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Anotedeopaukémta wwv Oepaneidrv
pe lasalocid ka1 pyrimethamine oe
apepikavikoug acvakoug (Homarus
americanus), pOAUOCPEVOUG PE TO
napdoito Anophryoides haemophila
(scuticociliatida: orchitophryidae)

®. ABavaconotrou’, Cribb A.E.%
Cawthorn R.J.>, MacMillan R.%, T. Mnavtég'

IMEPIAHWH. Lasalocid ka1 pyrimethamine yopnyiOnkav o€ a-
PEpIKAVIKOUG aotakoyq poAuopévoug pe to napdorto A. haemo-
phila vné neipapaukég ouvdiixes. To lasalocid PpéOnxke va eivar mo-
26 wo&1x6 ka1 peydin Bvnopénta napatnpidnke drav Sobnke in
vivo 1600 ot uyieig 600 ka1 poduopévoug aotakoig. H pyrimet-
hamine anoSefyOnke anotedeopaukd ka1 Oepanever tedeiwg ta na-
pdorta e161kd oto enavadapPavépevo oyipa. H Ovnopéma drav
10A0 yapnAi ka1 o pécog apifpés twv aipokuTIdpwy napéperve u-
pnldc, axépn ka1 vpnddtepog ané toug apvnukolg pdprpes. To
@dppaxo gaiveta va emPpadiver v epgdavion v napasitwv
oy arpolépgo kai va peidver t S1aonopd wv napacitwy kai ota
épyava (emmoding, nnatondykpeag). Lta pn poduopéva dropa
nou yopnyfnke 1o pdppako autd, o ap1Bpég twv arpokuTidpwy
fitav napdpotog pe toug apvnukoldg pdpwpeg. Emiong, Sev mapa-
wmprifnkav mabodoyikég aldoidoeig dtav 1o pdppaxo §60nke oe
pn poduopéva dropa. KabBdg Sev undpyer Oepaneia yia mn véoo, pe
Pdon ta Oeukd anotedéopara tng mapovong epyaociag, mpoteivoupe
6u n pyrimethamine efvar éva xadé @dppaxo yia tn Oepaneia g
v6oou nou ogeidetal oto mapdorto A. haemoplila.

Aé€eig eupempiaong: Anophryoides haemophila, American lobster,
Homarus americanus, Scuticociliatida, lasalocid, pyrimethamine,
chemotherapeutants, in vivo experiments.
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In vivo efficacy of lasalocid and
pyrimethamine treatments against
Anophryoides haemophila, a ciliate
pathogen of American lobster
Homarus americanus

Athanassopoulou E", Cribb A.E.?, Cawthorn R.J.%,
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ABSTRACT. Lasalocid and pyrimethamine was administered to
American lobsters infected with A. haemophila. Lasalocid was found
to be toxic and acute mortality was observed, when administered in
vivo in both infected and uninfected lobsters. Pyrimethamine was
found very efficient to treat these ciliates at repeated doses. The
mortality was very low and the mean haemocyte counts remained
higher than the uninfected control group. The drug seems to delay
the appearance of the ciliates in the haemolymph and to lower the
spread of these parasites in the epipodite and the hepatopancreas. In
uninfected animals treated with this drug, haemocyte counts were
similar to uninfected control group. Furthermore, no pathology was
observed, when the drug was administered to uninfected lobsters.
Since there is no effective treatment for the control of bumper car
disease, on the basis of the results of the present study, we suggest
that pyrimethamine is a good drug for the treatment of A.
haemoplila infection in lobsters.

Key words: Anophryoides haemophila, American lobster, Homarus
americanus, Scuticociliatida, lasalocid, pyrimethamine, chemothera-
peutants, in vivo experiments.
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EIXATQI'H

H aoBéveia mov mporaieitor amd 10 maQdoito
Anophryoides haemophila ("bumper car disease") €xeL ue-
vahn owovourty onuaoia ot B. Apeouryi (Cawthorn,
1997). Aev vtdoyouvv uéfodor TEEANyns 1 Begoametag ™mg
véoou (Bower et al, 1994) . Yrdpyet yevirdtepa €Mhewym
TAMNEOPSONOTS OYETHA UE T YoM OEQATEVTIRMDY OVOUHV
in vivo og aotaxotc. H uévn oxetny avagod agood Oe-
pamelo pe guPfdmruvorn yhooauivng T ot poouaiivig
(Speare et al, 1996).

Tehevtaia €ywve pia perém dlapdemy ovoLdv Yo TV
ROTOTOLEUN 0T TOV TTORA0(TOV A. haemophila (Novotny et
al, 1996) oe pio mpoomdBera va peretnBel ) aoteheopa-
TUGTITO TWV OVTLTTOWTOLOWMDY QAOUARMY EYRERQUUEVOV
yia xefion og dhha mapaywywd toa. H €pgvva agpopov-
Og TNV ET{OQUON TV OUOLDV OTNY KIVNTLRGTTO TOU TTOQ0L-
o{ToV %O TH LOEQOAOYIC TOU UE TAQATHENOY O€ AITTAS L-
%1EOOXOTLO, pia uEB0dOC TOV CVLVNOWE EIVOL VTTOXELUEVL-
%1. Ta amoteAéoparta extunBnray pe €vo cOoTuUoL TV
0€ nAIUOXO TTOV OTTOTUTTWVE TNV RLVNTLROTNTO ROL XATTOLES
nop@oroywéc olhayég tav mapaoitov. H élhenyn xuvit-
ROTNTAC, TAVTOS, WTOEEL VoL v elvon olyoupn €voelEn Oa-
VATOU TOV TTOQOOTTOV ®at £TOL 1) ORLUT TAY VITORELUEVL-
»1}. T toug Myoug avtovg, pla mo amoteheopotiry ué-
Bodog avamtiyBnre, n ool Bactidtay 0Ty ®UTTAQOTO-
Ewdmra pe fdom to tetrazolium xow elye wg o1omS TV -
VILRELUEVLXY ROL YONYOQY] EXTIUNON TWV OVOLWV iR Vitro
(Cribb et al, 1999). Ze avt ™V €pguva, pio 0ELEA OTT6 OV-
otec doxrwpdomrav. Avo ovoieg, to lasalocid wow n
pyrimethamine amodelyOnrav amoteheouatirnéc in vitro,
0€ OYETIRA MHQES OUYREVIQMOELS .

2Zn0TAS TG TOEOVONG EQYAOTOS TV 1) EXTIUNON TNG
BepamevTric wavSéTTag in vivo ayrnd Twv S0 avTuto-
QUOLTLXMV OVOLAV TTOV POEONHRAY ATOTELECUATIRES OTLS
mapamdve doxwués in vitro (lasalocid now pyrimethamine)
Yo 10 TORAoLTo A. haemophila og a.ot0r0UC, 0L 0TTOLES YO-

oNYNONray ue €yyvon oy AUOAEUQo.

YAIKA KATME®OAOI

ITpoéhevon xar SLaT1iEN 01 COTORGVY

H mpowifela aotaxdv (Bdoog 190-400g) €ywve rnotd
™V AvolEn o petagéebnray oto Aquatic Animal Facility
of Atlantic Veterinary College. Ot aotaxot dioatnernxrov
og éva ovoTua 6 SEEQUEVHV, UE AMITOVEQO TTOV AVAVEM-
vétav. Ou deEapevég Nrav ywonundmrag 4770L. Xonot-
pomrouinxe texvté Bohaoowd vepd (Instant Ocean). Ka-
Oe deEauevni elye 20 aotarot (Le Tig daryrdveg tovg de-
uéveg) oe atourd dropeionata, 0g raTandQUEa doyela.
H sowdmta tov veot eheyydtov ®dbe efdoudda wg mpog
un toviopévn apuovio (<0,01mg/L), enimedo vitourav L6-
viwv (<20,0mg/L), vitodddn (<0,1mg/L), pH (7,9-8,4), a-
hatdmra (29-30ppt) xal cuvexmg Yo ) OBepuorpacia
(2£1°C). O aotaxrot dev TaioTray ®oTd To TELRARATO
%O TO OVOTNUAL ELEYXOTAV RAOMUEQLVAS Yo A0BEVELS 1] Ve-
%0U¢ aotaxovs. O aotaxol St tnxay olupwvo ue

INTRODUCTION

Anophryoides haemophila is the etiologic agent of
"Bumper car" disease, an economically important disease of
North America lobster industry (Cawthorn, 1997). There
are no known methods of preventing or controlling the
disease (Bower et al, 1994). In general, there is minimal in-
formation on in vivo use of chemotherapeutants in lobsters;
the only related literature refers to "immersion treatments "
with formalin and chloramine T (Speare et al, 1996).

Recently, an in vitro study of different chemotherapeutic
agents against the ciliate has been conducted (Novotny et
al, 1996) in an attempt to assess the efficacy of different
antiprotozoan drugs, accepted for use in other food
producing animals, on 4. haemophila. The system assessed
the effects of the chemotherapeutants on the ciliate motility
and morphology using light microscopic observation, which
is normally subjective. The results of this study were
assessed with a scoring system based on motility and some
morphological changes of the ciliates.

Loss of motility, however, may not be an indication of
ciliate death and the essay was subjective, that’s why a more
effective tetrazolium based cytotoxicity assay was developed
for the purpose of an objective and rapid screening of
compounds in vitro (Cribb et al, 1999). In this investigation,
a series of compounds was assessed. Two compounds,
lasalocid and pyrimethamine demonstrated in vitro efficacy
at relatively low concentrations.

The objective of the present study was to assess the
therapeutic effect of, initially, the two antiparasitic
compounds found to be effective in the in vitro trials,
lasalocid and pyrimethamine, on the development of A.
haemophila in vivo in lobsters, administered by injection in
the haemolymph.

MATERIALS AND METHODS

Source and maintenance of lobsters

"Canner" lobsters (weight 190-400g), kept at the
Aquatic Animal Facility, AVC, in plastic trays in one large
experimental tank for 4 months prior to this study, were
used as experimental animals. No feeding was administered
to these animals during this period and no mortalities have
been recorded. Lobsters were held in a system of six tanks,
4770 L capacity, with saltwater recirculation that was
equipped with both particle and biological filtration.
Artificial seawater was prepared from Instant Ocean. Each
tank housed 20 lobsters (all claws banded) in individual
compartments in stacked trays. Water quality was moni-
tored weekly for unionized ammonia (<0.01mg/1), nitrate
ion levels (<20.0mg/l), nitrite ion (<0.1mg/1), pH (range:
7.9-8.4), salinity (range: 29-30 ppt) and continuously for
temperature (2+1°C) and oxygen (12ppm). Lobsters were
not fed during the experiments and the system was monito-
red daily for ill or dead lobsters. Lobsters were maintained
in accordance with the Guidelines of the Canadian Council
on Animal Care on a 12h light: 12h dark photoperiod.
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g 0dnyteg touv Kavadwov Zuupoviiov yia m Pooviida
TV ZOwv, ot pwtorepiodo 12 hpeg pug - 12 dpeg ono-
tddL. OL aotaxol wov yenopwomontnray ota dvo melRd-
norta, xoatiOnxay otg idiec metpanatnés ovvonres. Ou
aworéupot 10 aotaxav mov mpoopilloviay yuo to melpa-
ua, eEeTdoTRaAy Yo uGAuvon amtd Phepaodopsdoa Ttaod-
OLTOL %O YOPREULAL, ETTTA NUEQES TTOLY ATtd TV EVAQEN TV
TELQAUATWV.

IewpapoTirog oyedaopnos

O aotanoi yweiomray tyaio og ewdind doyela wov
10 ®a0€va eQLelye HEYOL 6 AOTUROVS TAOOUOLOV UEYE-
Bovg rai fdoove. O melpapatrig oxedOOUGE TOUROVOLA-
Ceton otov Mivara 1. H cuporéupog 10 aotandv amd to
stock srov Ba yonowomoLeto oto melpapo EeTAoTNRE YLt
TNV TOQOVOIN TAQAOTTMV %ol ToV Baxtnotov Ae. viridans
uia efdoudda oLy amd mv Evapgn Tov metpaudtmy. Ot
AOTOROL EYRMUOTIOTHRAY 0TOL VEQ B0 E (0L TOVAAXLOTOV YOt
3 nuépeg oL amtd ™ udAuvon xon eEetdlovroy rabnueot-
VA, YL oAAyES CUUTTEQLPOQAS 1] GALCL CUMITTHUOTEL RO O~
6 aElohoyotvtay ue €va dedouévo ovomua (Speare et al.,
1996).

O aotaxot pohivinrav ue déom 2.000 tapooitwy o-
voL L0 ®ATA TO TELRAUATLRG HOVTIEAO TTOU ovarttiyOnxe o
moonyovuevn epyacia (Athanassopoulou et al, vité dnuo-
olevon).

H awporéugog apoarpénure 7 nuépec mowv amd ™ uo-
Avon, 7 NUEQES UETA TN XOOTYNOT TOV PAOUOKEVTLRMV
ovoLdv xat €rerta o efdopadiaia diaotiuarta. H apo-
Mppog atd Ghovg TOUg aoTan0Ug, ®ABHS %L TOUE ETOLUO-
Bdvatovg, eEeTdoTn®E YO TOQOVOTN TTORACTTWV UE ATthG
WHQOOROTTLO KO YLOL TNV ROTAUETONON TOV 0QLOHov Twv
QUORVTTAQMV Ue Bdom pia un Bavampséeo uéBodo mou €-
XEL TEQLYQQUpel amtd Toug Speare et al (1996).

IIgoéhevon zar HLATIENOT) TOV ROQUTITOV

Ta mapdoita Anophryoides haemophila tpofihBov omd
TELQAUOTLRA LOAMOUEVOUC aloTar0oUg oto Atlantic Veteri-
nary College. To tagdotta xaihepyinray oe 25 cm’ do-
xela wov mepelyav 10 ml tpomomomuévov ATCC 1651
MA medium (Messick & Small 1996). Ta wapdotta ava-
VEDVOVTAY UE T YOO VEWV dOYElwV %ol CUVEYDV euPo-
Maouwv »dBe 14 nuépeg, yonormomowwvtag 0,5 ml nai-
MEépyerag og 9,5 ml véou vrootpwpatog. O rarMEQyeLeg
draerOnxray otovg 5°C. Z1ovg aoTaxovs IOV XNOWo-
TOWONROAY RO OTA JVO TELQAUATA, EYLVE EYYXVON TOQAOT-
TV 07té TV 0L *aAMEQYELaL.

MEérenon Tev TaQaoiTOv TELV 66 T1) LOAVVeT)

"Qoues rolEQyeLes Tmv Taaoitwy TomofetiOnray
o€ CmMveS Quyorévtonong twv 15 ml o puyorevtor|on-
»av og 600 g yia 5 min og Yuyduevn guyorevigo. To (Tn-
1oL Tov TEOERMPE apo€Onxre o tomoOeTOnxe oe 8§ ml
TEXVNTOU BhaoOLVOU VEQOU ROl AVODEVTNRE TQOOERTLHA.
H péronon twv mapacitov mov eyyionrav €ywve ue m
XONON EVOS QULUORVTOUETOOV, 0OV TEMTAL LOVLUOTTOL 0N~
%AV ToL TUEAOLTO 08 0udETEQO dtdhvna poouolivig 10%.

Experimental design

The animals were divided randomly in trays, each
containing up to 6 lobsters of similar size and weight. The
experimental design and dose scheme are presented in
Table 1. The haemolymph of ten lobsters of the stock,
intended for experimentation, were examined for ciliate
infection and the bacterium Ae. viridans, the causative agent
of gaffkaemia, a week before the initiation of the
experiments. Animals were acclimated in the new trays for at
least 3 days prior to infection. Lobsters were assessed daily
for behavioral and other signs and these were scored by a
pre-determined system (Speare et al, 1996). Lobsters were
inoculated by intrahaemocoelic injection with 2,000 ciliates
per animal as described by Athanassopoulou et al (under
publication). Haemolymph was removed seven days prior
to infection, seven days after the administration of the drug,
aweek after the administration of the drugs and thereafter at
weekly intervals. The haemolymph from lobsters without
signs of disease (from all group treatments) as well as from
moribund animals was examined for the presence of
parasites by light microscopy and haemocyte counts were
also taken. For the detection of infection, the non- lethal
screening method was used.

Non- lethal screening: From week three onwards,
haemolymph samples were examined weekly from all
lobsters for haemocyte and ciliate counts, according to the
method described by Speare et al (1996). At least 30 para-
sites from each treated group of lobsters were measured and
their morphology was assessed microscopically, according
to a previously defined method (Novotny et al, 1996).

Source and maintenance of ciliates:

Live ciliates used for infections of experimental lobsters
originated from previously infected lobsters at the Atlantic
Veterinary College (AVC). Ciliates were subpassaged in 25
cm’ culture flasks containing 10ml of modified ATCC 1651
MA medium (Messick & Small 1996). Ciliates were
subpassaged to new flasks every 14 days by using 0.5 ml of
established culture in 9.5 ml of fresh medium. Cultures were
maintained at 5°C. Lobsters used in both experiments were
inoculated with parasites from the same culture.

Ciliate counts prior to infection

Established cultures of ciliates were placed in 15 ml
centrifuge tubes and spun at 600g for 5 min in a refrigerated
centrifuge. 8 ml of the resulting supernatant was then
removed, resuspended in 8 ml of artificial seawater and
gently agitated. Counts of the ciliates were made by using
an haemocytometer, after fixing ciliates in formalin 10%.
Appropriate dilutions were then performed to obtain the
dose required for the experiment.

Haemocytes and ciliate collection and counts

Haemolymph was obtained by puncture of the ventral
heamal sinus and ciliates were collected using a 5 ml syringe
filled with 4.5 ml of buffer (Cornick & Stewart, 1968). 0.5
ml of haemolymph was removed from each lobster and
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T va emteuy 0oty oL SG0ELS TTOU ATTOLTOVVTOY YLOL TOL TTEL-
pduarta yvay oL RaTdAANAeS AQUUMOELS.
ZuAAOY1] %O LETQHOELS CLULOXVTTIQMV XUl TUQUOITWV

H awprohéuepog Migpnre pe 1odom tou vothoxol apo-
PSEOV HOATTOU %Ol T TaRAoLTe CUALEYON®AY YONOLUO-
moldvrag ovoryya Sml, yepouévn pe 4,5ml drahiuatog
(Cornick & Stewart 1968)xou 0,5ml cupoA€uepov, ov Aj-
pOnne and vdbe aotand. O HETENOELS EYLVOY UE CLLULORV-
TOUETQO.

IotomaBoroyia

OL 10701 710V APUEENKAY 0IT6 LOAMVOUEVOUS RO UT) O
oTanoUg, ®ou 0To 2 Telpdpata, teQuhdufovay podyyia, n-
TOTOTUAYRQENS, UUG, LA, EVTEQO, TEGOOL0 adéva., OTo-
UOLYO %L LOTOUS OTTS TO YEVVITLHG, OLUOTTOLNTLXO LOTO, VEV-
ourd yayyha now emtdeouida. Ou Lotol povipomotnray
oe 1 pépog yhoutopadelidng, 4uéon poouaiivig, ovupo-
va. ue ™ uéBodo McDowell & Trump (1976). Ov aotaxrol
BavatdOnray pe eupdrtion oe Pevioraivn (10% oe aba-
vGAn), o€ uia déom 18ml avd Atgo Bahaooivol vegou.
Iogaorevn) zoL Y0110 TOV PAOLIROV

Oleg ou ovoleg mdpOnxrav amd v eTougeta Sigma
Chemical Co, Oakville, Ontario. Ta qpdouoaxo ToQoonev-
domroav duahbovrag v ovola o (0ovg GYrovs uebavo-
Mg xou TeomuLeviric YAUrRGANG uéyxoL v embuunty ov-
yrévipmon (Iivaxag 1) now xoonyniOnrav ue €yyvon oty
QUUOLEUPO O GYROVS AVOAGYWS TOU BAQOVE TOUC.

E&nvra €5 aotaxol yonowpomouidnray oty maov-
oa. To pé€yLoto wood Twv pappdrmy Tov eyxionre Nrov
uéyor 0,3 ml /Cdo.

Ou ovoteg lasalocid »ou pyrimethamine yoonynOnrayv
7 nuéoeg uetd m udhuvon. Ou ddoerg e »dbe ovolag v-
oloylomrav ue faon tov olxd Gyro e aporéupou
(30% tov 0Mx0T fdgoug ). O d6oeLs o emAEYONray o
A OYNUOTO EIVAL TOL TTOQORATM:

1. Lasalocid — uovij 5éon: 7,Tmg [Cio, £7td NUEQES UETA
™ udhuvon.

2. Lasalocid —ouwAij d6on: H d6om tov 7,7 mg /Lo e-
srove Mo pio axdun poed, tay To TToRAoLTo EUQaviCo-
VIOL 0TV OQLUOAEUPO OTOVE BETIROUEC UAQTUQES .

3. Pyrimethamine — amAaj ddon: 3,6mg/Lao, emtd nuéeg
UETOL T WOAVVOY).

AIIOTEAEXMATA

Ovnowotrta

Agrogvvéa aotaxrol t€Bavav péoa oe 36 dpeg amtd ™
xoeMynon tov gapudrav (15 pohvopévol + Oepaseio pe
lasalocid »ow 4 un pohvouévol +Bepameia pe lasalocid) . H
BvnowdTTa TV VITGAOLTWY AOTAXGY Qaivetol otov ITi-
voxo 2.

KMvizd oupmtopota 2oL vEXQOTOXES UAAOLBTELS
Metd v oy Bvnowudtta Ogv tagamoentnxay xo-
BGhov “MVIXA CUUTTOUATO OF ROVEVOLY AOTAXS. AlYO TOLY

Mivaxag 1. TTewpapating ox€010 BeQaute (g TV AoTAXMY UE
lasalocid ®ou pyrimethamine.

Ondoa OMzdg apOudg Aappavopevn
agTaxdv/opdda  d601m (mg/dropo)

M)

Lasalocid- 8 7,7

uovy déom

M)

Lasalocid- 8 Tl

At ddom

M)

Pyrimethamine- 8 3,6

uovy déom

(OM)

-ve control 8 -

M)

+ve control 8 -

M)

+ve +dlahiteg 8 -

(OM)

-ve + drahiteg 8 -

(OM)

Lasalocid 4 7,7

(OM)

Pyrimethamine 4 3,6

M = Molvouéva pe 17,000 tagdorta, OM = dyt nohvougva,
duohteg = {on moodtta methanol zow propylene-glycol

Table 1. Experimental design of lasalocid and pyrimethamine
treatments of lobsters.

Group Total no of Dose received
lobsters/group (mg/animal)

(M)

Lasalocid- 8 7.7

single

M)

Lasalocid- 8 7.7

repeat

(M)

Pyrimethamine- 8 3.6

single

(OM)

-ve control 8 -

M)

+ve control 8 -

M)

+ve +solvents 8 -

(OM)

-ve + solvents 8 -

(OM)

Lasalocid 4 7.7

(OM)

Pyrimethamine 4 3.6

I = Infected with 17,000 ciliates, NI = non- infected,
solvents = equal mount of methanol and propylene-glycol
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Ilivaxrag 2. ITocootd udivvong, Bvnopdmra xow p€oog aELORGS GLRORVTTAQMV %ol TAQACTT®Y (TELV artd To OdvaTo) xatd ™)
dudpxrela Bepamelag he OLOPOQETIXA PAQUOK TOV AUEQIROVIXOY 00TOR0V (Homarus americanus).

daoparo n Ilocooto Méoog agudpog Méoog agidnog Epgdvion Ovnowdtnta
Mohvvong CLRLOXVTTAQWYV TaQAsiTOV roQaoitwyv/ (%)
% (X10°/L) (X10%L) efdondoa
Lasalocid 8 100 0.001 TFTC 7
wovyj d6am (1)
Lasalocid 8 0 0 0 - 93,7
duthij d6om 15/16
Pyrimethamine 8 50 TFTC 6
wovij déom (4/8)
Pyrimethamine 8 0 6,25
duthij d6om 0/8 13,57 1/16
+ve control 8 62,5 15,47 4.5 5 25
5/8 2/8
-ve control 8 0 12,94 - - 0
-ve 4 0 13,6 - - 0
Pyrimethamine 0/4
-ve Lasalocid 4 - - - - 100
(4/4)
+ve Solvent 8 37,5 8,25 TFTC 5 0
SradiTng 3/8
-ve Solvent 8 0 22 - - 0
dradiTng

TFTC=mol\j Mya yio. va uetonfotv

arté 1o Bdvaro, pepwrol eppavioay aduvvapio ototEng. Ot
aotaxot Bewondnrav vergol, Gtav dev mapovoialay wa-
uto avtidpaom oe eEwtepurd epebiopara.

In vivo 0.x0TEAECRLATIROTNTA RAL TOELXOTITA

Merorjoets aroxvrtdowy

OL UETENOELS TV ALUOXRVTTAQWYV (aitvovtal ota ['oa-
pnuota 1-8.

Ztovug BeTirovg udetupeg (infected control group) ta
awpoxrvtTaQa avErdnray oty teadT epdoudda petd ™
uéhuvon, ahlld petd v adEnon avt e uia otabe-
o1 petwon uéyor mv 7 efdoudda. Metd, o apbuds ota-
BepomouiOnxe uéyor T 10m efdoudda petd t pdivvon.
(Todgnua 1a). O ehdyrotog apbuds Poédnre 6X10°/L .
Ta mopdotta epgpaviotray v 6y efdoudda vou uetd av-
ENOnrav otabepd (Fodgnua 1B). Zrovg apvnurovs udo-
Tvpeg, (uninfected control group) ta ouporvTTOQO TEQE-
uewvay otafepd o aplbuovc ard 12,94 — 21,24X10°/L.
(Fodgnua 2).

ZT0Ug  HOAVOUEVOUS  aoTaxoUS TTov  xoenyronxe
lasalocid, pévov €va dropo mapéuetve Loviavs ratd ™
dudpreLa Tov TELRARATOS. 210 LMo VTS ToL CLUORTTTOQ
uewdinray wohd (ané 19 og 0, 001X10°/L) (Todegnua 3). Ta
TOQAOLTO, EPPAVLOTNRAY TNV 61 efdopdda raw UETE aVEY-
Onuav otaBepd (Fodgnua 16). To Lwho avtd méBave myv Tn
epfdoudda. Zra un porvouéva Loha ov yoeryndnxe to idlo
PAEUORO, 0 ALOUGS TMV CUUORVTIAOWY TIAEEUELVE VYNAGC,
ald vipEe oofapni duaxituavor tov (Fodgnua 4).

counts were made by an haemocytometer.

Histology

Tissues, removed from recently dead or moribund
medicated treated lobsters (gills, mid and hindgut,
hepatopancreas, heart, haemopoietic tissue, nerve ganglion,
antennal gland, muscles and epidermis), were fixed in 1G4F
fixative and processed, according to the method described
by Mc Dowell & Trump (1976).

Preparation and administration of drugs

All test compounds were obtained from Sigma
Chemical Co, Oakville, Ontario. The drugs were prepared
by dissolving the compound in equal volumes of methanol
and propylene-glycol to the desired concentration (Table
1) and were administered by intrahaemocoelic injection at
volumes, according to their weights.

Sixty six lobsters were used in the present study. The
maximum volume injected never exceeded 0.3 ml/animal.
Lasalocid and pyrimethamine were administered seven days
post -infection (Table 1). The doses of each drug have been
calculated to relate to the total haemolymph volume (30% of
whole carcass weight). The selected doses and regimes of
the drugs were as follows:

1. Lasalocid -single dose: lobsters received a dose of
7.7mg per animal, seven days post-infection.

2. Lasalocid -repeated scheme: The 7.7 mg per animal
dose was intended to be repeated once more, when ciliates
were present in the haemolymph of positive control animals.
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Table 2. Prevalence, mortality and mean haemocyte and parasite numbers just before death during different drug treatments of

American lobster (Homarus americanus).

Drug n Prevalence Mean Mean parasite First Mortality (%)
(%) haemocyte number appearance of parasites
(X10°/L) (X10%/L) number (week)
Lasalocid 8 100 0.001 TFTC 7
single (1/1)
Lasalocid 8 0 0 0 - 93.7
double 15/16
Pyrimethamine 8 50 TFTC 6
single (4/8)
Pyrimethamine 8 0 6.25
double 0/8 13.57 1/16
+ve control 8 62.5 15.47 4.5 5 25
5/8 2/8
-ve control 8 0 12.94 - - 0
-ve 4 0 13.6 - - 0
Pyrimethamine 074
-ve Lasalocid 4 - - - - 100
(4/4)
+ve Solvent 8 37.5 8.25 TFTC 5 0
3/8
-ve Solvent 8 0 22 - - 0
TFTC=Too few to count
[":} =
§ oo g 3
o 20 - S _ 250 }/F
53| T e 3 7
o oo
55 10 R 2 & 100
g - \‘\0\‘_0 c 50 'J—‘.?—{
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§ O© ‘ ‘ ‘ ‘ ‘ MY & & & & & ¢ ¢
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= ‘b}@ 5&* 5&* 5\& Qoé' o@’é o@é 0(3{} © & * {i’\‘& 6?99 s V& @y?o" \&?9%
T N, S, . . NN PO
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Dates of sampling

Todgnua la. AptBudc ayoxvrrdowy ot polvouévovg ue A.
haemophila aotaxovc (uoAvouévn oudda uaotipwy).

Graph 1a. Haemocyte counts in A. haemophila infected lobsters
(infected control group).

ZT0US HOAOUEVOUS aOTAoXROUE TOU YoeNyTiOnue
pyrimethamine, ta crporitroga pewwddnroy opéons Hetd
™V €yxuon ™me ovolag, alhd avEBnray ratomy otadeod
petd and pio efdoudda. (amd 9,58 og 13,57X10°/L) (Tod-
gnua 5). Ta mapdorta epgaviomzray Ty 6m gfdoudda,
ol 0 0BRSS Toug TaREueLve Xaunhig ®oTd T SLdoxrELn
TOV TTELRARATOS. ZTa. U1 HoAvougva Tha tov yoonyonxre
70 (010 PAEUAXO, O ARLOUGE THV QLUORVTTAQWY TAQEUELVE
vymAde (13-16,5X10°/L) (Todgnua 6).

ZTOUE LOAVOUEVOUS QLOTAOROTS TTOV XoEN Y Onray do-
Miteg, T cupontTraa HeLdBnxoy ouéomns ®ow otobeQd pe-
Ta TV €yyvon tov dwivtdv (Fodgpnua 7), eve 0Tovg un
HOAVOUEVOUS aLoTaOUS TTOV Yo y1itnxay ot (dieg ovoleg,

Todgnua 1p. Apt6uds mapaoitwy oe polvousvovs ue A.
haemophila aoraxovs.

Graph 1b. Ciliate counts in A. haemophila infected lobsters
(infected control group).

3. Pyrimethamine -single dose: lobsters received 3.6 mg
per animal, seven days post-infection.

RESULTS
Mortality

Nineteen lobsters died within 36 hours post-
administration of drugs (15 infected lobsters + lasalocid
treatment and 4 uninfected lobsters + lasalocid treatment).
The mortality of the remaining lobsters is presented in
Table 2.

Clinical signs and necropsy
After the initial mortality, no clinical signs were
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Graph 2. Mean number of haemocytes in uninfected control group.

Todgnua 3. Méoog aptbuds aioxvttdowy oe HoAvouévous ue
A. haemophila aotaxovc uetd and Ospameia ue pyrimethamine.
Graph 3. Mean number of haemocytes in infected with A.
haemopbhila lobsters after treatment with pyrimethamine.
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Graph 4. Mean number of haemocytes in uninfected lobsters after
treatment with pyrimethamine.

Todagnua 5. Méoog aptBuds ayioxvttdowy oe polvougvovs ue
A. haemophila aotaxovc uetd and Ospamneia ue lasalocid.
Graph 5. Mean number of haemocytes in infected with A.
haemophila lobsters after treatment with lasalocid.
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treatment with lasalocid.

0 0BuSg Tapéueve VYMAGS, ahhd vnege dtaniuavon
%atd T dudorela Tov merpduarog (Fodgnua 8).

IotromaBolroyio
Octinoi udeTvEES

O pdteg alholdoeLs epgaviomray Ty 51 gfdoud-
da oTov 1076 TV Poayyimwv. Ta mpdta cvpmtduaTa ™me o-
vI{dpaong Tov EeVioT TAQOVTLAOTNHAY WG WRQES EYRAL-
PwuEveg TeQLOYES oTa vudtio tav foayyiov (Ewdva 1).

Todagnua 7. Méoog aptBuds ayioxvtrdowy o€ polvougvous ue
A. haemophila aotaxovs uetd and yyvon diaivrw.

Graph 7. Mean number of haemocytes in infected with A.
haemopbhila lobsters after injection of solvents.

observed during the experimental study at lobsters treated
with lasalocid and pyrimethamine.

In vivo efficacy and toxicity testing

Haemocyte counts

These are presented in graphs 1- 8. In the infected
control group, the haemocytes increased one week post-
infection, but following this increase, there was a steady
decline until week 7. Thereafter, the counts were steady
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Ewova 1. Koxxiopuarddns aveidoaon ota fodyyta aotaxdv a-
76 wetpauatixn udlvvon ue A. haemophila (5y efdoudda uetd
™ uddvvon —téka). H&KE, 150X.

Figure 1. Granulomatous response in the gill filament due to A.
haemopbhila experimental infection (arrows), week 5 post-
infection. H&E, 150X.

T 6m efdopdda puetd ) uShuvon ftav eUpoavig 1 ow-
Enuévn ruttaouedta oto fodyy Lo LE TTOQOVOT0L LEQLRGYV
TORAOITOV OTaL aaywyd ayyeta Twv vuatiomv. Mepurég
MROES EYROPMUEVES TTEQLOYES TTAQUTNENONRAY OTAL VUG-
TLOL, TIQORAADVTOL ETOL UEQLUT] HATAOTOOMY] TOU ETULBNATOV
RO TWV OTVAOELDDV RUTTAQWV. QOTG00, TaL TEQLOOGTEQA Ot
716 TOL VNUATLOL SLOTEN OO TH uOLOAOY LYY Tovg dopr. ZTo
OUVOETIG LOTG TOV NITUTOTIAYLOEOTOG TTOQATN O ON*E ON-
poavtiry avEnon twv aplbudv tmv reserve inclusion cells
(RIC) toov 20onnm3dV ®UTTAQWY, OLUOKVTTAQMY ROL VOAO-
LDV ®UTTAQEWV. AVO UREES PAEYUOVADIELS EOTIES TTAQAL-
™MENONKRAV 0TO PVORAEOLO EVEC aoTaroV. AVTEC OTToTE-
Aotvtay amd ovvafEoLon AORVTTAQMV, ROXKRMODY KUT-
TAEWV %o evastdBeon vahivig xevigund. QLoté00, VITHEYE
aEroonpeiw peliwon twv RIC 010 ovyrerouuévo LoTo.

Tnv Tn efdopdda uetd ) LWGAvvon 1 VERQOTOWNRY] EU-
@dvion Tov Peayyimv ftav duota pe e 6mg epdonddag.
‘Oumg vieye avEnon tov aoLdpot twv RIC oto fedyyio
%O LEQUHA ATES OUTA TOL ®UTTALQOL OLAOTTAOT ROV OE MKQO-
TEQO TWRaTA OTaL Beayyond vnudtia. Kavéva tapdotto
eV Moy UPAVES OTNY AOAEUQO TV Poaryyliwy %ot Twv
dMwv opydvav. To dudgoayua tTov vuatiomv fTov axd-
po ar€QOUO. ZTO NITATOTAYHROENS ®aL 0TV RaEdLA Ot POE-
Onrov ovEnuéva RIC, av zow auporitrooa ®ow atuorg -
OGS NTaV TALEGVTA. 210 0TddLo avTd dev mapatnEOnre
rnopia ahhoyn 0to ouvdeTrd LOTS RaveVSS opydvou. Tnv
I ePdoudda ueTd T HGAVOY oL TTLO TUTLRES OANOLDOELS
EUPOVIoTNRAY OTA, BOAYYLOL ROL OTO CUVOETIXG LOTS, HUEIME
Tov eTLITtodiov mov Poloxetal vovid ota Podyya. Zto Pod-
KLOL RO CUYREXQLUEVA OTO OTEAEYOG RO OTOL ATTALY WY AL RO
ooy wyd widia vreye polirn elofoin tagaottwv (Ei-
néva 2). To mapdorta outd magovaialay puolohoynes 1-
ASTNTES YOWDONG, UE ALARQLTOVES AL EVXOWVOE PaoESPLLL
KOWUATLOUEVOUS WOXQOTTVONVES RO TTOAMATTAG EWOLYOQL-

w
o

Mean no of haemocytes
(X10°%L)
o
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o
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Todagnua 8. Méoog apiBuds aiuoxvrrdpwy oe un uoAvousvovs
aoTaxovs netd ams yyvon OaAvtdy.

Graph 8. Mean number of haemocytes in uninfected lobsters after
injection of solvents.

until week 10 (Graph 1a). The lowest number was 6X10°/L.
The ciliates appeared on the 6th week and increased
steadily thereafter (Graph 1b). In the uninfected control
group, the haemocytes remained steady between 12.94-
21.24X10°/L (Graph 2).

In the lasalocid treated group, only one infected lobster
remained alive during the experiment. In this animal, the
haemocytes decreased sharply (from 19 to 0. 001X10°/L)
from the day of injection onwards (Graph 3). The ciliates
appeared on the 6th week and increased steadily thereafter
(Graph 1b). This animal died at 7th week post infection. In
the non- infected lobsters treated with lasalocid, the
haemocyte counts remained high (18.63X10°/L), but there
was a fluctuation throughout the experiment (Graph 4).

In the pyrimethamine treated group, the haemocytes
decreased shortly after the injection, but increased steadily
after a week (from 9.58-to 13.57X10°/L) (Graph 5). The
ciliates appeared on the 6th week, but their numbers were
very low throughout the experimental period.

In the non-infected lobsters treated with pyrimetha-
mine, the haemocyte counts remained steadily high (13-
16.5X10°/L) (Graph 6).

Infected lobsters, injected with the solvent, were sharply
and steadily declining (Graph 7), whereas in uninfected
lobsters, injected with the solvent, the counts remained high,
but there was a small fluctuation in the values (Graph 8).

Parasite counts and prevalence of infection

At week 5, parasites started to appear at the haemolyph
in the infected control group; these reached 4.5X10°/L just
before death (Table 2). In the infected animals, treated with
pyrimethamine or solvents, the counts were too low to count.

The prevalence of infection is shown in Table 2. 50% of
animals, treated with a single dose of pyrimethamine,
developed the infection and none at the double dose. In the
infected control group, 5 out of 8 animals developed the
infection.

Histopathology
Infected controls

At week 5, the first lesions appeared in the gill tissue,
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Ewéva 2. MaGixij eioforij amwd A.haemophila oto otédeyog
(Otdgpoayua) xai ta axaywyd ayyeia twy foayyiaxdy viua-
tiwv wetpapatixd uoAvousvov aotaxod (9 efdoudda uetd
udlvvon). HLKE, 150X.

Figure 2. Massive invasion of A. haemophila (arrows), in the stem
and afferent and efferent vessels of the gill filaments of an
experimentally infected lobster, week 9 post-infection. H&E, 150X.

Mo noxxio 0710 ®UTTOEGTACOUA TOVS. Mepurd Tapdotto
aivovtay 6T TREQOVTAY amtd To foayyaxd embiiio. Zta
VIUATLAL, TO ATOTTAATUOUEVA ROl RUAMVOQLRA eTLONMand
2r0TT000 (0TVAOELON HUTTAEA) ROL TO dLAPEAYUO KATA-
OTEAPNUOV UE ATTOTEALECUOL TV EUPAVLOT RORKLOUOTHD-
doug GyYmg. 2o PearyLand OTELEXOS VITQOYE UL TUTILXY O
ahera twv RIC, twv modoruttdmy ®oL TV VEQQOKRUT-
Tdwv. QOTE00, PEQLROT AOTOXOT EUPAVIOOV QVENUEVT
AUTTAOWOTN T, OTNV TEQLOYT] AUTY], TTOV TTEQLEAduPave at-
noxvtraQa ®ou todorvtraga. OL ahhodoelg ota Boay-
YLORd VUATLEL oY ENALOTES, YEYOVOS TTOU VTTOJELRVUEL
GTL 08 AUT6 TO 0TAOLO GAES OL AUUVTLRES AELTOVQYIES TOV
Eeviot| odnynnrav mpdta og avti v mteELoxy. Axdua,
%ndmoroL 0oToxol v I efdoudda xal oot TEBavay ™
10m epdopdda eppdvicav wa évrova olwdn Sy oto
Boayyiand otéheyog val oMy ATDAELR TNE AQOLS KUT-
TAQUROTNTOS RO TNG dOUNS TOV CUVIETIROD LOTOY. AuTtd OU-
vodevovray amd g 0ofaéc aholdoels o GAoL T VUG-
T, YEYOVAS TToV atodewrvieL Gt duuva tov Eeviot elye
raroELpiel amtd To Topdaotta.

210 CVVAETHS LOTS TWV TTEQLOCOTEQWY 0QYAVWY TTOQA-
monOnxre agroonueiom row otadioxr peliwon twv RIC now
v voruttdoov (Ewdva 3). Avtd fitay epgavec ams my
ayN ™S I efdouddag uetd m péluvorn xovrd oTovg
Boayyiemoic emmodites, o %o TaQATNEOnray oL o
ONUAVTIXES AANOLDOELS TOV CUVIETLXOU LOTOY. AQ®ETA TT0I-
pdotta, Tov el Pagtel Rahd, HTaV TOEGVTA OTO ULKEO O
oLOUS TV LVvoxrUTTARMV TTOL Elav aoueivel. Meownd mal-
pdotto, dSirnotdinue Tl TEEPOVTAL OTtS TOV LOTO CUTS, UE -
TOTELEOUA TNV RATAOTQOPY] UEYAAOV TUUATOS TOU CUYHE-
ROUEVOL 0QYAVOV. e UeQUHES TTEQUTTHOE LS VTTHEEE Tommux]
QUVENOT TWV RORXWIDV RUTTAQMV %Ol CLUORVTTAQMV. €
0QYSTEQM OTAJLAL TG UOAUVONS 1{TAY GUYVES OL TTOMEDTLOL-

Ewova 3. Kataorpogij ovvdetinot 1otov emimodiTy metpauati-
xd polvauévov aotaxot (9 efdoudda uetd tny udlvvon) ue A.
haemophila. H&E, 95X.

Figure 3. Destruction of connective tissue of epipodite of an
American lobster experimentally infected with A.haemophila per
animal, week 9 post-infection. H&E, 95X.

where the first signs of host response were evident as small
encapsulation areas in the gill filaments (Figure 1).

Atweek 6 post-infection, increased cellularity in the gill
stem was prominent with several parasites seen also in the
afferent vessels of the filaments. Most parasites did not stain
well and appeared degenerated. Several small
encapsulation areas were also seen in the stem and
filaments resulted in partial destruction of the flattened
epithelium and pillar cells. In the connective tissue of
hepatopancreas, a significant increase in numbers of reserve
inclusion cells, granulocytes, haemocytes and hyalinocytes
was observed. Two small inflammatory foci were seen in the
myocardium of one lobster, consisting of an aggregation of
haemocytes, granulocytes and hyaline deposition centrally;
no parasites were obvious. However, there was a distinct
reduction of reserve inclusion cells (RIC) from this tissue.
At week 7 post-infection, the gill pathology was similar to
week 6; however, there was an increase of numbers of RIC in
the gill stem and some of these cells were breaking up into
smaller parts in the stem and gill the filaments. No parasites
were visible in haemolymph of gills and other organs and
the septum of the gill filament was still intact in
hepatopancreas and heart. No more RIC were seen,
although haemocytes and haemolymph were still present.
No change in the connective tissue of any of the organs was
observed at this stage.

At week 9 post- infection, the most typical lesions
occurred in the gills and the connective tissue, mainly of the
epipodite nearest to the gills. In the gills, there was a massive
invasion of the stem and afferent and efferent vessels of the
filaments by the ciliates (Figure 2). These were showing
normal staining properties with distinct and well stained
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Ewova 4. Zvoowpevuata mapacitwy oe GuvOeTInG LOTS Naato-
TaY*EQTOS TELQUUATIXG LOAVOUEVOV aoTaxo (I efdoudda
uerd ty udlvvon-té&a) ue A. haemophila. H&KE, 150X.

Figure 4. Aggregations of ciliates (arrows) in the hepatopancreas of
an American lobster experimentally infected with A. haemophila per
animal, causing localised damage, week 12 post-infection. H&E,
235X.

%ES OVYHEVTQMOELS TOQACTTMV OTNV TEQLOYN GOV VITHOYE
ATADAELO CUVOETIROU LOTOV, OTO REVTOLXG (OO TWV NTTOTO-
TIAYRQEATRMV CWANVMV, LE ATOTELEOUO THV ATIOAELL TMV
otafedv payorvttdomwyv. Alya expuMougvo TaQdotta
QAT ENIN®AY 0TV ALUOLEIQO YHR®™ aIT6 TO NTATOTd-
yroeas poll ue ovyrévipmon aporvtdpwy (Ewmdva 4). Zv-
YHEVTQADOELS TTOQUOTTMV PEEON®Y emtliong 0To ouvdeTrd -
0TG4 TOU EVIEQOU, TV CRYEMV, TOV TTRAGCOLOV 0dEVaL, WIS
WOTG00 VO, TROXAAETOUY ONUAVTIXES CAAOLDOELS.

2 10n efdopdda petd ™ udhuvon ta foayyLand v-
pdtio el yePloeL pe ueydho aplBpd ToQaoitmy ®ow uo-
vo 0g Alyo mopéueve avémagpo To BEayyLond OTENEYOC.
Agv oo ennxray mepLox€g ahholmong te eyrapwon.
270 OVVIETLRO LOTO TOV NITATOTOYRQEATOS VITOYE UEYE-
Log aplBuds Tapaottmy xot Aéupov. Meurd mapdotta e
oéfakav Tomxrd dlopué oov TS oUVOETLHNG RAYAS OTO TToL-
&yyuna, X0El SUmS va. TEorANBoUv 0oPaEEC AMOLBOELS.
Apretd mopdorto feEMNray 0To OUVIETIXG LOTS RO 0T
winyg otPdda Tov emmTodity oL TV EVIEQOU, GOV TA
RIC ntav emiong mapdvta. Mepurd mapdoita fo€fnrav
2O OTO LUORAQILO RO OTOL VEVQLRA YAYYALOL TTQORAADVTAC
oM gvtomougves alhodoels. Emumhéov otovg Lotovg aw-
Tovg feénrav xou RIC.

Molvaouévor xai un noAvouévor aotaxoi oTovs omoiovsg
xoonynbnxe lasalocid

O polvopévor aotarol eppdvioay Tig (dteg aloum-
OELS e TOVG BeTLvoUC HAQTUQEC.

EmumAéov, nau oL poluopévol xat i LoAuouévot aoto-
%Ol EUPAVIOAY ALUGAVON OV ROEOLA.
Molvaugvor aotaxoi oTovs omoiovs yoonyonxe
pyrimethamine

O poAuopévoL aoTanol, aTovg omoiovs xoenyonre

Ewdva 5. Quotoloyinsj v nratomayéatos aotaxol meloaua-
uxd polvoudvov ue A. haemophila. Ocpameia ue pyrimethamine.
H&E, 95X.

Figure 5. Normal stucture of hepatopancreas of a pyrimethamine
treated lobster. Destruction of connective tissue of epipodite of an
American lobster experimentally infected with A. haemophila. H&E,
95X.

basophilic macronucleus, multiple eosinophilic granules in
their cytoplasm and were easily recognized in both
haematoxylin & eosin treated tissues. Some parasites were
seen feeding on the gill epithelium. In the filaments, both
the flattened and columnar epithelial cells (pillar cells) were
destroyed and septum was lost, resulting in the formation
of granulomatous appearance. In the gill stem, there was
typically a total loss of reserve inclusion cells, podocytes and
nephrocytes. However, some of the lobster showed
increased cellularity in this area, involving haemocytes and
podocytes with minimal pathology accompanying the gill
filaments, suggesting that at this stage, all host defenses
were directed primarily at this area. Also, a few lobsters at
week 9 and most lobsters that died at week 10 showed a
marked nodular appearance at the gill stem, as well as a
total loss of dispersed cellularity and connective tissue
structure. These were accompanied by the severe lesions in
all of the filaments, thus, suggesting that the host defenses
had been overtaken by the ciliates. In the connective tissue,
a marked progressive reduction of the RIC and fibrocytes
was observed in most internal organs (Figure 3). This was
evident, at the beginning of the 9th week post-infection,
nearest to the gills’ epipodite, where the most serious
pathology of the connective tissue was observed. Numerous
well stained parasites were present in minimal amounts of
remaining fibrocytes; some were seen feeding of this tissue
and as a result, a large area of this organ was totally
destroyed. In some cases, there was also an increase of
granulocytes and haemocytes locally. Later in infection, in
the loose connective tissue of the proximal end of the
hepatopancreatic tubules, multifocal aggregations of ciliates
were common, resulting in loss of fixed, mostly active
phagocytes. A few degenerating ciliates were seen in the
haemolymph surrounding the hepatopancreas, together
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Ewdva 6. Nexowtinés alloidoeis o€ pvg aotaxo weioapuatind
uolvauévov ue A. haemophila. ‘Eyyvon diadvtdv. HEE, 95X.

Figure 6. Necrotic lesions in the muscles of a non-infected lobster
treated with solvents. H&E, 95X.

uovij 060m g ovoiag, eupavioay TS (OLeg AAMOUDOELS Ye
TOVE BeTn0US NAQTVEES, AANG 1) EPPAVIOT TWV TTOLQOOTTOV
oy aporéugo rabuvotépnoe pia epdoudda. “Etot, ) al-
Anhovyia Tov wtoloywmav allowwoewv fjtay 1 dua, pe da-
od xooviri uiag epdouddac. Enlong, de foénrav ma-
pdotta aTo Nrratomdyreas xon tov emmodim (Ewdva 5).

Mn noAvougvor aotaxol oTovs omoiovs yoonyonxe
pyrimethamine

Agv Beénrav LoToOhOYIREC AAAOLDOELS.
MoAvauévor aotaxoi atovs omoiovs yoonyronxay dtalites

Bpénrav arloudoelg oe 3 amd tovg 8 aoTomovg
(37,5%) now outég HTOw TAQOUOLES UE CUTES TV OLOTAKRMV
—Oetnayv paptiomv. H epugpdvion tov magaoitov oty ou-
HOAE o mapaTnEY|Onxre mv 51 efdopdda petdo ™ uéhuv-
o1 %o 0L AAAOLDOELS OTOV ETLTTOdTTN oW TaL BEdyyLaL TToV
TOM0 0oPapdTEQES, 0rdun ®aL ot ot ™V gfdoudda.

Aotanol Tov TOQEUELVAY U LOAMOUEVOL EPPAVLOOY
VERQWTIES EOTIEC TNV ROQOLA.

Mn poAvopévor agTaxoi 3ToVS 0moiovs Yoo yOnray
dwaAvTeg

O un polvouévor aotaxrol eiong EUPAVLONY VEXQM-
Trég eotieg otoug s (Ewdva 6) xaw omy zopdd (Ewdva
7).

YYZHTHXH

To pre@ado@dpa Tapdotta 0emEOVVTAL WS ALTLO-
hoywol mapdyovieg onuavirdv aobeveudv oe Kapnivo-
€101 mov Poionoviar og avyuarwoia (Morado & Small
1995) »aw uoEOvVY VoL TEORALECOUV ATTWAELES OTOV OUE-
owoviré aotaxd (Homarus americanus) uéxol 15% em-
oilwg (Cawthorn 1997). H ao8éveia wov mtporaheiton and
T0 TaEdoTo Anophryoides haemophila €ygl Teéo@aTaL TTE-
owypapel and tovg Cawthorn et al. (1996) wg "bumper car
disease".

Ewova 7. Nexowtixés arloidoeis oe xa0did aotaxov meipaua-
Txd porvaugvov ue A. haemophila. Eyyvon diatvrdy. HKE,
235X.

Figure 7. Necrotic lesions in the heart of a non-infected lobster
treated with solvents. H&E, 235X.

with an aggregation of haemocytes (Figure 4). Aggregations
of ciliates were also found in the connective tissue of the
intestine, testis and antennal gland without, however,
causing serious pathology. At week 10 post-infection, the
gill filaments were packed with increased numbers of
parasites, from which only few remained with intact septum.
No encapsulation lesions were present. Numerous parasites
and lymph were present in the connective tissue of
hepatopancreas. Few of them locally invaded the connective
capsule and parenchyma, but did not cause serious lesions.
Numerous parasites were found in the connective tissue and
muscular layer of the epipodite and the gut, where RIC
were also abundant. Some parasites were also present in the
myocardium (Figure 5) and nerve ganglion produced very
localized pathology; RIC were also present in these tissues.

Infected and uninfected lobsters treated with lasalocid

Infected lobsters showed the same lesions as the
infected control. In addition, both uninfected and infected
lobsters, injected with lasalocid, showed a distinct
haemolysis in the heart.

Infected lobsters treated with pyrimethamine

In infected animals, treated with single dose of the drug,
lesions were similar to the infected controls, but the
appearance of the ciliates in the haemolymph was delayed
by one week. Thus, the histological lesions appeared with
the same sequence, but with 7 days difference. However, no
parasites were found in the hepatopancreas and the
epipodite of the infected lobsters.

Uninfected lobsters treated with pyrimethamine
No lesions were observed in these animals.
Infected lobsters treated with Solvents

Lesions were present at 3 out of 8 (37.5%) of the
animals treated with the solvent; these were similar to the
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Iponyovuevec uehéteg oe aoBévela mov TEOrA|On®E
TELQAUOTIRG 08 A0TOXOUS givar omtdvieg (Sherbourn &
Bean 1991). Yrdoyel, emopévag, avaywn avamtgng met-
QUUOTIREV HOVTEAWDV UEAETNG TNG VYETAS ROL TMV UOAV-
OUATLRDV AOBEVELDY OTOVE AoTAXOVS. AUTO Ba dtevrdiv-
VE TH OVY®OLOT %Ol OVAAVON TV OTOTELEOUATOV HETAED
OLAPOQETIRMV EQEVVAIV RAL TNV EXTIUNON TOV ATOTEAE-
opudTov TV HolopoTrGy aobeveldy oe TAnbuouoic
Kaonivoetddv dypumv ®ot o€ oayuaAmoto.

To to Adyo autd, oe pla monyoluevn eQyaoio
(Athanassopoulou et al., vté dmpootevon) xnabiepdoaue
EVOL TELQOUOTIRG UOVTEAD YLOL TNV AVATTTVUET] RO UEAETT TV
AAMOLBOEWV TNE VEoOU 0TS 08 0.oTtarovs. Ta amoteAs-
ouata mg eQYaotog avtig €0e1Eav OTL, VTS TELQOUUATIRES
ouvOrrec, N aobévela avamtiooeTal og dvo pdoels. Mia
syt dom (1-4 efdoudda puetd ™ péhuvon), Grov rove-
VoL TORAOLTO OEV aviyveveTaL 0T AEUQO, xat uo devTeEn
pdon (51 efdoudda rat TEQA), 0TTOTE RO TAL TOQAOLTOL EU-
paviCovran ot AEugo row cvEdvovian otabepd og TOAD v-
Yot apBuovs. Avtd o TEATUTTO €xeL VYMAT CUOYETION
pe v Eagpviry] uetmon Tov Lot TV ALPoXrVTIAQMV
oV ALROAE PO, TTOV TTarpaTnEN B re ™V 51 efdoudda pe-
T4 ™ uSAuvom, oe peréteg LOAMIOPATIROTNTAS UE [OLES €Y~
¥0OELS, TTOV Eyvav ToQdAMNAa pue avtd ta TeElRduaTo
(Cawthorn, adnpootevta otovyeio). Avt 1 duh pdon o-
VATTTUENS TG HOAUVONG ROTAYEAPN®E OO TS LoToTtaf0-
Loyirég oAy €S vOL TLS TTORATNENOELS e avoaoHoLond
%O OVOOOUTTEQOEELOAON OE TTQONYOUUEVY EQYAOTOL LOC KOl
emPefordddOnre xaL otV TAQOVOA EQYAOTH UE TNV AV~
7TVEN ™S VEooL oToug ndotvpes. Me fdon autd to teon-
youvueva otouyelo xoonynoae g DeQamevTinég ovoteg
uto efdoudda peTd v TELQaROTIXY UGAUVOY Row 0y o0~
e va eggtdlovpe ™y cptoh€ o Yo tapdotta 3 efdoud-
0gg UETA ™ UGAVVON.

H pn wavétnta evidmong tav PAEQaoLdopoomy oTig
mpdrteC fdouddeg e mELpaUaTIRIS LOAMIVONG, AROUC HOL
ot peyoliteon €yyuon, WToQel va opelheTal og owrihoug
AGyovg. ITpdtov, 1) TEQLOYY] TV LOTHV TOV eEeTdoTnra
oV OOV UEAETY, pe oLVI|OY LoTohOYia, WToEEl va. -
TAV TEQLOQLOUEVT L O OLadoyLrd Tuiuata, £ite axdouo
WITOQEL VaL artontouvToL 7o eEedreVUEVES LOQLORES UE-
B0d0L, TEOXEWEVOL VO AVLYVEVTOUV TNV TTAQOVOT0L TWV TT0t-
paoitwv. Avtd amotehel medlo yia pelhovuxry €pevva.
“Towg ta PAeQaOLOOPEOa HETAPEQOVTUL UECM TG OLUO-
Mugov og dapoetnd Soyava, GITov, Aol ESwrAELOTOUV
LLE T OUYRGAON CLUORRVTTAQMYV, UELBIVOVTOL TTQOCMQLVE
omté g MWotveg wow T ooviveg tov Egviotyi. ‘Otav oL opv-
VILRES AELTOVQYIES TOV EEVIOTH AmOTHOVY VO ATTOTEEYOUV
™V eEdmhmon Twv Taaottmv, autd to fAepagdopdoa ue-
TAPEQOVTAL Y] RLVOUVTOL OF TILO EVVOIREG TTEQLOYES, CUUITE-
oLAaBavopévmy Tmv Poayyimv ®oL ToU GUVIETIZOU LOTOT
(5m epdoudda ron TEQRA). Ot TOQRATNENOELS HAS VITOOTNQL-
Couv 6t oL pnyaviopol dpvvag tov Egviom) (Srmg exONAm-
VOVTOUL UE EYRAPWON HOL OYNUCTLOUS RORKUDUATMV) OTOYO
elyav to (dLa T ToEdoLta, avtiBETo P TOUS LOYVELOUOUC
tov Morado (1993) zou Messick xow Small 1996.

infected controls. The appearance of the ciliates in the
haemolymph was also present at 5th week and the
histological lesions in the gills and the epipodite were very
serious even at this week. There were also necrotic foci in
the heart. Animals remaining uninfected from this group
had only necrotic lesions in the heart.

Uninfected lobsters treated with Solvents

Large, necrotic lesions at the site of the injection were
present in the musculature (Figure 6).

In most lobsters, similar necrotic lesions were seen also
in the heart (Figure 7).

DISCUSSION

Ciliate parasites are generally considered as etiologic
agents of important diseases of crustaceans (Morado &
Small, 1995) and can cause post harvest losses of American
lobster (Homarus americanus) up to 15% annually
(Cawthorn, 1997). "Bumper car" disease is caused by an
Anophryoides haemophila, a scuticociliate, recently
described by Cawthorn et al (1996). Previous studies of
experimentally induced disease in lobsters are rare
(Sherbourne & Bean, 1991). Overall, there is a significant
requirement for the development of experimental models
of studying health and infectious diseases in lobsters, as this
would facilitate the comparison and analysis of results
among different researchers and assess the impact of
infectious diseases on both wild and captive crustacean
populations. In a previous study (Athanassopoulou et al,
under publication) we established an experimentally useful
model for the study of "bumper car disease" in lobsters in
terms of sequential development of lesions arising from the
ciliate infection in these standardized experimental
conditions. This model provided useful information related
to the disease’s development. The results of a further
experiment (Athanassopoulou et al, under publication)
showed that the "bumper car" disease under experimental
conditions appears to develop in two phases, a first period
(weeks 1- 4 post-infection), where no parasites can be
detected in the lymph and a second period (weeks 5
onwards), when parasites appear in the lymph and increase
steadily in very high numbers. This pattern is highly
correlated with the sudden decrease in haemocyte numbers
in the haemolymph observed at week 5 post-infection in
infectivity studies with similar inocula, run in parallel to
these experiments (Cawthorn et al, unpublished data). This
two-phase development of the infection was also
documented by the present study in the infected control
group. On the basis of these previous observations, we
treated lobsters after a week post- infection and we started
looking for parasites from week 3 post-infection onwards.

The inability to locate the ciliates in the earlier weeks of
the experimental infection, even at the highest inoculum,
may be due to various reasons. Firstly, the area of tissues,
examined in the present study by routine histology, could
well be limited and serial sections or more sophisticated
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Tevird, ot Tapaottdoels amd 1o PAepaoLdmTd gival
yoryooeg ®au ratalnyouvv og Bdvarto (Messick & Small
1996). Ta aporttrapa tov Egvion] tpogavag eivar ovi-
AAVA VO AVOYVOELooVV Ta tolhamhaotalipevo mapdot-
Ta ®ou EAVTAOTVTOL YO1TYOQU, (POULVOUEVO YVMOTS OE TTOA-
Mg aoBéverec tov Kaprivoedav (Morado et al., 1995).

To lasalocid Bpénxe va. elva TOAS TOEWS %o peydin
Bvnowdmro mopatnendnre dtav dobnxe in vivo 1600 o€
vYLeic 600 rou polvouévoug aotaxrots. O aplBuds v at-
UORVTTAQMV TV AOTAXRADY TOV eELNoay PEEBN®E TTOAD
YOUNAGS —TOAD rEGTEQOS TV BETRMV HATIQWV- TEO-
PaviS AMOYm auSAuong , Grtmg aodelyOnre omv LoTtoma-
Boloywr| eE€Taon.

H pyrimethamine amodelyOnxe amoteheopotiny van
Bepamevel Teleing To Topdotta eWdnd 0To enavaiaupo-
vépevo oyfua. H Bvnowdmra vitav Tohd xounh xow o ué-
00¢ 0RLOUGES TOV ALUORVTTAQMV TAQEUELVE VYNAGS, ars-
UnN 1oL VYNAGTEQOS QTS TOUS CLEVNTIXOUS UAQTVQEG.

To pauoro Qaivetal vo emBeadiver TV updvion
TOV TAQACTTWV OTHY ALUOALEUPO ROL VAL LELDVEL T dLat-
OTOQEA TWV TOQACTTMV %o 0TAL GEYava (emutoditng, nma-
tomdyrpeag). Ta un polvouéva droua wov yonyitnxre
TO PAQUARO QUTO, 0 ARLOUOS TWV ALUORVTTAQWY NTOV TT0-
3IOLOC e TOVS aEVNTLROUS ndotvpec. Emiong, dgv mapa-
™Yty Taforoyrés alhoudoeLs, Gtav 1o pdouaxo d6-
Onre oe un polvouéva dropa. EEdAlov, to pdouaxo €xel
amoderyBeL G elvan OTOTELEOUOTIRG RO OF iR Vitro doxi-
ués (Novotny et al., 1996, Cribb et al., 1999).

Kabdg dev vmdoyel Bepameia yia v véo0, ue fdon
Ta BeTrd amoteAEOUOTOL TG TTALEOVONG EQYAOLOLS, TTQOTE(-
voupe Gt v pyrimethamine givol éva vahd PAQUARO YLOL
™ Bepameia ™S V6oL oV 0@elAETAL 0TO TORAOLTO A.
haemoplila.

O SLoAUTES TTOU Y ONOLUOTTOLON®OY 0TV TAROVOO, £Q-
yaoia, amodelytnre GTL TEORANOTY TOTUKRES VERQWOELS OE
HUinG 1oTé o xeEdLd (xmis Sumg va poxrahovvran 0d-
VaToL) row ETOUEVIS, Bo tav evilagpépov vo pehemBein
xonon dihov evalloxtxdv ovoldv yua ™ dtdAvon tov
paoudzov. Av xow autd 1o onuelo mpooeyel vo feltim-
0et, 10 PAuaro UIToEEel va. yoonyn0el ue aogdiela o o-
OTOROVC.

Evyagtoties: H Dr. F. Athanassopoulou -Irvine ovp-
uetelxe omv €pevva pe vmotpogia (Postdoctoral
Fellowship from the Organization for Economic
Development and Cooparation (Europe). To modyoauuo
yonuarodotibnxe oto Lobster Health Research Centre a-
716 10 “Idpuvua Mux Bell Foundation.

molecular methods may be required to detect the presence
of the parasites; this is an area for future research, especially
as the PCR method has been recently developed for
detecting these parasites in lobsters (Ragan et al, 1996).
Perhaps the ciliates are transferred by the haemolymph to
different organs, where, after being enclosed by haemocyte
agglutination, they are either temporary decreased in
numbers by the host’s lysins and opsonins or they undergo
a phase of a localized binary fusion and multiplication.
When host defenses fail to prevent spreading of the
parasites, these ciliates are then transferred or moved to
more favorable locations, including gills and connective
tissue (week 5 onwards). Our observations suggested that
the host’s defense mechanisms (as manifested by
encapsulation and granulomata formation) were indeed
targeting the parasites, unlike the suggestions of Morado
(1993) and Messick & Small (1996).

In general, ciliate infections appear to be fatal and rapid
(Messick & Small, 1996). The host haemocytes are appa-
rently unable to recognize the proliferating parasites and
they are also rapidly depleted, a common phenomenon of
many protistan diseases of crustaceans (Morado et al, 1995).

Lasalocid was found to be toxic and acute mortality was
observed, when administered in vivo in both infected and
uninfected lobsters. The haemocyte counts of the remaining
lobster were very low (much lower than the control fish,
most probably due to the haemolysis, as this was shown in
histology). Monensin was also very toxic to lobsters at the
doses tested.

Pyrimethamine was found very efficient to treat these
ciliates at repeated doses. The mortality was very low and
the mean haemocyte counts remained higher than the
uninfected control group. The drug seems to delay the
appearance of the ciliates in the haemolymph and to lower
the spread of these parasites in the epipodite and the
hepatopancreas. In uninfected animals treated with this
drug, haemocyte counts were similar to the uninfected
control group. Furthermore, no pathology was observed,
when the drug was administered to uninfected lobsters. The
drug has been also shown effective during in vitro trials
(Novotny et al, 1996, Cribb et al, 1999). As there is no
effective treatment for the control of bumper car disease,
on the basis of the results of the present study, we suggest
that pyrimethamine is a good drug for the treatment of A4.
haemoplila infection in lobsters. The solvents, used to
dissolve the drugs in this study, were shown to produce
necrotic lesions in musculature; therefore, it would be
interesting to investigate alternative solvents. If this aspect is
improved, the drug could be then administered safely to
American lobsters .
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