibians (D. subclaviatus, P.
confusus) and freshwater fish (D. spathaceum).
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Benzanthrone luminophore AZM was synthesized for trichinella larvae
isolated fromanimal muscle and fixed in 70% ethanol, Carnoy’s, Bouin’s or
AFA solution. In turn, luminophore P13 was synthesized for the larvae of T.
britovi, some of which were fixed in 96.6% ethanol from 1 to 5 years, and
the second part of the larvae were frozen in animal musculaturefrom 1 to 5
years. The overall staining process of the Nematoda samplesis shown in
Figure 3.

Figure 3. General staining process of Nematoda samples (Rubenina, 2022)

Lactic acid, 80% C,HsOH Lumlnophore C2H5OH

»z@» o 15» 15»

10s < 10-20s 5min Canada balsam

The developed staining protocol for Trichinella larvae using AZM
luminophore was used to determine the sex of the larva. Gender
determination was based on Kozek (1975) and Liu et al. (1991) studies which
confirmed that the length of a male's rectum length can reach 63 um and in
females it is always half of that - 30 um.

Confocal laser scanning microscopy method (I, 11, 111, 1V)

After staining using benzanthrone luminophore, all parasites were studied
using Nikon Eclipse Ti-E confocal laser scanning microscope (Nikon, Japan),
which is configured with a high-speed multiphoton A1R MP confocal system
and equipped with a digital DS-U3 camera (Nikon, Japan). Three lasers were
used to excite fluorescence: Ch2 green laser A= 488 nm with FITC filter
(500-550 nm) (1, I, 111, 1V)); Ch3 orange laser A= 561 nm with TRICTfilter
(570-620 nm) (111, 1V) and Ch4 red laser A= 638 nm with CyS5 filter (662-737
nm) (1). All the obtained data was stored in .jpg and ND2Image File format,
after the data was processed with NIS Elements Advanced Research 3.2 64-bit
software (Nikon, Japan).
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RESULTS

Fixation and storage of samples of Trematoda and Nematoda (I, 11, 11, 1V)
The effect of the chemical fixatives on samples was observed twice: during the
preparation of the sample for storage and during confocal laser scanning
microscopy (CLSM).

Chemical fixation of P. fasciolaemorpha (1) was carried out in six different
fixatives. During fixation it was observed whether any morphological changes
were occurring in the samples. Fixing Trematoda in Carnoy’s solution led to an
increase in size of the samples. The samples fixed in ethanol darkened slightly
compared to the colour of the samples before fixing. The Bouin’s solution
stained all the samples yellow and the stain could not be rinsed off during
further sample treatment. As a result, P. fasciolaemorpha fixed in the Bouin’s
solution influenced the quality of the results obtained in the CLSM study.
Freshwater trematodes (I11) were stored in 96% ethanol, refrigerated at +4°C
until the next examination. No morphological changes were observed in D.
spathaceum (mtc.) and D. subclaviatus (ad.) that were stored for a week.
Physical changes were observed in the samples of P. confusus, since during
staining the sample decomposed and became too fragile. During CLSM, in the
body of samples there were observed physical bursts — black spots.

During the study, Trichinella larvae (I1) were used, the ones that were stored in
96.6% ethanol or the ones obtained from -20°C frozen muscle (1V).
Immediately after isolation, Trichinella larvae were fixed in 5 different
chemical fixatives. No physical damage was observed in the samples studied
with light microscopy. In turn, examination of samples with CLSM revealed
that older samples (3 years <) have degradation of the morphological structure.
The studies confirmed that the chemical fixator has an effect on obtaining
detailed CLSM data.

Effective and rapid examination of samples of Trematoda and Nematoda
(1, 10, 11, 1V)

Before the sampling and staining procedures, a control sample study was
carried out. Autofluorescence studies were conducted with samples that were
isolated from the host or frozen host muscle on a single day. The isolated
samples were not chemically fixed and were not stained with benzanthrone
luminophores (I, 111). The unfixed and unstained samples were investigated by
the CLSM method. As a result of autofluorescence, the overall body shape was
illuminated in the trematode samples, where it was seen that the surface of the
body was not smooth. In samples of P. fasciolaemorpha, it was possible to
determine the position of the abdominal sucker and copulation organ. In T.
spiralis and T. britovi autofluorescence experiments the used samples were
fixed in chemical fixators (I1). The results confirmed that by using a 488 nm
laser it is possible to achieve almost 10 times the autofluorescence attenuation
signal compared to the absorption of the wavelength of 405 nm (11, 1V).
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The staining of P. fasciolaemorpha parasites was carried out in parallel with
two luminophores in order to compare the obtained results. Study of the body
of trematode (samples stained with AZPP) was possible already under x40
magnification (see Figure 4).

Figure 4. Adult Parafasciolopsis faciolaemorpha stained with AZPP dye,
fixative AFA (single stack) (Rubenina, 2021). O.S.—oral sucker, PPH—pre-
pharynx, PH—pharynx, E—esophagus, C—cirrus, V—vitellaria, TS—testes,
O—ovary, INT—intestine, V.S.—ventral sucker, U.W.E.—uterus filled with

eggs

Body surface structures, including body surface spikes and tegument, were
observed. The spatial (dimensional) structure of the body was visualized.
Simultaneously three layers of muscles were observed under the x100
magpnification: circular, diagonal and longitudinal. Circular, longitudinal and
radial muscle layers were observed in the suction cups of the mouth and
abdomen. Parenchymal cells were clearly observed in the tail area of the
trematode's body. The results confirmed that the most suitable luminophore and
fixation combination for the study of P. fasciolaemorpha with CLSM is 70%
ethanol or AFA solution and AZPP luminophore. The developed staining
protocol using synthesized AZPP benzanthrone luminophore and CLSM is
suitable for effective and rapid research of P. fasciolaemorpha, making the
staining protocol less work and time consuming (1).

The microscopic examination results of D. spathaceum (mtc.) fixed in 96%
ethanol, indicated the suitability of AM1, AM2, AM4, AM16 and P8
luminophores for Trematoda studies. Vivid luminiscence was observed in
scolex, pseudo suction cups and primary excretory system (111).

CLSM results from studies with D. subclaviatus trematodes, fixed in Carnoy's
solution, showed more detailed data by marking tiny, taxonomically important
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skeletal elements (see Figure 5), but on the other hand, the samples did not
show internal organs and structures, even when changing the scan settings (I11).

Figure 5. Diplostomum spathaceum mtc. stained with AM2 (Rubenina, 2018).
OS - oral sucker; PS - pseudo suckers; P - pharynx; HO - holdfast organ; CB -
calcareous bodies; PES - primary excretory system.

In samples of P. confusus, it was observed that the cuticle was covered with
spikes. The digestive and reproductive system (see Figure 6) was observed

an

Figure 6. Adult Prosotocus confusus stained with AM1 (internal structure)
(Rubenina, 2018).
OS - oral sucker; P - pharynx; IC - intestinal caeca; VS - ventral sucker; E -
eggs; S - spines; B - bursa; C - cirrus.

For the study of T. spiralis and T. britovi larvae, P13 and AZM benzanthrone
luminophores were synthesized. The use of benzanthrone luminophores and
CLSM method made it possible to study in detail the body of the parasite,
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including the morphology of organs and their arrangement in the body. The
effectiveness of synthesized luminophores and developed staining protocols
was tested by replacing luminophore with a commercially available dye. The
results confirmed higher quality of data with the synthesised P13 and AZM
benzanthrons, which showed differences in the structure of the cuticle between
the two Trichinella species. "Pseudo-segmentation” was observed in the cuticle
of T. spiralis, but no segmentation was observed in the cuticle of T. britovi,
which led to the conclusion that it was smooth. The protocol developed by the
AZM made it possible to accurately measure the length of the larva’s rectum.
Based on the length of the rectum, it is possible to determine the sex of the
larva (see Figure 7). As a result, it was estimated that the average length of the
rectum in females of T. britovi was 21.19 pm + 2.45 SD, and T. spiralis 20.55
um =+ 1.48 SD. In males, the average length of the rectum was 41.08 ym +4.26
SD and 46.08 um + 2.95 SD, respectively. Subsequently, in females, a bright
fluorescence was observed in the uterus primordium.

Figure 7. CLSM image of Trichinella larva female’s and male’s rectum
(Rubenina, 2019). Ts$ - T. spiralis female, TsJ - T. spiralis male. Rectum
marked with <.
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DISCUSSION

Nowadays, more and more attention is paid to the staining of the biological
objects with luminophores (Shivraj et al., 2018). Previous studies have
confirmed that benzanthrone (3-N-2- [4- (2-feniletil) piperazin-1-il] acetamido
benzanthrone (AZP5) is suitable for morphological studies of helminth fixed in
96% ethanol (Kirjusina et al., 2018). Kirilova et al. (2019) confirmed the use of
benzanthrone luminophores for visualization of callus embryonic cells. In this
context, new benzanthrone luminophores were synthesized that would visualize
the cell membrane by localizing the colour in the membrane lipids (I, I, 111,
1V). When selecting the most suitable benzanthrone luminophores, it was found
that the substituent at the C-3 position plays an important role in determining
the efficiency of the luminophore in revealing the structural and environmental
effects on the photophysical parameters. Synthesized luminophores have a wide
range of polarity (Kapusta et al., 2003; Siddlingeshwar et al., 2011; Shivraj et
al., 2018), confirming the use of luminophores to visualize various biological
structures (Kalnina et al., 2007; Trusova et al., 2012; Ryzhova et al., 2016;
Kirjusina et al., 2018; Kirilova et al., 2019).

During the use of benzanthrone luminophores, the photobleaching process must
be considered, because of which the quality of the test sample decreases each
time it is exposed to a laser (Han et al., 2021). In studies (I, I, 111, 1V) it has
been confirmed that it is recommended to use laser wavelengths in descending
order to obtain detailed results. The photobleaching process confirmed that the
samples stained with benzanthrone luminophores and prepared for CLSM were
suitable for rapid and efficient study of parasite species.

The hypothesis that a certain staining protocol using a specific benzanthrone
luminophore and confocal laser scanning microscopy is suitable for efficient
and rapid research of various parasite species was confirmed.

Trematoda (I, 111)

CLSM is widely used in the study of the morphological and physiological
structure of various species, especially for fixed trematode samples. (Jurberg et
al., 2008; Borges et al., 2017). The experimental results of the study (1) showed
that using a 488 nm (500-655 nm filter) laser excitation, it was possible to
achieve a 23x lower autofluorescence signal compared to a 405 nm (425-
580nm filter) wavelength excitation. When evaluating autofluorescence,
different ROIs were selected, and the selected ROIs were compared with the
background ROI. Based on the obtained data, 488 nm laser with FITC filter
(500-550 nm) and 638 nm laser with Cy5 filter (662-737nm) were the most
suitable lasers for suppression of unwanted autofluorescence. In the study with
freshwater trematodes (111), a laser with a wavelength of 405 nm was not used
because it induces autofluorescence of the samples. The benzanthrone
luminophore synthesized in the study showed fluorescence in the red spectral
region, however, the benzanthrone-stained samples showed a shorter
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fluorescence shift in the shorter wave region (I, 111). Possibly, due to more
hydrophobic conditions (higher lipids, dehydration with ethanol). Adjacent
luminescence can be caused by a chemical fixative. For example, with a
mixture of formalin-containing chemical fixatives, more intense cell
luminescence in the yellow-green region of the spectrum may be observed
(Alfano et al., 1984).

The presence of excess water in the cell structures does not allow adequate
transparency of the sample. Shigin (1996) performed a dehydration step by
staining trematodes for light microscopy, and the results of the study (I, 111)
also confirmed the importance of dehydration in the development of the new
protocol. The results of the study confirmed that for parasites with a thin-
shelled structure, e.g., Diplostomatidae (I11), there is no need for an additional
transparency step using 100% xylene, as absolute xylene can deform the
structure of more sensitive samples. During the study (1), it was observed that
the thickness of the trematode determines how long the sample should be kept
in the luminophore and how long in 100% xylene. The observations were
included in the development of the staining protocol, which states that
trematodes isolated from homothermic host should be kept in the luminophore
five minutes longer compared to trematodes isolated from poikilothermic hosts.
P. fasciolaemorpha is kept in ethanol/xylene solution for 8-10 min, then in
100% xylene for 30s - 3 min, such variation in duration is based on different
thicknesses of parasite samples.

Trematodes are characterized by the structure of the body wall muscles, which
consists of three layers: annular, transverse and diagonal (Ginetsinskaya, 1988;
Galaktionov & Dobrovolskij, 2003). In the used research material (I, 111) all
three most characteristic layers of Trematoda body wall muscles were
observed. Relatively complex staining methods are used to study muscle layers,
such as the preparation of a sample by Krupenko (2014) for confocal laser
scanning microscopy takes two days. In today's world, two days is too long, so
opportunities were sought to develop a staining protocol that would take less
time and man-hours, however, would provide detailed results. With the staining
protocols developed in the study, the results can be obtained within the first two
hours (I, 11, 111, 1V). In the beginning of the first attempts to stain freshwater
trematodes, the results did not show all expected muscle structure in the body,
except for muscular throat, mouth, and abdomen suckers (I11). In a study with
P. fasciolaemorpha (1), a more detailed body muscle structure was observed by
visualizing the layers of the annular, diagonal, and transverse muscles. The
results obtained in studies (I, 111) confirmed that the synthesized benzanthrone
luminophores and the developed staining protocols gave similar results as when
staining samples with fluorescein isothiocyanate or tetramethyl rhodamine B
isothiocyanate-conjugate that directly stains actin (Terentina et al., 2020). The
results of the study (1) confirmed the presence of spikes on the body surface, as
confirmed by other researchers as well. (Rankin, 1939; Belopolskaya, 1963;
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Davies, 1979; Saville et al., 1997; Pina et al., 2011; Krupenko & Dobrovolskij,
2018). With CLSM, it was observed that the anterior part of the body is more
densely covered with spikes than the lower part of the body (I, I11). Although
Krupenko & Dobrovolskij (2018) concluded that the form of spikes, the
number of teeth, etc. cannot be determined just by the CLSM method alone, the
results of this study (1) confirmed the opposite. The AZPP luminophore and the
CLSM method provided information on the size of the spikes, the number of
teeth and their shape.

The results of study (1) confirmed the presence of all three characteristic
muscle layers in the oral sucker: radial, equatorial (= circular) and meridional
(= striated). It was concluded that the equatorial muscle fibers are more densely
located directly in the copulation organ and in the copulation organ sac,
compared to Fasciola hepatica (Mair et al., 1998). Overall, the results of the
study (I, 111) confirmed the general morphology of the body of the trematode
according to Scrjabin (1949).

Glycogen reserves were observed in the parenchyma cells below the tegument,
most notably in the vitellaria. Scattered glycogen reserves were observed in the
attachment organs. The brightest fluorescence was observed in parasite eggs,
which consist mainly of glycogen and lipids (I). Glycogen reserves and lipids
serve as a source of energy, a regulator of cell activity, and are used to form
biological membranes (Swiderski et al., 2019). The staining protocols
developed in the study (I, 111) were not intended for staining of any specific
organ system. As a result, no parts of the nervous system were observed when
staining the trematodes with the synthesized AZPP, AM323, AM1, AM2,
AM4, AM16, and P8 benzanthrone luminophore. Benzanthrone luminophores
with three different functional groups were used in the studies. The choice of
luminophores was based on studies of Kapusta et al. (2003), Siddlingeshwar et
al. (2011), Shivraj et al. (2018) and Tarabara et al. (2021) in which it was
concluded that the functional group determines the efficiency of the
luminophores, thus allowing the possibility that the results of the study could be
influenced by the functional groups of benzanthrone. Overall, the results
obtained (I, I1, 111, 1V) confirmed the role of the luminophore functional group
in obtaining qualitative data. The most efficient research of parasites was
performed with benzanthrones having aminoamido groups (AZPP (1) and AZM

().

Nematoda (11, 1V)

In studies of the genus Trichinella, CLSM has been mainly used to study
excretory and secretory antigens (Li et al., 1999), immune responses (Bai et al.,
2012), or the interaction of T. spiralis in muscle cells in vitro (Bai et al., 2011)
and used in various studies evaluating pathological and / or therapeutic effects
(Li et al., 1999; Masetti et al., 2004; Hao et al., 2014). The parasitic species T.
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spiralis and T. britovi are the causative agents of trichinelosis, which is
dangerous to humans and animals (Rozycki et al., 2022; Tso et al., 2022).
Usually, the range of excitation of autofluorescence is approximately 400 nm,
and 488 nm absorption was chosen in the study (Il) to suppress the
autofluorescence signal relative to the fluorescence signal of the marker
(Schnell et al., 1999; Neumann & Gabel, 2002). Absorption at 488 nm gave the
best fluorescence / autofluorescence signal proportion (11, 1V).

The data quality of the studied samples is influenced by the storage conditions
of the studied samples. Trichinella larvae, like Trematoda samples (I, I11), were
fixed in several chemical fixators and it was confirmed that the chemical
fixative has an effect on the result. The study (I1) confirmed that the most
appropriate chemical fixative for the effective study of Trichinella larvae is the
Bouin's solution. The staining protocol developed in the study is suitable for
larval samples isolated from animal muscles (11). The developed protocols are
rapid and simple (I, 1V) compared to the protocols developed by
manufacturers, where sample preparation consists of multiple steps where one
step can take up to several hours (Stewart et al., 2003a, b, c¢; Davila et al.,
2010).

One of the signs that can determine the sex of Trichinella larvae is the length of
the rectum. In males, the average length of the rectum is 40 pm to 50 um, while
in females it is almost half as size -17 pm to 35 pm. During the study, a
staining protocol (11) was developed that is suitable for determination of the sex
of the larvae by measuring the length of the rectum. The results of the study
showed that the rectum length in T. britovi males is 41.08 = 4.26 um SD and T.
spiralis - 46.08 £+ 2.95 um SD; for females 21.19 + 2.45 um SD and 20.55 +
1.48 um SD, respectively. The data obtained from the study are consistent with
data from other studies and confirm that the rectum length of males is twice as
long as that of females (Kozek 1975; Liu et al., 1991; Pozio & La Rosa, 2010).
The results of the study confirmed the typical body of the Nematoda (11, IV): a
narrower anterior part and a wider posterior part. The larval cuticle consists of
three or more outer layers formed of collagen and other components
(Lichtenfels et al., 1983). The obtained results showed a high fluorescence
signal in the larval cuticle (11, 1V). The cause of the high fluorescence signal in
the cuticle may be the accumulation of lipids in the epicuticle of Trichinella
larvae (Gounaris et al., 1996). In general, the body of trichinella is covered by a
ribbed cuticle (Hetherington, 1924), and during this study it was observed that
there are differences between the cuticle of T. spiralis and T. britovi larvae. A
corrugation, the so-called “pseudo-segmentation”, was observed in T. spiralis
larvae, while no transverse lines or corrugation were observed in the cuticle of
T. britovi (11). The muscle larvae have sufficiently developed organs (McVay et
al., 1998). Studies have shown that the larval muscle has both a digestive and a
reproductive organ system (I1, 1V). Stichosome and stychocytes were observed
in both frozen samples stained with P8 (IV) and freshly isolated samples
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stained with AZM (Il). A digestive track consisting of a monolayer of
epithelium with a basement membrane on the basal side was observed when
staining samples with AZM (I1). Scientific studies have confirmed that there
are four types of epithelia in the digestive track of the Trichinella, and some of
the epithelial cells are myoepithelium, which provides digestive track
peristalsis (Takahashi, 2021). In studies (I1, 1V), different epithelial cells were
not observed, but there is a possibility that they could be observed by
optimizing the staining protocol. AZM-stained specimens showed both middle
intestine and genital primordium (I1), while P8 showed only genital
primordium (IV). The entire digestive system (Il1) was stained with AZM.
Another feature to separate a male from a female larva is the amount of
glycogen stored in the genital primordium (Takahashi et al., 1987). In females,
the glycogen amount is higher, so staining samples with benzanthrone
luminophore will result in more intense fluorescence at higher glycogen levels.
The evaluation of the results concluded that glycogen reserves in female larvae
are better visualized if stained with P8 (1V).

In the AZM luminophore study, a nerve ring was observed, but no more
detailed structures were observed (Il). Parts of the nervous system were not
visualized with the P8 luminophore (1V).

A total of nine benzanthrone luminophores were synthesized for effective and
rapid study of P. fasciolaemorpha (ad.) (AM323, AZPP), D. spathaceum
(mtc.), D. subclaviatus (ad.) and P. confusus (ad.) (AM1, AM2, AM4, AM16,
P8), T. spiralis and T. britovi (AZM, P13). Summarizing all results, it should be
concluded that the most qualitative data for both Trematoda and Nematoda
specimens were obtained with benzanthrone containing amidoamido functional
group. Specific staining protocols were developed for the efficient and rapid
study of parasite species using CLSM with detailed results within two hours.
During the protocol development stage, it was noticed that staining step for
trematode samples is determined by host (poikilotherm or homotherm) from
which the trematode has been isolated. Staining protocols can be used for
samples fixed seven different chemical fixators, as well as for three different
types of Trichinella larval parasites: larvae isolated from animal muscles and
fixed in the same day, larvae stored in 96% ethanol and larvae in frozen animal
muscles. By using specific benzanthrone luminophores and certain staining
protocols, it is possible to determine the differences in the cuticle structure of T.
spiralis and T. britovi and to accurately determine the sex of both Trichinella

larvae.
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CONCLUSIONS

1. A total of nine synthesized benzanthrone luminophores were approbated for
detailed and rapid investigation of Trematoda class and Nematoda phylum
parasite species (I, I, 11, 1V).

2. For the study of P. fasciolaemorpha (ad.) (I), D. spathaceum (mtc.), D.
subclaviatus (ad.), P. confusus (ad.) (I11) parasite species fixed in 70% and
96% in ethanol, in AFA, Carnoy’s and Bouin's solution and in 10% neutral
buffered formalin; efficient and rapid staining protocols using the AM323,
AZPP, AM1, AM2, AM4, AM16, and P8 benzanthrone luminophores were
developed for detailed study. For the detailed study of the anatomical and
muscular arrangement of P. fasciolaemorpha parasite samples with AZPP
luminophore, samples fixed in 70% ethanol or AFA solution are the most
suitable: 70% ethanol and AZPP luminophore for external structures and
muscle layers; AFA solution and AZPP luminophore for internal structure
studies. The Bouin’s fixative is not suitable for fixation of P. fasciolaemorpha
samples when analyzed by CLSM (). The AM1, AM2, AM4, AM16, and P8
luminophores allow detailed visualization of the digestive and reproductive
systems of D. spathaceum (mtc.) fixed in 96% ethanol, D. subclaviatus (ad.)
fixed in Carnoy’s solution, P. confusus (ad.) fixed in AFA in solution (I11). It
was concluded that staining trematodes isolated from the poikilotherm host
requires less time than staining trematodes isolated from the homotherm host.
3. For study of T. spiralis and T. britovi parasite species which were fixed in
70% and 96.6% ethanol; efficient and rapid staining protocols using AZM and
P13 benzanthrone luminophores were developed in AFA, Carnoy’s and
Bouin’s solution. It was concluded that the synthesized benzanthrone
luminophore AZM s suitable for trichinella research isolated from animal
muscles and fixed in various chemical fixatives. The developed staining
protocol is suitable for determining the sex of T. spiralis and T. britovi larvae
by measuring the length of the rectum length (I). Staining protocol with P13
was developed for T. britovi larvae stored in 96.6% ethanol or larvae frozen
within animal muscles (1V).

4. Certain staining protocols using specific benzanthrone luminophores have
been developed for the study of Trematoda class and Nematoda phylum
parasite species. The most suitable chemical fixator and benzanthrone
luminophore complexes were found for the study of samples using CLSM: P.
fasciolaemorpha (ad.) fixed in 70% ethanol or AFA solution and AZPP (I); T.
spiralis and T. britovi fixed in Bouin's solution and AZM (11); D. spathaceum
(mtc.) fixed in 96% ethanol, D. subclaviatus (ad.) fixed Carnoy’s solution, P.
confusus (ad.) fixed in AFA solution and AM1, AM2, AM4, AM16 and P8
(111); T. britovi fixed in 96.6% ethanol for up to three years or frozen larvae in
animal muscles for up to two years and P13 (1V).
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I1ze Rubenina. Benzantrona luminofori Trematoda un Nematoda parazitu efektivai un
atrai izpétei. Promocijas darba kopsavilkums = Benzanthrone luminophores for
effective and rapid study of Trematoda and Nematoda parasites.
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