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KOPSAVILKUMS
Benzantroniem tiek pievérsta ar vien liclaka uzmaniba to potenciala pielietojuma

biologisko membranu un biomolekulu izpété. Biologiskas izcelsmes paraugu izpété viens
no soliem turpmakai parauga analiz€Sanai ir parauga fiks€Sana, saglabajot $iinu strukttiru
pec iespéjas tuvak to dabiskajam stavoklim. Parazitiskas slimibas ir viens no faktoriem,
kas ietekm& gan cilvéka, gan dzivnieku veselibas stavokli. Trematoda klases un
Trichinella gints (Nematoda tips) parstavji ir endoparaziti, kas izraisa tadas slimibas ka
parafasciolopsozi (ierosinatajs Parafasciolopsis fasciolaemorpha), diplostomozi
(ierosinatajs Diplostomum spathaceum), trihinelozi (ierosinatajs Trichinella spiralis, T.
britovi). Visu trTs parazitu izraisitas slimibas tiek raksturotas ka ekonomiski nozimigas,
turklat trihineloze ir septitaja vieta pasaules cilvéka dzivibai bistamako partiku izraisoSo
slimibu topa. Tehnologijam attistoties, tiek izgudrotas vai optimiz&tas mikroskopijas
metodes, kas ietver atbilstoSu protokolu izstradi. Zinatniskaja literattira aprakstitie
kraso$anas protokoli Trematoda un Trichinella parazitu paraugiem ir saméra sarezgiti.
Paraugu sagatavosanai javelta daudz laika, cilvéka un laboratorijas resursu, turklat
Trichinella gints kapuru protokoli nav vérsti uz pasa parauga izpé&ti, bet gan uz kada
specifiska procesa vai proteina atpaziSanu. Izmantojot konfokalo lazersken&joSo
mikroskopiju, paraugu izp&tei ir jabut efektivai un atrai fotoizbaléSanas procesa dél.

Pétijuma laika sintezStie benzantrona luminofori tika izmantoti noteiktu
krasoSanas protokolu izveidei un trematodes parazitu sugu kermena virsmas struktiiras,
tegumenta, muskulu slanu, organu sist€ému izpé&tei. Trematodes ir hermafroditi, kuros tika
noverota gan viriSka, gan sieviska reproduktiva sistema. Trihinella parazita sugu kapuru
atrai un efektivai argjas un ieks¢jas struktiiras izpétei tika izstradats noteikts krasoSanas
protokols, kura izveidei tika izmantoti specifiski benzantrona luminofori. Turklat,
pétijuma ietvaros sintez&tais AZM luminofors un izstradatais krasoSanas protokols tika
izmantots T. spiralis un T. britovi kapuru dzimumu precizai noteikSanai.

Apkopojot pétijuma iegiitos rezultatus, tika izstradati noteikti krasoSanas
protokoli, izmantojot specifiskus benzantrona luminoforus, P. fasciolaemorpha (ad.)
(AM323, AZPP), D. spathaceum (mtc.), Diplodiscus subclaviatus (ad.) un Prosotocus
confusus (ad.) (AM1, AM2, AM4, AM16, P8), T. spiralis un T. britovi (AZM, P13)
efektivai un atrai izpetei. NoteicoSie faktori optimala krasoSanas protokola izveidei ir
benzantrona luminofors, parauga uzglabasanas apstakli un laiks, ka arT parauga platums

X garums X biezums.



ABSTRACT
Benzanthrones have been given more attention due to their potential use in

biological research of membranes and biomolecules. For samples of biological origins
one of the most important steps for further analysis is the fixation of the sample by
keeping the cellular structure as close as possible to their natural state. Parasitic diseases
are one of the factors that are affecting both human and animal health. Representatives of
Trematoda class and Trichinella genus (Nematoda phylum) are endoparasites, which
cause diseases such as parafasciolopsosis (causative agent Parafasciolopsis
fasciolaemorpha), diplostomosis (causative agent Diplostomum spathaceum),
trichinellosis (causative agent Trichinella spiralis, T. britovi). All three diseases caused
by the parasites are stated as economically significant, especially trichinellosis as it is
ranked as number 7 in the world's most human life-threatening food-borne parasitic
disease top. As technology is evolving, microscopy methods are being optimized or
invented and it includes the development of appropriate protocols too. The staining
protocols for samples of Trematoda and Trichinella parasites, described in the scientific
literature, are relatively complex. This process is very time and resources consuming as
human and laboratory resources need to be spent on the preparation of samples.
Furthermore, the protocols of the larvae of the genus Trichinella are not aimed at studying
the sample itself, but for recognition of a specific process or protein. When using the
confocal laser scanning microscopy, the examination of samples must be effective and
rapid due to the photobleaching process.

Benzanthrone luminophores, synthesized during the study, were used in the
development of staining protocols and in research of the body surface structure, tegument,
muscle layers and organ systems of the species of trematodes parasites. Trematodes are
hermaphrodites and both male and female reproductive systems were observed. Specific
benzanthrone luminophores were used to develop staining protocols and for the study of
the external and internal structure of the parasitic larvae of Trichinella species. In
addition, the synthesised AZM luminophore and the developed staining protocol were
used to accurately determine the sex of T. spiralis and T. britovi larvae.

In summary, the results of the study, certain staining protocols were developed
using specific benzanthrone luminophores, P. fasciolaemorpha (ad.) (AM323, AZPP),
D. spathaceum (mtc.), Diplodiscussubclavatus (ad.) and Prosotocus confusus (ad.)
(AM1, AM2, AM4, AM16, P8), T. spiralis and T. britovi (AZM, P13) research. The
determining factors for the development of an optimal staining protocol are selected



benzanthrone luminophore, storage conditions and time duration of the sample as

wellsample’s width x length x thickness.
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PROMOCIJAS DARBA IEVIETOTO TABULU SARAKSTS

Tabulas Tabulas nosaukums Lappuses
numurs numurs

Kimisko fiksatoru iedalijums (p&c Bacallao et al., 2006; Howat

1. tabula : 26
& Wilson, 2014)

5 tabula Plakantarpu un nematodes vispar€js salidzinajums (péc Castro 29
1996)

3.tabula  Trichinella gints sugu vispargjais raksturojums 37

4.tabula  Sintez&to benzantronu luminoforu apraksts 46

5.tabula  P&tijuma izmantotie kimiskie fiksatori 49

6. tabula Tremat_ovda parazitu sugu paraugu kimiska fikseéSana un 49
uzglabasana

7 tabula T. spiral IS_lfn T. britovi parazitu sugu paraugu kimiska fiksé$ana 51
un uzglabasana

8.tabula  Benzantronu Iluminoforu funkcionalas grupas un krasoto £
paraugu raksturojums

9.tabula  Kimisko fiksatoru P. fasciolaemorpha paraugos radito fizisko cg
izmainu salidzinajums

10. tabula  Kimisko fiksatoru trihinella paraugos radito fizisko izmainu 59
salidzinajums

11.tabula Kimisko fiksatoru un benzantrona luminofora rezultatu 63

salidzinajums, izmantojot KLSM
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PROMOCIJAS DARBA IEVIETOTO ATTELU SARAKSTS

Attel
ca Att€la nosaukums Lappuses
numurs numurs
1. atteéls  Plakantarpu klasifikacija (péc Norena et al., 2015) 30
2 attls Parafasciolopsis fasciolaemorpha attistibas cikls (péc Keidane et al., 32
2017)
3. att€ls  Prosotocus confusus attistibas Cikls (Rubenina, 2022) 34
4. att€ls  Diplostomum spathaceum attistibas cikls (Rubenina, 2022) 35
_ Nematoda tipa dendrogramma, balstoties uz SSU-sekvences datu kopu
5. attéls ~ 36
(péc Blaxter, 1998)
6. attéls  Trichinella spp. attistibas cikls (péc Andrade-Becerra et al., 2017) 39
7. att€ls  Trichinella britovi izplatiba (péc Bruschi & Pozio, 2019) 40
8. attals Konfokala lazerskengjosa mikroskopa darbibas princips (péc 43
' Schneckenburger et al., 2019; Guida et al., 2021)
9. attels P&tjjuma dizains (Rubenina, 2022) 45
10. attéls  P&tfjuma izmantotais materials (Rubenina, 2022) 48
11. attels Vispargja krasosanas gaita trematodes paraugiem (Rubenina, 2022) 53
12. att€ls Vispargja krasosanas gaita nematodes paraugiem (Rubenina, 2022) 54
_, Parafasciolopsis faciolaemorpha (ad.) nekrasots un kimiski nefikséts
13. attels ) ’ 60
paraugs (Rubenina, 2021)
14, attels Parafasciolopsis faciolaemorpha (ad.) krasota ar AZPP, fiksators 70% 61
' etanols (viens optiskais griezums) (Rubenina, 2021)
15. attels Parafasciolopsis faciolaemorpha (ad.) krasota ar AZPP, fiksators 70% 61
' etanols (viens optiskais griezums) (Rubenina, 2021)
16. attals Parafasciolopsis faciolaemorpha (ad.) krasota ar AZPP, fiksators AFA 62
' (viens optiskais griezums) (Rubenina, 2021)
17 attels g)(;EISC;Stomum spathaceum metacerkarijs krasots ar AM16 (Mezaraupe, 65
18. attals Diplostomum spathaceum metacerkarijs krasots ar AM2 (Rubenina, 66
2018)
19. att€ls Prosotocus confusus shematisks zim&ums (Rubenina, 2020) 67
_, Pieaudzis Prosotocus confusus krasots ar AM1 (ar&ja uzbiive)
) 67
20. attels (Rubenina, 2018)
_, Pieaudzis Prosotocus confusus krasots ar AM1 (ieksgja struktiira) 68
21 atels (Rubenina, 2018)
99 attéls Parauga autofluorescences bilde un autofluorescences grafiki, kas 69
' atbilst dazadiem absorbcijas vilnpu garumiem (Mezaraupe, 2019)
23, attels KLSM attéls ar Trichinella kapura prieksgjo galvas galu (Rubenina, 70
2019)
24. att€ls KLSM attéls ar trihinelas kapura aizmugur&jo galu (Rubenina, 2019) 71
25 attels KLSM ?ttéls ar trihinela kapura reproduktivo un gremosanas sisttmam 71
(Rubenina, 2019)
26. attels  Trichinella britovi (Rubenina, 2018) 72
27 attdls KLSM attela atzZiméta gala zarna gan trichinella matitei, gan t€vinam 72

(Rubenina, 2019)

16



IEVADS

Pétijuma aktualitate

Mikroskopijai attistoties, ta butiski mainija biologijas pétijumu gaitu. Mikroskopu
izmanto dazadu dzivibas procesu izpéte, tad€jadi raksturojot organismu mikroskopisko
uzbuvi. Konfokalas lazerskengjosas mikroskopijas metode ir viens no veidiem ka pétit
parazitu ieks$€jo un argjo struktiiru, iegiistot gan detaliz€tus, 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 tick paradits parazitu nozimigums
ekosisteémas un baribas k&des (Tompkins et al., 2011). Trematoda klase zinama Sistosomu
un partikas bojajoSu trematodes parstavju dél, kas invadgjusi vairak ka 294 miljonu
cilvéku visa pasaulé (World Health Organisation, 2015, 2019; Bennett & Robinson,
2021). Savukart, viena no pasaul€ visplasak zinamajam parazitu gintim ir Trihinella gints
(Nematoda tips), jo nematodes parazita izraisita zoonoze — trihineloze ir ierindota
pasaules cilvékam bistamako slimibu topa desmitnieka (Pozio & Zarlenga, 2019).
Turklat, pec pasaules veselibas organizacijas datiem, ik gadu 10 000 cilvéku tiek
registréta invadésanas ar trihinellu (World Health Organization, 2022).

Gan Trematoda klase, gan Trichinella gints parstavji ir dazadu zoonozu
ierosinataji, tacu majdzivnieku un savvalas dzivnieku helminti vél jo projam nav tik labi
izpétiti ka antroponozes (Sah et al., 2020).

Biologisko objektu izp&teé biezi vien tiek izmantoti specifiski luminofori, tadgjadi
sniedzot informaciju par kadu konkrétu procesu, organu vai organu sistému (Byrne et al.,
2016; Chen et al., 2018; Holden et al., 2021). Izmantojot fluorescento mikroskopiju, liela
nozime tiek pieskirta luminoforiem (Ndao, 2009). Savulaik parazitu strukttiras krasoSana
tika plasi izmantotas fluorescgjosas krasvielas akridina oranzais un rodamins C (Geller &
Timonov, 1969a,b; Stankiewicz et al., 1996; Janssen 1998), bet musdienas saka
paradities citas sintezetas krasvielas biologisko organismu morfologiskai izpétei
(Dapson, 2007; Fakhar & Ghobaditara, 2016). Pedgjo gadu laika popularitati guvusi
benzantrona luminofori un 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 struktiiras emité noteikta
spektralaja regiona: dzeltens — zal$ vai sarkans - violets (Khrolova et al., 1984). Dazas

benzantronu krasas tiek izmantotas, membranu strukturalo izmainu novéroSanai un
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nukleinskabju savienoSanas izpétei (Dobretsov, 1989; Yang et al., 1999). Turklat,
pétljumi apstiprinajusi, ka tos var izmantot biologisku objektu krasoSanai. Lai gan
krasoSana ar benzantrona luminoforiem krietni vien samazina paraugu sagatavosanas
laiku, katrai organismu grupai ir japiemeklg specifisks benzantrona luminofors (Kirjusina
et al., 2018; Kirilova et al., 2019).

Pétijumos aprakstitie trematodes paraugu standarta sagatavoSanas protokoli
konfokalai lazerskengjosai mikroskopijai aiznem vairak ka vienu vai divas dienas
(Krupenko, 2014; Krupenko & Dobrovolskij; 2018; Krupenko, 2019) un ir koncentré&ti
uz kadu noteiktu sistému izpé&ti, pieméram, muskulu sistému (Krupenko, 2019), nervu
sistéemu (Kremnev et al., 2020, 2021). Paraugu sagatavoSanas posma tiek izmantoti dazadi
paraugu mazgasanas un fikséSanas Skidumi, pieméram, paraformaldehids, fosfatu
buferSkidums 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 krasoSanas protokoli biezi vien nav paredz&ti paSa
kapura struktiiras noteikSanai, bet gan specifisku procesu noveroSanai, pieméram,
iminsistémas atbildes reakcijai (Bai et al., 2012), anti-trihinellu vakcinu parbaudei (Hu
et al., 2021), noteiktu proteinu lokalizésanai (Hernandez-Bello et al., 2008; Morales-
Montor, 2022), mijiedarbibas izp&tei starp nematodi un mukulu §tinam in vitro (Bai et al.,
2011). Tomér trikst luminoforu, kas spétu iekrasot parazitu vispargo struktiru,
nepatéréjot daudz resursu un laika parauga sagatavoSanai konfokalai lazerskengjoSai
mikroskopijai.

Parazitu mikroskopiska izpéte ietver dzimumu noteikSanu. Viens no populaciju
raksturlielumiem ir dzimumstruktiira. Populacijas dzimuma proporcija un struktiira
sniedz informaciju par populacija notiekoSiem procesiem, ka pieméram, parazita
saimnieka dzimuma ietekme uz parazita dzimumu proporciju vai parazita dzimumu
strukttira noteiktos regionos (Codina et al., 2021). Kozek (1975) un Li et al. (1999) ir
meéginajusi noteikt trihinellu kapuru dzimumus, uzskaitot morfologiskas pazimes, kuras
atskir matiti no t€vina. Tomer, m&ginajumi nav bijusi parlieku veiksmigi, jo, izmekl&jot
paraugus ar gaismas mikroskopiju, ir samera griiti atSkirt pazimes, kuras prasa lielu
precizitati. Pieméram, ka viena no dzimuma at$kirSanas pazimém ir Kapuru primarie
apvalki, kas var but raksturigi noteiktai kapura attistibas stadijai. Tomér tos nav viegli
atskirt jau tad, kad kapuri ir sagrup@ti péc to attistibas stadijas, bet dzivnieku muskulatiira
var biit dazadu attistibas stadiju kapuri (Weller, 1943; Kozek, 1975). V&l viena pazime

pec kuras ir iesp€jams noteikt kapuru dzimumu ir gala zarnas garums, bet ar gaismas
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mikroskopiju ieglitie m&rfjumi var biit neprecizi (Villella, 1966).

Helmintologija ir starpdisciplinara biologijas nozare, tapec cilvéku un dzivnieku
parazitu morfologisko pazimju, saimnieka-parazitu attiecibu, parazitu fiziologijas,
etiologijas, epizootologijas, u.c. procesu pétiSana ir jasadarbojas ar citu nozaru
parstavjiem, pieméram, ekologiem, kimikiem, pilnveidojot diagnostikas, fiziologiskas,

mikroskopijas un molekularas metodes.

Pétijjumu novitate

Tika veikts pétijums, kura ietvaros tika sintez€ti septini benzantrona luminofori
(AM323, AZPP, AM1, AM2, AM4, AMI16, P8,) un izstradati noteikti krasoSanas
protokoli Trematoda klases dazadu parazitu sugu izpétei, izmantojot konfokalo
lazerskengjoso mikroskopiju. Izstradatie krasoSanas protokoli ir piemé&roti efektivai un
atrai dazados kimiskos fiksatoros fiksétiem P. fasciolaemorpha (ad.), D. spathaceum
(ad.), D. subclaviatus (mtc.) un P. confusus (ad.) izp&tei. Papildus tam tika sintez&ti divi
benzantrona luminofori (AZP un P13) un izstradati noteikti krasoSanas protokoli
Nematoda tipa parazitu sugu efektivai un atrai izp&tei. Izstradatie krasosanas protokoli ir
piemeroti tris dazadu trihinella paraugu tipu izpétei: paraugiem, kuri uzglabati 96,6%
etanola, kapuriem sasaldéta dzivnieku muskulatira vai nesen ievakta dzivnieku
muskulatiira, no kuras vienas dienas laika izdaliti trihinellu kapuri un tie fikséti kimiskos
fiksatoros. Turklat, vizualizacijas rezultata tika noveérotas morfologiskas atskiribas starp
T. spiralis un T. britovi sugu paraugiem. P&tijuma laika tika sintezéts AZM luminofors
un izstradats noteikts krasoSanas protokols T. spiralis un T. britovi kapuru dzimumu
noteikSanai, balstoties uz kapura gala zarnas garumu.

Izstradatie protokoli ir efektivi, jo dazadam parazitu sugam tika piemekleti
specifiski benzantrona luminofori. Turklat, izstradatie protokoli ietaupa paraugu
sagatavosanas laiku un laboratorijas resursus, tadgjadi vairs nav javelta vairakas stundas

val dienas parauga sagatavoSanai konfokalai lazerskengjoSai mikroskopijai.

Pétijuma praktiskais pielietojums

Promocijas pétijuma laika izstradatie krasoSanas protokoli ir nozimigi Trematoda
klases un Nematoda tipa dazadu parazita sugu populacijas petijumos un var tikt izmantoti,
papildinot sugu taksonomiskos aprakstus, aprakstot mijiedarbibu starp Trematoda un
starp Nematoda sugam un veicot salidzinoSos pétijumus.

Promocijas darba laika izstradatais krasoSanas protokols un sintezetais
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specifiskais benzantrona luminofors T. spiralis un T. britovi kapura dzimuma noteikSanai
var tikt talak izmantots vides kvalitates pétijjumiem, ka arT cilvéka vai dzivnieka
arstéSanas plana izstradaSana vai korigéSana. Noteiktais krasoSanas protokols sniedz
precizu rezultatu par parazita dzimumu, Iidz ar to krasosSanas protokols un specifisks
benzantrona luminofors var tikt izmantoti parazita dzimuma proporcijas noteikSanas
pétijumos, identificgjot populacijas dzimumu sadalijuma ietekm&josos faktorus, nosakot
dzimumu sadalijumu dazados regionos un saimnickos, ka ari var tikt izmantoti parazita
apkaroSanas metozu izstrad€, ietekméjot parazita dzimuma proporciju. Pétijuma laika
izstradatie kraso$anas protokoli var tikt izmantoti ne tikai T. spiralis un T. britovi sugam,
bet arT citu Trichinella spp. kapuru analizei un dzimuma noteik$anai.

Promocijas darba iegiitas zinaSanas tiek izmantotas praktiskas nodarbibas,
lekcijas, zinatniski pétniecisko darbu, maszinibu, fizioterapijas, biologijas bakalauru un

magistra darbu izstradg.

Pétijuma objekts

Trematoda klases un Nematoda tipa paraziti.

Pétijjuma priek§mets
Trematoda klases un Nematoda tipa dazadu parazitu sugu efektiva un atra izpéte,
izmantojot specifisku benzantrona luminoforu un izstradajot noteiktu krasoSanas

protokolu.

Pétijuma hipoteze
Dazadu parazitu sugu efektivai un atrai izpétei ar konfokalo lazersken&joSo
mikroskopiju ir piem&rots noteikts krasoSanas protokols, izmantojot noteiktu kimisko

fiksatoru un specifisku benzantrona luminoforu.

Petijjuma merkis
Izstradat krasoSanas protokolu ar benzantrona luminoforiem Trematoda klases un
Nematoda tipa dazadu parazitu sugu efektivai un atrai izpé&tei, izmantojot konfokalo

lazersken&joSo mikroskopiju.

Lai sasniegtu pétijuma meérki, izvirziti $adi pétijjuma uzdevumi:
1. Aprobét sintez&tos benzantrona luminoforus Trematoda klases un Nematoda tipa

dazadu parazitu sugu efektivai un atrai izp&tei (I, 11, 111, 1V).
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2.

Izstradat krasoSanas protokolu, izmantojot specifisku benzantrona luminoforu,
Trematoda parazitu sugu paraugiem, fiksétiem dazados kimiskos fiksatoros, efektivai
un atrai izpé&tei (I, 111).

Izstradat krasoSanas protokolu, izmantojot specifisku benzantrona luminoforu, tris
dazada tipa Nematoda parazitu sugu paraugiem, fiksétiem dazados kimiskos
fiksatoros, efektivai un atrai izp&tei un dzimuma noteiksanai (11, 1V).

Izanalizét sintez&ta benzantrona luminofora piemérotibu un krasosanas protokola
efektivitati Trematoda klases un Nematoda tipa parazitu sugu atrai izpétei, pielietojot

konfokalo lazerskengjoso mikroskopiju (I, I, 111, 1V).

AizstaveSanai izvirzitas tézes:

1.

Sintez&tie benzantrona luminofori ir piemé&roti Trematoda klases un Nematoda tipa
dazadu parazitu sugu efektivai un atrai izp&tei, izmantojot konfokalo 1azerskengjoso
mikroskopiju.

Kimiskie fiksatori ietekm& pétama parauga detalizétu izpéti un noteiktam
luminoforam ir piemérots noteikts fiksators.

Parazitu krasosanas sola ilgumu ietekm& p&tama parauga izcelsme — poikiloterms
saimnieks vai homoterms saimnieks.

Efektiva un atra protokola izstrade sniedz detaliz€tus rezultatus izpété ar konfokalo
lazersken&joso mikroskopu divu stundu laika.

Specifisks benzantrona luminofors un noteikts krasoSanas protokols ir piemérots T.

spiralis un T. britovi kapuru dzimuma noteikSanai.
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1. LITERATURAS APSKATS

Saja sadala tiek apskatiti benzantrona luminofori un aprakstitas Tpasibas, kas apstiprina
to izmantoSanu biologijas pétijumos. Dazadu paraugu izpété sava loma ir izvélétam
kimiskam fiksatoram, tapéc sadala ir sniegts raksturojums par helmintologija
izmantotiem kimiskiem fiksatoriem. Tiek sniegts vispargjs raksturojums par helmintiem,
to iedalijumu un socialekonomisko ietekmi. Tiek apskatitas Trematodes klases un
Nematodes tipa parazitu sugas, aprakstot parazitu sugas saimniekus, izraisito slimibu,
izplatibu un attistibas ciklu. Sadala tiek apskatiti zinatniskaja literatira aprakstitie
helmintu krasoSanas protokoli un konfokalas lazerskengjosas mikroskopijas

izmantoSanas iesp€jas parazitu efektivai (detaliztai) un atrai izp&tei.

1.1. Benzantrona luminofori
Benzantrona luminofori ir zinami ka fluorescentie luminofori, kas atkariba no

luminofora strukttiras emité noteikta spektrala regiona: dzeltens — zal$ vai sarkans -
violets. Vairakiem luminoforiem piemit augsta fluorescences sp&ja un tie tiek plasi
pielietoti ka lazeru gaismas (Khrolova et al., 1984), dienasgaismas fluorescences
pigments (Carlini et al., 1982), ka lipofiliska fluorescences zonde biokimiskajos un
medicinas pétijumos (Gonta et al., 2013). Bezantrona luminoforiem ir vairakas véra
nemamas spektralas ipasibas, tadas ka augsts izbaleSanas koeficients, noteikta Stoksa
nobide (Ryzhova et al., 2016), nebiitiska fluorescence tidens baze, augsta fluorescences
parametru jutiba pret apkart€jas vides polaritati (Refat et al., 2004; Zhytniakivska et al.,
2014). Benzatrona luminoforiem piemit intramolekulu ladinu parneses (ILP) spgja
hromoforiska sisteéma, kas rodas starp elektrodonoru grupam C3 pozicija un elektronu
akceptoriem karbonidgrupa (Refat et al., 2004; Kirilova et al., 2008). Hromoforiskajam
sisttmam ir interesantas kimiskas un spektralas iesp€jas. Elektronu ierosme S$adas
sistemas bieZi vien ir saistita ar ievérojamu ladina pardaliSanos. Intramolekulara ladina
pardaliSanas péc elektriska uzbudinajuma ir fundamentals fiziokimisks process. Plasi
pielietota metode §1 procesa pétiSana ir elektriska dipola momenta noteik$ana dazados
elektriskajos stavoklos (Grabchev & Moneva, 1998). Dipola moments ataino tieSu
elektronu sadalijjumu ar zinamu geometriju. Ta ir fizikala konstante, ko iegiist ar
eksperimentalam un teorétiskam metodém (Siddlingeshwar et al., 2011). Benzantronu
luminoforu sp€ja veidot ILP stavokli rada nozimigu luminofora dipola momenta
palielinaSanos péc ierosmes, ka rezultata tiek ierosinata skidinataja dipola re-orientéSanas

ap ierosinata stavokla dipolu (Ryzhova et al., 2016). Tadgjadi luminoforus var izmantot,

22



pétot ar membranu saistitus procesus, it Tpasi tos, kas saistiti ar polaritates un viskozitates
izmainam lipidu dubultslant (Siddlingeshwar et al., 2011).

Benzantrona savienojumi ir guvusi lielu interesi ka biomedicinu tehnologiju
fluorescentas zondes, pateicoties tiesi to spektralajam 1paSibam (Konstantinova et al.,
1998; Refat et al., 2004; Ryzhova et al., 2016; Tarabara et al., 2021). Pirms vairak ka
cetrdesmit gadiem 3-metoksibenzantrons tika pieminéts ka luminofors, kas ir jutigs pret
biomembranu fiziokimiskajam izmainam (Dobretsov et al., 1978; Dobretsov, 1983),
konformacijas izmainam olbaltumvielas (Sorokovoi et al., 1974) un limfocitu
diferenciaciju (Korkina et al., 1978; Baglaev et al., 1982). Ve&lak tika zinots, ka 3-
metoksibenzantronam piemtt augsta citotoksicitate pret dzivu Siinu. Taja pasa laika tika
noverots, ka metoksi grupas aizvietoSana ar N-saturo$o grupu mazinaja benzantronu
luminoforu citotoksicitati (Kirilova & Ivanova, 2011). Benzantronu luminoforiem,
sauktas par hidrofobiski solvatohromiskam krasvielam, piemit augsta lipofilitate
(Zhytniakivska et al., 2014), spgja identificét un strukturali raksturot amiloidas fibrillas
(Vus et al., 2012, 2014a,b; Zhytniakivska et al., 2014). Turklat, p&tijumos zinots, ka
limfocitu funkcionalas aktivitates atpaziSanai izmantoti benzantronu luminofori (Kalnina
et al., 2007) un tikusi piem&roti mikroskopijas vizualizacijai Trematoda sugu parazitiem
(Kirjusina et al., 2018).

Izmantojot jebkuru luminoforu, ir janem véra fotoizbaléSanas process.
Fotoizbal@Sana ir neatgriezenisks process, kura fluorofors pamazak sak izzust (Eggeling
et al., 1999), tas notiek ka statisks process péc daudziem fotonu absorbcijas un emisijas
cikliem. Fotoizbalésanas rezultata parauga izp&tes laika ir novérojama parauga izbalésana
un fluorescences intensitate kritas, kas nozime, ka iegtita rezultata kvalitate sak pamazam
zust (Zondervan et al., 2004; Han et al., 2021). V&l jo vairak tas nozim¢, ka nekad netiks
iegti tik detalizeti dati ka petot paraugu pirmaja reize. FotoizbaleéSanu varétu uzskatit par
luminoforu galveno 1pasibu, jo ta ietekme kop€jo emiteto fotonu skaitu un iegtita rezultata
kvalitati. Lidz ar to tiek sintez&ti arvien jauni luminofori, kuros tiek méginats palélinat
fotoizbaleSanas procesa norisi (Demchenko, 2020).

Luminofora sintézes process sakas ar 3-aminobenzantrona iegiisanu. Benzantronu
luminoforu sinté€z€ visbiezak tiek izmantoti mono aizvietotie benzantroni ar 3-
benzantronu, kas nozimé, ka 3. stavokli ir amido ar heterociklisku amino (Gonta et al.,
2013; Kirjusina et al., 2018), amidino (Siddlingeshwar et al., 2011; Gonta et al., 2013)
vai amino grupu (Trusova et al., 2012; Ryzhova et al., 2016). Talak aplukoti dazi

benzantronu luminofori.
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3-N-(2-piperidinilacetamido)benzantrons (AZPP). Sintézes laika tiek iegiti tumsi
oranzi 3-N-(2-piperidinilacetamido)benzantrona kristali. legitie kristali 8kist
hloroforma un dihlorometana, bet ir mazak Skistos$i ogliidenrazos un alkoholos
(Zaicenko, 2014).

2-bromo-3-N-(N’, N’-dimetilformamidino)benzantrons (AM323). Sintézes laika tiek
iegiiti oranzi 2-bromo-3-N-(N’, N’-dimetilformamidino)benzantrona kristali. Iegitie
kristali Skist hloroforma, dihlorometana un oglidenrazos, bet ir mazak Skistosi
alkoholos (Kirilova et al., 2018).

3-N-[2-(4-morfolinil)acetamidino]benzantrons (AZM). Sint&zes laika tiek iegiiti 3-N-
[2-(4-morfolinil)acetamidino]benzantronadzelteni-oranzi kristali. legttie kristali
Skist hloroforma, dihlorometana, bet ir mazak $kistosi oglidenrazos un alkoholos
(Gavarane at al., 2019).

3-N-(N’, N’-dimetilbenzamidino)benzantrons (AM1). Sintézes laika tiek iegtits 3-N-
(N’, N’-dimetilbenzamidino)benzantrona dzeltens pulveris. Iegiitais pulveris $kist
hloroforma, dihlorometana un oglidenrazos, bet ir mazak S$kistosi alkoholos
(Kirilova et al., 2009).

3-N-(N’, N’-dimetilacetamidino)benzantrons (AM2). Sintézes laika tiek iegiits 3-N-
(N, N’-dimetilacetamidino)benzantrona sarkans pulveris. legttais pulveris $kist
hloroforma, dihlorometana un oglidenrazos, bet ir mazak S$kistosi alkoholos
(Kirilova et al., 2009).

3-N-(N’, N’-dietilacetamidino)benzantrons (AM4). Sintézes laika tiek ieguti 3-N-
(N’, N’-dietilacetamidino)benzantrona oranzi kristali. Ieghtie kristali $kist
hloroforma, dihlorometana un oglidenrazos, bet ir mazak S$kistosi alkoholos
(Kirilova et al., 2009).

3-N-[N’-(4- metilfenil)acetamidino]benzantrons (AM16). Sintézes laika tiek iegtti 3-
N-[N’-(4- metilfenil)acetamidino]benzantrona oranzi kristali. legttie kristali $kist
hloroforma, dihlorometana un ogliidenrazos, bet ir mazak $kistosi alkoholos (Gonta
etal., 2013).

3-N-piperidinilbenzantrons ~ (P8).  Sintézes laika  tiek  iegdti  3-N-
piperidinilbenzantrona sarkani kristali. legttie kristali $kist hloroforma,
dihlorometana un ogliidenrazos, bet ir mazak $kistosi alkoholos (Kirilova et al.,
2008).
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o 3-N-[4-(2-piridil)piperazin-1-il]benzantrons (P13). Sintézes laika tiek iegtti 3-N-[4-
(2-piridil)piperazin-1-il]Jbenzantronasarkani kristali. Iegttie kristali $kist hloroforma,
dihlorometana un ogludenrazos, bet ir mazak $kistosi alkoholos (Gavarane et al.,
2018).

1.2. Biologisko objektu fiksacija

Jebkada veida parauga apstrade var ietekméet parauga vizualizacijas iz8kirtsp&ju
un to formu trisdimensiju (3D) telpa (Elliott, 2020). Fiksacijas mérkis ir saglabat §tinu
struktiru péc iespejas tuvak to dabiskajam stavoklim cik vien tas ir iesp&jams, kamér
paraugs tiek paklauts dazadiem apstrades procesiem un mikroskopijai (Held, 2015).
Runajot par kimiskiem fiksatoriem biitu jasaprot, ka fiksatoru izmantoSana nebiit
nenozimgé, ka fiksators nosaka parauga formu, struktiiru vai padara $iinas makromolekulas
nekustigas. Lielakoties paraugu fikséSana ir tikai kimiski vai fiziski procesi, kas izraisa
metabolisma apstasanos vai saglaba mikrostruktiras [idz zinamam struktiiru lielumam,
iznicinot citas struktiiras, pieméram, enzimus (Bacallao et al., 2006). Lai gan viens no
vecakajiem biologisko objektu fiksatoriem ir formalins, kas tiek izmantots kop$ seniem
laikiem (Specht et al., 2017), tomér ar7 ar formalinu izstradatie fikséSanas protokoli nav
perfekti. Butiba neviens no izstradatajiem fikséSanas protokoliem nav ideals, bet
protokola nepilnibas bieZi vien tiek maskétas aiz fakta, ka plakné parauga dimensijas
att€lu veido parauga piestiprinaSana pie priekSmetstiklina vai pie kadas citas pamatnes.
Lidz ar to, izmekljot paraugus ar mikroskopijas metodi, var tikt novérota parauga
saSaurinasanas vai malu apgrieSana. Malu apgrieSana vai parauga sarauSanas var biitiski
ietekm@t izp&tes rezultatus, jo dala informacijas var tikt pazaudéta. Sis faktors biitu janem
vera paraugu izpétes laika ar KLSM metodi, jo tie tiek skatiti pa optiska griezuma slaniem
(Z solis) (Elliott, 2020).

Organiskie skidinataji, pieméram, alkohols un acetons nonem lipidus un dehidraté
Stnu, vienlaikus nogulsngjot olbaltumvielas. Aditivie Kimiskie fiksatori, veidojot
intermolekularus tiltus, visbiezak izmantojot brivas amino grupas, veido savienotu
antigénu tiklus. Aditivie kimiskie fiksatori saglaba Stinu strukttiru labak neka organiskie
Skidinataji, bet samazina dazu Stnas sastavdalu antigenitdti un ir vajadzigs
permeabilizacijas solis, antikermeniSu iekluiSanai parauga. Katrai fiksacijas metodei ir
savi plusi un minusi, tapéc ir vajadziga fiksacijas protokolu optimizacija specifiskiem
objektiem un ir jaizm&gina dazadi kimiskie fiksatori vieniem un tiem paSiem paraugiem,

rezultata nosakot optimalako fiksacijas metodi konkrétiem biologiskiem objektiem
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(Hegazy & Hegazy, 2015).

Lai fiksators biitu efektivs, tam ir jaiesiicas parauga. Protams, ir v€lama atra
fiksatora iestkSanas parauga, kas nozimé, jo planaks paraugs, jo atrak var sakties
strukttiru fikséSana. Ir zinami vairaki fiksatori, kas tiek pielietoti biologisko objektu
fikseéSanai (Farmilo & Stead, 2009), novérSot Siinu fermentativo darbibu un audu
sadaliSanos (Bamidele, 2007). Kimisko fiksatoru iedalijums ir apkopots 1. tabula.

1. tabula
Kimisko fiksatoru iedalijums (p&c Bacallao et al., 2006; Howat & Wilson, 2014)

Kimiskais fiksators Fiksacijas metode

Etanols Denaturacija

AFA skidums Denaturacija, k&€7u veidosana starp aminoskab&ém
Karnoja skidums Denaturacija

Bouina skidums Denaturacija, k&€7u veidosana starp aminoskab&ém
10% neitrali buferéts formalins K&zu veidosanu starp aminoskabem

Koagulgjosie fiksatori fiks€ paraugu, strauji mainot $tinu sastavdalu hidratacijas
stavokli. Saja procesa olbaltumvielas tiek koagulétas vai izdalitas arpus $iinas.
Koagulgjosos fiksatorus izmanto biezak, jo tie ir viegli reproduc€jami un dazi no tiem
tiek pievienoti citu fiksatoru sagatavoSanas posma. Lielaka probléma, izmantojot
koagulgjosos fiksatorus, ir parauga sarauSanas risks (Held, 2015). Piem&ram, metanola
izmantoSana veicina parauga augstuma samazinasanos par 50%, ka rezultata iegutie 3D
mérijumu dati var biit ne visai precizi (Specht et al., 2017). Ideala gadijuma jebkuram
fiksatoram biitu japiesiicina paraugs sameéra 1sa laika spridi, jafikse visas Stinas strukttiras
un jasaglaba nemainigs stavoklis, apstradajot paraugu ar citiem kimiskiem reagentiem.
Tomer, neviens no zinamiem fiksatoriem nav kluvis par idealu un katru reizi ir javeic
vairaki eksperimenti, nosakot piemeérotako kimisko fiksatoru un laiku fiksatora ieklisanai
objekta Siinas (Bacallao & Stelzer, 1989, Pawley, 2006). Talak uzskaititi biezak lietotie

kimiskie fiksatori helmintologija.

e Etanols 70%, 96%, 96,6%. Visi uz spirtu bazgtie fiksatori ir denaturgjosie fiksatori.
Spirta klatbiitne izraisa proteinu denaturaciju, atdalot tideni no proteinu brivajam
karboksil, hidroksil, amino, amidino un imino grupam, ka rezultata notiek proteinu
koagulacija un audu sarausanas. Etanols nav piemérots lipidu un oglhidratu fiksacijai,
bet to izmanto glikogéna fiksacijai (Baker 1958; Howat & Wilson, 2014). Etanola

kvalitate ir biitiska, tas nevar biit denaturéts. Absolttais etanols (100%) tiek atSkaidits
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ar destilétu @ideni, ieglistot vajadzigas koncentracijas etanolu. Etanola fiksétos
paraugus ir ieteicams glabat ledusskap1i +4°C temperatura (Tkach et al., 2019), vai
saldétava -20°C temperatiira ilgakai paraugu uzglabaSanai (Baines et al., 2015;
Crawley et al., 2016). Paraugu fiks€Sana etanola tiek ieteikta $adu iemeslu del: tiek
ieglts kvalitativs paraugs morfologiskam analiz€m; fiksators ir pieejams liclakaja
dalu valstu; piemit zema toksicitate (salidzinajuma ar formalinu, etanols ir mazak
kaitigs paraugiem) un nav vajadziga 1pasa apmaciba ta lietoSanai; zemas izmaksas.
Turklat, etanols ir piemérots gan digeneju, gan nematodu parazitu sugu fikséSanai
(Justine et al., 2007, 2010, 2012).

Formalina — etanola (AFA) skidums. Van Cleave (1953) rekomend@ta fiks€Sanas
metode ar formalina-etanola $kidumu ir piemé&rota monogineju un digineju fiksésanai.
Minimalais paraugu fikséSanas laiks ir atkarigs no paraugu lieluma, parsvara ta ilgst
1 h 5 mm lieliem paraugiem, tomér nav tikusi novérota nelabvéliga ietekme uz
helminta parauga morfologiju, ja tas tika fikséts ilgaku laiku. Fiksators ir piem&rojams
paraugiem, kuri vélak tiek krasoti un analiz&ti ar kadu no mikroskopijas metodem
(Chubb, 1962; Cribb & Bray 2010).

Karnoja §kidums. Karnoja fiksatora pagatavoSanas procesa tiek izmantots hloroforms
un ledus etikskabe, kas novers etanola izraisito audu sarauSanos un nodros$ina paraugu
fiksaciju ar tdenraza saistiSanos pie audu struktiram (Howat & Wilson, 2014).
Karnoja fiksators ir piemé&rots trematodes (Laxmareddy & Benarjee, 2013) un
nematodes parazitu fikséSanai (Porta-de-la-Riva et al., 2012).

Bouina skidums. Bouina fiksatora pagatavoSanas procesa tiek izmantota pikrinskabe,
ledus etikskabe un formaldehids, lai gan formaldehida vieta gandriz vienmeér tiek
izmantots formalins, kas ir 37% formaldehida skidums tideni. Pikrinskabes iekltiSana
audos ir 1eéna, koagulgjot proteinus. Savukart, etikskabes iekltiSana audos notiek
salidzinosi atri, noversSot pikrinskabes izraisito audu sarausanos (Fox et al., 1985;
Bacallao et al., 2006). Fiksators ir piemérots dazadu helmintu sugu fiks€Sanai
(Bamidele 2007).

10% neitrali buferéts formalins. Fiksators tiek iegits, Skidinot 4% formaldehidu
neitrali buferéta skiduma (Howat & Wilson, 2014). Formalins atri ieklaist $iina,
parveidojot proteinu strukttiru, jo tas veido sanu k&des ar aminoskabém. Fiksators ir
piemérots mongineju (Kritsky & Bakenhaster, 2011), digineju (Cribb & Bray, 2010)

un nematodes fiksésanai (Moravec & Justine, 2005).
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1.3. Visparigs helmintu raksturojums
Pasaule ir paklauta nozimigam apkartgjas vides izmainam, kas ir saistitas ar

cilvéka aktivitatém un to ietekmi uz ekologiju. Dzivotnes modifikacijas ir vienas no tam
izmainas, kas var mainit biologiskas sistémas, mainot epidemiologisko un
epizootologisko vidi (Daily & Ehrlich, 1996; Acevedo-Whitehouse & Duffus, 2009;
Zarlenga, 2020). Pétnieki vairakkart ir méginajusi sasaistit specifiskas saimnieku pazimes
ar helmintu sugu daudzveidibu, tomeér iegiitie rezultati ir pretrunigi (Arneberg, 2002,
Bordes et al., 2007, 2008, 2009, 2010). Ir veikti plasi p&tijumi par helmintu sugu
daudzveidibas noteicosiem faktoriem starp ziditaju sugam (Morand & Poulin, 1998;
Bordes et al., 2009, 2010), tomér tikai dazi petjjumi koncentr&jas uz grauzgjiem, rapuliem
vai putniem (Feliu et al., 1997; Bordes et al., 2007).

Helminti izraisa vairakas postosas slimibas ne tikai cilvékam, bet ar1 dzivniekiem
un augiem. Ar augsni parnestie helminti izraisa tropiskas slimibas, kas ietekmée vairak ka
1 miljardu cilvéku visa pasaule (Bethony et al., 2006), asins siicgji-paraziti (Sistosomas)
invad€ vairak ka 200 miljonu cilvéku (Steinmann et al., 2006) un vairakos miljonos
cilvéku dzivo lentenis (Budke et al., 2009). Helminti var izraisit ne tikai invaliditati un
navi, bet ari izraisit slimibas, kas apdraud partikas dro§ibu. Majlopu invadé$anas ar
lentenu kapuriem (ehinokokoze) izraisa vairak ka 2 miljardu zaud&jumus tikai Amerikas
Savienoto Valstu (ASV) lopu audzétavas (Torgerson & Macpherson, 2011) un
parazitiskas augu nematodes ik gadu rada vairak 80 miljardu ASV dolaru zaud&jumus
(Nicol et al., 2011). Charlier et al. (2020), iesaistot 18 Eiropas valstis, aprékinaja
ekonomisko slogu, ko atgremotaju lopkopibai rada gremosSanas sisttmu nematodes,
Fasciola hepatica un Dictyocaulus viviparus. P&c vinu aprékiniem $o tris grupu helminti
ik gadu rada 1,8 miljardu izmaksas, no kuriem 81% rodas zaudétas produkcijas d€] un
19% tiek tereti dzivnieku arstéSanai (Charlier et al., 2020).

Helmintus parstav dazadas organismu formas gan brivi dzivojosas, gan
parazitiskas. No visiem zinamiem helmintiem, lielakd dala pieder vai nu pie
plakantarpiem jeb Platyhelminthes Minot 1876 vai pie velteniskajiem tarpiem jeb
Nematoda Diesing, 1861 (Nemathelminthes tips) (Castro 1996). Plakantarpu un Nematoda

salidzinajums apkopts 2. tabula.
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2. tabula
Plakantarpu un Nematoda vispargjs salidzinajums (péc Castro 1996)

Plakantarpi Nematoda

Helmintiem ir plakanas formas kermenis Helmintiem ir cilindriskas formas kermenis
Nav pilniba attistfjusies gremoSanas sist€éma  Ir attistita vienkar$a gremosanas sistéma,
(nav mutes, nav kunga), dalai parazitu mute
vispar nav gremosanas sisteémas
Kutikula liclakoties parazitiskajam formam,  Kermeni apnem argjais apvalks saukts par
biezi ir skropstinas kutikulu
ElposSana notiek ar kermena virsmu Nayv elposanas sist€mas

(vienkaria difizija)

Nav asinsrites sist€émas Nayv asinsrites sist€émas
Aseksuala vairo$anas: regeneracija vai Parasti skirtdzimuma, dgj olas, retak
dalisanas; lielakoties hermafroditi dzivdzemdetajas

Plakantarpu tips ir vairak zinams obligato parazitu dél, ko ietver Neodermata
superklase, ieklaujot monogejas, trematodes un cestodes (Ehlers, 1985; Rohde, 1996;
Corrales et al., 2021), kas ir atbildigi par ievérojamu slimibu slogu ka majlopiem, ta ari
cilvekiem (Smith et al., 1986; Halton, 1997; Tyler and Tyler, 1997; Littlewood et al.,
1999; Charlier et al., 2020; Corrales et al., 2021). Tips kopuma parada lielo morfologijas,
dzivotnu, biogeografijas un vesturiskas stratégijas daudzveidibu (Littlewood et al., 1999).
Brivi dzivojoSas formas, sauktas par tubelarijam - skropstintarpiem, liela méra apdzivo
juras vai saldidens dzivotnes, tomeér, dazi taksoni sp& apdzivot siltus un mitrus
sauszemes biotopus (Ax, 1985; Ehlers 1985). Plakantarpu klasifikacija ir atspogulota 1.

attela.
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Acoelomorpha Ehlers, 1965
Nemertodermatida Karling, 1940
Acoela Uljanin, 1870
Platyhelminthes Minot, 1876
Catenulida Graff, 1905
Rhabditophora Ehlers, 1985
Macrostomorpha Doe, 1986
Haplopharyngida Karling, 1974
Macrostomida Karling, 1940
Trepaxonemata Ehlers, 1984
Polycladida Lang, 1881
Neophora Wetblad, 1948
“Lecithoepitheliata” Resisinger, 1924
Proseriata Meixner, 1938
Eulecithophora de Beauchamp, 1961
Rhabdocoela Meixner, 1925
Kalyptorhynchia Graff, 1905
“Dalyellioida” Bresslau, 1933
“Typhloplanoida” Bresslau, 1933
Temnocephalida Blanchard, 1849
Adiaphandia Noren & Jondelius, 2002
Prolecithophora Karling, 1940
Tricladida Lang, 1884
Maricola Hallez, 1892
Cavernicola Sluys, 1990
Continenticola Camanza, Littlewood, Clough,
Ruiz-Trillo, Baguna & Riutort, 1998
Neodermata Ehlers, 1985
Monogenea: Polyopisthocotylea +
Monopisthocotylea
Cestoda: Gyrocotylidea, Amphilinidea +
Eucestoda
Trematoda: Aspidogastrea + Diginea

1.attels. Plakantarpu klasifikacija (péc Norena et al., 2015)

1.3.1.Trematoda klase
Sistematika aprakstita, balstoties uz https://fauna-eu.org/cdm datiem.

Tips: Plakantarpi Minot, 1876
Apakstips: Rhabditophora Ehlers, 1985
Superklase:  Neodermata Ehlers, 1985

Klase: Trematoda Rudolphi, 1808
Apaksklase:  Digenea Carus, 1863

Apaksklase:  Aspidogastrea Faust & Tang, 1936

Trematodes ietver dazadu grupu parazitus, kas invadé gan cilvékus, gan
dzivniekus visa pasaulé (de Waal & Mehmood, 2021). Trematodes klas€ ir vairak ka
23000 sugu. Epidemiologiskas un epizootologiskas pazimes, kas ietver geografisko

izplatibu, slimibas prevalenci un intensitati, transmisijas veidu un invadésanas avotu(s),
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u.c. ir loti mainigi un atkarigi no katras konkrétas trematodes sugas (Chai et al., 2014a,b).

Trematodes sugas, kuras izraisa cilvéku saslimsanu, var iedalit sesas lielas grupas
atkariba no to dzivotnes definitivaja saimnieka: asins paraziti, aknu paraziti, plausSu
paraziti, rikles paraziti, aizkunga paraziti un zarnu paraziti (Toledo & Fried, 2019).
Pieméram, fascioloze ir partiku bojajosa zoonozes slimiba, ko izraisa Fasciola gints
trematodes, no kuram Fasciola hepatica ir geografiski visizplatitaka suga (Gonzalez-
Miguel et al., 2019). Partiku bojajosas trematodes invad¢ vairak ka 294 miljonu cilvéku
visa pasaulé (Bennett & Robinson, 2021). Ta ka lielaka dala izraisito slimibu ir
endémiskas pasaules nabadzigako valstu regionos, tad Pasaules Veselibas Organizacija
tas ir nosaukusi par novarta atstatam tropiskam slimibam (World Health Organization,
2022). Fascioloze rada ekonomiskus zaud&jumus lauksaimnieciba un dzivnieku fermu
ipasniekiem aptuveni 2 miljardu ASV dolaru apméra viena gada laika (Mehmood et al.,

2017).

1.3.1.1. Parafasciolopsis fasciolaemorpha Ejsmont, 1932
Sistematika aprakstita, balstoties uz https://fauna-eu.org/cdm datiem.

Tips: Plakantarpi Minot, 1876
Apakstips: Rhabditophora Ehlers, 1985
Superklase:  Neodermata Ehlers, 1985

Klase: Trematoda Rudolphi, 1808
Apaksklase:  Digenea Carus, 1863

Karta: Plagiorchiida Liihe, 1901
Apakskarta:  Echinostomata Looss, 1902
Dzimta: Fasciolidae Railliet, 1895
Gints: Parafasciolopsis Ejsmont, 1932

Alnis (Alces alces) ir Parafasciolopsis fasciolaemorpha (Ejsmont, 1932)
dabiskais saimnieks (Filip, 2016). Aknu parazits ir parafasciolopsozes izraisitajs
(Rikovski, 1955; Lachowicz, 1987; Filip-Hutsch et al., 2019). Alnu aknu parazits pirmo
reizi tika noverots 1932. gada Austrumeiropa. Misdienas parazits ticis atrasts Eiropas
stirnas (Capreolus capreolus) Polija (Filip et al., 2016) un alnos Baltkrievija (Polaz et al.,
2017), Latvija (Bergmane et al., 2017, 2019), Krievijas ziemelrietumos (Samojlovskaja,
2008) un Polija (Filip & Demiaszkiewicz, 2016), staltbriezos (Cervus elaphus) Ungarija
(Majoras et al., 2000) un Baltkrievija, ka ari sumbros jeb Eiropas bizonos (Bison bonasus)
Baltkrievija (Polaz et al., 2017).

Pétijumos ticis noskaidrots, ka P. fasciolaemorpha ietekmé& alpu mirstibu, jo

lielaka invazija saimnieka organisma noved pie saimnieka veselibas stavokla
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pasliktinasanas un pastav lielaka iesp&ja, ka to nomedis plésgji (Rikovski, 1955;
Lachowicz, 1987; Filip et al., 2016; Filip-Hutsch et al., 2019).

P. fasciolaemorpha attistibas cikls atspogulots 2. attéla.

Metacerkarijs Pieaugusi Ipatni parazité
parvérsas par aknu zultsvados, smagas
adoleskariju: invazijas gadijumos arl

invad@tspgjiga parazita
forma, ko dzivnieki
norij kopa ar udem

|

Cerkarl]s noklast
fident un parversas
par metacerkariju

divpadsmitpirkstu zarna
un aizkunga dziedzeri
Olas kopa ar

zarnu saturu
‘ \ 'l\ N || nonak apkartsja
vidé

=
— No olas
iz8kilas
<@5~ =
~ ©

Sporocista no vienas mates
redijas embrija $Gnam attistas
Cetras meitas redijas. No katras
meitas redijas attistas cerkarijs

miracidija
Miracidija iekliist
tdens gliemeza
audos

Gliemeza audos

attistas nakama

kapura stadija —
sporocista

2. attels Parafasciolopsis fasciolaemorpha attistibas cikls (péc Keidane et al., 2017)

1.3.1.2. Diplodiscus subclaviatus (Pallas, 1760)
Sistematika aprakstita, balstoties uz https://fauna-eu.org/cdm datiem.

Tips: Plakantarpi Minot, 1876
Apakstips: Rhabditophora Ehlers, 1985
Superklase: Neodermata Ehlers, 1985
Klase: Trematoda Rudolphi, 1808
Apaksklase: Digenea Carus, 1863

Karta: Plagiorchiida La Rue, 1957
Apakskarta: Pronocephalata Skrjabin, 1955
Dzimta: Diplodiscidae Cohn, 1904
Gints: Diplodiscus Diesing, 1836

Sugas dabiskais saimnieks ir abinieki (Vojtkova, 1990; Vojtkova & Roca, 1993;
Chikhlyaev et al., 2012a,b; Kuzmin, 2012). Kosmopolita izplatiba (Chikhlyaev et al.,
2018), ir plasi izplatits Eiropa (Krupenko, 2014). Lidz §im nav zinots, ka parazits savam

saimniekam izraisitu bistamu slimibu.
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Attistibas cikls saistits ar saimnieku mainu. Starpsaimnieks visbiezak ir
tdensspolisu dzimtas gliemezi, retak Anisus, Viviparus un Segmentina dzimtas parstavji
(Skrjabin, 1949). Definitivie saimnieki: Pelophylax ridibundus (Pallas, 1771),
Pelophylax lessonae (Camerano, 1882), Pelophylax esculentus (Linnaeus, 1758) u. c.
(Chikhlyaev et al., 2018; Rubenina et al., 2021).

1.3.1.3. Prosotocus confusus (Looss, 1894)
Sistematika aprakstita, balstoties uz https://fauna-eu.org/cdm datiem.

Tips: Plakantarpi Minot, 1876
Apakstips: Rhabditophora Ehlers, 1985
Superklase: Neodermata Ehlers, 1985
Klase: Trematoda Rudolphi, 1808
Apaksklase: Digenea Carus, 1863

Karta: Plagiorchiida La Rue, 1957
Superdzimta:  Plagiorchiidae Liihe, 1901
Dzimta: Lecithodendriidae Liihe, 1901
Gints: Prosotocus Looss, 1899

Sugas dabiskais saimnieks ir abinieks, tomér dazos p&tijumos parazits tika izol&ts
no rapula, vienu reizi no siksparna (Skrjabin & Antipin, 1962), un no zivs. Visticamakais,
ka visos $ajos gadijumos parazits nejausi ticis norits kopa ar baribu (Lotz & Font, 2008).
P. confusus ir izplatits Palearktikas regiona. Lidz §im nav zinots par parazita kaitigo
ietekmi uz saimnieka organismu. P. confusus ir sarezgits attistibas cikls ar saimnieku

mainu. Attistibas Cikls ir atspogulots 3. attéla.
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3. attels. Prosotocus confusus attistibas cikls (Rubenina, 2022)

1.3.1.4. Diplostomum spathaceum (Rudolphi, 1819)
Sistematika aprakstita, balstoties uz https://fauna-eu.org/cdm datiem.

Tips: Plakantarpi Minot, 1876

Apakstips: Rhabditophora Ehlers, 1985

Superklase: Neodermata Ehlers, 1985

Klase: Trematoda Rudolphi, 1808

Apaksklase: Digenea Carus, 1863

Karta: Diplostomida Olson, Cribb, Tkach, Bray & Littlewood, 2003
Superdzimta:  Diplostomoidea Poirier, 1886

Dzimta: Diplostomidae Poirier, 1886

Gints: Diplostomum Nordmann, 1832

Dabiskais saimnieks ir zivis, galvenokart, saldiidens zivju sugas. Izplatits Eiropa,
Azija un Ziemelamerika (Grabda, 1991; Briede & Kirjusina, 2018).

Diplostomozes slimibas ierosinatajs. Ta ka visuznémigakas ir lasu dzimtas zivis,
tad slimiba tiek raksturota ka ekonomiski nozimiga akvakultiira (Sweeting, 1974).

Attistibas cikls ietver divus starpsaimniekus (Behrmann-Godel & Brinker, 2016).
Attistibas cikls ir atspogulots 4. attéla.
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4. attels. Diplostomum spathaceum attistibas cikls (Rubenina, 2022)

1.3.2. Tips Nematoda
Nematoda ir biologiski daudzveidigs dzivnieku tips un ir izplatits visa pasaulg,

pielagojoties visdazadakajiem apkart€jas vides apstakliem. Vairakos jiiras un sauszemes
nogulumos individu skaita zina vislielako grupu parstav Nematoda (Platonova &
Galtsova, 1976; Blaxter & Koutsovoulos, 2015). Nematoda tipa helmintus var iedalit
divas lielas kategorijas: barosanas (mikrobotrofiski, plé€sigi vai parazitiski augos,
bezmugurkaulniekos vai mugurkaulniekos) vai ekologija (augsne, juras, saldiidens,
ektoparaziti, endoparaziti vai brivi dzivojosi) (Mukaratirwa et al., 2013) (skat. 5. att€lu).
Nav zinams konkréts sugu skaits, bet sugu Iimena daudzveidiba vargtu biit ap 1 miljonu
vai pat vairak. Viens no iemesliem kapéc tipa esosas sugas nav izpétitas pilna méra ir tas,
ka paraugu iegtiSana nav tik vienkarSa - paraugs ir jaizdala no saimnieka un jaidentificé

(Poinar 2010).
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5. attéls. Nematoda tipa dendrogramma, balstoties uz SSU-sekvences datu kopu
(pec Blaxter 1998)

Pastav uzskats, ka jebkura laika posma viena ceturtdala l1dz viena treSdala cilvéku
populacijas esot invad€jusies ar nematoda parazitu (Dobson et al., 2008). Aprekini par
parazitiskas nematodes sugu skaitu uz vienu saimniekorganismu liecina, ka uz
mugurkaulniekiem vien ir aptuveni >28 000 nematodu parazitu, no kuriem lielaka dala
paliek neaprakstiti (Kiontke et al., 2021). ST iemesla d&] nematodes ir nozimigakie augu
un dzivnieku populacijas skaita regulatori. Turklat, neskaitamus augus un dzivniekus var
izmantot vairak ka viena parazitiska nematode (Blaxter & Koutsovoulos, 2015).

Trichinella ginti ir zinami 12 taksoni, kas lielakoties tikusi identificéti balstoties
uz molekularas biologijas metodém, jo nav definétas morfologiskas ipasibas, kas sava

starpa atSkirtu sugu kapurus (Pozio & Zarlenga, 2013; Zarlenga et al., 2020). Vispargjais
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Trichinella gints raksturojums, ieklaujot sugas, to izplatibu, ciklu un dabiskos

saimniekus, ir apkopots 3. tabula.

3. tabula

Trichinella gints sugu vispargjais raksturojums

Trichinella suga

vai genotips

Izplatiba

Cikls

Dabiskie
saimnieki

Atsauce

Kapsulu veidojosais zars - zara ir identific€tas piecas sugas un Cetri genotipi

T. spiralis

T. nativa

T. britovi

T. murrelli

T. nelsoni

Trichinella T6

Trichinella T8

Trichinella T9

Trichinella T12

Kosmopolitiska

Holarktiska
regiona Artikas
un antarktidas
apgabali

Me@renas joslas
Palearktikas
apgabali, ziemel
un Rietumafrika
Neartikas
apgabala

meérenas joslas

Etiopijas
apgabals

Kanada un ASV

Dienvidafrika un
Namibija

Japana

Argentina

Majas un
savvalas

Savvalas

Savvalas

Savvalas

Savvalas

Savvalas

Savvalas

Savvalas

Savvalas

Ciikas,
zurkas, reti
galedaji

Sauszemes
un jiras
galedaji

Reti majas
galedaji, reti
cukas

Galedaji

Galedaji, reti
cukas

Galedaji

Galedaji

Galedaji

Galedaji

Kapsulu neveidojosais zars - zara ir identificétas tris sugas
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Trichinella suga Dabiskie

. . Izplatiba Cikls L Atsauce
val genotips saimnieki
T. Kosmopolitiska  Savvalas  Reti majas Dick, 1983; Zarlenga et
pseudospiralis ziditaji un al., 1996, 1999;
putni Jongwutiwes et al., 1998;
La Rosa et al., 2001;
Pozio & Murrell, 2006
T. papuae Papua Savvalas  Reti majas Anonymous, 1964; Pozio
jaungvineja, cukas, et al., 1999a; Owen et al.,
Taizeme saltdens 2000; Pozio et al., 2005b;
krokodili Owen & Reid, 2007
T. zimbabwensis  Etiopija, Savvalas  Nilas Pozio et al., 2002, 2004,
Mozambika, un majas  krokodili, 2007c; La Grange et al.,
Dienvidafrika, Nilas 2009
Zimbabve monitorkirza
kas, lauvas

Trihinella gints ietver nematodes helmintus, kuri ir starp pasaules
visizplatitakajiem zoonozu patogéniem un ir ieklauti top desmitnieka ka ekonomiski
nozimiga partikas izcelsmes slimiba (Food and Agriculture Organization of the United
Nations World Health Organization, 2020). Trihinellas ir sastopamas visa pasaulé,
iznemot Antarktidu, turklat tas invadeé gan majas, gan savvalas dzivniekus (Pozio &
Murrell, 2006; Kirjusina et al., 2015). Neskatoties uz cilvéku centieniem kontrol&t
trihinelozi un zinamo faktu, ka ta ir galas izraisoS$a zoonoze, ta joprojam ir samera biezi

sastopama saslimsana vairakas pasaules valstis (Murrell & Pozio, 2011, 2016).

1.3.2.1. Trichinella spiralis (Owen, 1835)
Sistematika aprakstita, balstoties uz https://fauna-eu.org/cdm datiem.

Tips: Nematoda Rudolphi, 1808

Klase: Adenophorea (von Linstow, 1905), Chitwood 1958
Karta: Enoplida Filipjev, 1929

Apakskarta: Trichinellina Hodda 2007

Superdzimta: Trichinelloidea Ward, 1907

Dzimta: Trichinellidae Ward, 1907

Gints: Trichinella Railliet, 1895

T. spiralis dabiskie saimnieki ir meza cikas, rudas lapsas, brinie 1a¢i, meza
caunas, akmens caunas, pelékie vilki, Eirazijas lasi, Eirazijas bebri u.c. (Pozio et al.,
2007a; Deksne et al., 2016; Zarlenga, 2020; Bilska-Zajac et al., 2021). T. spiralis ir viena
no sugam, kas izraisa trihinelozi — parazitisku slimibu, kas potenciali rada nopietnu
kaitgjumu saimnieka veselibai (Hu et al., 2021). Starp visiem Trichinella gints parazitiem

T. spiralis suga visbiezak izraisa cilvéku invadésanos (Murrell & Pozio, 2011). Galvenais
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invadésanas avots ir majas vai meza ciiku nepietickami termiski apstradata gala un galas
izstradajumi, kas satur parazita kapurus (Bilska-Zajac et al., 2021).

T. spiralis ir konstatéta visos kontinentos, iznemot Antarktidu (Murrel & Pozio,
2011; Wang et al., 2018).

Trihineloze ir kluvusi par galveno partiku bojajoSo zoonozi, ietekmgjot ne tikai
endémisko valstu, bet arT lielako dalu valstu ekonomiku, socialo stavokli un sabiedribas
veselibu. Ierobezot dzivnieku invadés$anos ar Trichinella ir griiti, jo parazitam ir daudz
saimnieku un, iesp&jams, ka visi vél nav zinami (Hu et al., 2021). Trihinellas attistibas

cikls ir atspogulots 6. attéla.
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) N Tik L R
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G - apstradata W J}"/ S8
| vai jéla
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dzivnicka muskulatira S, P = dzivnieka muskulatiira
Kapuri sagriezas
Mk;;ﬁ?ia Attistibas cikls saimnieka spirale un pakapeniski
arklajas ar kapsuluv
kapsulas park’ . o
noérF:ﬁéanﬁs . m 0 (ja to veido) Kapuri
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6. attels. Trichinella spp. attistibas cikls (péc Andrade-Becerra et al., 2017)

1.3.2.2. Trichinella britovi Pozio, La Rosa, Murrell & Lichtenfels, 1992
Sistematika aprakstita, balstoties uz https://fauna-eu.org/cdm datiem.

Tips: Nematoda Rudolphi, 1808

Klase: Adenophorea (von Linstow, 1905), Chitwood 1958
Karta: Enoplida Filipjev, 1929

Apakskarta: Trichinellina Hodda 2007

Superdzimta: Trichinelloidea Ward, 1907

Dzimta: Trichinellidae Ward, 1907

Gints: Trichinella Railliet, 1895
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T. britovi dabiskie saimnieki ir majas ciika, meza ciika, briina zurka, majas suns,
majas kakis, Eirazijas bebrs, meza plésgji (Pozio et al., 2009a,b; Seglina et al., 2015).
Eiropas valstis T. britovi ir visizplatitakais trihinelozes etiologiskais agents majas un
savvalas dzivniekos (Pozio 2007a; Pozio & La Rosa, 1998). T. britovi izplatiba
atspogulota 7. attela.

Sarkana lapsa
Eirazijas lusis
Jenotsuns
Pelekais vilks
Sakalis

Cauna

@ Regioni, kur T. britovi tikusi dokumentéta majas vai savvalas dzivniekos
O Regioni, kur T. britovi nav tikusi dokumentgta, bet pastav iespgja, ka varétu tikt atrasta
O Regioni, kur T. britovi nekad nav tikusi dokument&ta un/vai nav piemérota dzivotne

7. attels Trichinella britovi izplatiba (p&c Bruschi & Pozio, 2019)

1.4. Helmintu krasos$anas protokolu raksturojums
Sakoties mikroskopu attistibas vilnim 20. gadsimta vidi, paral€li sakas specifisku

krasoSanas procediiru izstrade, kam sekoja strauja informacijas plisma par dazadu
organismu uzbiivi un to specifiskam funkcijam (Halton 2004). Daudzu gadu garuma
gaismas mikroskopija tikusi izmantoti krasoSanas protokoli ar dabiskam krasvielam,
piemé&ram, karminu un safronu (Gillespie & Hawkey, 1995; Dapson, 2007). KrasoSana ar
karminu dazadam parazitu sugam ir bijis ka viens no biezak izmantotiem protokoliem un
misdienas tas vel aizvien tiek izmantots parazitu identificéSanai (Fakhar & Ghobaditara,

2016). P&c tam sakas hematoksilina un sintez&to anilina krasvielu &ra (Chung & Stewen,
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1993). Velak tika noskaidrots, ka karmina krasoSana padara paraugus fluoresc€josus un
ir iesp&jams tos analizeét ar konfokalo lazerskeng&joso mikroskopiju (Lenzi et al., 1997;
Machado-Silva et al., 1998; Krohne et al., 2003; Beckmann & Greweling, 2010).
Helmintu krasoSanas procedira ir biitiska precizu datu ieguvei par specifiska parazita
morfologiju un struktiiras izmainam (Beckmann & Greweling, 2010).

KLSM un fluorescenta aktina kraso$anas protokols ir ticis izmantots vairak ka 20
Digenea sugu muskulu sistémas rekonstrukcijai (Mair et al., 1998, 2000, 2003; Stewart
et al. 2003a,b,c; Sebelova et al., 2004; Bulantovga et al., 2011; Collins et al., 2011;
Krupenko & Dobrovolskij, 2015; Petrov & Podvyaznaya 2016; Krupenko &
Dobrovolskij, 2018). Tomér pétijjumos aprakstitie Standarta Trematoda krasoSanas
protokoli prasa vairak ka dienu (Krupenko, 2014) vai vairak ka divas dienas paraugu
sagatavoSanai KLSM. Pieméram, Krupenko (2019) pétijuma aprakstitaja krasoSanas
protokola tika izmantots komerciali pieejamais tetrametil-rodamina izotiocianats
(TRITC) marketais phalloidins (Sigma, Vacija). TRITC marké&tais phalloidins konfokalas
mikroskopijas petijumos tiek izmantots aktina mikrofilamentu identific€Sanai. RaZotaju
piedavatajos standarta protokola ir minéts, ka paraugiem jabiit fiksétiem formaldehida
(ThermoFisher, SigmaAldrich, 2022). Petijumos aprakstits (Krupenko, 2014; Krupenko
& Dobrovolskij, 2015; Kremnev et al., 2020), ka parauga sagatavoSana p&c standarta
protokola prasa 8-24 stundu parauga inkubaciju TRITC markéta phalloidina $kiduma .
Kremnev et al. (2020, 2021) dazadu organu izpétei, ieskaitot nervus, muskulattru,
ekskretoro un reproduktivo sistému, izmantojis standarta krasosanas procediiru ar TRITC
un 4 ', 6-diamidino-2-fenilindolu (DAPI). Inkubacija TRITC aiznémusi 30-60 miniites,
tad krasas skaloSana aiznémusi vél 20-30 minttes (Kremnev et al., 2020). Kopuma
standarta krasoSanas protokols prasijis daudz resursu un darba stundu, bet musdienas
prieksroka tiek dota efektivam, bet atram procediiram, iegiistot vélamo rezultatu 1sa laika
(Kirjusina et al., 2018).

P&tijumos aprakstitie krasosanas protokoli Trichinella gints kapuriem nav vérsti
uz pasa kapura izpéti, bet gan uz kadu specifisku proteinu un ta lokalizacijas noteikSanu.
Piem&ram, Hernandez-Bello et al. (2008) izmantoja fluorescina izotiocianatu (FITC),
kapura kermeni nosakot Ts-CAV-1 proteina atraSanas vietu. Golos et al. (2012) nepétija
T. spiralis uzbtivi, bet noteica timidilata sintézes proteina lokalizé$anas vietas vai Li et
al. (2020) interesgja tikai cisteina proteazes ATG4B uzkrasanas vietas parazita kermen.
Tomer ir butiski izstradat krasoSanas protokolu, kas 1sa laika sniegtu detaliz&tu

informaciju par specifiska parazita uzbiivi. Precizu aprakstu izveidoSanai ir vajadziga
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ticama informacija par parazita struktiiru. Attistoties mikroskopijas metodei, paraléli
notiek jaunu luminoforu sintéze, ka rezultata ir vajadziba pec jauniem krasoSanas

protokoliem vai esoSo protokolu optimizacijas (Romani & Auwerx, 2021).

1.5. Konfokalas lazerskengjosas mikroskopijas pielietojums biologija
Helmintu identitate lidz pat 17. gadsimtam bija tita mitos un manticiba. Ta laika

arsti uzskatija, ka dienas paraziti veidojas no cilvéku ekskrementiem, 1idzigi ka karpas un
&des, bet, ja to atrada cilvéka kermeni, tad ta esot radusies spontani no netis$am apéesta
brivi dzivojoSa organisma. Taja pasa laika paradijas apraksti par aitu aknam, kuras tika
atrasti trematodém lidzigi organismi. Toreiz cilvéki uzskatija, ka tas ir no zemes
veidojusas zivis vai déles. Pagrieziena punkts bija 17. gadsimta otra puse, kad Franc¢esko
Redi un Antonijs van Lévenhuks pirmo reizi parazitologija saka izmantot mikroskopu,
tadgjadi identificgjot slimnieku zarnu parazitus un izveidojot helmintologijas zinatnisko
lauku. Velak 20. gadsimta vida sekoja vl lielaki atklajumi $Ginu ItTmeni un jaunas
metodes, izmantojot elektronisko optiku (Halton, 2004; Transidico et al., 2004; Hao et
al., 2019).

KLSM ir zinama ka iesp€ja, kur var regulét redzes lauka dzilumu, samazinat vai
noverst fona ietekmi uz redzamo attelu un veidot bieza parauga optiska griezuma serijas.
Pasaule par KLSM dzirdg€ja ap 1950. gadu, kad ASV zinatnieks Marvins L1 Minski (no
anglu val. Marvin Lee Minsky) bija izgudrojis KLSM darbibas principus. Vélak 1961.
gada vin$ patent&ja pirmo konfokalo skengjoso mikroskopu. S1 izgudrojuma sakotngjais
meérkis bija atrisinat problému blivu audu izpéte, pieméram, smadzenu izpéti, jo ar
gaismas mikroskopiju tas bija gandriz neiesp&ami (Cheng et al., 2019; Wang et al.,
2019). Musdienas ar vairakiem tehnologiskiem uzlabojumiem, KLSM ir kluvusi par
vienu no spécigakajiem rikiem biologisko organismu, audu un $tnu 3D strukturalos
pétijumos. Metodes elastiguma del mikroskopija tiek pielietota dazada veida pétijumos,
sakot ar organellu izvietojumu $tnas 1idz sikakajiem audu morfologijas izmeklgjumiem.
KLSM ietvaros ir iesp&ams vizualiz€t esoSus procesus pat dzivas Stnas (Groma &
Zalcmane, 2012; Hao et al., 2019; Krmpot et al., 2019).

Plasaka konfokalas mikroskopijas izmantoSana sakas 1980. gadu beigas, kad
laboratorijas pamazam saka paradities pirmie konfokalie lazerskengjoSie mikroskopi un
programmatiiras. Peéc 1990. gada paradijas ar vien jaudigaki un stabilaki lazeri,
sken&Sanas spoguli, optika un detektori. Laika gaita KLSM kluva par bitisku riku

biologiskajos pétijumos. Rezultata ar KLSM tehniku ir iesp&jams uznemt reala laika
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video, pétot gan metaboliskos, gan dinamiskos struktiiras procesus §inas, audos vai
organisma (Wagner & Horn, 2017; Teng et al., 2020).

Ka jau norada pats nosaukums, tad konfokala lazersken&josa mikroskopa lazera
gaismas kilis ar skené$anas galvanometra spoguliem slid pari paraugam un registré
virsmas uzbiivi. Parasti lazera stars tiek novirzits uz skengjoso spogulu pari, kas slid pari
paraugam viena redzes lauka x un y virzienos, péc tam stars pakapeniski parvietojas pa
visu paraugu, veidojot optiskos griezumus. Lai iegiitu optiska griezuma slanus, lazera
fokusa punkts tiek mainits uz jaunu optisko griezumu un atkal tiek atkartots skenéSanas
process. Apkopojot visas optisko griezumus no parauga augsgjas un apaksgjas virsmas,
var tikt rekonstru€ts parauga 3D attels. Papildus tam, ka ar KLSM var tikti iegtti
divdimensiju optiskie griezumi biezakiem paraugiem, tomér, KLSM visbiezak tiek
izmantota 3D (x, y, z) vai Cetrdimensiju (X, y, z un t) att€lu iegliSanai ar spektraliem
detektoriem. Biitiskakas KLSM prieksrocibas ir optisko griezumu s@riju iegtisana,
iz8kirtsp&ja un 3D att€lu veidoSana. Lielaka dala konfokalo lazerskengjoso mikroskopu
sistémas nodroSina daudzkrasainu att€lu ieguvi, sp&ju pielagot pinhole izméru, tadejadi
iestatot optiska griezuma slana biezumu un interes€joso regionu (ROI) atlasi (Brown,
2007; Elliott, 2021; Guida et al., 2021). Konfokala lazersken&josa mikroskopa darbibas

princips ir atspogulots 8. attéla.

Paraugs

Objektiva leca

Skengjosa

Stara

Okulara léca

Pinhols

Detektors = e

8. attels. Konfokala lazersken&josa mikroskopa darbibas princips (p&c Schneckenburger
etal., 2019; Guida et al., 2021)
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Paraugu izp&te ar lazeriem, veicina to fotoizbal€Sanu, kas nozimg, jo lielaka lazera
jauda tiek izmantota, jo mazak laika atliek parauga detalizétai izmekl&Sanai. STiemesla
del KLSM sagatavotie paraugi var tikt analizeti vien divas, maksimums tris reizes. Ar
katru izp@tes reizi samazinas iegiito datu kvalitate (Han et al., 2021).

Mikroskopiskie dati ir devusi atspérienu biokimiskajos, fiziologiskajos un
molekularajos helmintu pétijumos un ir veicinajusi daudzus nozimigus atklajumus,
ieskaitot atklajumus par parazitu izvairiSanos no saimnieka iminsist€émas.
Multidisciplinara veida mikroskopijas atklajumiem ir izdevies apvienot morfologu,
bioktmiku, imunologu, fiziologu un molekularo biologu intereses integréta un funkcionali
dinamiskos pétijumos par helmintu parazitiem (Halton, 2004; Schneckenburger et al.,
2019).

Parauga kopgjais lielums ir saistits ar to, cik biezus optiskos griezumus ir
iesp&jams veikt. Lai gan KLSM var izmantot samera lielus paraugus, iegiistot vairakas
optisko griezumu serijas, kuras péc tam var salikt kopa ar programmatiiras palidzibu,
tomér parauga biezums var biit limit&joss faktors. Turklat, jo lielaks paraugs, jo vairak
optisko griezumu sériju, jo lielaka varbutiba paradities kadam artefaktam. Protams,
planojot lielu paraugu izmekléSanu ar KLSM, ir janem véra arT parauga sken&Sanas
atrums. Viena optiska griezuma slani var noskenét samera atri, bet, palielinot att€la
1z8kirtsp&ju un parejot uz lielaku palielinajumu, sken&Sanas atrums samazinas. Lidz ar to
ir jarekinas, ka lielaku un biezaku paraugu skeneSana prasis vairak laika. Stradajot ar
KLSM, ir svarigi izvéleties pareizo paraugu fiksatorus, fluoresc€joSos luminoforus,
cementgjosas vielas paraugu sagatavosanai, tad€jadi iegiistot optimalakos rezultatus (Ilie
etal., 2019; Guida et al., 2021).

Mikroskopijas sasniegumi ir paplasinajusi cilvéku zinasanas helmintologija,
sniedzot fundamentali svarigu informaciju par helmintu galvenajam organu sist€mas

struktiiram un to funkcijam (Halton, 2004).
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2. MATERIALS UN METODES

Promocijas darba pé&tijums tika izstradats Daugavpils Universitates (DU) (Latvija)
Dzivibas Zinatnu un Tehnologiju Institita (DZTI) Ekologijas Departamenta
Parazitologijas un Histologijas laboratorija laika posma no 2017. gada lidz 2021. gadam.

Saja nodala ir aprakstiti p&tijuma izmantotie benzantronu luminofori, pétamie
paraugi un paraugu avots, ka ari sniegts apraksts par paraugu kimisko fiks€Sanu un
paraugu krasoSanu. Nodala sniegti apraksti par izstradatajiem krasoSanas protokoliem un
izmantotajam metodém, ka ar1 krasoSanas protokolu aprobaciju pétijuma rezultatu
iegiiSanai. P&tfjuma laika tika izstradati krasosanas protokoli trematodém un trihinella
parazitu kapuru izpétei, trihinella kapuru dzimumu noteikSanai, izmantojot specifiskus

benzantrona luminoforus. P&tijuma dizains ir atspogulots 9. attéla.

Helminti izdaliti no
homoterma saimnieka:
P. fasciolaemorpha
(ad))

Helminti izdaliti no
poikiloterma saimnieka
D. spathaceum (mtc.), D.
subclaviatus (ad.), P. con-
fusus (ad.)

Trematoda paraugu

Benzantronu kimiska fiksacija
luminoforu sintéze

KrasoSanas
protokola

izstrade
efektivai un

T. spiralis kapuri

(ievakti, dienas laika
izdaliti no dzivnieku
muskulattiras un
fikseti)

atrai parazitu
izpetei

Lazerskengjosa
konfokala
mikroskopija

Nematoda paraugu
kimiska fiksacija

T. britovi kapuri (uzglabati 96,6%
etanola, kapuri sasaldeta
dzivnieku muskulatiira vai ievakti,
dienas laika izdaliti no dzivnieku
muskulattras un fikséti)

9. attels. Petijuma dizains (Rubenina, 2017)

2.1. Benzantrona luminoforu sintézes apraksts
DU DZTT Lietiskas kimijas departamenta tika sintezeti benzantrona luminofori:

AZPP, AM323, AZM, AM1, AM2, AM4, AM16, P8 un P13. Visi devini DU sintezg&tie

benzantrona luminofori tika izmantoti biologisko objektu krasoSana un specifisku
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krasoSanas protokolu izstradé. Sintez&to luminoforu apraksts ir apkopots 4. tabula.
Benzantronu luminoforu skidinasanai tika izmantots etanols un visas krasvielas tika
pagatavotas ar molaro koncentraciju 1*¥107,

Visi analitiski tirie reagenti (Sigma-Aldrich, ASV) tika izmantoti tiesi tadi kadi
tie tika sanemti. Kimisko reakciju progress un produktu tiriba tika uzraudzita ar planslana
hromatografiju uz plaksném ar silikagelu, lietojot Merck Silica Gel F254 un izmantojot
skidinataju sistému benzols/acetonitrils ka eluents. Kolonnu hromatografija uz silikagela
tika veikta, lietojot Merck plaksnites Kieselgel (230-240 aci) ar benzolu ka eluentu.
Kusanas temperatira tika noteikta ar Kofler aparatu un ta netika mainita. Tika izp&tits

sintez€to luminoforu absorbcija un fluorescence dazados organiskos skidinatajos (I, 11,

I, 1v).
4. tabula
Sintezéto benzantronu luminoforu apraksts
Bezantrona Bezantrona Sintezgsana
luminofora luminofora Molekulara o _ Funkcionala s procesa
L. o Kimiska struktiira
saisinatais pilnais formula ’ grupa apraksts,
nosaukums nosaukums atsauce
H
3-N-(2- Nth
piperidinilacet O o O amino un Kirilova et
AZPP (I . C24H2N20 i
0 amido)benzant 2ariaiene O‘O amido grupas  al., 2020
rons 3
2-bromo-3-N- Br
(N°, N’- N=) Broma atoms
. L C20H153|'N2 O /N_ - Kirilova et
AM323 (I)  dimetilformam un amidino
- O al., 2018
idino)benzantr grupa
ons o)

H
3-N-[2-(4- NW(\N/\
AZM (1I) morfolinil)acet CorbooN,O O 0o bo aminoun  Gavarane at
amidinoJoenza O‘O amido grupas  al., 2019

ntrons

(@]
3-N-(N’, N’-
dimetilbenzam amidino Kirilova et
AML (1T idino)benzantr CashzoN-0 grupa al., 2009

ons

46



Bezantrona Bezantrona Sintezg€Sana
luminofora luminofora Molekulara o _ Funkcionala S procesa
. o Kimiska struktiira
saisinatais pilnais formula ’ grupa apraksts,
nosaukums nosaukums atsauce
3-N-(N’, N’-
dimetilacetami amidino Kirilova et
AM2 (11 . HisN
(I dino)benzantro CaHeN-0 grupa al., 2009
ns
3-N-(N’, N’-
dietilacetamidi O N"\ amidino Kirilova et
AM4 (111 Ca3H2N20
(I no)benzantron 2 O‘O Q grupa al., 2009
S
o
3-N-[N’-(4- O N\\(
metilfenil)acet HN amidino Gonta et
AM16 (111 - HaoN
6 (1) amidino]benza CasHaN:O O‘O \©\ grupa al., 2013
ntrons 0
SN- Kirilova et
P8 (I11) piperidinilbenz ~ Cx»H1oNO amino grupa
al., 2008
antrons
)
3-N-[4-(2- gu N
piridil)piperazi . Gavarane et
P13 (1V) o1 C26H21Ns0 amino grupa al., 2018
ilJbenzantrons

departamenta Parazitologijas un Histologijas laboratorijas.

2.2. Petamais materials
Pétijuma gaita tika izmantoti helmintu paraugi no DU DZTI Ekologijas

raksturojums atspogulots 10. attela.
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DU DZTI Ekologijas departamenta Parazitologijas un
Histologijas laboratorija

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

dzivnieku muskulatiiras un fikséti) (11) 96% etanold; AFA, Karnoja un Bouina
2. T. britovi kapuri (uzglabati 96,6% $kiduma, 10% neitrali buferéta formalina
etanold) (1V) 2. D. spathaceum (mtc.) (II) fiksdts 96%
3. T. britovi kapuri sasaldéta (-20°C etanola
temperatird) dzivnieku muskulattra (1V) 3. D. subclaviatus (ad.) fikséts Karnoja
» Poikiloterms saimnieks $kiduma, P. confusus (ad.) (I1) fiks&éts 96%
Homoterms saimnieks etanola un AFA skiduma

10. attels. P&tijuma izmantotais materials (Rubenina, 2022)

2.3. Petama materiala kKimiska fikseSana
Turpmakai paraugu izpétei ir svarigi aprobét un noteikt kimisko fiksatoru paraugu

neilgai/ilgstosai uzglabasanai. Parazits var tikt uzglabats pat gadiem ilgi, ja ir bijis pareizi
izvelets un pagatavots kimiskais fiksators. Kopuma tika izmantoti septini kimiskie
fiksatori, no kuriem tris bija gatavi lietoSanai uzreiz (etanoli), bet Cetri fiksatori bija
jasagatavo pirms paraugu fiks€Sanas. Informacija par pielietoto fiksatoru nosaukumiem

un to kimiskajiem sastaviem ir apkopota 5. tabula.
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P&tfjuma izmantotie kimiskie fiksatori

5. tabula

Kimiska
fiksatora Attieciba Kimiskais sastavs Daudzums, ml vai g
nosaukums
70% etanols NP 70% etanols NP
96 % etanols NP 96 % etanols NP
96,6 % etanols NP 96,6 % etanols NP
85% etanols

AFA ) () > 85 ml
o 17:2:1 e 40% formalins 10 ml
Skidums .

e ledus etikskabe 5mi
Karnoia e 100% absolutais etanols 60 ml
o J 6:3:1 e hloroforms 30 ml
Skidums .

e ledus etikskabe 10 ml

. e pikrinskabes Gdens $kidums 75 ml

Bouina _
o 15:4:1 e 40% formalins 20 ml
Skidums .

e ledus etikskabe 5mi

e (estiléts tidens 900 m
10% neitrali e 40% formalins 100 ml
buferéts NP e natrija dihidrogénfosfats 404
formalins e natrija hidrogénfosfats 6. 5¢

(beziidens)

NP — nav piemérojams

Izolétie Trematoda paraziti un to olas uzreiz tika fikséti dazados kimiskos

fiksatoros (I, Il1). Informacija par trematodes paraugu fiks€Sanu un uzglabasanas

apstakliem ir apkopota 6. tabula.

6. tabula
Trematoda parazitu sugu paraugu kimiska fikséSana un uzglabasana
10% neitr
. 96 % AFA Karnoja Bouina ali
0,
I%ilg;stl;?? o taz?) I/SO 0 etanols skidums skidums skidums buferéts
(1, 1y (1, 1) ) ) formalins
()
Lidz Lidz Lidz
izmekléSa  izmeklesa izmeklesa
nai nai oh nai
FiksgSanas 2h 2h
ilgums il
P. |
fasciolaemorp
ha
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10% neitr

Kimiskais 20% 96 % AFA Karnoja Bouina ali
fiksators etanols (1) etanols Skidums Skidums Skidums buferéts
(1, 1y (1, 1) ) ) formalns
()
Fiksag
e
saldiidens - 1zmek_1€sa 1h 1h - -
_ nai
trematodém
fi(;iloolsaaeanOFl)‘. ieslaé\r/o'a ierl\rllafl':\rlo'a 70% 70% 70% ielljlz\rlo‘a
PP ) p ) etanols etanols etanols p )
ha ma ma ma
kalo$ N
Skalosana A 960 96 %
saldiidens - piemeéroja - -
_ etanols etanols
trematodém ma
Kimiskais
fiksators, kura 10%
tiek uzglabati 70% 96 % 70% 70% 70% neitrali
P. etanols etanols etanols etanols etanols buferéts
fasciolaemorp formalins
ha
Kimiskais
ﬂksators, k}lra 96 % 96 % 96 %
tiek uzglabatas - - -
= etanols etanols etanols
saldidens
trematodes
Uzglabasana ledusskapt +4°C temperatiira 1idz nakamai izmekl&Sanai

- kimiskais fiksators netika izmantots materiala fikseé$anai

Izolétie T. spiralis un T. britovi kapuru paraugi uzreiz péc izdalisanas no

dzivnieku muskulatiiras 1 stundu tika fikseti Cetros dazados kimiskos fiksatoros. Péc tam

paraugi tika skaloti un uzglabati 70 % etanola (I1) vai uzglabati 96,6 % etanolano 1 - 5

gadiem, vai ar kapuri netika izoléti, bet tika sasaldéti (-20°C) dzivnieka muskulatiira no

1 — 5 gadiem (IV) atbilstosi 2015/1375 regulas prasibam. Informacija par trihinellas

paraugu fikséSanu un uzglabasanas apstakliem ir apkopota 7. tabula.
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7. tabula

T. spiralis un T. britovi parazitu sugu paraugu kimiska fiksésana un uzglabasana

Kimiskais 70% etanols  96,6% etanols AFA Bouina Karnoja
fiksators (m (1v) Skidums (1)  skidums (I1)  skidums (I1)
Lidz Lidz
izmekleSanai  izmeklESanai ﬂl h ﬂl h ﬂ 1h
Fiksésanas } P —
ilgums “a @ :.L @
| | |
Skalosana . I\_lav. . l\_lav. 70% etanols  70% etanols  70% etanols
piemérojama  piemé&rojama
Kimiskais
fiksators,
kura tika 70% etanols  96,6% etanols  70% etanols  70% etanols  70% etanols
uzglabati
kapuri
ledusskapt ledusskapt ledusskapi ledusskapi ledusskapt
UzglabaSanas +4°C lidz +4°C lidz +4°C Iidz +4°C Iidz +4°C lidz
temperatira nakamai nakamai nakamai nakamai nakamai
izmekléSanai  izmekléSanai izmekl€Sanai izmekl&Sanai izmekl€Sanai
Uzglabasanas  Diena Iidz 1 . Dienalidz1 Dienalidz1 Dienalidz 1
i 1-5gadi
ilgums gadam gadam gadam gadam

2.4. KrasoSanas protokoli ar specifisku benzantrona

luminoforu

Kopuma tika sintezéti devini benzantrona luminofori ar tris dazadam

funkcionalam grupam. P&tijuma laika Trematoda un Nematoda paraugi tika krasoti ar

visiem trim funkcionalo grupu luminoforiem. Tomér, Nematoda paraugi netika krasoti ar

broma atomu saturoso luminoforu. Benzantronu luminoforu funkcionalas grupas un

krasoto paraugu raksturojums ir apkopots 8. tabula.
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8. tabula

Benzantronu luminoforu funkcionalas grupas un krasoto paraugu raksturojums

Funkcionala

amino un amido

Benzantronu luminofori

amidino grupa

amino grupa
grupa grupa Broma atoms
Luminofora AM1, AM2,
saisinatais AZM (I1) P8 (I11) AM4, AM16 AM323 (1)
nosaukumus (nn

*Nematode: T.
britovi (kapurs)
(70% etanols,

*Trematode: P.
confusus (ad.)
(96% etanals,

Bouina skidums, AFA) #Trematode: P.

Karnoja $kidums,  *Trematode: D. confusus (ad.)

AFA) spathaceum (96% etanols,

*Nematode: T. (mtc.) (96% AFA) *Trematode: P.

spiralis (kapurs) etanols) “Trematode: D, 1@sciolaemorpha

(70% etanols, “Trematode: D.  gpathaceum (ad.) (70%

Bouina §kidums,  subclaviatus (ad.) (mtc.) (96% etanols, 96%

Karnoja skidums,  (Karnoja etanols) Etan0|§, AFA,

AFA) $kidums) “Trematode: D, K&moja

AZPP (1) P13 (IV) subclaviatus ~ S§1dums, Bouina

«T : (ad.) (Karnoja Sl?l_d‘ims’ 10%
rematode: P. N neitrals

fasciolaemorpha  *Nematode: T 51dums) formalina

(ad.) (70% etanols,  britovi (kapurs) buferskidums)

96% etanols, AFA,
Karnoja skidums,
Bouina $kidums,

(70% etanols,
96,6% etanols 1-
5 gadi, sasaldéta

10% neitrals dzivnieka
formalina muskulatiira)
buferskidums)

# Homotermie saimnieki

* Poikilotermie saimnieki

2.4.1. Trematoda paraugi (I, 111)
Luminofori AZPP un AM323 tika sintezgti P. fasciolaemorpha fiksétiem 70% un

96% etanola, AFA, Karnoja un Bouina $kiduma vai 10% neitrala formalina buferskiduma
efektivai un atrai izpétei (I). Izstradatais krasoSanas protokols tika piclietos paraugiem,
kas iegiiti no alna (Alces alces) (homoterma saimnieka). Trematoda paraugu vispargja

krasoSanas gaita ir atspogulota 11. attla.
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Luminofors C2Hs0OH C:HsOH : ksilens  Ksilens, 100%

15 min < 1 min > 8 — 10 min 30s - 3 min Kanadas

balzams
11. att€ls. Vispargja krasosanas gaita trematodes paraugiem (Rubenina, 2022) ‘

Izstradatais krasoSanas protokols P. fasciolaemorpha paraugiem sakas ar to, ka
no stobrina ar stikla pipeti tika iznemts trematodes paraugs, pec tam paraugs tika novietots
pulkstenstiklina. Pulkstenstikla tika pievienots luminofors, tikai tik daudz, lai tas parklatu
paraugu pilniba. Péc luminofora pievienoSanas virsii pulkstenstiklam tika uzlikts Petri
trauks, lai izvairitos no luminofora izgaroSanas. Paraugs tika turéts luminofora 15
mindtes, péc tam Petri trauks tika nonemts. Ar stikla pipeti tika nonemts liekais Skidrums
un ar citu stikla pipeti tika pievienots 96% etanols, parklajot iekrasoto paraugu pilniba.
Paraugs tiks tur€ts etanola maksimums 1 mintti. Ar stikla pipeti tika nonemts liekais
Skidrums un ar citu stikla pipeti tika pievienots etanola:ksiléna (1:1) skidums, parklajot
visu paraugu. Paraugs tika turéts Skiduma 8-10 minttes, laiks bija atkarigs no parauga
biezuma. Atkal ar stikla pipeti tika nonemts liekais Skidrums un ar citu stikla pipeti tika
pievienots 100% ksiléns, parklajot visu paraugu. Atkariba no parauga biezuma, iekrasota
trematode tika turéta ksiléna no 30 sekundém — 3 minatém, lidz trematode kluva pilniba
caurspidiga. Ar stikla pipeti tika nonemts liekais Skidrums un trematode tika parcelta no
pulkstenstikla uz priekSmetstiklu. Viss kraso$anas process tika veikts, skatoties caur
stereomikroskopu SMZ800 (Nikon, Japana). Tikmér tika iedegta spirta lampina. Ar pasu
skalpela galu tika panemts neliels daudzums Kanadas balzama (Sigma-Aldrich, Vacija).
Uz skalpela esosais balzams tika uzsildits un tad parliets uz priekSmetstikla netalu no
parauga. Péc tam, sekojot Iidzi tam, lai trematode pilniba tiktu iecement€ta balzama, tika
uzlikts segstiklins (24x24mm). Segstiklina malas tika parklatas ar adhezivu limi (Marabu
Fixogum, Vacija). Visi paraugi tika parakstiti, noradot parauga numuru, kimisko
fiksatoru, luminofora nosaukumu, datumu, kad izveidots patstavigais paraugs.

Luminofori AM1, AM2, AM4, AM16 un P8 tika sintez&ti saldiidens trematodes
D. spathaceum (mtc.) fiksétai 96% etanola, D. subclaviatus (ad.) fiksétai Karnoja
Skiduma un P. confusus (ad.) fiksétai AFA Skiduma efektivai un atrai izpé&tei (111).
Izstradatais krasosSanas protokols tika pielietos paraugiem, kas iegiliti no bezastainiem

abiniekiem (D. subclaviatus, P. confusus) un saldadens zivim (D. spathaceum)
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(poikilotermie saimnieki). Vispargja krasoSanas gaita tika saglabata tada pati ka
homotermo saimnieku parazitiem, tomér poikilotermo saimnieku parazitu krasoSanas
protokola bija atskirigs paraugu krasos$anas laiks, krasu skaloSanas un dehidratacijas solis:
e Paraugs tika krasots ar vienu no sintez&tajiem benzantronu luminoforiem 10 miniites.
e P&c tam krasota trematode tika tris reizes skalota ar 70% etanolu.
e Tad tika veikts dehidratacijas solis, paraugs tika turéts 96% etanola, péc tam 80%
etanola un tad 70% etanola. Katrs solis ilga 5-10 miniites.
e Sagatavotais paraugs konfokalai lazersken&josai mikroskopijai tika tur€ts tumsa lidz
izpéetei.
2.4.2. Nematoda paraugi (I, 1V)

Parazitiskas nematodes trihinella strukttiras izp&tei tika sintez&ti divi benzantrona
hidrofobie luminofori: AZM (11) un P13 (IV). Luminofors AZM tika izmantots kapuriem,
kuri izoléti no dzivnieku muskulatiiras un fikséti 70% etanola, Karnoja, Bouina vai AFA
Skiduma. Savukart, luminofors P13 tika izmantots T. britovi kapuriem, no kuriem dala
kapuru bija fikséta 96,6% etanola no 1 1idz 5 gadiem un otra dala kapuru bija sasaldéta
dzivnieku muskulatiira (-20°C temperatira, no 1 lidz 5 gadiem). Nematoda paraugu

vispargja krasoSanas gaita ir atspogulota 12. attéla.

Pienskabe, 80% C2HsOH Luminofors C2HsOH

10s < 10 — 20s 5min 30s < Kanadas
balzams

12. attéls. Vispargja krasosanas gaita nematodes paraugiem (Rubenina, 2022)

Izstradatais krasoSanas protokols T. spiralis un T. britovi paraugiem izol&tiem no
dzivnieka muskulatiiras un fiksgtiem ¢etros dazados kimiskos fiksatoros (I1) sakas ar to,
ka pirms krasoSanas paraugi tika iznemti no ledusskapja un inkubéti istabas temperatiira
15 min. No stobrina tika panemta Trichinella spp. un novietota pulkstenstikla. Ar stikla
pipeti pulkstenstikla tika nedaudz pievienots 70% spirta, tad€jadi izvairoties no trihinellas
piekal$anas pie pulkstenstikla. P&c tam turpat ar citu stikla pipeti tika pievienoti 80%
pienskabes. Trihinellas kapurs tika turéts pieskabé 10 sekundes. Ar stikla pipeti tika
nonemts liekais §kidrums un ar citu stikla pipeti tika pievienots 70% etanols. Sis solis tika
atkartots tris reizes, katrs pa 10-20 sekundém. Ar stikla pipeti tika nonemts liekais

Skidrums un ar citu stikla pipeti tika pievienots luminofors. Virsii pulkstenstiklam tika
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likts stikla Petri trauks, pasargdjot luminoforu no izgaroSanas. Kapurs luminofora tika
atstats uz 5 minttém, péc tam Petri trauks tika nonemts. Ar stikla pipeti tika nonemts
liekais Skidrums un paraugs tika skalots ar 70% etanolu 30 sekundes. Ar stikla pipeti atkal
tika nonemts liekais Skidrums un iekrasotais kapurs tika parnests uz priekSmetstiklu.
Tikmér tika iedegta spirta lampina. Ar skalpela galu tika panemts neliels daudzums
Kanadas balzama (Sigma-Aldrich, Vacija) un balzams tika uzsildits. Uzsildttais balzams
tika uzlikts uz vienas no segstikla (24x24mm) malas. Segstikls tika uzlikts virsi
krasotajam paraugam, kas atradas uz priekSmetstikla. Segstikls uz priekSmetstikla tika
likts, sakot no tas malas, kur tika uzlikts uzsilditais Kanadas balzams. P&c tam segstikla
malas tika parklatas ar adhezivu Iimi (Marabu Fixogum, Vacija). Sagatavotais paraugs
tika parakstits, noradot parauga numuru, sugas nosaukumu, fiksatorus, parauga
sagatavoSanas datumu. Jamin, ka izstradatais krasoSanas protokols tika izm&ginats ar
komerciali pieejamu benzantrona krasvielu - 3-metoksibenzantronu. V&l jo vairak,
izstradatais trihinellu kapuru krasosanas protokols tika izmantots kapura dzimuma
noteikSanai. Balstoties uz gala zarnas garumu var noteikt vai kapurs ir matitei vai tévins,
jo téviniem gala zarnas garums var sasniegt 63 um, bet matit€m tas vienmer ir uz pusi
mazaks — 30 um (Kozek, 1975; Liu et al., 1991).

Luminofors P13 tika sintez&ts T. britovi kapuriem, kas uzglabajas sasaldéta
dzivnieku muskulatira lidz 5 gadiem vai 96,6% etanola Iidz 5 gadiem. Izstradatais
krasoSanas protokols tika pielietots T. britovi kapuriem, kas izdaliti no rudas lapsas

(Vulpes vulpes) kajas muskulatiiras un T. spiralis paraugiem, kas izdaliti no peles.

2.5. Konfokala lazerskenéjosa mikroskopijas metode (I, I, I1I,
V)
Visi krasotie paraugi tika pétiti, izmantojot Nikon Eclipse Ti-E konfokalo

lazerskengjoso mikroskopu (Nikon, Japana), kas ir konfiguréts ar atrgaitas multifotonu
A1R MP konfokalo sisttmu un aprikots ar digitalo DS-U3 kameru (Nikon, Japana).
Uzsakot darbu pie konfokala lazersken&josa mikroskopa, vispirms tika ieslégts dators, tad
fluorescences gaismas avots, kamera, mikroskops, sken€Sanas ierice, 4 modulu
fotodetektora ierice un ka pédgjais lazeru baroSanas bloks. Savukart, beidzot darbu
vispirms tika izsl€gts 1azeru barosanas bloks un ka pedgjais tika izslegts dators. Datoram
ieslédzoties, tika atvérta NIS — elements Advanced Research 3.2. 64 — bit programmatiira.
P&c tam tika panemts sagatavotais helminta paraugs, kur$ otradi (ar segstiklinu uz leju)

tika uzlikts uz priekSmetgaldina. Pirms skatiSanas mikroskopa okularos, tika parbaudits
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vai lazeri ir izslégti, tas nozimg, vai uz Ti — Pad dega ieslégta E100 funkcija, kas blokg
lazerus. Tikmé&r mikroskopa tika mekl€ts paraugs un noregul@ts asums, pamazam
parslédzoties uz ar vien lielaku palielinajumu. Taja bridi, kad mikroskopa redzamo attélu
vajadz€ja parslégt uz monitoru, tika izmantota L100 funkcija, kas arT atrodama uz Ti —
Pad. Kvalitativu datu ieguvei un to savstarpgjai salidzinaSanai katram p&tamajam
paraugam tika mainiti skenéSanas iestatijumi, pieméram, “HV” - nosaka fluorescgjosa
objekta spilgtumu; “Offset” — nosaka fona trok$nus; “Pinhole” — nosaka parauga
1zSkirtsp&ju, “Laser”, skengSanas atrums un virziens, ieglstot optimalako rezultatu.
P&tijuma paraugi tika aprakstiti, izmantojot CFI (10x/22) okularus un $adus objektivus:

e Plan Apo 4x/0,2 OFN25 WD 2,0;

e Plan Apo 10x/0,45 DIC N1 OFN25 WD 4,0;

e Plan Apo 20x/0,75 DIC N2 «/0,17 WD 1,0;

e Plan Apo 40x/0,95 DIC MN2 OFN25 WD 0,14;

e Plan Apo VC 60xA/1,20 WI «/0,15-0.18 WD 0,31-0,28.

Fluorescences ierosinaSanai tika izmantoti §adi lazeri kopa ar DU4 detektoru:

e (Ch2 zalais lazeris A= 488 nm ar FITC filtru (500-550 nm) (I, 1, 111, 1V));

e (Ch3 oranzais lazeris A= 561 nm ar TRICT filtru (570-620 nm) (I11, 1V);

e Ch4 sarkanais lazeris A= 638 nm ar CyS5 filtru (662-737 nm) (1I).
Turpmakai datu apstradei, ieglitie dati tika saglabati .jpg un ND2 Image File formata.
Attélu apstradei tika izmantota NIS Elements Advanced Research 3.2 64-bit
programmatiira (Nikon, Japana). Programmatiiras ietvaros tika veikti momentuznémumi
(no anglu val. “Capture”) dazados pétama parauga optiska griezuma slanos (viens
griezuma slanis bija 0,9 um biezs), veikta uzn€mumu apstrade un modifikacija, ar
“Polyline” funkciju no funkciju kopas “Annotations and Measurements” tika veikti
parazitu mérijumi (I, 11, 111, 1V). Atteli tika apstradati ar Corel Photo-Paint x6 (Corel
Coorporation, Kanada) (111, 1V).

Paraugu autofluorescence tika mérita pie 405 nm vilnu garuma ar filtru pie 425-

580 nm un 488 nm ar filtru pie 500 — 655 nm vilpu garumiem, autofluorescences
ierosinaSanai tika izmantotas vienadas intensitates. Ieks€jais spektralais detektors veica
fluorescences signala registraciju. Fluorescences signala registracijas sakuma vilpa
garums tika izvelets par 20 nm augstaks neka ierosmes vilna garums 11dz sarkana redzama

spektra robezai (I, 11).
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3. REZULTATI

P&tijuma laika tika izpétiti un aprakstiti trematodes paraziti un trihinellas kapuri,
kas tika glabati DU DZTI Ekologijas departamenta Parazitologijas un Histologijas
laboratorija. Paraugi laboratorija glabajas no vienas dienas 1idz pat 5 gadiem, glabaSanas
temperattiras amplitida bija no +4°C (ledusskapi) lidz -20°C temperatirai (saldétava).
P&tijuma gaita tika izstradati krasoSanas protokoli gan Trematoda, gan Nematoda parazitu
sugu paraugiem. Krasosanas protokoli ir paredz&ti paraugu efektivai un atrai izp€tei ar
konfokalo lazerskengjo$o mikroskopiju. Saja nodala tiek aprakstiti pétfjuma iegiitie

rezultati.

3.1. Trematoda paraugu fikséSana un uzglabasana
Saja sadala ir aprakstiti kadi kimiskie fiksatori tika izmantoti katrai trematodes

parazitu sugai, aprakstits vai kimiskais fiksators radijis fiziskus bojajumus parauga, ka ar1
aprakstits kadi bijusi paraugu uzglabasanas apstakli. Sadala aprakstits kur§ no
kimiskajiem fiksatoriem ir piemerotakais trematodes parazitu paraugu fiks€Sanai.

3.1.1. Parafasciolopsis fasciolaemorpha (1)

Petijuma laika katrai kimiska fiksatora (kopuma 6 fiksatori) un luminofora
(kopuma divi benzantrona luminofori) kombinacijai tika izmantotas 30 trematodes, veicot
tris krasoSanas atkartojumus. Kopuma, visa eksperimenta gaita tika nokrasotas 1080
trematodes.

Kimiskas fiksacijas laika paraugos netika novérotas bitiskas morfologiskas
izmainas. Tomér, Karnoja Skiduma fiksétas trematodes bija nedaudz palielinajusas
izméros. Pec fiksacijas bija novérojams, ka etanola esoSie paraugi bija kluvusi nedaudz
tumsaki. Savukart, Bouina Skidums visus paraugus nokrasoja dzeltena krasa un péc tam
fiksatoru nebija iespgjams izskalot. Tas skaidrojams ar to, ka Bouina $kidums satur
pirinskabi, kas ir dzeltena krasa, attiecigi ar1 pats Skidums kluva dzeltens peéc skabes
pievienoSanas. Kimisko fiksatoru iedarbiba uz paraugiem tika novérota divas reizes:
laika, kad paraugs tika sagatavots uzglabasanai, novérojot vai paraugos rodas kadas
morfologiskas izmainas un KLSM laika, izvertjot kura no fiksatora un benzantrona
luminofora savienibas ir bijusi vispiemérotaka konfokalai lazersken&josai mikroskopijai.

Kimisko fiksatoru radito fizisko bojajumu salidzinajums ir apkopts 9. tabula.
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9. tabula
Kimisko fiksatoru P. fasciolaemorpha paraugos radito fizisko izmainu salidzinajums

Fiziskas izmainas

Kimiskais fiksators _ Komentari
parauga
Optimala etanola koncentracija trematodes paraugu
70% etanols - fiksacijai, nekadi paraugu bojajumi, paraugs pec fiksacijas
kluva nedaudz tumsaks
Paraugs péc fiksacijas kluva cietaks, paraugu bija gritak
96% etanols + saspiest starp segstiklinu un priekSmetsiklinu, péc
fiksacijas paraugs kluva nedaudz tumsaks
AFA skidums - Parauga netika noverotas fiziskas izmainas
. Paraugs piesiicinajas ar fiksatoru, ka rezultata paraugs
Karnoja $kidums + g. Ij . _J . iy parate
kluva lielaks izm&ros (dati nav paraditi)
Bouina skidums + Fiksatoru nevargja izskalot, paraugs kluva dzeltens

10% neitrali buferéts

- Parauga netika novéroti bojajumi
formalins & 14

- parauga netika noverotas fiziskas izmainas

+ parauga tika noverotas fiziskas izmainas

P. fasciolaemorpha ir relativi biezakas, salidzinot to ar citam trematodes sugam,
piem&ram, ar P. confusus. Tas nozimé, ka fiksacijas procesa P. fasciolaemorpha uzstica
lielaku daudzumu kimiska fiksatora neka saldidens trematodes parazitu sugas. Péc
fiksacijas Bouina Skiduma tika novérots, ka fiksatoru nevar pilniba izskalot, ka rezultata

fiksators ietekméja paraugu izp&ti KLSM laika un iegiito datu kvalitati.

3.1.2. Saldiidens trematodes (III)
Visas saldiidens trematodes tika uzglabatas 96% etanola, ledusskapi +4°C

temperatiira Iidz nakamai izmekl&$anai. Ned€lu glabatos D. spathaceum (mtc.) un D.
subclaviatus (ad.) nebija novérojamas fiziskas izmainas un paraugus vargja izmantot
turpmakai izmekl&S$anai, tomér P. confusus paraugi bija bojati. KrasoSanas laika P.
confusus paraugs sadalijas, tas bija kluvis parak trausls vai art KLSM laika paraugos tika

noveroti melni plankumi, kas liecinaja par fiziskiem parravumiem kerment.

3.2. T. spiralis un T. britovi kapuru fikséSana un uzglabasana (II, IV)

P&tijuma laika tika izmantoti no dzivnieku muskulatiiras izol&tie trihinella kapuri

(1), kapuri, kas tikusi glabati 96,6% etanola vai kapuri, kas tika iegfiti no —20°C
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temperatiira sasaldetas muskulatiiras (1V). Tulit p&c izoléSanas kapuri tika fikséti dazados
kimiskos fiksatoros. Paraugu fiks€Sanas bridi un turpmaka uzglabasanas perioda tika
noverots vai kads no kimiskiem fiksatoriem rada paraugos fiziskas izmainas. Kimisko

fiksatoru radito fizisko bojajumu salidzinajums ir apkopts 10. tabula.

10. tabula
Kimisko fiksatoru trihinella paraugos radito fizisko izmainu salidzinajums
I’(.l miskais Fiziskas 1zn1a11,1as Glabasanas ilgums Komentari
fiksators parauga
AFA skidums - Diena lidz 1 gadam
Bouina $kidums - Diena Iidz 1 gadam Ar gaismas mikroskopiju
Karnoja skidums - Diena Iidz 1 gadam netika noveroti fiziski
70% etanols - 1-5gadi bojajumi parauga
96,6 % etanols - 1-5gadi

- parauga nebija noverojamas fiziskas izmainas
+ parauga bija noveérojamas fiziskas izmainas

3.3. Trematoda paraugu efektiva un atra izpéte
Saja sadala ir aprakstiti ar konfokalo lazerskengjoso mikroskopiju iegitie

rezultati, izmantojot noteiktus krasosanas protokolus un specifiskus benzantrona
luminoforus homotermo un poikilotermo saimnieku trematodes efektivai un atrai izp&tei.

Ka ar1 aprakstiti autofluorescences un fluorescences noveérojumi.

3.3.1. P. fasciolaemorpha (1)
Pirms paraugu fikséSanas un krasoSanas procediiram, tika veikta kontroles

parauga izpéte. Trematode, kas vE€l nebija ne fikséta, ne krasota ne ar vienu no
benzantrona luminoforiem, tika pétita ar KLSM metodi. Autofluorescences attélos tika
noverots, ka tiek izgaismota vispargja kermena forma, ir saskatams, ka kermena virsma
nav gluda, ir atSkirams vedera piesiiceknis un kopulacijas organs. Sikakas struktiiras vai

organu sistémas netika novérotas (skat. 13. attélu).
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13. attéls. Parafasciolopsis faciolaemorpha (ad.) nekrasots un kimiski nefikséts paraugs,
autofluorescence atbilstosi dazadiem ierosmes vilniem (viens optiskais griezums) (Rubenina,
2021)

Parazitu krasosana tika veikta paraleli ar abam krasam, iegiito rezultatu
salidzinasanai. Katra fikséta trematode tika krasota tris reizes ar vienu un to pasu
benzantrona luminoforu. Kraso$ana ar AZPP luminoforu deva izcilus rezultatus visa
trematodes kermena izpétei jau zem x40 palielinajuma. Tika novérota kermena virsmas
strukturas, ieskaitot dzelkSnus, mutes un védera piesticekni bija viegli atSkirami no pargja
kermena, tika vizualizéta kermena telpiska (dimensiju) strukttira (skat. 14. attélu). Zem
x100 palielinajuma vienlaicigi tika novéroti tris muskulu slani: cirkularais, diagonalais

un gareniskais.
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14. attéls. Parafasciolopsis faciolaemorpha (ad.) krasota ar AZPP, fiksators 70% etanols (viens
optiskais griezums) (Rubenina, 2021). O.S. — mutes piesticeknis, V.S. — v&dera piesiiceknis,
S—dzelksni, C — kopulacijas organs, E.D. — ejakulacijas kanals, L.M — gareniskas muskulu
Skiedras, D.M. — diagonalas muskulu skiedras, C.M. — cirkularas muskulu skiedras
Mutes un védera piesticeknos tika novérotas ne tikai cirkularais un gareniskais
muskulu slanis, bet arT radialais muskulu slanis. Trematodes kermena astes zona tika

skaidri novérotas parenhimas S$tnas. Tika novérots regulars tikls, kas apnéma visu

trematodes kermeni — teguments (skat. 15. att€lu).

15. attéls. Parafasciolopsis faciolaemorpha (ad.) krasota ar AZPP, fiksators 70% etanols (viens
optiskais griezums) (Rubenina, 2021). O.S. — mutes piesticeknis, V.S. — védera piesiiceknis,
C — kopulacijas organs, T — teguments, S — dzelksni, R.M. — radialas muskulu skiedras
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Trematodes kermeni klaj dzelksni. Ar benzantrona krasvielu un KLSM palidzibu
tika izpétita vieta, kur dzelks$ni ir savienoti ar tegumentu. Mutes piesticeknis turpinajas
1sa pre-r1kl€ un tad rikle. Baribas vads sadalijas divos zaros, pa vienam katra kermena
pus€. Netika noverotas divertikulas, zarnas bija gludas un skaidri iezZimgjas ekskrécijas
dziedzeris. Reproduktiva sisttma tika novérota lidz sikakajam detalam, ieskaitot
kopulacijas organa radialos muskulus un dzelks$nus uz ta. Ne visos krasotajos paraugos
bija novérojamas olnicas. Dzemdes izp&te bija iesp&jama, izmantojot AZPP kopa ar 70%
etanolu, ar citiem luminofora un kimiska fiksatora sastaviem ta netika novérota. Ta ka
paraugs tika saspiests starp segstiklu un priekSmetstiklu, parazita olas izskatijas iegarena
ovala forma un tas vienmér tika noverotas dzemd€ vai veédera piesiicekna tuvuma.
Dzeltenuma dziedzera veidotas folikulas tika novérotas abas kermena pusés, dorsali pret
zarnam (skat. 16. attelu). Folikuli tika noveroti sakot ar baribas vadu lidz kermena astes
galam. Ta ka P. fasciolaemorpha ir hermafrodits, tika novéroti divi neregulari séklinieki,

kas atradas zem védera piesiicekna.

16. attéls. Parafasciolopsis faciolaemorpha (ad.) krasota ar AZPP, fiksators AFA (viens
optiskais griezums) (Rubenina, 2021). O.S.— mutes piesiiceknis, PPH — pre-rikle, PH — rikle,
E — baribas vads, C — kopulacijas organs, V — dzeltenuma dziedzeris, TS — s€klinieki, O —

olnicas, INT — zarnas, V.S. — mutes piesticeknis, U.W.E. — dzemde pildita ar olam
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Salidzinot rezultatus starp AZPP un AM323 luminoforiem, ar AM323 iegutie

izp@tes rezultati bija mazak detalizeti, atteli bija neskaidraki. legitie dati ir apkopoti 11.

tabula.
11. tabula
Kimisko fiksatoru un benzantrona luminofora rezultatu salidzinajums, izmantojot
KLSM
Konfokalas lazerskengjosas mikroskopijas rezultats
Tika noverots (+)/Netika noverots (—)
Benzantro Kimiskais fiksators
Pazime na
0,
luminofors 10%

70% 96% AFA  Karnoja Bouina neitrali
etanols etanols $kidums $kidums $kidums buferéts

formalins

. . AZPP + — + — + +
Visa kermena kontiira ir

detalizeti iezZiméta AM323 + — + + _ _

Dzelksni un to AZPP + + + + + -

1zkart0Jum_s UZ VIISMas ity 1aq B B N N B B

detaliz&ti iezZimé&ti

Dzelksnu telpiska AZPP + - + - - _

strukttira AM323 - — - - — _

Teguments AZPP * B B - - +

AM323 — — — - — _

AZPP + — + + — —

Viena palielinajuma var
noverot kermena
muskulu slanus AM323 - - + + - -
(cirkularos, diagonalos,
gareniskos)

Mutes piesiicekna AZPP + - — - - _

muskulu Skiedras, radiala 3 B B B ~ ~
simetrija AM323

Vedera piesiicekna AZPP + - — - - _

muskulu Skiedras, radiala B B B B B -
simetrija AM3Z3

AZPP + + + - - —

Rikle, muskulu skiedras
ir detaliz&ti atSkiramas

_ _ AM323 - - + - _ _
sava starpa
Baribas vadu var AZPP + — + _ _ _
detalizeti atskirt no
pargjas gremosanas AM323 + - — _ _ _
sistemas

Zarnas var detalizéti AZPP + — + - - _
aikirt no pargjas - p\\iaos - + _ _ _

gremosanas sistémas
AZPP - - - + — _
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Konfokalas lazerskengjosas mikroskopijas rezultats
Tika novérots (+)/Netika noverots (—)

Benzantro Kimiskais fiksators
Pazime na

luminofors 10%

70% 96% AFA  Karnoja Bouina neitrali
etanols etanols $kidums $kidums $kidums buferéts

formalins
Parenlfinas SUnas it pvgpg .. o -
detalizEti iezZimé&tas
Kopulacijas organs ir AZPP + - - - - -
detalizEti iezZIméets AM323 - - + - - -
Olnicas ir detalizeti AZPP + - - - - -
1ezIméetas AM323 - - - - — —
o _ AZPP + - - - - -
Dzemde pildita ar olam AM323 B B B B _ _
Dzeltenuma dziedzeri ir ~ AZPP - - - - - +
detaliz&ti ieziméeti AM323 - - - — + —
Seklinieki ir detalizeti ~ AZPP - - + - - -
atslglram_l O Pargjas  np1ano _ _ + _ _ _
reproduktivas sisteémas
Kopa +/— (16) AZPP 13/3 2/14 8/8 2/14 2/14 3/13
Kopa +/— (16) AM323 2/14 0/16 7/9 4/12 1/15 0/16

- pazime netika noveérota
+ pazime tika novérota
+/- kop€jo plusu un minusu attieciba

Ar AM323 krasotajos paraugos visa kermena un piesiiceknu struktiira nebija
skaidri novérojama. Uz parazitu virsmas tika vizualizéti dzelk$ni, bet ne to telpiska
struktura. Vienlaicigi visi tris muskulu slani tika vizualizeti tikai zem x600 palielinajuma
nevis zem x100 ka tas bija ar AZPP luminoforu krasotajiem paraugiem. Muskulu slani
piesticeknos netika noveroti, tapat ka netika vizualizets teguments. Parazita gremoSanas
sistéma: pre-rikle, rikle, baribas vads un zarnas tika vizualizgtas, bet netika noverotas
skaidras robezas, kur sakas rikle, kur baribas vads, utt. No reproduktivas sist€émas tika
skaidri iezZiméts kopulacijas organs, olas un seklinieki, bet olnicas un dzemde netika
noverotas.

Ta ka trematodes tika fiksétas seSos dazados kimiskos fiksatoros un tika krasotas
ar diviem benzantrona luminoforiem, iegiitie rezultati tika salidzinati sava starpa,
noskaidrojot visatbilstosako fiksatora un luminofora savienibu. Rezultati apstiprinaja, ka
vispiemé&rotaka luminofora un fiksatora savieniba P. fasciolaemorpha izpétei ar KLSM
ir 70% etanols un AZPP vai AZPP un AFA skidums. Izstradatais krasoSanas protokols,
izmantojot sintez€&to AZPP benzantrona luminoforu un KLSM, ir piemérots P.

fasciolaemorpha izpétei, padarot krasoSanas protokolu mazak darb un laikietilpigu.
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3.3.2. Saldiidens trematodes (I11)
P&tijuma rezultati apstiprinaja, ka AM1, AM2, AM4, AM16 un P8 (izskidinati

etanola ar molaro koncentraciju 10”° M) ir piem@roti dzivnieku izcelsmes paraugu izpétei
ar KLSM. Mijiedarbojoties ar biologiskiem objektiem benzantronu luminofori vispirms
saistas ar lipofiliskam substancém, tapéc pirma saistiba ar luminoforu ir novérojama
Stnas hidrofobiskaja dala — membrana. D. spathaceum mitc. fikséti 96% etanola
mikroskopiskas izpétes rezultati noradija uz visu pé&tamo luminiscento luminoforu
piemérotibu trematodes izpétei. D. spathaceum sugas paraugiem bija novérojams
iegarens vai ovals kermenis. Lielakoties visiem mtc. paraugiem tika novérota gremosanas
sistéma. Vedera piesiiceknis atradas kermena vidu. Zem védera piesticekna tika noverots
relativi liels skoleks - piestiprinasanas organs. Mutes piesticeknis atradas kermena
priekSgala un turpinajas muskulota rikl€. No rikles Iidz skoleksa beigdm sniedzas divi

zarnu zari (skat. 17. attelu).

17. attéls. Diplostomum spathaceum (mtc.) krasots ar AM16 (Mezaraupe, 2018).
OS — mutes piesticeknis; PS — pseido piesticeknis; P — rikle; IC — zarnu zars; VS — védera
piesiiceknis; HO — skoleks; PES — primara ekskretora sistéma

Katra mutes piesiicekna pus€ tika noverots labi attistits pseido piesticeknis. Tika
novérota primara ekskretora sisteéma (skat. 17. un 18. attélu). Dazos trematodes paraugos
tika noverots liels skaits noapaloti kalkainie kermenisi, kas sakas pie mutes piesiicekna

un beidzas pie skoleksa (skat. 18. att€lu). No vienas puses visas krasotas D. subclaviatus
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trematodes kopa ar Karnoja fikséSanas skidumu uzradija detalizétakus datus, iezimgjot
sikus, taksonomiski nozimigus skeleta elementus, tapat ka mutes un védera piesiicekni,
piestiprinasanas piesticekna dobumu. No otras puses, paraugos nebija noverojami ieksejie

organi un struktiiras, pat mainot skené€sanas iestatijumus.

18. attéls. Diplostomum spathaceum (mtc.) krasots ar AM2 (Rubenina, 2018).
OS — mutes piesticeknis; PS — pseido piesticeknis; P — rikle; HO — skoleks; CB — kalku
kemenisi; PES — primara ekskretora sisteéma

Benzantrona krasvielas apvienojuma ar AFA skiduma fiksétiem paraugiem, uzradija P.
confusus ieksgjas un argjas struktiras, iegistot detalizétus parazita organu attélus.
Balstoties uz iegiitajiem KLSM datiem, tika izveidots shematisks parazita zZim&ums

(skat. 19. attelu).
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19. attéls. Prosotocus confusus shematisks zim&jums (Rubenina, 2020)

O.S. — mutes piesticeknis (acetabulums), V.G. — dzeltenuma dziedzeri, PH - rikle, E — baribas
vads, T — seklinieki, O — olnicas, I.C. — zarnu dobums, S.R. — séklas receptors, OO — ootips,
V.S. — vedera piesiiceknis, E.V. — ekskr&cijas vezikula, E.B. — ekskr&cijas dziedzeris, E.P. —

ekskrécijas pora, U.W.E. — dzemde pildita ar olam, C.P. — kopulacijas organa maisins, S.V. —

s€klas paslitis, P.G. — prostatas dziedzeris, M — metraterms, E - ola, G.A. — dzimumorganu arijs,
G.P — dzimumorganu pora, C — kopulacijas organs, E.D. — ejakulacijas kanals

Argjas struktiiras tika novérots, ka trematodes kermenis ir ovalas — apalas formas,

kutikulu klaj dzelksntsi (akisi) (skat. 20. attelu).

20. attels. Pieaudzis Prosotocus confusus krasots ar AM1 (argja uzbuve) (Rubenina, 2018).
S — dzelknisi; OS — mutes piesticeknis; VS — v&dera piesticeknis; C — kopulacijas organs
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Tika noveéroti divi vienada izméra piesticekni — mutes piesiiceknis kermena prieksgala un
védera piesticeknis kermena vidusdala. P. confusus trematodes paraugos tika vizualiz&ta

gremosSanas sistéma (skat. 21. attélu).

21. attéls. Pieaudzis Prosotocus confusus krasots ar AM1 (ieksgja struktira) (Rubenina,
2018).
OS — mutes piesticeknis, P — rikle, IC — zarnu zars; VS — v&dera piesiiceknis; E — olinas; S —
dzelksni; B — cirrus maiss jeb bursa; C — kopulacijas organs jeb cirrus
Tiesi aiz mutes piesticekna tika vizualizéta rikle, kas savienota ar baribas vadu, kas
paslépts aiz olam. Baribas vads sazarojas, veidojot divus zarnu zarus. Zarnas bija 1sas un
nesasniedza pat védera piesiicekni. PieaugusSajiem parazitiem tika noveérota reproduktiva

sistéma. Tika noverots kopulacijas organs, kopulacijas organa maiss jeb bursa un visa

parazita kermena garuma liels skaits olu. Olam tika noveérota intensiva fluorescence.

3.4. T. spiralis un T. britovi kapuru efektiva un atra izpéte (11, V) un

dzimumu noteikSana (IT)
Pétijuma laika (1) tika apstiprinats, ka sintez&tais benzantronu luminofors AZM

ir piemérots T. spiralis un T. britovi kapuru izpétei, kuri izoléti no saimnieka
muskulatiiras ar magnétiska maisitaja metodi. Izmantojot sintezéto luminoforu un
izstradato krasoSanas protokolu, rezultata tika ieguti detalizéti dati, kuros bija
noverojamas parazita ieks€jas un argjas struktiiras. Kimiskam fiksatoram bija ietekme
detalizétu KLSM datu ieguve. Fiksators tiek izmantots bridi, kad parazits tiek izdalits no

saimnieka muskulattiras un fikséts. P&c vairaku kimisko fiksatoru izmantosanas un iegiito
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datu salidzinasanas, rezultati apstiprindja, ka izstradatais krasoSanas protokols ir
vispiem&rotakais paraugiem, kas sakuma tikusi fikséti Bouina $kiduma.

Dazadu vilnu absorbcija sniedz vairak informacijas par luminoforu un p&tamo
paraugu. Absorbcija pie 405 nm vilnpu garuma sniedza detalizétakas krasoto paraugu
fluorescences un autofluorescences datus. Detalizeti rezultati tika iegtti pie 488 nm
absorbcijas, sniedzot vislabako fluorescences/autofluorescences signala attiecibu. Tika
veikts eksperiments, izverteét€jot autofluorescences signala ierosmi uz dazadiem vilpa
garumiem. P&tot krasotos trihinellas kapurus, kas bija fikséti Bouina $kiduma (skat. 21.
att€lu), tika merits autofluorescences spektrs 3 intereses regionus (no anglu val. regions

of interest (ROI)).

(b)

22. attels. Parauga autofluorescences bilde un autofluorescences grafiki, kas atbilst dazadiem
absorbcijas vilnu garumiem (Mezaraupe, 2019). (a) Kapura, kas fiks€ts Bouina skiduma,
autofluorescences bilde (405 nm absorbcija) parada autofluorescences datus trim
interes€josajiem regioniem (ROI). Regioni atbilst kapura parauga dazada veida audu tipiem
(sarkanas un zalas linijas) un fonam (zila linija), (b) autofluorescences emisijas spektrs, kas
atbilst 405 nm absorbcijai un (c) autofluorescences emisijas spektrs, kas atbilst 488 nm
absorbcijai

Eksperimenta rezultati apstiprindja, ka, izmantojot 488 nm lazeri, ir iesp&jams sasniegt

_____

kimiskiem fiksatoriem) salidzinajuma ar 405 nm vilnu garuma absorbciju. Balstoties uz

eksperimentos ieglitiem datiem, tika izlemts, ka Saja p&tijuma tiks izmantots 488 nm vilnu

69



garums, maksimali nomacot nevélamo autofluorescences signalu. Izvéletie vilnu garumi
atrodas arpus autofluorescences maksimuma absorbcijas robezas. Tika detalizeti izpéetits
parazita kermenis, ieskaitot organu morfologiju un to izkartojumu kermeni. Tika
noverots, ka parazitu kapuriem bija raksturigais nematodes kapura kermenis ar noapalotu
galvu un smailu astes dalu, tadgjadi bija viegli atSkirams kapura prieksg€jais un kaudalais
gals. Parazita prieks¢jais galvas gals, baribas vads, nervu gredzens un kutikula ir

atspoguloti 23. attela.

50 um

23. attels. KLSM attéls ar Trichinella kapura prieksgjo galvas galu (Rubenina, 2019). Tsd -
Trichinella spiralis tevins. 1 - prieks$¢jais galvas gals, 2 - baribas vads, 3 - nervu
gredzens un 4 -kutikula

legiitie rezultati paradija augstu fluorescences signalu kutikula. Salidzinot iegttos
rezultatus starp T. spiralis un T. britovi parazitiem tika novérots, ka kapuru kutikulas sava
starpa atSkiras. T. spiralis kutikula tika novérotas linijas, kas, §kérsojot visu kermeni,
veido saucamo “pseidosegmentaciju”, bet T. britovi kapuru kutikula $adas linijas netika
noverotas, ta bija gluda. Kapura aizmugurgjais gals, nervu sisttma un hipoderma ir
atspogulota 24. attela. lzmantojot KLSM metodi, tika novérota hipoderma un tas
bacillary bands. Parazita viduszarna, stihosoms, dziedzeru S$itinas (no anglu val.
stihocyte), gremosSanas sist€mas stihocitu kodols, dzimumorganu aizmetnis un
reproduktivas sistémas primarais oocits ir redzams 25. attéla. Turklat, attistitakos kapuros

tika noveérots dzimumorganu aizmetnis, ieskaitot se€kliniekus un dzemdes aizmetni.
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Stihosoms aiznéma lielako dalu kermena aizmugur&ja dobuma un to vargja ieraudzit

gandriz visos paraugos. Dziedzeru $tinu kodolos tika novérota intensiva fluorescence.

24. attels. KLSM attels ar trihinellas 25. attels KLSM attgls ar trihinella kapura
kapura aizmuguréjo galu (Rubenina, reproduktivo un gremoSanas sist€mam
2019). TsQ - Trichinella spiralis matite. (Rubenina, 2019).

1 - nervu sistéma, 2 - hipoderma, un 3 - 1 - viduszarna, 2 - dzimumorganu
aizmugurgjais gals aizmetnis, 3 - primarais oocits, 4 -

stihosoms, 5 - dziedzeru $unas, and 6 -
dziedzeru Stunas kodols

P&tijuma aprakstitais kraso$anas protokols ir piem&rots kapuru paraugiem, kas
ilgaku laiku glabati fiksatora vai saldéti dzivnieku muskulattira. Pétijjuma laika tika
izmantoti T. britovi kapuri, kas 1 lidz 5 gadus glabajas 96,6% etanola vai glabajas
sasaldéta dzivnieku muskulatira. Primaraja paraugu apskaté ar gaismas mikroskopiju
netika novérotas morfologiskas izmainas starp etanola glabatiem un sasaldéta dzivnieku
muskulatiira glabatiem parazitu paraugiem. Tomér, izmekl&jot paraugus ar KLSM,
atklajas, ka vecakos paraugos (3 gadi <) ir novérojama morfologiskas struktiiras
degradacija.

Neskatoties uz faktu, ka sintez&tajam luminoforam P13 fluorescence tika
ierosinata pie 432-441 nm, mijiedarbiba ar biologiskajiem objektiem tika novérota
absorbcijas dislokacija uz augstakiem garo vilpu regioniem, salidzinot ar tiriem
skidinatajiem, $aja gadijuma ar 561 nm. T. britovi izp&tei tika izmantots 561 nm vilpu

garums (skat. 26A. attélu). Tika novérota spilgta luminiscence matites dzemdes aizmetni.
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26. attéls. Trichinella britovi (Rubenina, 2018): A — fluorescence, lazera vilna garums A = 561
nm; B — fluorescence, lazera vilna garums A =488 nm un A =561 nm

Ta ka iegito datu kvalitate neatbilda vélamajam, tad tika izméginats lietot divus
lazerus vienlaicigi. Péc vairakiem méginajumiem, eksperimentgjot ar lazera intensitatém,
sken&Sanas atrumiem, optiska griezuma biezumu, tika ieguti dati, apstradajot paraugus ar
diviem lazeriem vienlaicigi (skat. 26B. att€lu).

Izmantojot AZM luminoforu, tika izstradats krasoSanas protokols, kas ir
piemerots trihinella kapuru dzimuma noteikSanai, balstoties uz gala zarnas garuma
mérijumiem (skat. 27. attélu) (Il). Pétjjuma laika tika mériti gala zarnas garumi gan T.
spiralis, gan T. britovi t€viniem un matitém. Rezultata tika iegits, ka matitém vidgjais
gala zarnas garums bija T. britovi 21,19 um £2,45 SD un T. spiralis 20.55 um + 1.48 SD,
un téviniem vid€jais gala zarnas garums bija 41,08 um +4,26 SD un 46.08 pum + 2.95 SD.

27. att€ls. KLSM attela atzim&ta gala zarna gan trihinella matitei, gan t€vinam (Rubenina,
2019). TsQ - Trichinella spiralis matite, Ts? - Trichinella spiralis tévins. Ar <> atziméeta gala
Zarna
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4. DISKUSIJA

P&tjuma gaita tika izmantoti devini DU sintez€ti benzantrona luminofori parazitu
efektivai un atrai izpétei: AM323 un AZPP tika izmantoti trematodes klases P.
fasciolaemorpha parazitu sugu izpétei (1), AZM tika izmantots Nematoda tipa T. spiralis
un T. britovi parazitu sugu izpétei un kapuru dzimumu noteikSanai. Janem véra, ka
paraziti tika ievakti kopa ar dzivnieka muskulatiiru, dienas laika parazita kapuri tika
izdaliti no dzivnieku muskulatiiras un tika fiks&ti piecos dazados kimiskos fiksatoros (I1).
AMI1, AM2, AM4, AM16 un P8 tika izmantots saldidens trematodes D. spathaceum
(mtc.), D. subclaviatus (ad.) un P. confusus (ad.) izpétei (111). P13 tika izmantots T.
britovi parazitu sugu izpé&tei. Parazita kapuri tika uzglabati 96,6% etanola vai tie bija
sasaldéti (—20°C temperatiira) dzivnieku muskulatara (1V).

Misdienas biologisko objektu krasoSana ar luminoforiem, kas balstita uz
organisko molekulu luminiscenci, ir kluvusi par neaizstajamu riku audu, organu un
organismu struktiras vizualiz€Sanai. Spektralas izmainas, kas noverojamas,
luminoforiem saistoties ar $tinu struktiram ir butisks audu, organu un/vai organismu
izpéte. Luminoforu izmantoSana biologisko objektu krasoSanai, pierada, ka ir jamekle
jauni savienojumi un ir jasintez€ jauni luminofori ar plasaku ierosmes un emisijas spektru.
Tapec ar vien lielaka uzmaniba tiek pievérsta jaunu luminoforu izstradei, sint€zei un to
Ipasibam. Tomér, jaunu luminoforu sint€ze nav tik vienkarSa, jo tiem ir jabiit ar zemu
toksicitati uz biologiskiem objektiem. P&c zinatniskas literatiras datiem ir atrodamas
vairakas Trematoda krasoSanas metodes, ka piemé&ram, Govera karmins (no anglu val.
Gower’s carmine) (Gover, 1939), Ehrlich hematoksilins un Celestina zilais-b (no anglu
val. Celestin blue-b) (Roberts et al., 2012), aktina antiviela vai fluorosc&josa falloidina
krasviela (Mair et al., 1998; Kumar et al., 2003; Terenina et al., 2020). Benzantrona
luminoforiem piemit augsta lipofilitate (Zhytniakivska et al., 2014a), ka rezultata
luminofori var tikt izmantoti amiloido fibrillu izp&té (Zhytniakivska et al., 2014b; Vus et
al., 2012, 2014a,b), membranu un proteinu izpété (Trusova et al., 2012; Ryzhova et al.,
2016). Kalnina et al. (2007) izmantoja benzantrona luminoforu ABM limfocitu
funkcionalas aktivitates pétiSanai. Iepriek§€jos petjumos tika apstiprinats, ka
benzantrons (3-N-2-[4-(2 feniletil)piperazin-1-ilJacetamidobenzantrons (AZP5) ir
piemérots helmintu glabati 96% etanola morfologiskai izpétei (Kirjusina et al., 2018).
Turklat, tika zinots, ka benzantronu luminofori var tikt izmantoti kallusa embrija $tinu
vizualizésanai (Kirilova et al., 2019). P&tjjumu laika iegiitie rezultati (Kirjusina et al.,

2018; Kirilova et al., 2019) apstiprinaja, ka ir vajadziba turpinat darbu pie jaunu
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luminoforu sintézes, paplasinot KLSM iespg&jas, tapéc tika turpinats darbs pie
benzantrona luminoforu sintezéSanas Trematoda un Nematoda efektivai un atrai izp&tei.

Benzo[de]antracen-7-ona luminofori, zinatniska literatira biezak lietots to
saisinajums — benzantroni, ir poliaromatiski hidrofobiskas substances (Kirilova et al.,
2002, 2008). Ta ka planaras struktiras un molekulu lipofilitates d&é] benzantronu
luminofori mijiedarbojas ar membranas lipidiem, miisdienas benzantroni ar vien biezak
tiek izmantoti ka fluorescentie luminofori dazados biologiskos pétijumos (Shivraj et al.,
2018). Saja konteksta tika sintezéti jauni benzantronu luminofori, kas vizualiz&tu §tinas
membranu, krasai lokaliz&joties membranas lipidos (I, II, 1ll, 1V). Benzantronu
luminoforiem ir vairakas fotofizikalas ipaSibas, ka pieméram, fotofiziskais parametrs
Stoksa nobide, augsts absorbcijas koeficients, zema fluorescences intensitate
buferSkidumos un augsta luminiscences jutiba pret apkartgjas vides pasibam (Kirilova et
al., 2008, 2009; Gonta et al., 2013; Vus et al., 20144a,b). Visiem sintez&tajiem benzantrona
luminoforiem tika veiktas spektralas analizes, ka piem&ram, absorbcijas spektrs, lidzsvara
stavokla fluorescences spektrs, Stoksa nobide, solvatoflurohromiskas mainas un emisijas
spektri. Visos organiskajos Skidinatajos tika noveérota spilgta emisija, no zalas krasas
nepolaraja vidé lidz sarkanai fluorescencei polaraja vide, tadgjadi paradot pozitivu
solvatofluorohromismu, jutibu uz vides polaritati, kas izriet no $kidinataja relaksacijas
ierosinata stavokla, ko péc ierosmes izraisa luminofora dipola maina (I, 11, 111, 1V).
Tomeér, lai gan tikusi izanaliz&ti vairaki benzantrona luminofori, meklgjot potencialo
benzantronu, kas saistitos ar membranas lipidu bilaterialo slani un polimériem (Grabchev
et al., 2001; Zhytniakivska et al., 2014), pétijjumi vél jo projam notiek. Piemeklgjot
atbilstosako benzantrona luminoforu, tika noskaidrots, ka bitiska loma ir C-3 pozicija
esoSajam aizvietotajam, kas sava zina nosaka luminofora efektivitati, atklajot strukturalo
un vides ietekmi uz fotofizikalajiem parametriem. Sintez€tajiem luminoforiem ir plass
polaritates diapazons (Kapusta et al., 2003; Siddlingeshwar et al., 2011; Shivraj et al.,
2018), Iidz ar to luminoforus var izmantot dazadu biologisku struktiiru vizualizé$anai
(Kalnina et al., 2007; Trusova et al., 2012; Ryzhova et al., 2016; Kirjusina et al., 2018;
Kirilova et al., 2019).

Izmantojot benzantrona luminoforus ir janem véra fotoizbalésanas process, kura
laika fluorofors pamazam izzud, tad€jadi, pétama parauga kvalitate sarik ar katru reizi,
kad uz to iedarbojas ar lazeri (Han et al., 2021). Demchenko (2020) uzskata, ka
fotoizbaléSana biitu jauzskata par luminoforu galveno 1pasibu, jo no tas ir atkarigs cik ilgi

var analizét paraugu un cik detalizéti dati tiks iegati. P&tijumos (I, 11, 111, 1V)

74



apstipringjas, ka detaliz€tu rezultatu iegtiSanai, ir ieteicams lietot lazera vilpa garumus
dilstosa seciba. Pieaugot lazera intensitatei, struktiras tiek labak vizualiz&tas, tomer,
izmantojot maksimalo lazera jaudu, paraugs atrak klast neizmantojams fotoizbaléSanas
del. Optimalakie KLSM dati tika iegiti, analiz€jot paraugus pirmaja mikroskopiskas
izpétes reiz€. Veicot paraugu analizi tiem paSiem paraugiem otru reizi, datu kvalitate bija
zemaka. Analiz€jot tos paSus paraugus jau treso reizi, vairs netika noverotas pilniba visas
tas pasas pirmaja analizes reiz€ noveérotas detalizétas struktiiras. Tas liek secinat, ka ar
benzantrona luminoforiem krasotie un KLSM sagatavotie paraugi ir piem&roti atrai un
efektivai parazitu sugu izpéetei.

Promocijas darba izvirzita hipotéze, ka dazadu parazitu sugu efektivai un atrai
izp€tei ir piem&rots noteikts krasoSanas protokols, izmantojot specifisku benzantrona
luminoforu un konfokalo lazerskengjoSo mikroskopiju, tika apstiprinata. P&tjjuma
rezultata tika izstradati noteikti krasoSanas protokoli gan Trematoda parazitu sugu
paraugiem (I, 111), gan Nematoda parazitu sugu paraugiem (I1, V). Turklat, protokoli ir
pieméroti dzivnieku muskulatiira esoSiem, péc tam no dzivnieku muskulatiiras izolétiem
un fiksétiem trihinellas kapuriem (l1), trihinellas kapuriem uzglabati 96,6% etanola 1-5
gadiem vai kapuriem, kas sasaldéti dzivnieku muskulatira 1-5 gadus (IV). Pie tam, ar
izstradata krasoSanas protokola palidzibu ir iesp&jams noteikt trihinella kapura dzimumu,
izmantojot DU sintez€to benzantrona luminoforu AZM (ll). Sintezétie benzantrona
luminofori un izstradatie krasosanas protokoli ir paredzeti KLSM (I, 11, 111, 1V).

Neskatoties uz to, ka musdienas plasak tiek izmantotas molekularas biologijas
metodes, nosakot parazitu sugas un genotipus, toméer ta tik un ta paliek tikai ka kvalitativa
metode nevis kvantitativa. Parazitologiskajos pétjjumos parazita esamiba ne vienmeér
nozimé augstu invazijas intensitati. Dazos gadijumos, invazijas intensitatei ir lielaka
nozime uz invadéta saimnieka veselibu neka endoparazitu sugu daudzveidibas esamibai
(Shemshadi et al., 2017; Allan et al., 2020). No otras puses, lielaka parazitu sugu
daudzveidiba nodara lielaku kait€jumu saimniekam, jo paraziti pateré vai uzkraj dazadus
resursus, tadejadi radot lielaku bojajumu saimnieka organismam (Swislocka et al., 2021).
Jebkura gadijuma, apvienojot gan mikroskopisko, gan molekularo metozu rezultatus par
infekciju intensitati, parazitu dzimumu, parazitu vecumu, invadéto sugu daudzveidibu,
saimnieku apkartgjas vides apstakliem, u.c., tiek ieglits ticams parskats par p&tamas
populacijas veselibas stavokli un parazitu transmisijas riskiem starp dzivniekiem un

cilvekiem.
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4.1. Trematodes (I, I11)
Pétijuma laika tika izvél&tas trematodes klases parazitu sugas. P. fasciolaemorpha

(ad.) no homoterma saimnieka (), kur parazits lokaliz€jas saimnieka aknas. Tika
izvéletas tris parazitu sugas no poikilotermiem saimniekiem: D. spathaceum (mtc.)
lokaliz&jas zivs (otrais starpsaimnieks attistibas cikla) acs I&ca, acs tiklen€ un stiklveida
kerment; D. subclaviatus (ad.) un P. confusus (ad.) lokaliz&jas bezastaino abinicku
(definitivais saimnieks) gremoSanas sistema (l11). Visas izvélétas trematodes parazitu
sugas ir endoparaziti un endoparaziti ir nozimigs faktors, kas ietekme savvalas populaciju
dinamiku (Kotodziej-Sobocinska et al., 2019). V&l jo vairak augsta invazijas intensitate
un plasa parazitu sugu daudzveidiba var butiski ietekmét saimnieka veselibas stavokli
(Filip-Hutsch et al., 2021).

Alnis (Alces alces) ir liclakais briezu dzimtas parstavis un ir nozimigs medijuma
dzivnieks (Swislocka et al., 2020). Alniem esot raksturiga augsta uznémiba pret
parazitaram slimibam, tap€c lielaku invaziju rezultata alpu populacijas izmainas var
ietekmét ekosistémas struktiru un darbibu (Filip-Hutsch et al., 2020). Savukart,
saldiidens trematodes ietekmé abinieku un zivs sugu populacijas dinamiku, protams, sava
loma ir starpsaimniekiem, kas veicina parazitu izplatiSanos tidenstilpnés. Pieméram, D.
spathaceum izraisita diplostomoze tiek raksturota ka ekonomiski nozimiga akvakultiira,
jo lasu dzimtas zivis esot visjutigakas pret So slimibu (Sweeting, 1974, Briede &
Kirjus$ina, 2018).

Pétijuma eksperimentalie rezultati (1) paradija, ka, izmantojot 488 nm (ar 500-655
nm filtru) lazera ierosmi, bija iesp&jams sasniegt 23x mazaku autofluorescences signalu,
salidzinajuma ar 405 nm (ar 425-580nm filtru) vilpa garuma ierosmi. Izvértgjot
autofluorescenci, tika izvéleti dazadi ROI un izveéletie ROI tika salidzinati ar fona ROI.
Balstoties uz iegiitiem datiem, 488 nm lazeris ar FITC filtru (500-550 nm) un 638 nm
lazeris ar CyS5 filtru (662-737nm) bija vispiemé&rotakie lazeri nev€lamas
autofluorescences nomaksanai. Savukart, pétijuma ar saldiidens trematodém (I11) netika
izmantots lazeris ar 405 nm vilpa garumu, jo tas ierosina paraugu autofluorescenci.
Ieprieks€jos pétijumos benzantronu luminoforu lokalizésanas modelu membranas tika
atklata péc Forster rezonanses energijas parneses un sarkanas malas absorb&Sanas mainas
(Zhitniakivska et al., 2014; Ryzhova et al., 2016). legitie rezultati paradija, ka augstas
lipofilitates dél P8 var ieklit membranas hidrofobiskajos regionos. Luminofors P8

atrodas fosfolipidu galvas regiona, lai gan citas luminofora saistianas vietas bija tuvak
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membranas virsmai. Ryzhova un lidzautori (Ryzhova et al., 2016) apstiprinaja, ka krasam
AM2 un AM4 piemit zemaka lipidu saistisanas sp&jas neka P8 (111).

Tika noverota neliela maksimala luminiscences pika nobide. Ir svarigi atzimét, ka
katra organisma S$tnai piemit autofluorescence spektra zila — dzeltena regiona, jo
saskarsme ar tadiem fluoroforiem ka proteinu saturos$as aromatiskas aminoskabes,
nikotinamida adentna dinukleotida fosfata reducétas formas, flavini un lipopigmenti var
veidot pika nobides (Monici, 2005). Pétijuma gaita sintez&tie benzantrona luminofori
uzradija fluorescenci sarkana spektra regiona, tomér krasotiem paraugiem bija
fluorescences nobide 1saka vilna regiona (I, 111). Tas varétu bit hidrofobiskaku apstaklu
del (lielaks lipidu skaits, dehidratéSana ar etanolu). Blakus luminiscenci var radit
kimiskais fiksators. Piemé€ram, izmantojot formalinu saturoSu kimiska fiksatoru
sajaukumu, var tikti noverota intensivaka $tinu luminiscence spektra dzelteni - zala
regiona (Alfano et al., 1984).

Izstradajot krasoSanas protokolu, ieglitie rezultati apstiprinaja, ka dehidratésanas
solis ir biitisks, jo lieka Gidens klatbiitne Stinas struktiiras nelauj iegiit atbilstoSu parauga
caurspidigumu. Sigins (no anglu val. Shigin) (Shigin, 1996), krasojot trematodes tikai
gaismas mikroskopijai, veica dehidrat€Sanas soli un arT p&tijuma (I, Ill) rezultati
apstiprinaja dehidrat€Sanas nozimigumu jauna protokola izstrade, izmeklgjot paraugus ar
KLSM metodi. Pétijuma rezultati paradija, ka parazitiem ar planu apvalku strukttru,
piem., Diplostomatidae dzimtai (I11), nav vajadzibas pielietot papildus dzidrinasanas soli,
izmantojot 100% ksilénu, jo absoliitais ksiléns var deformét jutigaku paraugu strukturu.
No otras puses, parazitiem ar planu apvalku, it 1pasi ar kutikulas dzelksniSiem papildus
dzidrinasana nav obligata, tomér S$is solis uzlabo iekS€jo struktiiru un organu
vizualizéSanu. Petijuma laika () tika noveérots, ka trematodes biezums nosaka, cik ilgi
paraugs jatur 100% ksiléna, jo biezaka trematode, jo ilgak ta tika tur€ta ksiléna.
Noverojums tika ieklauts izstradataja krasoSanas protokola, kur noradits, ka P.
fasciolaemorpha tiek turéts etanola:ksiléna $kiduma 8-10 min, péc tam 100% ksiléna 30s
— 3 min, $adas variacijas laikos ir pamatotas ar dazados parazitu paraugu biezumu.

Homotermo saimnieku parazitiem ir biezaki apvalki neka poikilotermo saimnieku
parazitiem, jo homotermiem saimniekiem kermena temperatiira nav atkariga no
apkart€jas vides temperatiras. Nemainigu kermena temperatiiru nodroSina
termoregulacija, kas ietver gan kimiskos un fiziskos procesus, gan uzvedibas izmainas,
ka rezultata parazitam ir japielagojas saimnieka termoregulacijas ipaSibam, veidojot

biezaku argja apvalka slani (tegumentu) (Poulin, 1998). S ipatniba tika nemta véra, ka
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rezultata P. fasciolaemorpha paraugiem izstradatais protokols ietver parauga turéSanu
luminofora 15 miniites, bet saldidens trematodes krasosanas protokola paraugs
luminofora jatur 10 miniites.

KLSM ir bitiska metode biologijas p&tijumos un ta kltst arvien nozimigaka ari
medicinas pétijumos, piem., véza diagnostika (Durko & Matecka-Panas, 2015). KLSM
tiek plasi pielietota dazadu sugu morfologiskas un fiziologiskas struktiiras izp&tg, it Tpasi
fiksétiem trematodes paraugiem. V&l jo vairak, dazadie pétijumi un méginajumi uzlabot
dazadu luminoforu ipaSibas, sniedz iesp€jas vizualiz€t parazita kermena virsmas
morfologiskas pazimes, dazadu trematodes sugu piecaugus$u un kapuru stadijas organu
sistémas, it pasi gremosanas un reproduktivo sistému. Plakantarpu parazitu sistematiskie
petijumi tiek veérsti uz detaliz€tu struktiiru izp€ti pat uz virsmas eso$am baribas vielu
atverém, reproduktivo sistemu, ekskrécijas sistemu un dziedzeriem, iesp&jamo jutibas
organu funkcijam un to izkartojumu uz virsmas, trematodes dzelksniSu forma un
izkartojumu veidiem (Jurberg et al., 2008; Borges et al., 2017). Souza un vinas lidzautori
(Souza et al., 2011) izmantoja hidrohlorisko karminu un ar KLSM metodi vizualizgja
trematodes reproduktivo sistému. Veélak Souza un lidzautori (Souza et al., 2013)
aprakstija metacerkariju iecist€Sanos, aktiviz€Sanos, cistas noardiSanos un izskilSanos,
izmantojot KLSM. Ieprieksg€jie pétijumi apstiprindja, ka benzantrona luminofori spgj
iekrasot biologisku materialu (Kalnina et al., 2007; Trusova et al., 2012; Ryzhova et al.,
2016), tapec tika nolemts pétit talak vai benzantroni spgj iekrasot citus biologiskos
objektus izpétei ar KLSM metodi.

Trematodes hermafrodita paaudzei ir raksturiga kermena sienas muskulatiiras
uzbiive, kas sastav no tris slaniem: gredzeniska, Skérssvitrota un diagonala
(Ginetsinskaya, 1988; Galaktionov & Dobrovolskij, 2003). Tikai retos gadijumos ir
atrodami taksoni, kur specializacijas dél kads no slaniem nav vai tas ir aizstats ar kadu
citu. Pieméram, Strigeidea diagonalo muskulu skiedru slanis kermena pakalgja dala ir
aizstats ar gredzenisko muskulu slani, kas nozimé, ka trematodei kermena pakal&ja dala
ir divi gredzenisko muskulu slani (Stewart et al., 2003a,b,c). Tomér izmantota p&tijuma
materiala (I, 11l) bija novérojami visi tris raksturigakie trematodes kermena sienas
muskulattras slani. lesp&ams, ka, modificgjot krasoSanas protokolu, biitu iesp&ams
noverot art citas muskulu Skiedru grupas, jo paslaik izstradatais protokols nav versts uz
kadu konkrétu organu sist€ému vai skeleta muskulatiiras slani. P&c zinatniskas literattiras
datiem ir vairak neka 20 Digenea sugas pétijumi, kur pétnieki vai pétnieku grupas ir

meéginajusi rekonstruét muskulu sistému. Trematodes izmekl&jumos papildus trs
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klasiskajiem muskulu slaniem ir noveroti priek$gjas medialas, mugurgjas radialas,
prieksgjas lateralas un U veida muskulu $kiedras (Mair et al., 1998, 2000, 2003; Stewart
etal., 2003a,b,c; Sebelova et al., 2004; Bulantova et al., 2011; Collins et al., 2011; Petrov
& Podvyaznaya 2016). Ta ka papildus kermena sienas muskulu grupas, visticamakais,
evolucijas cela ir izveidojusas vélak neka tris galvenas muskulu grupas un tas tiek atrastas
sugas no talakiem taksoniem, tad tas nevar uzskatit par Sauras specializacijas rezultatu
(Galaktionov & Dobrovolskij, 2003).

Muskulu slanu pétijumiem tiek izmantotas saméra sarezgitas krasoSanas metodes,
ka pieméram, Krupenko (2014) ka fiksatoru izmantoja 4% paraformaldehida skidumu
PBS un D. subclaviatus krasoja ar TRITC konjuggétu falloidinu. Falloidins piesaistas pie
aktina polime@riskajam un oligomériskajam formam (Oda et al., 2005). Fluorescenta
aktina standarta krasoSanas protokols kopa ar KLSM trematodes muskulu sistémas
izmekle$anai ir ticis izmantots vairakkart (Mair et al., 2003; Sebelova et al., 2004;
Bulantova et al., 2011; Krupenko & Dobrovolskij, 2015; Petrov & Podvyaznaya 2016;
Krupenko & Dobrovolskij, 2018; Krupenko, 2019). Parauga sagatavosana $aja gadijuma
prasa vienu vai pat vairak ka divas dienas, bet rezultata tick iezimé&tas vissikakas muskulu
Skiedras, tadgjadi izcelot sugas raksturigakas pazimes. Miisdienu straujaja dienas rit€juma
divas dienas ir parak ilgs laiks, tapéc tika meklEtas iespjas izstradat specifisku
krasoSanas protokolu, kas té€rétu mazak laika un cilvéka stundu resursu, bet sniegtu
detalizétus rezultatus. Ar pétijuma izstradatiem krasosanas protokoliem (I, 11, 111, 1V),
rezultatus var iegit jau pirmo divu stundu laika. Uzsakot pirmos méginajumus krasot
saldiidens trematodes, iegutajos rezultatos netika noveérota visa kermena muskulu
struktiira, tomér tika iezZim&ta muskulota rikle, mutes un v&dera piesiicekni (l11).
Savukart, pétijuma ar P. fasciolaemorpha (1) tika novérota detalizétaka kermena muskulu
struktiira, vizualiz&jot gredzeniskas, diagonalas un Skérssvitrotas muskulatiiras slanus.
Argjais gredzeniskais slanis bija strukturéts platas joslas, kas atradas paraléli viena otrai,
turklat iekS€jais Skerssvitroto muskulu slanis veidoja vél biezakas muskulu joslas neka
gredzeniskais. Diagonalas muskulu Skiedras bija sakartotas tados ka saiskos, turklat
muskuli Skérsoja viens otru. P&tijumos (I, 111) iegiitie rezultati paradija, ka sintez&tie
benzantrona luminofori un izstradatie krasoSanas protokoli sniedza lidzigus rezultatus ka
krasojot paraugus ar fluoresceina izotiocianatu vai tetrametilrodamina B izotiocianats-
konjugetu, kas iekraso tiesi aktinu (Terentina et al., 2020). Salidzinot iegtitos rezultatus
(1) ar Kumar et al. (2003) rezultatiem, janorada, ka p&tijjuma tika novérots, ka diagonalo

muskulu slani muskula Stinu kermeni bija pievienoti pie muskulu Skiedram. Tomeér,
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pétijumu gaita netika novéroti muskulu $tinu kermeni ne Skérssvitroto, ne gredzenisko
muskulu slant.

Trematodeém ir novérots dzelkSniem klats teguments (Rankin, 1939;
Belopolskaya, 1963; Davies, 1979; Saville et al., 1997; Pina et al., 2011; Krupenko &
Dobrovolskij, 2018, §1 pétjjuma dati (I)). Jau iepriek$€jos pétijjumos ir minéta
tegumentalo dzelks$nu butiska nozime ka kustibu un piekerSanas paligorganam (Bennett,
1975; Davies, 1979; Cohen et al., 1982). Kermena priek$¢jo dalu parklaj dzelk$ni ar
lielaku zobojumu, bet kermena lejasdala atrodami dzelksni ar mazaku zobojumu vai pat
dzelksnis ar 2-3 virsotném (Keie, 1977). Ar KLSM tika novérots, ka kermena prieks¢ja
dala ir blivak nosegta ar dzelk$niem neka kermena apaksgja dala (I, Il1). Lai gan
Krupenko & Dobrovolskij (2018) secinaja, ka dzelkSnu forma, zobinu skaits utt. nav
nosakams tikai ar KLSM metodi, §1 petijuma rezultati (l) apstipringja pretéjo. AZPP
luminofors un KLSM metode sniedza informaciju par dzelkSnu izm&riem, zobinu skaitu
un to formu. Ta ka dzelk$ni parklaj visu trematodes kermeni tiem pavisam noteikti ir sava
loma kustibu un piekerSanas funkcijas. Vel jo vairak, ir jabiit kadam spékam, kas vada
dzelk$nu saskari ar saimniekorganisma glotadu. Visticamakais, So spé€ku nodroSina
kermena sienas un dorsoventralas muskulu Skiedras, veicot ventralo saliekSanos. Ka jau
Krupenko & Dobrovolskij (2015) secinaja, ka gan tegumenta dzelksni, gan muskulatiira
ir pieradijumi par kermena funkcionalo diferencéSanos. Ta ir diferencéSanas starp
kermena prieksgjo dalu (preacetabuluma regions) un aizmugurgjo dalu (postacetabuluma
dala). Kermena priekseja dala ir vairak atbildiga par piekerSanos saimnieka organismam
par ko liecina spécigu tegumentalo dzelkSnu attistiba, kermena sienas un dorsoventrala
muskulatiira.

Adhezivo organu muskulatiira, pieméram, piesiicekniem, lielakoties vienmer ir
loti kompleksa un sastav no vairak ka trim dazadiem muskulu tipiem, kas veidojusies no
kermena sienas muskulu slaniem (Krupenko, 2019). Mair et al. (2000, 2003), Stewart et
al. (2003a), Halton & Maule (2004), Bulantova et al. (2011), Collins et al. (2011), Petrov
& Podvyaznaya (2016), Terentina et al. (2020) savos pétijumos zinoja, ka mutes un
védera piesticeknos tikusi noveroti radialie, ekvatorialie ( = gredzeniskie) un meridionalie
( = Skeérssvitrotie) muskulu slani. Tomér, lielakoties vienmér p&tijumu rezultatos trukst
detalizétas muskulatiras izkartojuma apraksts. Ar1 §1 pétijuma () rezultati apstiprinaja
visu tris raksturigako muskulu slanu esamibu mutes piesticekni. Krupenko (2019)
apstiprindja, ka vinas pétijjuma iegiitie dati par Diginea mutes piesticeknu struktiiru un

muskulu izkartojumu apliecina, ka piesticeknu uzbtve ir krietni vien sarezgitaka neka ir
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pienemts domat. Turklat, standarta termini, kas apraksta piesticeknu muskulatiiru —
radialas, meridionalas, ekvatorialas muskulu Skiedras, izriet no pienémuma, ka
piesticekni ir radiali simetrisks organs (Krupenko & Dobrovolskij, 2015). Tomér, mutes
piesticeknu muskulatiiras izkartojumu ietekmé Sadas pazimes: 1) piesiicekna bilateriala
simetrija, 2) galvenas kermena ass un pasa piesiicekna ass neatbilstiba, 3) piesiicekna
virsmas regionalizacija. Samé&ra nesenos pétijumos par trematodes piesticeknu
muskulatiras izkartojumu, tika piedavats izvairities no “ekvatorialas muskulu skiedras”
termina lietoSanas, jo tas bieZi vien tiek izmantots ka sinonims terminam “gredzeniskas
muskulu Skiedras”, kas veido mutes atvéruma sfinkteri (Mair et al., 1998; Stewart et al.,
2003a; Petrov & Podvyaznaya, 2016). Lai gan dazos pétijumos tas sauktas par
“ekvatorialam” muskulu Skiedram, tas tomer neparadas kermena prieksgala piesticekni
(Stewart et al., 2003a; Sebelova et al., 2004). Iespgjams, ka aprakstitiec muskuli bijusi
l1dzigi prieks€jas malas muskulu grupam. Mutes piesticeknu muskulatiira, visticamak, ir
veidojusies no somatiskas muskulatiiras (Mair et al., 1998; Halton & Maule, 2004). Tiek
pielauts, ka argjas virsmas un mutes piesiicekna atloces meridionalas muskulu Skiedras,
tapat ka atloces aizmugurégjas lateralas muskulu Skiedras ir veidojusas no kermena sienas
gareniskas muskulatiiras. Argjas virsmas un piesiicekna atloces $kérssvitrotas muskulu
Skiedras varetu but veidojusas no kermena sienas gredzeniskas muskulatiras.
Dorsoventralas muskulu Skiedras ir gan parazitiskiem, gan brivi dzivojoSiem
plakantarpiem un tiek uzskatits, ka tiesi Sis slanis nodroSina tarpu plakano formu (Mair et
al., 1998; Tyler & Hooge, 2004; Bolanos & Litvaitis, 2009; Davila et al., 2010).
Mugurégjie muskulu saiski, iesp€jams, veidojusies no dorsoventraliem muskulu saiSkiem.
Diagonalas Skiedras, visticamak, radusas no kermena sienas diagonalas muskulattiras
(Krupenko & Dobrovolskij, 2015, 2018; Krupenko, 2019). Dala gareniskas un
Skeérssvitrotas muskulu Skiedras, kas atrodamas védera piesiicekna uzbtive, ir savienotas
ar mutes piesiicekni vai kadu no organiem kermena priekSpusé. Iesp€jams, ka Sie
savienojumi ir regulé visa kermena kustibas. Skérssvitrotie un krustu $kérseniskas
muskulu grupas kopa ar dorsoventralajam muskulu Skiedram un kermena sienas
muskulatiiru tiek izmantotas bridi, kad kermenis tiek ventrali saliekts, tad&jadi tiek
reguléts spiediens visa kermeni (Mair et al., 1998; Krupenko & Dobrovolskij, 2015). Si
petijuma rezultati (1) noradija, ka gredzeniskas muskulu skiedras ir blivak izvietotas tiesi
kopulacijas organa un kopulacijas organa maisina, salidzinot ar Fasciola hepatica (Mair
et al., 1998). Kopuma iegtitie pétijuma rezultati (I, 111) apstiprinaja vispargjo trematodes

kermena morfologiju péc Skrjabin (1949).
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Zem tegumenta esoSajas parenhimas $iinas tika novérotas glikog€na rezerves,
visvairak tiesi dzeltenuma dziedzeru zona. Izkaisitas glikogéna rezerves tika noveérotas
ar1 piestiprinaSanas organos. Visspilgtaka fluorescence tika noverota parazita olas, kuras
lielakoties sastav no glikogéna un lipidiem (I). Glikogéna rezerves un lipidi kalpo par
energijas avotu, Stnu aktivitates regulatoru un to izmanto biologisko membranu
veidoSanai (Swiderski et al., 2019).

Pétijumos tika izmantoti benzantrona luminofori ar tris dazadam funkcionalajam
grupam: aminobenzantrons (P8, I11), amidinobenzantrons (AM1, AM2, AM4 AM16
(11) un AM323 (1) un aminoamidobenzantrons AZPP (I), kas norada, ka 3-
aminobenzantrona 3. stavokli ir amino ar heterociklisku amido, amidino vai amino grupu.
Luminoforu izvéle tika balstita uz Kapusta et al. (2003), Siddlingeshwar et al. (2011),
Shivraj et al. (2018) un Tarabara et al. (2021) p&tijumiem, kur secinaja, ka funkcionala
grupa nosaka luminofora efektivitati, tad€jadi, pielaujot varbutibu, ka p&tijuma rezultatus
vargtu ietekmét benzantrona funkcionalas grupas. Kopuma iegtitie rezultati (I, 111)
apstiprinaja, ka vispargjo trematodes kermena strukttru, dzelkSnus un piestiprinasanas
organus var vizualizet ar visam trim benzantronu luminoforu grupam. Tomeér, kermena
dimensionalo strukttiru vislabak iezimgja tie§i AZPP luminofors (1) ar amino un amido
fukcionalo grupu. Krasosanas protokols ar P8 luminoforu nav piemerots tegumenta
vizualiz€Sanai. Izmantojot krasu no aminobenzantrona grupas teguments tika noveérots,
tomer iegtie atteli nebija pietickami detalizeti vai arT tie bija zemas kvalitates (graudaini)
(I11). Salidzinot rezultatus starp aminobenzantronu un aminoamidobenzantronu
luminoforiem, tika secinats, ka detaliz€taks teguments tika vizualizets, izmantojot AZPP.
Turklat, tika noverota tegumenta sasaiste ar dzelkSniem un visiem trim kermena sienas
muskulatiiras slaniem: gredzenisko, diagonalo un garenisko (l). Dazadu krasu grupu
izmantoSana nemainija gremosanas sisteémas detaliz&tu rezultatu ieguvi, varétu teikt, ka
tie bija vienlidz vienadi ar visam trim luminoforu grupam (I, Ill). Salidzinot
reproduktivas sist€émas izpé&tes rezultatus P. fasciolaemorpha paraugiem, tika secinats, ka
visdetalizetakie attéli tika iegiiti ar AZPP luminoforu (). Tomer, pétijuma ar saldiidens
trematodém (111) ari AM1 un AM4 no amidinobenzantrona grupam vizualiz&ja
reproduktivo sistému un dzeltenuma dziedzerus.

Benzatronu luminofori var saistities ar protetniem, pieméram, ar cilvéka seruma
albuminu vai lizosomu amiloidam fibrillam (Gorbenko et al., 2010; Ryzhova et al., 2016).
Rozario un Newmark (2015) pétijums paradija, ka lentena Hymenolepis diminuta nervu

sist€ma un citas sensoras struktiiras tika iekrasotas ar anti-sinapSu antikermeniSiem. Tapat
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ka citiem plakantarpiem, arT pieaugusa H. diminuta tarpiem nervu sist€ma sastav no
centralas un periféras dalas. Tika iekrasotas divas nervu stiegras sanos, divi medianie
nervi un viens galvas ganglijs. P&tijuma izstradatie krasosanas protokoli (I, I11) netika
paredzeti kadas konkrétas organu sist€mas krasosanai un vizualiz€Sanai, tapeéc tika
parbaudits vai rezultatos ir redzama kada dala no nervu sistémas. Iegitajos rezultatos,
krasojot trematodes ar sintezétajiem AZPP, AM323, AMI, AM2, AM4, AM16 un P8

benzantronu luminoforiem, netika novérota neviena no nervu sistémas dalam.

4.2. Nematodes (11, 1V)
Petfjuma laika tika izveltas Trichinella gints parazitu sugas T. spiralis un T.

britovi. Veicot jebkadas mikroskopiskas analizes, butiska nozime ir parauga kvalitatei,
kas ietekm@s turpmako analizu rezultatus. P&tjjuma nozime tika pieSkirta ne tikai
izv€letajiem benzantronu luminoforiem un to iekrasotajam struktiiram, bet arT paraugu
uzglabasanas apstakliem. P&tijuma ar AZM benzantrona luminoforu (1) tika izvel&ti T.
spiralis un T. britovi paraugi, kuri tika ievakti kopa ar dzivnieka muskulattiru un dienas
laika tika izdaliti no dzivnieku muskulatiras, péc tam fikséti Cetros dazados kimiskos
fiksatoros. Savukart, pétijuma ar P13 benzantrona luminoforu (1V) tika izvéléti T. spiralis
paraugi, kur parazita kapuri tika uzglabati 96,6% etanola vai kapuri tika saldéti dzivnieku
muskulatiira. Abas trihinellu parazitu sugas ir cilvekam un dzivniekam bistamas
trihinelozes ierosinatajas (Rozycki et al., 2022; Tso et al., 2022). Visbiezak helmintu
rezervari ir majas un meZza ciikas. Paslaik helmintu ierosinata slimiba ienem septito vietu
starp desmit bistamako un ekonomiski nozimigo partikas izcelsmes parazitiem, apdraudot
miljoniem cilvéku visa pasaulé (Koohsar et al., 2021). Balstoties uz slimibu profilakses
un kontroles dienesta datiem 2021. gada Latvija tika registréti 6 trihinelozes gadijumi,
dati par 2021. gada decembri v&l nav pieejami (SPKC, 2022).

Trihinella gint1 ir aprakstitas 8 sugas un 4 unikali genotipi, kas paslaik iedalas
divas evolucionari nozimigas grupas, balstoties uz kolagéna kapsulas esamibu vai
neesamibu. Morfologisko Iidzibu dél Trichinella sugas izolatus ir kluvis loti griiti noteikt
lidz sugas Iimenim, lidz ar to gadu laika ir attistijusas vairakas biokimiskas un
molekularas metodes, tad€jadi atvieglojot sugu un genotipu noteikSanu (Zarlenga et al.,
2020).

Gandriz visas Stinas un audi ir sp&jigi fluorescét tuvu redzama spektra
ultravioletajam starojumam. Lai pétitu sintez€tos fluorescentos luminoforus,

fluorescences signalam ir jabit atdalitam no luminofora un autofluorescences signala.
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Vieglakais veids ka to izdarit ir izv@leties absorbcijai atbilstoSo vilna garumu. Parasti
autofluorescences ierosmes regions atrodas apméram 400 nm un pétijuma tika izvélcta
488 nm absorbcija (Il), slap&jot autofluorescences signalu attieciba pret markiera
fluorescences signalu (Schnell et al., 1999; Neumann & Gabel, 2002). Absorbcija pie
konkréta vilna garuma sniedza vairak informacijas par luminoforu un p&tamajiem
paraugiem. Piem&ram, absorbcija pie 405 nm deva labakus krasoto paraugu fluorescences
un autofluorescences  attelus.  Absorbcija pie 488 nm deva labako
fluorescences/autofluorescences signalu attiecibu. Lidzigi ka ar trematodes paraugiem (|,
I11), trihinellas kapuri tika fikséti vairakos kimiskos fiksatoros un p&c tam tika parbaudits
vai tie spgj ietekm& KLSM rezultatus. Petijums (Il) atklaja, ka vispiemérotakais
kimiskais fiksators no dzivnieku muskulatiiras izdalito un fiks€to trihinellu kapuriem,
kuri péc tam tiek pétiti ar KLSM, ir Bouina fiksators. Rezultata tika iegiiti detaliz&ti dati
par kapura morfologiju un tas izkartojumu.

Trichinella gints pétijumos KLSM lielakoties izmantota, p&tot ekskretoro un
sekretoro antigénu (Li et al., 1999), imiinas atbildes (Bai et al., 2012), vai T. spiralis
mijiedarbibu muskulu $iinas in vitro (Bai et al., 2011) un izmantota dazados p&tjjumos,
kur tiek izveértéts patologiskais un/vai terapeitiskais efekts (Li et al., 1999; Masetti et al.,
2004; Hao et al., 2014). Murata et al. (1998) izmantoja konfokalo mikroskopiju, p&tot
dziedzeru $iinas, to kodolu izplatibu un izmérus gan trihinella kapuros, gan picaugusajos
patnos. Petijuma ietvaros izstradatais krasoSanas protokols ir piemeérots nesen ievaktiem,
no dzivnieku muskulatiiras izdalitiem un fiksétiem kapuru paraugiem, kas iegtti ar
magnétiska maisitaja metodi (Il). Izstradatie protokoli ir atri un vienkarsi (I, 1V)
salidzinot ar zinatniskaja literatiira aprakstitajiem krasoSanas protokoliem, kur paraugu
sagatavoSana sastav no vairakiem soliem, kur viens solis var ilgt pat vairakas stundas.
Viena parazita krasoSana, izmantojot paSreiz aprakstitos krasoSanas protokolus, var
aiznemt vairakas stundas un procediira ir piemérota specifisku parazita sistemu
krasoSanai (Stewart et al., 2003a,b,c; Davila et al., 2010; Krupenko, 2014).

Zinatniskas literatiiras datos vienmér, veicot analizi par kapura morfologiju, tiek
aprakstiti pétfjumi ar trihinella parazita kapuru. Teévinu no matites var atSkirt ar $adam
morfologiskam pazimé&m: kapura garums - t€viniem vidgji 0,62 mm lidz 1,58 mm; matitei
—0,71 mm Iidz 3,35 mm; Kapura platums - téviniem - 25 um Iidz 38 pm; matitei — 25 pm
11dz 43 pm. Tomeér Siem mérfjumiem nav nekadas nozimes diagnostika, jo trihinellu var
viegli izol&t un identificét tikai tas muskulu kapura stadija (Pozio & La Rosa, 2010; Pozio

& Zarlenga, 2019). Zarnu izliekums parasti ir tuvu izliekuma virsmai; dazos kapuros ta
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var bit tuvu ieliekuma virsmai; zarnas $kérso gonadas no izliekuma uz ieliekuma virsmu,
dazos kapuros var noveérot, ka zarna $kérso gonadu no ieliekuma uz izliekuma virsmu un
tad atkal Skérso gonadu uz izliekuma virsmu. Neviena no pétijumu rezultatiem (11, 1V)
netika noverots, ka zarnas Skérsotu gonadu divas reizes ne té€vinu, ne matites paraugos.
Vel viena pazime ar ko var atskirt trihinellas kapuru dzimums ir péc gala zarnas garuma.
Teviniem vidg&jais gala zarnas garums ir 40 um Ilidz 50 um, bet matitém tas ir gandriz uz
pusi mazaks 17 um lidz 35 um. P&tijuma laika tika izstradats krasoSanas protokols (I1),
kas ir piemérots kapura dzimuma noteikSanai, izmé&rot gala zarnas garumu trihinella
kapuriem. P&tfjuma rezultatos tika iegits, ka gala zarnas garums T. britovi teéviniem ir
41.08 £4.26 um SD un T. spiralis - 46.08 £ 2.95 um SD; matiteém 21.19 + 2.45 um SD
un 20.55 + 1.48 pm SD. legiitie petijuma dati sakrit ar citu petijumu datiem un apstiprina,
ka tevinu gala zarnas garums ir divreiz lielaks neka matitem (Kozek 1975; Liu et al.,
1991, Pozio & La Rosa, 2010). Trihinellu kapuru dzimuma noteikS$ana ir btiska, nosakot
parazitu dzimumu attiecibu saimniekorganisma. Attistot jaunas metodes parazita
dzimuma noteikSana, iegiitie dati biitu noderigi parazitu populacijas reproduktivas
strat€gijas kontrolésana (Pires-da Silva, 2007). Jebkura gadijuma dzimuma attieciba ir
svariga populacijas petijumos. Parasti, parazitu populacijas ir fragment&tas vieta un laika
un Trichinella gintij ir raksturiga masu un bralu kopiga transmisija.

Petijuma iegiitie rezultati apstiprinaja tipisko nematodes kermeni (11, 1V): Sauraka
kermena priek$gja dala un plataka kermena aizmugur€ja dala. Tika iezimé&tas kermena
iekSejas struktiras, taja skaita kermena siena (kutikula, hipoderma un hipodermalie
muskuli) (I1). Kapuru kutikula sastav no tris vai vairak arg€jiem slaniem, kas ir veidoti no
kolagéna un citam sastavdalam. Epiderma vai hipoderma veido argjo kutikulas slani un
Sis slanis ir bezSiinu (Lichtenfels et al., 1983). legutie rezultati uzradija augstu
fluorescences signalu kapuru kutikula (Il, 1V). Augsta fluorescences signala c€lonis
kutikula var but lipidu uzkrasanas trihinellas kapuru epikutikula, attiecigi lipidi ir
energijas avots parazita izdzivosanai saimnieka muskulu $iinas (Gounaris et al., 1996).
Kopuma trihinellas kermeni klaj rievota kutikula (Hetherington, 1924) un §1 pétijjuma
laika tika noverots, ka pastav atskiribas starp T. spiralis un T. britovi kapuru kutikulu. T.
spiralis kapuriem tika novérots rievojums, ta saucama “pseidosegmentacija”, savukart T.
britovi kutikula netika noveérotas $kérsas linijas vai rievojums (Il). Lai gan muskulu
kapurs vél ir viena no savam attistibas stadijam, tam jau ir pietickami attistiti organi
(McVay et al., 1998). Pétjjumos apstiprinajas, ka muskulu kapuram ir attistita gan

gremosanas, gan reproduktiva organu sist€ma (I1, 1V). Stichosome ir eksokrinais organs,
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kas aiznem aizmugurgjo kapura kermena dalu un ir cieSi saistits ar baribas vadu.
Stichosome veido viena rinda 45-55 stihocitu ar citoplazmatiskajam granulam, kuras tiek
izdalitas arpus baribas vada (Despommier & Miiller, 1976). Stichosome un stihociti tika
noveroti gan sald€tos paraugos, krasoti ar P8 (1V), gan svaigi izdalitos paraugos, krasoti
ar AZM (I1). Krasojot paraugus ar AZM (11), tika noverots arT baribas vads, kas sastav
no vienslana epitélija ar bazalo membranu bazalaja pusé. Citi pétijumi ir apstiprinajusi,
ka trihinellu baribas vada ir novérojami Cetri epit€liju tipi un dazas no epitélija Sinam ir
mioepitélijs, kas nodro$ina baribas vada peristaltiku (Tahahashi, 2021). Pétijumos (I,
IV) netika noverotas dazadas epitéliju Siinas, bet pastav iesp&ja, ka, optimizgjot
krasoSanas protokolu, tas varétu noverot, izmantojot KLSM. Kermena aizmugurgjo dalu
aiznem viduszarna un dzimumorganu aizmetnis, tie abi novietoti paral&li viens otram.
Visticamakais, ka viduszarnas funkcija ir baribas vielu absorbcija (Takahashi et al.,
1988). Ar AZM krasotajos paraugus tika novérota gan viduszarna, gan dzimumorganu
aizmetnis (I1), bet ar P8 — tikai dzimumroganu aizmetnis (IV). Ar AZM tika iekrasotas
visa gremosanas organu sistema (I1). V&l viena pazime, kas var atskirt tévinu no matites
kapura, ir glikogéna krajumu daudzums dzimumorganu aizmetni (Takahashi et al., 1987).
Matitém Sie krajumi ir lielaki, 11idz ar to, krasojot paraugus ar benzantrona luminoforiem,
vieta, kur bus lielaks glikogéna daudzums, biis noveérojama intensivaka fluorescence.
Rezultatu izverteésana tika secinats, ka glikogeéna krajumus matites kapuros labak iekraso
P8 (1V).

Petijuma ar AZM luminoforu tika noverots nervu gredzens, bet netika noveérotas
detalizétakas strukttras. Ar P8 luminoforu (V) netika vizualiz€tas nervu sist€émas dalas.

Izstradatais krasoSanas protokols (1) tika izm&ginats ar komercialo luminoforu,
attiecigi, tika veiktas visas tas pasas darbibas, tikai sintez&ta benzantrona luminofora vieta
tika izmantots 3-metokibenzantrons. Tika izmantoti tie pasi lazeri ar tiem pasiem vilnu
garumiem un filtriem. legiitie rezultati apstiprindja, ka katram sintez€tajam luminoforam
un biologiskam paraugam ir jaizveido specifisks krasosanas protokols.

Lai gan iegiitie rezultati (I1, IV) apstiprindja citu petnieku gttas atzinas un tika
novérotas divas biutiskakas pazimes, kas atSkir t€vinu kapurus no matitém, tomeér ir
vajadzigi papildus p&tijumi par citam Nematoda tipa sugam. Pavisam drosi varam teikt,
ka talaka nakotng€ izstradatie protokoli tiks optimizeti, iesp&james, tik talu, lai iekrasotu jau
konkrétas organu sist€émas vai to struktiiras.

Kopuma tika sintez&ti devini benzantrona luminofori P. fasciolaemorpha (ad.)
(AM323, AZPP), D. spathaceum (mtc.), D. subclaviatus (ad.) un P. confusus (ad.) (AM1,
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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 Klases, gan Nematoda tipa parazitu
sugu izpéte. Tika izstradati noteikti krasoSanas protokoli parazitu sugu efektivai un atrai
izpétei, izmantojot KLSM, iegiistot detaliz&tus rezultatus divu stundu laika. Protokolu
izstrades laika tika novérots, ka krasosanas sola ilgumu trematodes paraugiem nosaka tas,
no kada saimnieka (poikiloterma vai homoterma) trematode tikusi iegiita. KrasoSanas
protokoli var tikt izmantoti paraugiem, kas fikséti septinos dazados kimiskos fiksatoros,
ka ar1 tris dazadu tipu trihinellu kapuru parazitiem: vienas dienas laika no dzivnieku
muskulatiiras izdalitiem un fiks€tiem kapuriem; kapuriem, kas uzglabati 96% etanola un
sasaldétiem kapuriem dzivnieku muskulatiira. Izmantojot specifisku benzantrona
luminoforus un noteiktus krasoSanas protokolus, ir iesp&jams noteikt atSkiribas T. spiralis

un T. britovi kutikulas uzbtivé 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, I, 111, 1V).

2. P.fasciolaemorpha (ad.) (I), D. spathaceum (mtc.), D. subclaviatus (ad.), P. confusus
(ad.) (1) parazitu, kas fikséti 70% un 96% etanola, AFA, Karnoja un Bouina
Skiduma; 10% neitrali buferéta formalina sugu efektivai un atrai izpétei tika izstradati
krasoSanas protokoli, izmantojot AM323, AZPP, AMI1, AM2, AM4, AM16 un P8
benzantrona luminoforus. P. fasciolaemorpha parazitu paraugu anatomiskas un
muskulatiiras izkartojuma detaliz&tai izp&tei ar AZPP luminoforu vispiemérotakie ir
70% etanola vai AFA §kiduma fikséti paraugi: 70% etanols un AZPP luminofors argjo
struktiru un muskulu slanu izpétei; AFA skidums un AZPP luminofors ieksgjo
struktiiru izpétei. Bouina fiksators nav piemérots P. fasciolaemorpha paraugu
fikséSanai, ja tie tick analizéti ar KLSM (1). AM1, AM2, AM4, AM16 un P8
luminofori dod iesp€ju detalizeti vizualiz€t gremosanas un reproduktivo sisteému D.
spathaceum (mtc.), fiksétiem 96% etanola; D. subclaviatus (ad.), fiksétiem Karnoja
Skiduma; P. confusus (ad.) fiksétiem AFA Skiduma (l1l). Tika secinats, ka no
poikiloterma saimnieka izol&tas trematodes krasoSanai ir vajadzigs mazak laika neka
no homoterma saimnieka izol€tas trematodes krasosanai.

3. T.spiralis un T. britovi parazitu, kas fikséti 70% un 96,6% ctanola; AFA, Karnoja un
Bouina $kiduma sugu efektivai un atrai izp@etei tika izstradati krasoSanas protokoli,
izmantojot AZM un P13 benzantrona luminoforus. Tika secinats, ka sintez&tais
benzantrona luminofors AZM ir piemérots no dzivnieku muskulatiiras izolétiem
trihinellas kapuriem, fiksétiem dazados kimiskos fiksatoros, izpétei. Izstradatais
krasoSanas protokols ir piem&rots T. spiralis un T. britovi kapuru dzimumu
noteikSanai, mérot kapuru gala zarnas garumu (). Sasaldéta dzivnieku muskulattra
vai 96,6% ectanola uzglabatu T. britovi kapuru efektivai un atrai izp&tei tika izstradats
kraso$anas protokols ar P13 (1V).

4. Trematoda klases un Nematoda tipa parazitu sugu efektivai un atrai izpé&tei 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 (1); T. spiralis un T. britovi Bouina skidums un AZM (11); D. spathaceum

(mtc.) 96% etanols, D. subclaviatus (ad.) Karnoja skidums, P. confusus (ad.) AFA
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skidums un AM1, AM2, AM4, AM16 un P8 (I11); T. britovi 96,6% etanola Iidz tris

gadiem vai saldéti kapuri dzivnieku muskulatiira 1idz diviem gadiem un P13 (1V).
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Liels paldies visiem rakstu lidzautoriem: Gavarane I., Kirilova E., Mezaraupe L.,
Kirjusina M., Osipovs S., Deksne G., Puckins A., Kokina 1., Bulanovs A. Kecko S.,
Plaksenkova I., Pupin$ M. Paldies visiem, kas atbalstija un bija iesaistiti promocijas darba
tap$ana, paraugu vak$ana un izolé$ana. Ipass paldies Ligitai MeZaraupei par atbalstu
pétijuma prakstiskas dalas veikSana.

Paldies manai gimenei par izturibu, atbalstu un motivaciju.

Promocijas darbs ir izstradats, izmantojot Eiropas Regionala attistibas fonda lidzfinanséta
projekta ,,Jaunu luminiscentu savienojumu molekularais dizains diagnostikas meérkiem”,

vienoSanas Nr. 1.1.1.1/16/A/211 ietvaros.
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Abstract: Luminescent derivatives of benzanthrone are becoming more useful based on their light-
absorbing and fluorescent-emitting properties. Our previous studies showed that luminescent stain-
ing properties of the same benzanthrone dye differ for variable parasite samples. Therefore, two
types of benzanthrone dyes were prepared. One has a strongly basic amidine group and a halogen
atom, and the other has an amide moiety and a tertiary amine group. Trematoda Parafasciolopsis
fasciolaemorpha is a liver fluke of a moose (Alces alces) and has a significant influence on the health
and abundance of the moose population. Staining protocols for parasite P. fasciolaemorpha specific
organ or organ systems imaging are mostly time-consuming and labor-intensive. The study aimed
to compare the fixation technique and the staining protocol by synthesized benzanthrone lumines-
cent dyes to determine detailed morphology, anatomical arrangement of the organ systems and
gross organization of the muscle layers of P. fasciolaemorpha using confocal laser scanning micros-
copy. Luminophores were tested for samples fixed in different fixatives. Developed dyes and stain-
ing protocol resulting in imaging of all parts of trematode without additional sample preparation
procedures, which usually are required for parasite examination. Obtained results confirmed that
the most qualitative results could be reached using 3-N-(2-piperidinylacetamido)benzanthrone dye
which has amide moiety and a tertiary amine group. Based on obtained results, 3-N-(2-piperidi-
nylacetamido)benzanthrone gave more qualitative parasite visualization than 2-bromo-3-N-(N’,N’-
dimethylformamidino)benzanthrone.

Keywords: Parafasciolopsis fasciolaemorpha; trematode; moose; benzanthrone luminescent dye; con-
focal laser scanning microscopy

1. Introduction

Luminescent dyes are becoming popular to label specific biological processes, struc-
tures, and molecules [1,2]. Therefore, improvements in dye chemistry are required for the
discovery of the helminth’s detailed structure. In a previous investigation by Kirilova et
al. [3], various benzanthrone derivatives (with substituted amidine or amine groups in 3-
position of benzanthrone core) were applied for visualization of the internal and external
structure of freshwater trematodes species such as Diplostomum spathaceum, Diplodiscus
subclavatus and Prosotocus confusus. Studied benzanthrone dyes, using AFA fixative,
showed good visualization of internal organ systems and body wall of parasites. Addi-
tionally, developed luminescent dye 3-N-(2-pyrrolidinoacetamido) benzanthrone was ap-
plicable for callus embryo detection [4]. We can explain the obtained results by specific
intermolecular interaction between the applied dye molecules and the stained tissues. As
it is known that the benzanthrone core, consisting of four fused aromatic rings, has a
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strong hydrophobicity, primarily interacts with the most lipophilic parts of tissues,
namely, with the lipids of cell membranes. At the same time, the dye molecules also con-
tain basic polar groups, which allow them to interact (especially after their protonation
with an acidic fixative) with negatively charged groups of tissues, mainly with proteins.
Obviously, this combination of interactions of different types contributes to good staining
and visualization of the investigated samples. Additionally, benzanthrone luminescent
dyes are more photostable, and the development of such slides is required not only for
research needs but also for training material preparation. Another important step in a
staining protocol creation is sample fixation. The aim of fixation is to keep cellular and
extracellular structures as close as possible to the parasite’s structure in vivo and to pre-
vent damages caused by autolysis [5]. The commonly used fixation solutions for further
trematodes staining are the ethanol solutions [6]; the Bouin’s solution [7-9]; the Carnoy’s
solution [10-13]; the 10% neutral-buffered formalin [14], and the alcohol-formaldehyde-
acetic acid (AFA) [15,16]. The choice of applicable staining method and appropriate fixa-
tive depends on the study object. The incorrect staining or fixation method has an influ-
ence on the interpretation of study results [17]. Continued development of laser technol-
ogy, digital imaging methods, the availability of brighter and more photostable fluores-
cent probes and the confocal laser scanning microscopy (CLSM) have made feasible novel
experimental approaches for various label fluorescence, multidimensional and live-cell
imaging, and microscopy [18]. The improvement of microscopy approaches gives more
detailed information about parasite’s organ systems, ultrastructural data for muscle fi-
bers, cell bodies, detailed information about general morphology and gross anatomical
arrangement of the organ systems [19,20]. Moreover, CLSM allows re-examining already
mounted specimens from helminthological collections [21]. The process of staining is im-
portant for the understanding of the parasite’s morphology and species identification.
There are numerous staining methods, starting from old and more natural dyes such as
carmine and saffron and ending with unnatural dyes, hematoxylin and synthesized ani-
line dyes [22,23]. Staining protocols using commercially available dyes for CLSM usually
are complex and time-consuming, as at least two days are required to obtain results [24].
Through developing specific benzanthrone luminophores for biological object staining,
we are suggesting simple and rapid staining protocols that would take up to 20 min.

Moose (Alces alces) is a wild definitive host of Parafasciolopsis fasciolaemorpha (Ejsmont,
1932) [25]. The hepatic Trematoda parasite is a causative agent of parafasciolopsosis [26—
28]. The moose liver fluke was first detected in 1932 in Eastern Europe. Nowadays, the
parasite was found in roe deer (Capreolus capreolus) from Poland [29] and in moose from
Belarus [30], from Latvia [31,32], from north-western Russia [33] and from Poland [34]; in
red deer (Cervus elaphus) from Hungary [35] and from Belarus, and in European bison
(Bison bonasus) from Belarus [30]. The parasite is leaf-shaped or lanceolate (about 3-7 mm
in length and about 1-2.5 mm in width) [36,37]. Moose become infected by ingestion of
parasite, which can be swallowed with contaminated water or grass near water basins
[34,38-39]. Mature flukes are found in bile ducts, duodenum, and pancreas [28,34,37]. P.
fasciolaemorpha impact on moose mortality has been clarified in several studies [26-28].
Presence of the infection of P. fasciolaemorpha in moose has a significant impact on the
health of the individual and a potential threat to domestic animals [29]. The present work
was aimed to compare the fixation technique and the staining protocol by synthesized
benzanthrone luminescent dyes for determination of detailed morphology, anatomical ar-
rangement of the organ systems and gross organization of the muscle layers for P. fasci-
olaemorpha using CLSM.

2. Materials and Methods
2.1. Synthesis of Fluorophore 2-Bromo-3-N-(N’,N’-Dimethylformamidino)benzanthrone

The molecular formula of 2-bromo-3-N-(N’,N’-dimethylformamidino)benzanthrone
(AM323) is C20H1sBrN20. The molecular weight is 379.26 g mol-'. The dye AM323 was
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obtained from 3-amino-2-bromobenzanthrone accordingly to the described procedure
[40].

2.2. Synthesis of Fluorophore 3-N-(2-Piperidinylacetamido)benzanthrone

The molecular formula of 3-N-(2-piperidinylacetamido)benzanthrone (AZPP) is
C2sH2N202. Molecular weight is 370.46 g mol-'. The dye AZPP was prepared from 3-(2-
chloroacetamido)benzanthrone accordingly to the described method [41].

2.3. Fluorescence Measurements

Spectral parameters were measured in eight organic solvents: hexane, benzene, chlo-
roform (CHCls), ethyl acetate (EtOAc), acetone, ethanol (EtOH), N,N-dimethylformamide
(DMEF), dimethyl sulfoxide (DMSO), and in PBS buffer (pH = 7.4) for solutions with con-
centrations 10-° M at an ambient temperature in 10 mm quartz cuvettes. All solvents were
of p.a. or analytical grade. The absorption spectra were obtained using a UV-visible spec-
trophotometer Specord® 80 (Analytik Jena AG, Germany). The fluorescence emission
spectra were recorded on an FLSP920 (Edinburgh Instruments Co., Ltd., Scotland, Edi-
burgh) spectrofluorometer using 3-methoxybenzanthrone (QS = 0.56 in acetone [42]) as
the reference luminophore [43].

2.4. Collection of Adult Parafasciolopsis fasciolaemorpha

Adult Trematoda worms were collected from naturally infected moose (Alces alces)
livers in the 2018 autumn. Obtained livers were unhealthy; bile ducts were expanded and
clogged; cavities were filled with dark yellow liquid. The bile duct and its cavities were
cut to collect dark yellow liquid containing parasites. The slimy liquid was rinsed with
physiological solution several times until the parasites were completely washed off.

2.5. Chemical Fixation

The fixation process is used to prepare parasites for dye binding. Subsequently, the
obtained trematodes were fixed in six chemical fixatives. The chemicals, their amounts,
pH, fixation and post-fixation times used in this study are shown in Table 1. Fixation was
performed at room temperature for all specimens.

Table 1. Description of specimen fixation and storage conditions.

Chemical Fixative

Chemical 70% 96% Carnov’s Solu 10% Neutral
L. Etha- Etha- AFA Solution y Bouin’s Solution Buffered Forma-
Fixative tion .
nol nol lin
40% formalin;
(17:2:1) 85% (15:4:1) picric acid, . / ’
6:3:1 absolute distilled water;
Content of ethanol: 40% saturated aqueous . .
e 70% 96% . ethanol: chloro- . sodium dihydro-
chemical fix- formalin: gla- . solution: 40% forma-
. ethanol ethanol | . form: glacial ace- . . . gen phosphate;
ative cial acetic; pH = . lin; glacial acetic .
tic acid ) sodium hydro-
4.5 acid
gen phosphate
Until Until
Time of fixa- Until examina-
. exami- exami- 2h 2h 2h .
tion . . tion
nation nation
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Washing N/A N/A 70% ethanol 70% ethanol 70% ethanol N/A
. . o o 10% neutral
Chenu.cal fix- 70% 96% 70% ethanol 70% ethanol 70% ethanol buffered forma-
ative ethanol ethanol lin
Storage 4 °C until required
N/A not applicable

2.6. Staining Procedure for Parafasciolopsis fasciolaemorpha

Adult Trematoda worms, which were fixed in various chemical fixatives, were used
for the staining. The worms were stained with benzanthrone dyes: AM323 and AZPP for
15 min. Then the specimens were washed with 96% ethanol after they were placed in eth-
anol-xylene (1:1) solution for 8-10 min and cleared by 30 s-3 min with 100% xylene to
obtain appropriate transparency controlled under stereomicroscope SMZ800 (Nikon, Ja-
pan). Specimens were mounted in the Canada balsam (Sigma-Aldrich) and then were cov-
ered with a coverslip (24 x 24 mm), dried and kept in the dark until examination.

2.7. Confocal Laser Scanning Microscopy

Finally, the specimens were examined under high-speed multiphoton CLSM Nikon
Eclipse Ti-E configured with an A1 R MP microscope system and equipped with a digital
sight DS-U3 camera (Nikon, Japan). Slides were observed at various magnifications, from
x40 up to x600. Autofluorescence was measured with 405 with filter 425-580 nm and 488
nm with filter 500-655 nm wavelengths, and to excite autofluorescence, equal intensities
were used. An internal spectral detector performed the registration of the fluorescence
signal. The start wavelength for the fluorescence signal registration was chosen to be 20
nm higher than the excitation wavelength until the edge of visible red spectra. Fluores-
cence was induced by using the following excitation laser wavelengths: (i) A = 488 nm with
the FITC filter (500-550 nm) and (ii) A = 638 nm with Cy5 filter (662-737 nm). NIS Elements
Advanced Research 3.2 64-bit software (Nikon, Japan) was used to process data from
CLSM, to make snapshots, Z-stacks (with a 0.9 um Z step size). The morphological meas-
urements were carried out with a computer program NIS Elements AR Analysis 3.2 64-
bit.

3. Results
3.1. Synthesis

According to the literature and our previous research on the luminescent dyes' de-
sign, benzanthrone derivatives are known as environmentally sensitive fluorophores ex-
hibiting bright from green to red fluorescence depending on their chemical structure both
in solutions and in the solid state.

For the development of new efficient luminescent benzanthrone dyes, various or-
ganic chemistry methods and synthetic procedures are applied using mainly as initial
substances 3-aminobenzanthrone or its derivatives. One of the applied synthesis methods
is based on the condensation reaction between the primary amino group of 3-aminoben-
zanthrone or 3-bromo-9-aminobenzantrone with appropriate unsubstituted and substi-
tuted amides in the presence of a dehydrating reagent (phosphorus oxychloride),
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resulting in new luminescent 3-amidino derivatives [44,45]. The main technique for pre-
paring novel substituted 3-amido dyes is the nucleophilic substitution of the chlorine
atom in 3-N-(2-chloroacetamido)benzanthrone by the reaction with an appropriate het-
erocyclic secondary amine in 1,4-dioxane as solvent resulting in corresponding tertiary
heterocyclic amidoamine [41]. In the current research, two novel highly emissive perspec-
tive benzanthrone dyes with amidine group (AM323) and with substituted amide group
at 3-position of benzanthrone system (AZPP) were selected for visualization purposes.

2-bromo-3-aminobenzanthrone was used as the initial substance for the preparation
of fluorophore AM323 by condensation reaction with N,N-dimethylformamide in the
presence of phosphorus oxychloride. Obtained red-colored dye is soluble in many polar
and non-polar organic solvents.

A second dye, AZPP, was obtained from 3-(2-chloroacetamido)benzanthrone in re-
action with piperidine in 1,4-dioxane solution. The prepared yellow-colored dye has bet-
ter solubility in non-polar organic solvents. Both compounds have excellent emitting
properties.

3.2. Photophysical Parameters

To fully characterize the prepared luminescent compounds, their optical properties
were studied in various media. The UV/vis absorption spectra and fluorescence charac-
teristics (spectra, quantum yields, Stokes shifts) of studied dyes have been recorded in
eight organic solvents with a wide range of polarities and in water (PBS buffer, pH =7.4).
The data of absorption and emission band maxima are summarized in Table 2.

Table 2. Photophysical parameters of the investigated fluorophores.

AM323 AZPP
Die- Emis ]i:,n Sto
Solvent lectric Absorption sion Stokes Absorp- sio kes
Con- Aabs (lgﬁ), Aem Do Shift, tion Aabs n @, Shif
stant nm ! cm?  (Ige), nm t,
nm Aem,
cm!
nm

Hexane 1.89 430 (2.68) 523 025 4135 442 (2.62) 531 0.12 3792
Benzene 2.28 446 (2.90) 558 023 4500 447 (2.72) 549 0.17 4156
CHCls 4.70 447 (2.94) 593 032 5508 445(2.88) 561 0.58 4647
EtOAc 6.02 448 (2.88) 576 023 4960 438(291) 545 0.32 4482
Acetone 20.70 448 (2.87) 603 0.15 5738 438(2.95) 554 0.57 4781
EtOH 2430 464 (2.80) 660 0.01 6400 430(2.97) 562 0.70 5462
DMF 36.70 464 (2.83) 624 0.03 5526 439(2.92) 661 0.57 7650
DMSO 49.00 465 (3.00) 627 0.02 5556 434 (2.96) 570 0.58 5498
PBS (

79.00 469 (2.97) 667 0.01 6329 433(2.98) 658 0.07 7897
buffer

In general, it could be seen that absorption spectra do not show substantial variations
with solvents: a bathochromic shift in the absorption spectra on changing the solvent from
hexane to dimethyl sulfoxide is 35 nm for fluorophore AM323, but for dye AZPP the hyp-
sochromic shift (only 8 nm) is observed. For both studied substances the positions of ab-
sorption maxima are situated between 430—465 nm.

The effect of polarity of the solvent on fluorescence is more pronounced than on the
absorption spectrum: as the emission spectrum reveals positive solvatochromism when
going from non-polar hexane to polar solvent (ethanol, DMF, or DMSO). This is typical
spectral behavior for fluorophores with intramolecular charge transfer, which leads to a
large dipole moment in the excited state and high emission parameters sensitivity to the
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polarity of the surrounding [43]. The dye AM323 displays a large bathochromic shift (137
nm) of fluorescence maximum on changing the solvent from hexane (523 nm) to ethanol
(660 nm). But dye AZPP demonstrates higher fluorescence bathochromic shift (130 nm),
changing the solvent from hexane (531 nm) to dimethylformamide (661 nm). Such a dif-
ference between the studied fluorophores can be explained by the specific interaction of
the dye molecule with the solvent molecules due to the amino group's different basicity
and the amidino group.

An important photophysical characteristic of fluorescent dye is Stokes shift-differ-
ence between positions of the band maxima of the absorption and emission spectra. Stokes
shift represents differences in the equilibrium geometries (bond lengths, angles, torsional
angles, and vibrational frequencies) of the ground and excited states, i.e., the internal re-
organization energy [43].

As seen from Table 2, the Stokes shifts are higher in the case of more polar solvents,
indicating distinguished stabilization of the excited state in these solvents.

The maximal Stokes shift value for organic solvents is observed for fluorophore
AZPP (up to 222 nm (~7650 cm™) in dimethylformamide solution). However, for AM323
it is 196 nm (~6400 cm™) in ethanol.

3.3. Chemical Fixation

In the course of the experiment, 30 trematodes were used for each combination of
chemical fixative (in total, six chemical fixatives) and luminophore (in total, two benzan-
throne luminophores). Three biological replicates were done during this study. Overall,
1080 trematodes were used for the entire experiment.

It was observed that the specimens' overall morphology was not changed during the
fixation in all cases. None of the fixed samples changed the color after fixation, but the
specimen was fixed in Bouin’s solution. As Bouin’s solution contains picric acid, the color
of the fixative is yellow, which means that all samples were dyed in yellow. The chemical
fixative assessment was performed twice: at the end of the sample preparation process to
assess if there are physical changes of trematodes and during microscopy to assess which
combination of benzanthrone dye and fixative is the most appropriate (please refer to Ta-
ble 3).

Table 3. Comparison of chemical fixatives.

Chemical fixative

Physical Changes in Specimen Comments

70% ethanol

96% ethanol

AFA solution

Carnoy’s solution

Bouin'’s solution

Optimal concentration of ethanol for trema-
tode sample fixation, no damages to the
sample, sample after fixation became a little
darker
Specimen became robust; challenging to
+ squeeze between coverslip and slide, sam-
ple after fixation became a little darker
No physical changes in the specimen were
observed
Specimen became impregnated with fixa-
+ tive, which caused enlargement of sample
(data not shown)
Fixative did not washout; specimen turned
yellow

10% neutral buffered formalin - No physical changes in specimen observed

- physical changes in specimen was not observed

+ physical changes in specimen was observed
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3.4. Staining and Examination of Parafasciolopsis fasciolaemorpha

Staining of parasites was performed in parallel for direct comparison of both dyes.
Each fixed trematode was stained 3 times with the same benzanthrone dye.

AZPP dye provided excellent imaging of the whole body of trematode in 40x magni-
fication. The surface, along with spikes, was observed in good quality, oral and ventral
suckers were easily detected, the spatial (dimensional) structure was visualized. All three
muscle layers-circular, diagonal and longitudinal, were observed at the same time in 100x
magnification. In the arrangement of the oral and ventral suckers” muscle fibers besides
circular and longitudinal muscle fibers, also radial muscle layer was visualized. Tegument
was visualized in detail like a regular net that covered the parasite. The area where the
spike connected to the tegument was visualized. Clear visible parenchyma cells were ob-
served in the tail area. Oral sucker continued in short prepharynx then in the pharynx.
The esophagus was split into two caeca. No diverticula were observed, the intestine was
smooth. The excretory bladder was clearly visible. The reproductive system was imagined
in detail. Radial muscles, cirrus channel, spikes on cirrus surface were observed. The
ovary was observed only in few specimens. Uterus was poorly visualized and only with
AZZP dye and 70% ethanol combination. Due to fixative eggs were flattened and were
observed in the uterus. Vitellaria created follicles located dorsal against the intestine, on
both sides of the body, starting from the esophagus to the posterior end. Two irregular
testes located under the ventral sucker were observed. Compared to AZPP, the AM323
provided much poorer results. The obtained data are summarized in Table 4. The entire
body and structure of the suckers were not clear. Spikes were observed but without visu-
alization of spatial structure. All three muscle fiber types-circular, diagonal, and longitu-
dinal, were observed in 600x magnification, not in 100x magnification. Muscles of suckers
as well as tegument were not visualized. Digestive tract: pre-pharynx, pharynx, esopha-
gus, and intestines were obtained in poor quality. From the reproductive system, good
visualizations of cirrus, eggs, and testis, vitellaria, ovary and uterus were not detected.

Table 4. Comparison of fixatives and benzanthrone dye results obtained by confocal laser scan-
ning microscopy (CLSM).

Confocal Microscopy Results
Observed (+)/Not Observed (-)
Chemical Fixative

Benzanthrone

Characteristic Dye 10% Neu-
70% Etha- 96% Eth- AFA So- Carnoy’s Bouin’s tral Buff-
nol anol lution Solution Solution ered For-
malin
Contours of the whole AZPP + - + - + +
body ar.e well out- AM323 . B . N B 3
lined
Spikes and layout on AZPP + + + + + -
the surfac.e are well AM323 B B . N 3 3
outlined
Spatial structure of AZPP + - + - - -
spikes AM323 - - - - - -
Tegument AZPP i - - - - i
AM323 - - - - - -
Muscle layers of the AZPP + - + + - -
body (circular, diago-
nal, and longitudinal) AM323 B B . N 3 3

at the same magnifica-
tion
AZPP + - - - - -
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Muscle fibers of oral

sucker, radial sym- AM323 - - - _ _ _
metry
Muscle fibers of ven- AZPP + - - - - -
tral sucker, radial AM323 B _ ~ ~ ~ ~
symmetry
Pharynx, muscle fi- AZPP + + + - - -
bers o'f 1?( can‘be easily AM323 B ~ . ~ ~ ~
distinguished
Esophagus can be eas- AZPP + - + - - -
ily distinguished AM323 + - - - - -
Intestine can be easily AZPP + - + - - -
distinguished AM323 - - + - - -
Parenchyma cells are AZPP - - - + - _
well outlined AM323 - - + + - -
. . . AZPP + - - - - _
Cirrus is well outlined AM323 _ ~ . ~ ~ )
. . AZPP + - - - - _
Ovary is well outlined AM323 N _ ~ - ~ ~
Uterus filled with AZPP + - - _ — _
eggs AM323 - - - - - -
Vitellaria is well out- AZPP - - - - - +
lined AM323 - - - - + _
Testis can be easily AZPP - - + - — _
distinguished AM323 - - + - - -
Total +/- (16) AZPP 13/3 2/14 8/8 2/14 2/14 3/13
Total +/- (16) AM323 2/14 0/16 7/9 4/12 1/15 0/16

- specified characteristic was not observed
+ specified characteristic was observed

+/- ratio of total pluses against total minuses

P. fasciolaemorpha are relatively thick compared to other trematodes species, e. g. Pro-
sotocus confusus, which means that during the fixation process, the P. fasciolaemorpha spec-
imen impregnated more Bouin’s or anther fixatives than ticker trematodes. After the fix-
ation in Bouin’s solution, it was observed that fixative could not be washed out com-
pletely, and during the confocal microscopy, fixative’s has a major impact on data quality.
Based on various benzanthrone dye and chemical fixative combinations experiments, the
experiments highlighted that AZPP and 70% ethanol following AZPP and AFA combina-
tions were the most suitable for parasite’s imaging.

The developed method using synthesized AZPP benzanthrone dye is applicable for
P. fasciolaemorpha examination, make staining protocols less labor-intensive and time-con-
suming to save resources.

4. Discussion

Nowadays, fluorescence bioimaging based on emissive organic molecules has gained
great attention as an indispensable tool in research to visualize tissue structures. The spec-
tral changes observed on the binding of fluorophores with cell structures are an important
tool for investigating these issues. It becomes necessary to continuously search for new
compounds and synthesize new fluorescent dyes covering a wide spectral range of exci-
tation and emission. Therefore, considerable efforts are focused on the development, syn-
thesis, and properties of new luminescent dyes. But the synthesis of new luminescent
markers still has several challenges to provide low-toxic dyes for biological objects. In
literature, there are described various Trematoda stainings methods such as Gower’s car-
mine [24], Ehrlich’s acid hematoxylin and Celestin blue-b [13] actin-antibodies and
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fluorescently labeled phalloidin staining [46—48]. Recently we reported that benzanthrone
dyes are a useful tool for imaging freshwater trematodes [3], for callus embryo determi-
nation [4] and for sex determination of Trichinella larva [49]. Therefore, we continue our
research on the synthesis of new benzanthrone markers that bind to actin elements to de-
termine internal organs and systems of trematodes.

Derivatives of benzanthrone are well known as p-conjugated compounds with do-
nor—-acceptor architectures. Modification of benzanthrone structure has given rise to the
synthesis of many derivatives with tenable optical properties. They are typical intramo-
lecular charge transfer luminophores. The optical properties of such molecules depend
mainly on the polarizability of the electrons localized in p-bonding molecular orbitals [43].
The polarizability of a molecule is determined mainly by its chemical structure, particu-
larly by the length and the structure of the p-conjugated spacer and the electronic nature
of the donors and acceptors attached. As is known, the photophysical properties of 3-sub-
stituted benzanthrone derivatives mainly depend on the electron-donating properties of
groups connected to nitrogen atoms at the C-3 position [42].

In our previous research, we synthesized several benzanthrone derivatives with var-
ious chemical groups such as substituted amidines, secondary and tertiary amines, sub-
stituted aminoamides etc. [1,41,44]. These substances luminescence intensely, have high
quantum yields, and their spectral properties are sensitive to the local microenvironment's
polarity enabling sensing applications. The spectral properties of the developed fluores-
cent dyes were investigated in detail [3,4]. As a result, two promising compounds were
selected for the current research of the possibilities of studying parasites. In line with our
previous studies mentioned before, we prepared AZPP and AM323.

For synthesized derivatives, spectral analysis was undertaken, such as absorption
spectra, steady-state fluorescence spectra, Stokes and solvatofluorochromic shifts and
emission quantum yields were evaluated and analyzed (Table 2). Developed fluorophores
have bright emission in organic solvents from green color in non-polar media to red fluo-
rescence in a polar environment, thus showing excellent fluorosolvatochromism, i. e., sen-
sitivity to the polarity of the medium, that results from solvent relaxation during the ex-
cited-state lifetime caused by the essential change of the dye dipole moment after excita-
tion. Parasites need to develop specialized attachment organs for ecto- and endoparasitic
survival. Hence a well-developed muscular system is essential. The system provides lo-
comotion, specific feeding, reproduction, and attachment ability within-host [46,47,50,51].
Therefore, synthesized dyes have large Stokes shifts and can be used in super-resolution
microscopy of various biological structures. Based on the results obtained, it can be con-
cluded that the developed fluorophores can be used in super-resolution microscopy be-
cause super-resolution imaging methods need fluorescent dyes with large Stokes shifts
[52]. In continuation of our further work, the developed luminescent dyes were used to
visualize P. fasciolaemorpha trematode.

Experimental results showed that using laser excitation of 488 nm (with filter 500—
655 nm), it was possible to achieve 23-fold attenuation of the autofluorescence signal if we
compared it with 405 nm (with filter 425-580 nm) wavelength excitation. To evaluate the
autofluorescence, several regions of interest (ROI) were selected, and these were com-
pared to background ROI. Based on obtained data, a 488 nm laser with the FITC filter
(500-550 nm) and a 638 nm laser with Cy5 filter (662-737 nm) were the most convenient
lasers to suppress unwanted autofluorescence. The autofluorescence image of the sample
is shown in Figure 1.
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Figure 1. Adult Parafasciolopsis faciolaemorpha unstained sample autofluorescence corresponding to
different excitation wavelengths (single stack).

In line with previous studies [19,20,48,53-55] our obtained results confirm the ar-
rangement of somatic musculature for adult P. fasciolaemorpha. Three main muscle layers
were obtained: an outer circular layer, intermediate longitudinal and diagonal layer. Im-
ages of Z-series are shown in Figures 2—4.
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Figure 2. Adult Parafasciolopsis faciolaemorpha stained with AZPP dye, fixative AFA (single stack).
O.S.—oral sucker, PPH—prepharynx, 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.

Figure 3. Adult Parafasciolopsis faciolaemorpha stained with AZPP dye, ethanol 70% (single stack).
O.S.—oral sucker, V.S.—ventral sucker, C—cirrus, T—tegument, S—spikes, R.M.—radial muscle
fibers.
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Figure 4. Adult Parafasciolopsis faciolaemorpha stained with AZPP dye, fixative 70% ethanol (single
stack). O.S.—oral sucker, V.S.—ventral sucker, S—spikes, C—cirrus, E.D.—ejaculatory duct, L.M—
longitudinal muscle fibers, D.M.—diagonal muscle fibers, C.M.—circular muscle fibers.

Muscle layers are shown in green. The outer circular layer was organized in flat strips
that run parallel to each other; also, the intermediate longitudinal muscle layer was orga-
nized in thicker strips than circular muscle fibers. As per below, the circular and longitu-
dinal muscles diagonal muscle fibers organized in bundles were visualized. Diagonal
muscles crisscross each other.

We have verified that using our synthesized benzanthrone dyes and developed stain-
ing protocol produces similar results to results obtained using fluorescein isothiocyanate
or tetramethylrhodamine B isothiocyanate-conjugated phalloidin staining for actin [48].
When comparing our results to those of Kumar et al. [47] study, it shall be pointed out
that we detected muscle cell bodies connected to muscle fibers in the diagonal muscle
layer. However, we did not observe cell bodies in longitudinal or circular muscles. The
musculature of adhesive organs, such as suckers, is mostly very complex, including sev-
eral muscle types derived from body-wall [20]. Our results showed that both suckers con-
sist of circular, longitudinal and radial muscle layers. A similar conclusion was reached
by Terenina et al. [48]. Halton and Maule [50] have demonstrated that the reproductive
system and part of the digestive system organs consist mostly of circular muscle fibers,
including several longitudinal muscle fibers. After a detailed examination of confocal im-
ages, we concluded that we obtained the same results. We also noted that circular muscle
fibers are more densely located within cirrus and cirrus sac-like Fasciola hepatica [46]. Over-
all morphology was generally similar reported by Skrjabin [56]. Glycogen reserves were
detected in the entire parenchyma below the tegument, however, more in the vitellaria
area. Scattered deposits of glycogen were observed in the attachment apparatus. As eggs
mostly consist of glycogen and lipids, they have bright fluorescence. Furthermore, glyco-
gen reserves and lipids serve as an energy source, a regulator for cellular activities and
building materials for biological membranes [57].

Previous research of parasites was conducted using luminescent dyes of three
groups-aminobenzanthrone (P8), amidinobenzanthrones (AM1, AM2, AM4, AM16 and
AMB323) and aminoamidobenzanthrones (AZP5 and 3-N-(2-piperidinylacetamido) ben-
zanthrone) for various Trematoda species staining. Based on previous study results, only
amidinobenzanthrone (AM323) andaminoamidobenzanthrone (AZPP) were used to opti-
mize fixation technique and staining protocol (see Table 5).

Table 5. Trematoda staining with dyes from different luminophore groups.

Fluorescent Dye

Chemical Fixator Used Structure

Object and Description

References
on Stained Systems

P8

AM1

Prosotocus confusus adults

overall view: spikes, oral
and ventral suckers; di-
gestive system: prephar-
ynx, pharynx, esophagus,
intestine; reproductive
system: uterus with eggs,

AFA solution

cirrus
Prosotocus confusus adults [3]
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AM2

AM4

AM16

AM323

AZP5

AFA solution

AFA solution

AFA solution

AFA solution

AFA solution

AFA solution

overall view: spikes, oral
and ventral suckers; in-
tegumentary system: ra-
dial and longitudinal
muscle fibers; digestive
system: prepharynx,
pharynx, esophagus, in-
testine, excretory bladder,
excretory pore; reproduc-
tive system: ovary, testis,

vitellaria, uterus with
eggs, cirrus
Diplostomum sp.

overall view: oral and
ventral suckers, pseudo-
suckers, holdfast, calcare-
ous bodies; digestive sys-
tem: pharynx, esophagus,

intestine; primary excre-
tory system (very bright)
Prosotocus confusus adults
overall view: spikes, oral
and ventral suckers; in-
tegumentary system: di-
s No N agonal and longitudinal
‘ T muscle fibers in poor
O‘O quality; digestive system:
prepharynx, pharynx,
0 esophagus, intestine; re-
productive system: ovary,
testis, vitellaria, cirrus,
eggs
Diplostomum sp.
overall view: oral and

O NY ventral suckers, pseudo-
HN suckers (very bright),
O‘O \©\ holdfast; digestive sys-
0 tem: pharynx, esophagus,
intestine; primary excre-
tory system (very bright)
Parafasciolopsis fasciolae-
morpha adults
overall view: spikes, oral
and ventral suckers; in-
tegumentary system:
three muscle layers and
radial muscles of suckers
in poor quality; digestive
system: prepharynx,
pharynx, esophagus, in-
testine, reproductive sys-
tem: testis, eggs, cirrus
Parafasciolopsis fasciolae-
morpha adults

o LU
O‘O overall view: spikes, oral

and ventral suckers; in-

% tegumentary system:

Current study
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tegument not in details,
three muscle layers and
radial muscles of suckers;
digestive system:
prepharynx, pharynx,
esophagus, intestine, re-
productive system: testis,
eggs, cirrus

AZPP

Parafasciolopsis fasciolae-
morpha
overall view: spikes, oral
and ventral suckers in de-
tail, the dimensional
structure of the whole
body; integumentary sys-

Nth tem: tegument (in details)
O o O connected with spikes,
AFA solution O‘O three muscle layers and Current study
radial muscles of suckers
o in details and very bright;
digestive system:
prepharynx, pharynx,

esophagus, intestine, re-
productive system: ovary,
testis, vitellaria, uterus
with eggs, cirrus and its
canal

Overall view, spikes, oral and ventral suckers of parasites were clearly visualized in
all three dye groups. In addition, using protocol with AZPP dye, the dimensional struc-
ture of the whole body was clearly visualized. The staining protocol using P8 dye was not
suitable for integumentary system visualization. Using dye of amidobenzanthrones group
made it to some extent observe the integumentary system, yet images were either not de-
tailed or in pore quality. Compared to dyes mentioned above, usage of aminoamidoben-
zanthrones group dyes made it possible better visualization of tegument in detail, con-
nected with spikes and all three muscle-fiber types: circular, diagonal and longitudinal.
Usage of various dye groups did not affect visualization of Trematoda’s digestive system.
Imaging of the reproductive system of adult P. fasciolaemorpha was clearer and detailed
using AZPP luminophore dye. Opposite amidinobenzanthrones AM1 and AM4 using for
P. confusus staining show detailed visualization of the reproductive system, and vitellaria
was clearly visible.

In contrast to earlier findings, we confirmed that the developed method using syn-
thesized AZPP dye is applicable for P. fasciolaemorpha examination, make staining proto-
cols less time-consuming, and save resources.

5. Conclusions

Our findings in mutual comparison demonstrate the use of the AZPP luminophore
and ethanol 70% or AFA solution as fixatives are a more suitable tool for studies of organic
substances—carbohydrates, lipids, and proteins, moreover, for anatomical and muscular
arrangement of trematodes than AM323. Our work has led us to the conclusion that spec-
imens fixed in 70% ethanol required an additional 1 to 2 min for sample wash out with
xylene compared to specimens fixed in AFA solution. This paper has highlighted that
AZPP and 70% ethanol combination is more suitable for external surface and muscle layer
examination and AZPP and AFA combination for internal structure assessment. Taken
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together, the findings suggest that Bouin’s solution is not suitable for P. fasciolaemorpha
fixation in cases when samples will be used for examination by confocal microscopy.

For further studies, we should investigate the musculature arrangement of the at-
tachment organs of adult P. fasciolaemorpha. Our investigations into this area are still on-

going.
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Abstract

The roundworms of Trichinella genus are worldwide distributed and their prevalence in nature is high. Trichinella genus parasites are the
causative agents of foodborne zoonosis trichinellosis. The main prevention and control of the infection are meat inspection by the magnetic
stirrer method for the detection of Trichinella larvae in muscle samples. The treatment can be effective if the parasite is discovered early in
the intestinal phase. Once the Trichinella larva has reached the muscle tissue, the parasite remains therein and there is no treatment for this
life cycle stage. The Trichinella species is dioecious with separate male and female individuals. The developed staining technique that uses
confocal laser scanning microscopy (CLSM) displays sufficient results for Trichinella larvae examination and this protocol is applicable to
study the internal and external structures and for the sex determination of T. britovi and T. spiralis larvae samples. In the present study, a
luminescent derivative was synthesized and used for staining of T. spiralis and T. britovi larvae samples for the examination by CLSM.
Various fixatives, such as AFA, 70% ethanol, and Bouin’s and Carnoy’s solutions were tested for sample preparation. The synthesized lumi-
nescent compound demonstrates best visualization results for samples fixed in Bouin’s fixative.

Key words: benzanthrone dye, Bouin’s fixative, confocal laser scanning microscopy, fixatives, Trichinella larvae sex determination
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Introduction hosts such as European beaver (Seglina et al., 2015). T. spiralis was
recently ranked third and Trichinella other than T. spiralis species
ranked six among zoonotic parasites evaluated for their European
relevance as foodborne pathogens (Bouwknegt et al., 2018).

Trichinella species are dioecious with separate male and female
individuals and they are the most numerous species of nematodes
that present sexual dimorphism (Ancell & Pires-daSilva, 2017).
They are characterized by a different reproductive system, nervous
system, body size (Yeates & Boag, 2003, 2006), pheromone release
(Bone & Shorey, 1978), and different life expectancy (McCulloch
& Gems, 2003). Mature Trichinella females are larger in body
length and width than adult males (Bughdadi, 2010).
Previously, the sex determination of T. spiralis was mainly
based on karyotyping (Mutafova et al., 1982), gonad position,
number of stichocytes (Villella, 1966), and rectum length
(Kozek, 1975; Liu et al., 1991).

Confocal laser scanning microscopy (CLSM) is an important
tool for the visualization of cellular structures (Amos et al.,
1987; Transidico et al, 2004). Luminescent dyes are often
added to cellular systems to improve imaging. As a result,
CLSM requires the development of new efficient and specific flu-
orophores to visualize structures of interest. Among various lumi-
nescent dyes, benzanthrone derivatives are recognized as
prospective fluorescent probes for characterizing lipids and pro-
»éutho.r for.correspondence: Inese Gavaréné, E-mail: ines#.gava'ra‘ne@du.lv ‘ teins (Zhytniakivska et al.’ 2014; Ryzhova et al., 2016). Some ben—
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zanthrone dyes were used to monitor structural changes in
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Microscopy. Microsc Microanal. doi:10.1017/51431927619015046 membranes and for nucleic acid binding studies (Dobretsov,

Parasitic roundworms of the genus Trichinella of the phylum
Nematoda are present in all continents, except Antarctica
(Pozio & Murrell, 2006; Pozio, 2007). Trichinella are parasites
of carnivorous and omnivorous animals, which can be transmit-
ted to humans by the consumption of uncooked meat and meat
products of different animal origin (La Rosa et al, 2012).
Trichinella spp. are the causative agent of the human trichinello-
sis, which can be fatal depending on the infective dose (Andy
et al, 1977). Overall, nine species and three genotypes of
Trichinella are recognized (Pozio et al, 2009a, 20090D).
Currently, the differentiation of Trichinella larvae species is
mainly based on molecular diagnostic methods due to no
known morphological keys for species differentiation (Gozdzik
et al., 2017).

In most outbreaks of Trichinella infection domestic life cycle T.
spiralis was found, and the main host is a domestic pig. Sylvatic
Trichinella species, such as T. britovi and T. nativa, are often asso-
ciated with game meat such as wild boars and bears (Murrell,
2016). Latvia is one of the countries with a high prevalence of
Trichinella infection in wildlife (Kirjusina et al,, 2015; Deksne
et al., 2016) and Trichinella larvae was also found in nonspecific
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1989; Yang et al., 1999). Nowadays, CLSM is widely used to study
parasites. In this regard, the development of new imaging proto-
cols is an important task. The aim of the present study was to
develop a staining technique using the synthesized benzanthrone
luminescent dye for microscopic examination and sex deter-
mination of T. britovi and T. spiralis larvae by CLSM. In previous
studies, by Kirilova et al. (2018a), fluorescent benzanthrone
dyes 3-N-(N',N'-dimethylbenzamidino)benzanthrone, 3-N-(N/,
N'-dimethylacetamidino)benzanthrone, 3-N-[N’-(4-methylphenyl)
acetamidino]benzanthrone, and (3-N-piperidinobenzanthrone)
with fixatives AFA and ethanol were applied for the visualization
of surface morphological features and organ systems of various spe-
cies of adult and larvae of trematodes from aquatic animals and
showed good staining properties for digestive and reproductive sys-
tem imaging. In the present study, the synthesized dye with an
amide group which is more suitable for the examination of
Trichinella larvae was found.

Materials and Methods
General

All reagents were of analytical grade (Sigma-Aldrich, USA) and
were used as received. The progress of the chemical reactions
and the purity of products were monitored by thin-layer chroma-
tography on silica gel plates Merck Silica Gel F254 using the
solvent system benzene/acetonitrile (3:1) as eluent. Column
chromatography on silica gel was carried out on Merck
Kieselgel (230-240 mesh) with benzene as an eluent. Melting
points were measured on a Kofler apparatus and were left intact.

Infrared (IR) spectra were recorded on a Shimadzu
Prestige-21FT spectrometer in KBr pellets. 'H nuclear magnetic
resonance (‘H NMR) spectra were recorded on a Varian
Mercury-400 instrument in CDCl; at 25°C using the residual chlo-
roform signals as the internal standard at an ambient temperature.

Spectroscopic Measurements

Spectral parameters were measured in seven organic solvents with
concentrations 107> M at an ambient temperature in 10 mm
quartz cuvettes. All solvents were of p.a. or analytical grade.
The absorption spectra were obtained using a UV-visible spectro-
photometer Specord® 80 (Analytik Jena AG, Germany). The
fluorescence emission spectra were recorded on an FLSP920
(Edinburgh Instruments Ltd., Scotland) spectrofluorimeter using
3-methoxybenzanthrone [Qs=0.56 in acetone (Kapusta et al,
2003)] as the reference luminophore.

Synthesis of 3-N-[2-(4-morpholinyl)acetamido]benzanthrone

The dye was obtained from 3-N-(2-chloroacetamido)benzan-
throne, which was prepared from 3-aminobenzanthrone accord-
ing to the literature procedure (Staneva & Betcheva, 2007). To
the solution of 0.16 g (0.5 mmol) 3-N-(2-chloroacetamido)ben-
zanthrone in 50 mL of 1,4-dioxane, morpholine (0.05 mL) was
added under stirring. The resulting mixture was stirred for 3 h,
then was poured into 15 mL of water and extracted with dichloro-
methane (2 x 50 mL), washed with saturated NaCl water solution,
and dried. The solvent was removed under reduced pressure. The
crude product was purified by column chromatography on silica
gel using chloroform as an eluent to give 0.15 g (81%) of deep yel-
low powder with m.p. 160°C.

Inese Gavarane et al.

IR, v (KBr) em™": 1,304 (C-N); 1,573 (C=C); 1,649 (C=0);
1,697 (C=0); 2,963, 2,877, 2,802 (C-H); 3,291 (N-H).

'H NMR, (CDCl;) 8, ppm (J, Hz): 2.74 (t, ] = 4.3, 4H, NCH,);
3.64 (s, 2H, OCCH2N); 3.85 (t, J = 4.3, 4H, OCH,), 7.48 (td, J =
7.6; 1.1, 1H); 7.68 (td, J=7.6; 1.4, 1H); 7.78 (td, J=7.8; 1.0, 1H);
8.14 (d, J=8.3,1H); 8.23 (d, J = 8.3, 1H); 8.36 (d, ] = 8.3, 1H); 8.41
(dd, J=7.8; 1.4, 1H); 8.44 (d, J=8.3, 1H); 8.73 (dd, J=7.4; 1.2,
1H); 10.11 (br. s, 1H, NH).

Trichinella spp. Larvae Staining and Microscopy

T. spiralis and T. britovi larvae samples were fixed in four different
fixative solutions for 1 h: 70% ethanol, Carnoy’s (absolute etha-
nol, chloroform, glacial acetic acid in 6:3:1 ratio), Bouin’s (5% ace-
tic acid, 9% formaldehyde, 0.9% picric acid in 1:4:15 ratio), and
AFA [85% ethanol, formalin, glacial acetic acid (pH =4.5) in
17:2:1 ratio]. They were then washed and stored in 70% ethanol
at 4°C until use. An ethanol solution of the luminophore with a
molar concentration of dye 107> M was used for staining of exam-
ined larvae. Additionally, the commercial dye 3-methoxybenzan-
throne was used for larvae staining by the developed protocol.
Before the staining procedure, the object was placed in 80% lactic
acid for 10 s to obtain transparency and to straighten the sample
and then it was washed three times in 70% ethanol. Furthermore,
the sample was placed in the dye for 5 min and washed in 70%
ethanol. Specimens were mounted in Canada balsam and covered
with a coverslip.

A high-speed multiphoton CLSM Eclipse Ti-E microscope sys-
tem (Nikon, Japan) was used. CLSM images were processed with
the NIS Elements Advanced Research 3.2 64-bit software (Nikon,
Japan). The excitation wavelength used for microscopy was
488 nm with an FITC filter (500-550 nm) for the synthesized
luminophore and 3-methoxybenzanthrone. Autofluorescence of
Trichinella spp. larvae was measured with excitation of 405 and
488 nm wavelengths and equal intensities were used to excite
autofluorescence. The registration of the fluorescence signal was
performed by an internal spectral detector. The start wavelength
for registration was chosen to be 20 nm higher than the excitation
wavelength until the edge of red visible spectra. In the optical
path, we did not use any passive cut filters. Images were acquired
as Z stacks with a 0.9 yum Z step size.

Results and Discussion
Synthesis and Characterization

Currently, the synthesis of new high-emitting and low-toxic lumi-
nescent dyes (in particular, benzanthrone derivatives) remains an
important task for the search of new efficient probes and labels.
Recently reported derivatives of 3-acetamidobenzanthrone are
highly luminescent compounds and used as sensors for various
substances (Wang et al, 2004; Staneva & Betcheva, 2007;
Staneva et al., 2019), examination of adult and larvae of trema-
todes from aquatic animals (Kirilova et al., 20184a), and visualiza-
tion of callus embryo (Kirilova et al., 2019).

In this connection, we continue our research on the synthesis of
new benzanthrone luminescent substances, developing new deriva-
tives of 3-aminobenzanthrone with amide and substituted amine
groups. A traditional synthetic method for N-substituted amines
is the nucleophilic substitution reaction of the halogen atom with
appropriate amines. The target synthesis was realized by the reac-
tion of a previously prepared derivative (Staneva & Betcheva,
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Fig. 1. Synthetic route of amine 3-N-[2-(4-morpholinyl)acetamido]benzanthrone.

2007) and morpholine in 1,4-dioxane as a solvent, obtaining novel
heterocyclic amine  3-N-[2-(4-morpholinyl)acetamido]benzan-
throne. This synthetic route is presented in Figure 1.

The synthesized dye is a crystalline deep yellow colored sub-
stance. The chemical structure of the prepared dye was confirmed
by "H NMR spectroscopy: in the spectrum of the dye, the broad
singlet signal of amide group proton at 10.11 ppm, the triplet sig-
nals at 2.74 and 3.85 ppm of the morpholine moiety, the singlet
signal of the acetamide CH, group at 3.64 ppm, and the multiplet
signal (from 7.48 to 8.73 ppm) of aromatic protons of the benzan-
throne polycyclic system was found. In the infrared spectrum
of the prepared compound, the characteristic vibration bands of
carbonyl groups (1,649 and 1,697 cm™") and the bands near
3,300 cm™" from NH vibrations were detected.

Spectroscopy

Absorption and emission spectra of prepared dye have been reg-
istered in seven various organic solvents with a wide range of
polarities. For a fluorophore with prospective biological applica-
tions, it is important to study spectral parameters in water
environments. Due to weak solubility of the examined dye, its
spectral characteristics were recorded in a mixture of ethanol
and water in a volumetric ratio of one to four. For this purpose,
the ethanol solution of the luminophore was prepared and diluted
with an appropriate amount of water resulting in a concentration
of 107> M. The data of absorption and emission band maxima are
presented in Table 1. In general trends, absorption spectra do
not show considerable variations with solvents. The positions of
absorption maxima are situated between 423 and 442 nm with
an extinction coefficient from 4,640 to 6,750 (L/mol/cm).

The effect of polarity of the solvent on fluorescence maximum
is more noticeable than that on the absorption spectrum: the fluo-
rescence spectrum reveals positive solvatochromism when going
from nonpolar benzene to the polar ethanol/water mixture—the
bathochromic shift achieves 34 nm. This is typical spectral behav-
ior for emitters with intramolecular charge transfer (ICT), which
causes a large dipole moment in the excited state and emission
parameters sensitive to the polarity of the surroundings (Sednev
et al,, 2015). Benzanthrone derivatives with an electron-accepting
carbonyl group at 7-position and electron-withdrawing group
at 3-position were compared with such ICT luminophores
(Kapusta et al., 2003; Gonta et al., 2013; Kirilova et al., 2018D).

Studying the influence of solvent polarity on dye emission
quantum yield, it was detected that solvents both with very low
and high polarity, the fluorescence quantum vyield is small
(0.04-0.18). The largest emission yield (40-42%) is observed in
chloroform and acetone solution.

)

Table 1. Absorption and fluorescence maxima of the dye 3-N-[2-(4-morpholinyl)
acetamido]benzanthrone in various solvents (at concentration 107> M).

Solvent Absorption Fluorescence
Aabs, NM lg e Aems NM Q
Benzene 442 3.68 537 0.18
Ethyl acetate 435 3.75 542 0.29
Chloroform 432 3.75 549 0.42
Acetone 438 3.77 552 0.40
N,N-Dimethylformamide 438 3.67 551 0.21
Dimethyl sulphoxide 433 3.78 547 0.27
Ethanol 426 3.83 565 0.09
Water:ethanol (4:1) 423 3.79 571 0.04

Trichinella Larvae Staining and Examination

In studies of Trichinella genus, CLSM mainly was used to exam-
ine various execratory and secretory antigens (Li et al, 1999),
immune response (Bai et al., 2012), or interaction between T. spi-
ralis and muscle cells in vivo (Bai et al., 2011) and was used for
various experiments where the pathological and/or therapeutic
effects were evaluated (Li et al., 1999; Masetti et al., 2004; Hao
et al,, 2014). However, a structure investigation by Murata et al.
(1998) of Trichinella adults and larvae by CLSM showed sticho-
cyte and their nuclear distribution and sizes.

In this work, we found that the synthesized benzanthrone
luminophore is applicable for T. spiralis and T. britovi staining
and demonstrated a more detailed structure of the worm than
the commercial dye and other benzanthrone derivatives. The con-
venient fixative for the staining protocol using new the lumino-
phore was Bouin’s solution. The new staining technique was
appropriate for fresh larvae samples obtained by the magnetic
stirrer method. Additionally, this staining technique is simple
and rapid in comparison with known protocols, which are time
consuming and consist of several steps of sample preparation.
Staining of one parasite by utilizing available protocols can take
more than two days and the procedure is appropriate for staining
of parasite-specific tissues (Stewart et al., 2003; Davila et al., 2010;
Krupenko, 2014).

Almost all cells and tissues are able to fluoresce in the near
ultraviolet of the visible spectrum. To study fluorescent markers,
the fluorescent signal should be separated from the marker and
the autofluorescence signal. The easiest way to do it is to choose
the corresponding wavelength for excitation. Commonly, the
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Fig. 2. Autofluorescence image of sample and autofluorescence charts corresponding to different excitation wavelengths. (a) Autofluorescence image of larva in
Bouin’s solution (405 nm excitation) shows the resulting autofluorescence spectra for three regions of interest (ROI) corresponding to different kinds of sample’s
tissue (red and green lines) and background (blue line), (b) autofluorescence emission spectrum corresponding to 405 nm excitation, and (c) autofluorescence

emission spectrum corresponding to 488 nm excitation.

autofluorescence excitation region lies at about 400 nm and we
chose the 488 nm excitation in order to dampen the autofluores-
cence signal in relation to the fluorescence signal from the marker
(Schnell et al., 1999; Neumann & Gabel, 2002). Excitation with a
certain wavelength gave more specific information about dyes and
investigated samples. For example, excitation with 405 nm gave
the best fluorescence and autofluorescence images for stained
samples. Excitation by 488 nm gave us the best fluorescence/auto-
fluorescence signal ratio. Samples of Trichinella larvae were pre-
pared for experimental use during the investigation of the used
fixatives. An experiment was carried out to evaluate the autofluor-
escence signal upon excitation with different wavelengths. The
image of Trichinella larvae fixed in Bouin’s solution (Fig. 2)
shows the resulting autofluorescence spectra for three regions of
interest (ROI). Experimental results show that using laser excita-
tion of 488 nm, it is possible to achieve an almost 10-fold
(depending on used fixatives) attenuation of the autofluorescence
signal if we compare it with 405 nm wavelength excitation. Based
on these data, it was decided to use a 488 nm laser in this study
with an aim to maximally suppress unwanted autofluorescence
signal. The selected wavelength is outside of the maximum of
the absorption band of our markers using photomultiplier.

The parasite’s body architecture, including insight into the
body organ morphology and arrangement for both examined

Fig. 3. CLSM image of Trichinella larva anterior end. Ts@—T. spiralis male. 1—anterior
end, 2—esophagus, 3—nerve ring, and 4—cuticle.
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Fig. 4. CLSM image of Trichinella larva posterior end. TsQ—T. spiralis female. 1—ner-
vous system, 2—hypodermis, and 3—posterior end.

Fig. 5. CLSM image of Trichinella larva reproductive and digestive systems. TbQ—T.
britovi female. 1—midgut, 2—genital primordium, 3—primary oocyte, 4—stichosome,
5—stichocyte, and 6—nucleus of stichocyte.

Fig. 6. CLSM image of Trichinella larva females and males rectum. TsQ—T. spiralis female, Ts@—T. spiralis male. With < is marked rectum.

species, was visualized in detail. The body was as is typical for
any nematode larvae with a blunt head and pointed tail. The pos-
terior and anterior ends were distinguishable. The anterior end,
esophagus, nerve ring, and cuticle are shown in Figure 3. The lar-
vae have a cuticle with three or more outer layers which are
made of collagen and other components. The outer layers are
secreted by the epidermis or hypodermis and are noncellular
(Lichtenfels et al.,, 1983). The results showed a high fluorescent
signal in the larvae cuticle. Higher signal from a cuticle can be
caused by lipid accumulation in the epicuticle of Trichinella larvae
that is used as a source of energy for the survival of parasites in
the host muscles (Gounaris et al., 1996). The posterior end, ner-
vous system, and hypodermis are displayed in Figure 4.
Hypodermis’s bacillary bands were detected. The midgut, sticho-
some, stichocyte, and nucleus of the stichocyte of the digestive

system and the genital primordium and primary oocyte of the
reproductive system are shown in detail in Figure 5.
Additionally, the genital primordium including testis and uterine
primordium in developing larvae were observed. The stichosome
occupied the anterior half of the body cavity and it was observed
almost in all samples. Furthermore, strong fluorescence was
observed in stichocyte’s nuclei.

The developed staining technique is appropriate for sex deter-
mination by measuring the rectum length of Trichinella larva
(Figure 6). In the present study, the rectum length of the male
T. britovi and T. spiralis was 41.08 +4.26 , 46.08 £2.95 um SD
and the female was 21.19 +2.45 SD, 20.55 + 1.48 um SD, respec-
tively. Sex determination of Trichinella larvae is essential for the
investigation of the parasite sex ratio in the host. The accumula-
tion of knowledge and the development of techniques for sex
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ratio manipulation of the parasite population could offer new
opportunities for controlling reproductive strategies of parasites
(Pires-daSilva, 2007). Additionally, the knowledge of the sex
ratio is crucial for population studies. Usually, the parasite popu-
lations are fragmented in space and time and clumped transmis-
sion of sibling parasites is common for Trichinella genus.

Conclusions

The luminophore is applicable for T. britovi and T. spiralis inter-
nal and external structure examination and sex determination by
CLSM. However, future comparative confocal studies on the mor-
phology of other Trichinella species are required. More detailed
description among taxonomic groups will contribute to the
understanding of the relationships among Trichinella species.
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Benzanthrone derivates are now widely used in many
industrial and scientific applications as dyes for poly-
mers and textiles. In biochemical, biomedical and diag-
nostics investigations benzanthrone dyes are used as a
lipophilic fluorescent probe since many benzanthrone
derivates demonstrate bright fluorescence and they
have ability to intercalate between membrane lipids.
The aim of research presented here was to assess the
luminescence ability of benzanthrone derivatives using
microscopic visualization of biological objects. Accord-
ingly, specimens of freshwater trematodes: Diplostomum
spathaceum, Diplodiscus subclavatus and Prosotocus con-
fusus, were stained by novel benzanthrone dyes using
different fixatives. The samples were examined under a
confocal laser scanning microscope. All of the dyes test-
ed demonstrated good results for digestive and repro-
ductive system visualization. Based on obtained results
we conclude that benzanthrone dyes could be used for
internal and external structure confocal laser scanning
microscopic imaging of trematode specimens.
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INTRODUCTION

Luminescence imaging techniques are becoming a
popular tool to investigate the structure and properties
of biological objects. Laser-induced fluorescence is a
sensitive approach which gives an opportunity to detect
even a single-molecule under appropriate conditions (Wu
& Dovichi, 1989; Van der Berg, 2000). Fluorescent mo-
lecular dyes, making lipid structures visible through op-
tical techniques, ate one of the tools cutrently used to
study cell membranes. Despite a large number of various
fluorescent probes that were constructed for bio-imag-
ing (Albani, 2007), the existing membrane probes can-
not satisfy the rapidly growing demands of researchers.
Benzanthrone dyes attract particular interest due to their
useful spectral properties (Carlini ef a/., 1982; Krasovitsky
& Bolotin, 1988). Technological utilization of these com-

pounds is continuously growing, however, their applica-
bility as fluorescent probes in biological assays still re-
mains scantily evaluated. Meanwhile, spectral characteris-
tics of benzanthrone dyes satisfy all the requirements for
an ideal fluorescent marker. Bright fluorescence, high ex-
tinction coefficient, photo-, thermo- and chemical stabil-
ity, and reduced background signal make benzanthrone
dyes particularly attractive as bio-imaging agents (Yang ef
al., 1999). Our previous study demonstrated high lipid-
associating ability of a series of newly synthesized ben-
zanthrone amino and amidino derivatives (Trusova e/ al,
2012; Zhytniakivska ez al., 2014).

The aim of the study presented here was to estimate
new benzanthrone derivates as luminescent dyes for mi-
croscopic visualization of freshwater trematodes. Para-
sites are important components of biodiversity (Poulin
& Morand, 2000) and are suitable model organisms for
evaluation of our new dyes and protocol elaboration.
Moreover, some trematode species cause different hu-
man cancer forms, for example Clonorchis sinensis and
Opistorchis viverrini can induce human cholangiocarcinoma,
as well as induce other hepatobiliary pathologies (Pet-
ney et al., 2013). The spectroscopic properties of novel
synthesized compounds were reviewed in this study. De-
scriptions of synthesis and characterization of new ben-
zanthrone derivates as luminescent dyes are provided.

MATERIALS AND METHODS

Chemicals. Fluorescent benzanthrone dyes AM1 (3-N-
(N’ N’-dimethylbenzamidino)benzanthrone), AM2 (3-N-
(N’,N’-dimethylacetamidino)benzanthrone), AM4 (3-N-
(N’,N’-diethylacetamidino)benzanthrone), AM16 (3-N-[N’-
(4-methylphenyl)acetamidino|benzanthrone), and P8 (3-N-
piperidinobenzanthrone) were synthesized from 3-am-
inobenzanthrone or 3-bromobenzanthrone according to
procedures described earlier (Kirilova ef al., 2008; Kirilo-
va et al., 2009; Gonta et al., 2013). The progress of chem-
ical reactions and purity of products were monitored by
thin-layer chromatography (TLC) on silica gel plates, Si-
lufol UV254, 15x15, 0.2 mm, using the solvent system
of benzene/acetonitrile (3:1) as eluent. Column chro-
matography on silica gel was carried out on the Merck
Kieselgel (230-240 mesh) with benzene as eluent. Stock
solutions of benzanthrones were prepared by dissolving
the dyes in ethanol or chloroform. All other chemicals
were of analytical grade (Aldrich Chemical Company)
and used without further purification.
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Model organisms. Fish and amphibian organs were
investigated by compression method (Khalil ez 4/, 2014)
under a stereomicroscope SMZ800 (Nikon, Japan), mag-
nification 15-30X. Freshwater trematode species: Diplos-
tomum spathacenm, Diplodiscus subclavatus and Prosotocus con-
Jfusus were collected from eyes, as well as digestive tracts
by opening abdominal cavity of their respective hosts
(Justine ¢ al, 2012). Larval (metacercariae) and adult
forms (marita) were used.

Fixation and staining. Each trematode species was
fixed in a different fixative: D. spathacenm metacercariae
(mtc.) in 96% ethanol, adult D. subclavatus in Carnoy’s
solution (6:3:1 — absolute ethanol: chloroform: glacial
acetic acid) adult P. confusus in AFA solution (17:2:1
— 85% ethanol: formalin: glacial acetic; pH=4.5) for
1 hour, washed and stored in 96% ethanol at 4°C until
required. The study design was as follows: all of the pre-
pared specimens were stained in five different benzan-
throne dyes: AM1, AM2, AM4, AM16 and P8 (dissolved
in ethanol, molar concentration 10-*M). After 10 min-
utes, the specimens were washed three times with 70%
ethanol and were dehydrated in 70, 80 and 96% ecthanol
in the ascending order. Every step lasted 5-10 minutes,
depending on thickness of the parasites’ body wall. Next,
ethanol-xylene (1:1) solution was used to obtain appro-
priate transparency changes under stereomicroscope. For
the thickest specimens (D. subclavatus and P. confusus) an
additional step with 100% xylene was used. Specimens
were mounted in the Canada balsam (Sigma-Aldrich,
60610) and then were covered with a square coverslip
(24%24), dried and kept in the dark until examination.

Microscopy. Microscopic observation was performed
by using a high speed multiphoton confocal laser scan-
ning microscope Nikon Eclipse Ti-E configured with
Al R MP inverted microscope system and equipped
with digital sight DS-U3 camera (Nikon, Japan). Im-
ages of the specimens were processed using NIS Ele-
ments Advanced Research 3.2 64-bit software (Nikon,
Japan). Slides were observed at various magnifications,
from X100 to X400. Fluorescence was induced by us-
ing the following excitation laser wavelengths: (i) A=488
nm with the FITC filter, (ii) A=561 nm with the TRITC
filter. Objectives used: Plan-Apo 10x/0.45; Plan-Apo
20%/0.75; Plan-Apo 40%/0.95. Appropriate image modi-
fications were obtained using Corel PHOTO-PAINT X6
(Corel Corporation, Canada).

RESULTS

The target dyes were synthesized in high yields by
condensation of 3-amino-benzanthrone or 3-bromoben-
zanthrone with appropriate amidino or amino derivates.
Chemical structures of the studied benzanthrone dyes
are presented in Fig. 1.

The investigated substances belong to the class of
solvatochromic dyes, which are among the oldest and
most established membrane probes. These dyes exhibit
strong changes in their dipole moments upon electronic
excitation. Dipole-dipole interactions and specific inter-
actions of these dye molecules with their environment
change the energy of electronic transitions, and thus
shift the maxima of their excitation and emission spectra
(Kirilova ef al., 2009; Gonta ¢f al., Kirilova et al., 2008).

All of the five investigated benzanthrone dyes are
suitable for confocal laser scanning microscopy (CLSM)
of animal origin specimens. Not all combinations of
dyes and fixatives were provided with pictures because
of similar imaging results. Obviously, the target dyes as
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Figure 1. Chemical structures of the dyes used

highly lipophilic substances interacted with biological ob-
jects in the first association with the most hydrophobic
parts of the cell — their membranes.

Microscopic examination of D. spathacenm mtc. fixed
in 96% ethanol indicated high applicability of all stud-
ied luminescence dyes for visualization of the trematode
species. The parasites’ bodies were elongated and oval-
shaped. Digestive tract stained very well in most parts
of the mtc. specimens. Ventral sucker situated mid-ven-
trally. Under the ventral sucker, a relatively large hold-
fast organ was visualized. The oral sucker was located
at anterior end of the body and continued into the mus-
cular pharynx. Two intestinal caeca reached the end of
the holdfast organ (Fig. 2). Two well developed pseudo
suckers were visualized at each side of the oral suckers.
The primary excretory system was stained (Figs. 2 and
3). In some of the mtc. Specimens, large amounts of
rounded calcareous bodies were revealed which extended
from the oral sucker to the holdfast organ (Fig. 3).

All stained specimens of adult D. subclavatus trema-
tode in tandem with Carnoy’s fixative, on the one hand,
exhibited better results for visualization of small, taxo-
nomically important skeletal elements, as well as oral and
accessory suckers and cavity of the accessory sucker. On
the other hand, these specimens did not show internal
organs and structures at appropriate resolution level.

Target benzanthrone dyes, together with AFA fixative,
displayed excellent visualization of internal and external
structures. All of the revealed internal and external struc-
tures were clearly visible and easily recognizable. Change
of focus gave an opportunity to get detailed images of
different organs of P. confusus. External structure images
showed that the parasites’ bodies were round-shaped, cu-
ticula was covered with spines (Fig. 4). Two of the same
size suckers were revealed — an oral sucker, located at
the anterior end of the body, and a ventral sucker situ-
ated mid-ventrally. Shape of cirrus (male copulatory or-
gan) was clearly visible.
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Figure 2. Diplostomum spathaceum mtc. stained with AM16

OS, oral sucker; PS, pseudo suckers; P, pharynx; IC, intestinal caeca;
VS, ventral sucker; HO, holdfast organ; PES, primary excretory sys-
tem. Picture obtained with 488 nm laser. Magnification x200; laser
power 29.3; pinhole 54.1

Visualization of internal structure revealed that all of
the variations of evaluated dyes and AFA fixative in
adult P. confusus trematode specimens presented a well
stained digestive system (Fig. 5). Directly behind the oral
sucker, the pharynx bulbar was visualized which con-
nected to the oesophagus, hidden under the eggs. It was
bifurcated, forming two intestinal caeca. The intestines
were shortened and did not reach the ventral sucker. Re-
productive system also stained well in the adult parasite
stage specimens. Cirrus, bursa and plenty of eggs were
clearly visible throughout the length of the parasite. Re-
productive bursa was large, located near the ventral suck-
er. The eggs were especially brightly fluorescent. Spines
were also easily detected around the parasites’ bodies.

DISCUSSION

Benzanthrone derivatives are polyaromatic hydropho-
bic substances. Due to planar structure and high lipo-
philicity of their molecules, they effectively interact with

Figure 4. Adult Prosotocus confusus stained with AM1 (external
structure)

S, spines; OS, oral sucker; VS, ventral sucker; C, cirrus. Picture was
obtained with 488 nm laser. Magnification x200; laser power 36.2;
pinhole 137.3

Figure 3. Diplostomum spathaceum mtc. stained with AM2

OS, oral sucker; PS, pseudo suckers; P, pharynx; HO, holdfast or-
gan; CB, calcareous bodies; PES, primary excretory system. Picture
was obtained with 488 nm laser. Magnification x200; laser power
38.9; pinhole 158.4

membrane lipids. Nowadays, some benzanthrone deriva-
tives are widely used as fluorescent dyes and probes. In
this context, we decided to design new benzanthrone lu-
minescent dyes to visualize cell membranes due to these
dyes’ localization within membrane lipids. Benzanthrone
derivatives have many favorable photophysical proper-
ties, such as a significant Stokes shift, large extinction
coefficient, bright fluorescence, low fluorescence intensi-
ty in buffer and high sensitivity of luminescence to the
properties of the local environment (Kirilova ez al., 2008,
2009; Gonta ¢t al., 2013; Vus et al., 2014).

In previous studies absorption and emission spectra
of target dyes were recorded in two different organic
solvents and in solid state upon excitation of the sam-
ples at the lowest energy absorption band (Table 1). The
electronic absorption spectra of the novel synthesized
dyes showed bands around 250-280 nm and a broad
long-wave band around 450—470 nm (log e =3.80—4.60),
which has a charge transfer character, due to n—n" elec-
tron transfer duting the S;—§, transition. The charge

Figura 5. Adult Prosotocus confusus stained with AM1 (internal
structure)

OS, oral sucker; P, pharynx; IC, intestinal caeca; VS, ventral sucker;
E, eggs; S, spines; B, bursa; C, cirrus. Picture was obtained with 563
nm laser. Magnification x200; laser power 32.4; pinhole 127.6
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Table 1. Absorption and fluorescence data of the studied dyes at 10-5M in solutions

Compound Absorption |,,,.(log €), nm Fluorescence I, nm References
CHCl, EtOH CHCl, EtOH

AM1 470.2 (4.36) 4695 (461) 611 655

AM2 464.0 (4.09) 4616(4.08) 614 677 Kirilova et al., 2009; Gonta et dl.,

AM4 467.0 (4.17) 4728(4.14) 615 670 Kirilova et al,, 2008

AM16 448 (3.94) 464(380) 603 662

P8 458 (4.13) 457 (4.01) 630 670

transfer in benzanthrone dyes occurs from the electron
donor-acceptor interaction between electron-donating
substituents at a C-3 position and the electron-accepting
carbonyl group of the chromophoric system (Khrolova
et al., 1984).

The compounds used are strongly fluorescent in solu-
tions in the region of 603-630 nm (in chloroform) to
655—677 nm (in ethanol). The effect of the polarity of
the medium on the fluorescence is more pronounced
than on the absorption spectrum. This is because the in-
tramolecular charge transfer effect leads to a large dipole
moment in the excited state. The different behaviour in
absorption and emission is related to the magnitude of
the solvent effect on the energy of the ground and ex-
cised states during electron transition.

Later, several benzanthrone dyes were synthesized to
verify changes in the physicochemical properties of a li-
pid bilayer (Trusova ez al, 2012; Ryzhova et al., 20106),
and to identify and characterize fibrillar aggregates of
lysozyme (Vus ef al., 2014).

At present, CLSM is widely used to study vatious spe-
cies” morphological and physiological structures in fixed
trematode specimens (Jurberg ez al., 2008; Borges e/ al.,
2017). Souza and coworkers (Souza et al., 2011) utilized
hydrochloric carmine to observe trematode reproductive
system by CLSM. Souza and coworkers (Souza ef al.,
2013) used CLSM to characterize morphology of encyst-
ed, activated, breached and excysted stages of metacer-
caria.

Nowadays, CLSM is an important method in biology
studies and becomes more applicable in medicine in-
vestigations, e.g. cancer diagnostics, such as pancreatic
cancer (Durko & Matecka-Panas, 2015) and skin mela-
noma (Bragaa ez al., 2012; Sqouros et al., 2014; Farnitani
et al., 2015). Kirilova and coworkers (Kirilova ez al., 2012)
used benzanthrone dye ABM (analogue of dye P8) as
fluorescent biomarker in colorectal cancer detection. The
obtained results revealed that measurements of ABM
spectral characteristics could be a potentially useful ap-
proach to estimate the immune status of gastrointestinal
patients.

Our study showed no evidence of detailed visualiza-
tion of body muscle structure, excluding muscular or-
gan pharynx, and oral and ventral suckers. The general
pattern of the trematode body wall musculature organi-
zation includes three muscle layers as follows: circular,
longitudinal, and diagonal (Halton, 2014). More compli-
cated methods are needed to detect muscle layers, e.g.
Krupenko (2014) used 4% solution of paraformaldehyde
in phosphate-buffered saline (PBS) as fixative follow-
ing by staining with TRITC-conjugated phalloidin for
D. subclavatus specimens. Phalloidin has been found to
bind to polymeric and oligomeric forms of actin. (Oda
et al., 2005). Benzanthrone dyes are able to bind to such
proteins as human serum albumin and amyloid fibrils of
lysozyme as well (Gorbenko ef al., 2010; Ryzhova et al.,
2010).

Rozatio and Newmark (Rozario & Newmark, 2015)
study demonstrated that the nervous system and other
sensory structures of Hymenolepis diminuta tapeworm were
stained with anti-synapsin antibodies. Like other flat-
worms, adult H. diminuta possesses a nervous system
with both, central and peripheral components. Two lat-
eral netve cords, two median nerves and cephalic ganglia
were well stained. In the study present here none of the
nervous system parts were detected using each of the
target dyes: AM1, AM2, AM4, AM16 and P8.

The obtained results demonstrate that the dehydra-
tation step is crucially important, because presence of
unsubstituted water in the cell structure prevents obtain-
ing subsequent appropriate transparency. Shigin (Shigin,
1996) used a dehydratation step in staining trematodes
for light microscopy, and the study presented here shows
that dehydratation is applicable in newly developed pro-
tocol for CLSM.

Our results also revealed that parasites with thin-
walled structures (e.g. Diplostomatidae family) do not
require an additional step of enlightenment with 100%
xylene, since the absolute xylene can deform the shape
of sensitive specimens. On the other hand, it is an op-
tional step for parasites with thick wall, especially with
external spines, which improves visualization of organs
and inner structures.

It is required to use lasers in descending order of
wave length to obtain better results.

With growing intensity of laser, structures become
better visualized; however maximal intensity of lasers
makes specimens absolutely unusable. Laser beam with
a wavelength of 405 nm was not used in this study be-
cause its impact on biological objects is destructive and
generates tissue auto fluorescence.

In previous investigations location of benzanthrone
dyes in model membranes was revealed by Forster reso-
nance energy transfer and red edge excitation shift ap-
proach (Zhitniakivska ez al, 2014; Ryzhova ez al., 2016).
The obtained results show that due to high lipophilic-
ity dye P8 can penetrate into hydrophobic region of the
membrane. Dye P8 is situated in the phospholipid head-
group region, although other dyes prefer binding sites
which are closer to the membrane surface. It was found
by Ryzhova and coworkers (Ryzhova e al, 20106) that
dyes AM2 and AM4 possess a considerably lower lipid-
associating ability when compared to P8.

We have observed a small offset of maximal lumines-
cence peak. It is important to keep in mind, that each
cell of organism has autofluorescence in the blue-yel-
low region of spectrum and there may be interference
with such fluorophores as proteins containing aromatic
aminoacids, NAD(P)H, flavins and lipopigments (Mo-
nici, 2005). Our dyes experimentally demonstrated flu-
orescence in the red region of the spectrum, however,
stained specimens had the displacement of fluorescence
into a more short-wave region. That could be a result of
more hydrophobic conditions (a higher content of lipids,
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dehydration by ethanol). Also, the action of the fixative
may result in the appearance of side luminescence. For
example, using formalin-containing fixative mixtures re-
sulted in bright luminescence of cells in the yellow-green
region of the spectrum (Alfano e/ al, 1984).

The investigated fluorophores were successfully ap-
plied to the fluorescent imaging of objects and identi-
fication of studied parasite species. These dyes present
opportunities for biology researchers for further studies.
In further studies we are planning to use more lumines-
cent dyes for microscopic visualization of trematodes
and optimize staining protocols.

CONCLUSION

In conclusion, the study presented here has been un-
dertaken to evaluate the potential of the novel benzan-
throne dyes to visualise trematode species. The target
dyes absorb at 450-470 nm and emit at 603—677 nm.
The target dyes displayed a positive solvatochromism
and demonstrated their potential as luminescent probes
for hydrophobic parts of the cell — membranes. Our re-
sults suggest a high compatibility of the new dyes tested
with different common used fixatives, such as AFA and
ethanol. These combinations gave good results of diges-
tive and reproductive system imaging. Our study high-
lights the universalism and good staining properties of
the benzanthrone dyes. They allow to get a clear visuali-
sation of parasites’ internal and external structures.
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ABSTRACT

Nematodes belonging to the genus Trichinella are zoonotic parasites with a high impact
on the animal trade and human health. Foodborne pathogens of Trichinella genus are
known as causative agents of human trichinellosis, a disease that is a public health
hazard. According to the Commission Regulation (EU) No. 2015/1375 all animals,
which are potential carriers of Trichinella spp. larvae and are for human consumption,
must be tested according to one of the approved tests. For assessment of developed
benzanthrone luminophore P13 the Trichinella britovi larvae samples were selected.
Confocal laser scanning fluorescence microscopy was applied to visualize stained larvae.
Developed technique is appropriate and demonstrated sufficient results for samples
preserved in 96% ethanol for up to three years long period and for larvae obtained from two
years frozen muscle samples. Staining of internal organs by developed technique may be an
invaluable source of data for studies of parasite structure and variety.

Keywords: benzanthrone luminophore P13; Trichinella britovi; confocal laser scanning
fluorescence microscopy

INTRODUCTION

Nematoda is diverse phylum and includes many economically important parasitic
species. They range in size from 0.2 mm to over 6 m and are found in variable habitats.
Nematode species are important regulators of plant and animal production. Variable
plants and animals can be exploited by at least one species of parasitic nematode [1].

Nematode worms of the genus Trichinella are important zoonotic parasites infecting
more than a hundred species of mammals, birds and reptiles worldwide. The occurrence
of trichinellosis in humans is related to cultural eating habits, including the consumption
of raw or undercooked meat infected with the larvae. Infection of humans is caused by
consumption of raw or undercooked meat of animals infected with the larvae. Currently,
12 taxa in Trichinella genus are recognised and identification mainly is based on
molecular biology techniques, due there are no morphological features to specify larvae

[2].
Confocal laser scanning microscopy (CLSM) is a powerful technique that is
successfully applied for the studying of the external and internal anatomy of different

parasites. Additionally, CSLM, due to its optical sectioning features, high spatial
resolution and minimal sample manipulation, is widely used for the non-destructive
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examination of thick biological samples. Staining with appropriate dyes is promoted the
fluorescence of examined specimen [3].

Currently, fluorescence imaging tools are important in diagnostics of parasites. Almost
all developed protocols for staining of parasites are time consuming and designed for
fresh material [4]. There are stored in different collections of parasites worldwide,
which can be used for studies. Accordingly, the development of new luminophores to
visualize, quantify, identify and study conserved or frozen parasites is required.

Different structure benzanthrone luminophore dyes emit light in different spectral
regions from yellow-green to red-purple. These dyes are characterized by bright solid-
state fluorescence, large extinction coefficient, excellent colour characteristics, high
thermo and photostability [5].

The present study aimed to develop benzanthrone luminophore dye for staining of
nematodes larvae samples, that were preserved in 96,6% ethanol and frozen in muscles
for five years and visualize stained samples using confocal scanning laser microscopy.

MATERIALS AND METHODS
General

All reagents were of analytical grade (Aldrich chemical company, Germany) and were
used as received. The progress of the chemical reactions and the purity of products were
monitored by a thin-layer chromatography (TLC) on silica gel plates, Silufol UV254,
15x15, 0.2 mm, using the solvent system benzene/acetonitrile (3:1) as eluent. Column
chromatography on silica gel was carried out on Merck Kieselgel (230-240 mesh) with
benzene as eluent. Melting points were measured on a Kofler apparatus and were left
intact. Structure of organic compound was determined by infrared (IR), 1H nuclear
magnetic resonance (*H NMR) and mass spectroscopy (MS). IR spectra was recorded
on the Shimadzu Prestige-21FT spectrometer in KBr pellets. 'H NMR spectra was
recorded on the Bruker Avance 300 spectrometer operating at 400 MHz in CDCI3 (with
TMS as an internal standard) at an ambient temperature. Chromate-mass spectroscopic
studies were carried out using the QP2010 chromatograph (Shimadzu, Japan); El
ionization, 70 eV, the mass range 39-450 m/z.

Spectroscopic measurements

Spectral properties of the investigated compound were measured in seven organic
solvents with concentrations 10° M at an ambient temperature in 10 mm quartz
cuvettes. All solvents were of p.a. or analytical grade. The absorption spectra were
obtained using the UV-visible spectrophotometer Specord® 80 (Analytik Jena AG,
Germany). The fluorescence emission spectra was recorded on a FLSP920 (Edinburgh
Instruments Ltd., Scotland) spectrofluorimeter using Rhodamine 6G (®,=0.88), as a
standard.

Synthesis of 3-N-[N"-(2-pyridyl)piperazino]benzanthrone P13

A mixture of 3-bromobenzanthrone (0.3 g, 1 mmol), 1-(2-pyridyl)piperazine (0.5 ml, 3
mmol), and triethylamine (5 ml) was heated at reflux for 5 h. After cooling, the product
was filtered off and dried. Chromatography on a 1.5x30 cm column packed with silica
gel 40/100 gave 0.23 g (59%) of compound A as orange crystals with m.p. 137 °C.

IR v (KBr), cm™; 1578 (C=C): 1652 (C=0); 2833, 2931, 3073 (C-H).
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IH NMR §, ppm. (CDCIl,): 4.01-4.23 (m, 8H); 6.45 (d, 1H, J=8.5 Hz); 7.37-7.42 (m,
3H); 7.48 (s, 1H); 7.50 (s, 1H); 7.61 (td, 1H, J=7.8; 1.5 Hz); 7.78 (t, 1H, , J=7.8 H2);
8.07 (d, 1H, J=8.2 Hz); 8.11 (d, 1H, J=8.5); 8.40 (dd, 1H, J=1.2 Hz); 8.42 (dd, 1H,
J=1.4 Hz); 8.81 (dd, 1H, J=7.4; 1.2 Hz).

13C NMR §, (CDCL,): 56.34, 63.86, 76.69, 77.33, 106.83, 117.20, 121.98, 122.30,
123.34, 125.44, 126.07, 126.52, 126.63, 127.89, 129.07, 129.21, 129.26, 129.57,
130.02, 131.99, 132.02, 133.17, 134.20, 136.78, 143.94, 184.02.

MS m/z: 391 (25) [M+], 322 (29), 285 (45), 284 (36), 268 (12), 257 (15), 256 (20),
228 (14), 201 (15), 133 (10), 119 (11), 107 (100), 79 (41), 78 (20).

Examination of parasites

In current study, larvae samples of Trichinella britovi parasites were used. One part of
examined samples were preserved in 96, 6% ethanol for 1-5 years. Second part of
samples were digested according Regula 2015/1375 from muscles of red fox (Vulpes
Vulpes) legs stored for 1-5 years at -20 °C. For staining procedure novel benzanthrone
derivative luminophore P13 dissolved in ethanol was used, molar concentration of
solution 10* M. Object was placed into the lactic acid for 10 s to get appropriate
transparency of the sample and after was washed three times in 70 % ethanol. Further,
object was placed in to the current due for 5 min and again was washed in 70 % ethanol.
Specimens were mounted in Canada balsam (Sigma-Aldrich, Germany) and then were
covered with a square coverslip (24x24 mm). Finally, coverslip's edges were fixed with
the adhesive glue (Marabu, Germany), dried and were immediately observed under
microscope.

A high speed multiphoton CLSM Nikon Eclipse Ti-E configured with A1 R MP
inverted microscope system and equipped with digital sight DS-U3 camera (Nikon,
Japan) was used. CLSM images of the specimens were processed using the NIS
Elements Advanced Research 3.2 64-bit software (Nikon, Japan). Slides were observed
at various magnifications, from x400 to x1000. Fluorescence was excited by following
laser wavelengths: (i) A = 488 nm with FITC filter, (ii) A = 561 nm with TRITC filter.
Appropriate image modifications were obtained using Corel Photo-Paint x6 (Corel
Corporation, Canada).

RESULTS AND DISCUSSION
Synthesis and spectral characterization

Benzanthrone luminescent dyes, a well-known class of luminophores that emit in the
spectral region from yellow—green to red—purple, have found manifold applications in a
variety of fields [6].

In previous research it is noted that emissive benzanthrone dyes can be used as
luminescent dye for biological object investigations [7]. In this connection, the design of
new luminescent benzanthrone derivatives is important objective for the search of new
effective luminophores for biological tissues or cells visualization.

For several years our research group has been working on benzanthrone derivatives,
which appeared to be particularly interesting because they lead to perspective
luminescent materials. In previous works, a series of benzanthrone N-substituted
derivatives were prepared and studied [7]. Continuing these works, herein we report the
photophysical properties of new 3-substituted benzanthrone derivative, namely, 3-N-
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[N"-(2-pyridyl)piperazino]-7H-benzo[de]anthracen-7-one in different solvents of
varying polarities. The chemical structure of new benzanthrone aminoderivative
investigated in the present work is shown in Figure 1.

The synthesis of the dye was realized by the nucleophilic substitution reaction of
bromine atom of 3-bromobenzanthrone and 1-(2-pyridyl)piperazine (yield of the main
product was 59%). The synthesized dye is crystalline orange coloured substance. The
prepared derivative was characterized by their melting point and by spectral data on
absorption and fluorescence parameters. IR, *H NMR, and mass spectroscopic studies
confirmed the chemical structure of the new dyes.

In the *H NMR spectra of the dye, the multiple signal at 4.01-4.23 ppm of CH2 group of
piperazine moiety, and signals with various multiplicity (from 6.45 to 8.81 ppm) of
aromatic protons of benzanthrone and phenyl residues were found. In the infrared
spectrum of the dye the characteristic vibration bands of keto groups (1652 cm™) and
the bands near 2830-3080 cm™! from C-H vibrations were observed. Obtained dye is
readily analysed by mass spectrometry. The electron ionization spectra contain a limited
number of strong product ion peaks, one of which corresponds to a molecular ion
(M=391).

@)

Figure 1. Chemical structure of the newly prepared dye

Absorption and emission spectra of prepared dye have been recorded in eight different
organic solvents with a wide range of polarities. The data of absorption and emission
band maxima are summarized in Table 1. The absorption and emission spectra for
studied derivative are depicted in Figure 2.

It can be seen that absorption spectra do not show significant variations with solvents.
The positions of absorption maxima are situated between 432-441 nm. Obtained
luminophore has also a large absorptivity coefficient (3.44-3.91).

Because of benzanthrone derivatives ability to intramolecular charge transfer within
chromophoric system, occurring between electron-donating groups in C-3 position and
electron-accepting carbonyl group [8] these dyes have a large dipole moment in the
excited state, which causes more pronounced effect of polarity of the solvent on position
of fluorescence maxima than on the absorption spectrum.
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Table 1. Photophysical parameters of studied dye in organic solvents
(at concentration 10° M)

Absorption Fluorescence Stokes shift
Solvent
Aabs (Ige), nm Aem, NM Ak, nm
Hexane 432 (3.44) 519 87
Benzene 441 (3.84) 554 113
Ethyl acetate 432 (3.69) 563 131
Chloroform 439 (3.91) 579 140
Acetone 432 (3.34) 543 111
Dimethylformamide 438 (3.75) 540 102
Dimethylsulphoxide 433 (3.80) 553 120
Ethanol 433 (3.79) 566 133

Therefore, the fluorescence spectrum reveals positive solvatochromism when going
from non-polar hexane to polar ethanol (bathochromic shift reaches 47 nm). The
observed large Stokes shift values for investigated dye (up to 140 nm in chloroform and
133 nm in ethanol solution) indicate the energy losses during the transition from the
ground state to the excited state. According to the obtained results it can be concluded
that the investigated dye can find application in super-resolution microscopy because
super-resolution imaging methods need dyes with large Stokes shifts [9].
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Figure 2. UV-vis absorption spectra (left) and fluorescence emission spectra (right) of
the investigated dye in various organic solvents

Staining of parasites

Described staining technique is appropriate for larvae samples preserved in 96,6 %
ethanol for up to three years and for larvae samples from muscles frozen up to two
years. During the CLSM microscopy of stained samples differences in morphology
structure between frozen and preserved in ethanol samples were not observed. In older
samples the degradation of structures was detected.

Despite the fact that newly developed luminophore P13 has the fluorescence initiation at
432-441 nm, in interaction with biological objects we noticed the absorption dislocation
in to the more longwave region comparing with pure solvents, in this case 561 nm.
Obviously, luminophores’ spectral characteristics are changing in different conditions.
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Further investigation is required to describe the nature of these changes, but even now
we can observe the practical application of this particularity. Longer wavelength
emitting is less damaging for the biological specimen. Thereafter for T. britovi
examination a 561 nm wavelength (Fig. 3A) were used. Laser intensity was increased
and two lasers (Fig. 3B) were used at the same time to obtain qualitative data, but the
disadvantage of two lasers application is very fast decrease of fluorescence intensity
[10].

Figure 3. Trichinella britovi: A — fluorescence by laser wavelength A =561 nm; B —
fluorescence by laser wavelengths A = 488 nm and A = 561 nm

The investigation of morphological characters of nematodes allow to understand the
mechanisms of plant and animal parasitism, how parasites locate and invade hosts,
avoid host immunity, and acquire nutrition is important for basic, medical and
veterinary science [1].

CONCLUSION

The effect of solvents on the photophysical properties of newly synthesized
benzanthrone dye P13 are studied experimentally. The obtained luminophore showed a
strong absorbance at 432-441 nm and a significant Stokes shift. The obtained results
testify that the fluorescence of investigated derivative is sensible to the changes on
polarity of surrounding. The present study may be useful in developing the fluorescence
probes of molecules based on the benzanthrone core.

CSLM allows the capture of precise digital images of the fine details of morphological
characteristics, which can be analysed using various computer programs. Additionally,
can serve as an effective tool for comparing closely related species and poorly described
taxa etc. In this study, the potential use of CLSM for the study of nematodes is
demonstrated using differently stored specimens of T. britovi. This study showed that
older specimens on microscope slides stained by developed P13 appeared to be
appropriate for CLSM.
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