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DEVELOPPEMENT D’UNE HYPERSENSIBILITE RETARDEE

chez des lapins infestés par les femelles d’Ixodes ricinus L.

P. GIRARDIN et M. BROSSARD*

RESUME. Au cours de 4 infestations successives par J. ricinus L., la peau de lapin se sensibilise
progressivement aux antigénes salivaires des ectoparasites. Le phénoméne est décelé par la mesure
an micrométre d'un repli dermique au point d’injection de I'extrait salin antigénique.

Un léger épaississement de la peau des lapins infestés est noté durant Pheure suivant d’administra-
tion d’antigéne. 11 est sans doute di 4 une faible hypersensibilité cutanée de type immédiat.
L’épaississernent est maximal aprés 24 & 48 h et s’amplific au cours des infestations. Cette réaction
tardive est certainement I'expression d’une hypersensibilité de type retardé (type I'V = tuber-
culinique classique).

Development of delayed-type hypersensitivity by rabbits infested with Ixodes
ricinus L. females :

SUMMARY. During the course of 4 suceessive infestations with I. ricinus L., the skin of rabbits
became progressively more sensitive to the salivary antigens from the ectoparasites. The pheno-
menon was evaluated by measuring a skin fold at the point of injection of the antigenicsaline
extract.

A slight thickening ol the skin of inJested rabbits was observed during the hour following appli-
cation of antigen. Tt is without doubt due to a weak cutaneous immediate type hypersensitivity.
The skin thickness was at a maximum after 24 to 48 hrs and inercased with each infestation.
This late reaction is certainly the expression of a delayed-type hypersensitivity (type IV = clas-
sical tuberculin reaction).

I — Introduction

Des lapins acquiérent progressivement une résistance contre la piqare des
femelles d’Ixodes vicinus L. au cours de 4 infestations successives (Bowessidjaou et
coll., 1977 ; Brossard et coll., 1982). Ce phénomeéne affecte la biolcgie des ectoparasites.
La durée moyenne du repas sanguin est prolongée, la prise de sang et le rendement des
pontes sont diminués. La résistance perturbe également I’embryogenése. Cette immu-
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requéte n° 3'070.81. Il constitue une partie d’une thése de P. Girardin.

* Institut de Zoologie, Université, rue de Chantemerle 22, CH-2000 Neuchdtel.
Accepté le 4 juin 1984.
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nité peut &tre partiellement transférée an moyen d'immunsérum d’animaux pluri-
infestés (Brossard, 1977 ; Brossard et Girardin, 1979).

Le site de fixation des tiques dans la peau des lapins est fortement infiltré par des
cellules mononucléées et polynucléées (Brossard et Fivaz, 1982). Ainsi, des basophiles
affluent et dégranulent en plus grand nombre au cours d’une réinfestation que lors
d’une primo-infestation des animaux. Cette réaction est similaire & une anaphylaxie
cutanée 4 basophiles. Ces leucocytes sont en effet sensibilisés contre les antigénes
salivaires de tiques, phénomeéne démontré par un test de dégranulation 7u vitro (Bros-
sard et coll., 1982). Les éosinophiles sont mobilisés plus précocement et aussi de
maniére plus intense, tandis que neutrophiles et lymphocytes envahissent le tissu
massivement quelle que soit I'infestation. Les mastocytes dégranulent également en
plus forte proportion au cours d'une réinfestation. Cette derniére observation carac-
térise sans doute le développement d'une hypersensibilité de type immédiat.

Les effets de 'immunité des lapins sur la biologie des tiques sont diminués par
I'injection quotidienne de mépyramine, un anti-histaminique-H1 (Brossard, 1982).
Cette expérience démontre I'importance de l'histamine dans l'expression de la
résistance.

L’étude présente montre que des lapins infestés par I. ricinus développent de’
surcroft une hypersensibilité de type retardé. Au cours de 4 infestations successives
des animaux, le phénoméne évolue progressivement.

II — Matériel et méthodes

2.1 Lapins

Cinquante-cing lapins (10 par infestation et 15 contréles) de souche Himalayenne
et de génotype aacc* ont été utilisés. Lors des expériences, ils étaient agés de 3 mois
{controles et premiére infestation) a 6 mois et demi (4¢ infestation) et pesaient 2,5 kg
en moyenne. Ces animaux ont été infestés par 10 femelles et 10 males d’I. ricinus.
Seules les femelles de cette espéce se gorgent, mais la copulation est nécessaire & une
prise de sang normale (Graf, 1978a). L’essai cutané a été réalisé 15 jours apres la fin
de chaque infestation (fig. 7). Le méme intervalle a été respecté avant de réinfester
les animaux des autres lots.

2.2 Tiques

Les tiques I. ricinus utilisées pour les infestations et la préparation d’antigéne
sont élevées dans notre laboratoire selon la méthode de Graf (1978b). Lors de Yinfes-
tation des lapins, les tiques sont déposées dans un fourreau de drap fixé a la base de
Loreille de I'hote et fermé a son extrémité distale au moyen de toile adhésive. Un large
collier empéche les lapins de se défaire des parasites par grattage.
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F1G. 1. — Schéma expérimental.
(1) : 10 @R et 1033 d'T. ricinus.

2.3 Antigéne

Apres 4 jours de nutrition sur lapin, des femelles d’1. 7icinus sont disséquées. Les
glandes salivaires sont prélevées, lavées, puis broyées dans du tampon phosphate
0,01 M A pH = 7,2 maintenu 2 4° C. Le broyat est centrifugé pendant 30" 4 10 000 G
et 40 C. Le surnageant est dialysé pendant 24 h (membrane sélective pour des PM >
7-8 000) 4 40 C contre le méme tampon. Les protéines du dialysat sont dosées selon la
méthode de Lowry et coll. (1951). L’antigéne est conservé lyophilisé.
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2.4 Mesure de la réaction cutanée

Toutes les 10 minutes pendant I'heure suivant les injections d’antigéne, ainsi
qu'apres 6, 24, 48, 72 et 96 h, la réaction cutanée est évaluée par la mesure au micro-
meétre de ’épaisseur d’un repli de Ja peau des lapins. Le ventre des animaux est rasé
24 h avant le début des expériences. Les mesures sont effectuées au centre de 3 disques
d’un diamétre approximatif de 1 cm, dessinés avec un stylo feutre, et distants d’au
moins 5 cm. Deux surfaces servent de contrdle : I'influence de l'injection de 50 pl
de tampon phosphate 0,01 M & pH = 7,2 et du pincement de la peau par le micro-
metre est estimée respectivement dans les disques 1 et 3. Le troisiéme endroit
(disque 2) est réservé a ’administration de I'antigéne. La dose antigénique optimale a
été expérimentalement fixée & 50 ug dans 50 pl de tampon phosphate 0,01 M a pH =
7,2. Les essais préliminaires avaient été effectués sur des lapins immuns avec les doses
respectives de 5, 10, 20, 50, 100 et 200 pg.

2.5 Traitement des résultats

Une statistique globale des données a été réalisée pour chaque groupe de lapins
{contréles et infestations 1 a 4). Il a ensuite été procédé a des tests de Student pour
détecter des différences d’épaississement significatives : -

— entre les trois disques choisis,
— entre les intervalles de mesure (cinétique de la réaction),
— entre les différentes infestations, au point d’injection de I'antigéne.

ITT — Résultats

3.1 Remarques préliminaires

Le diametre des indurations apparues au seul point d’injection de l'antigéne
chez les lapins infestés n’a pas été pris en considération. Cette mesure est trop impré-
cise et de grandes variations sont enregistrées entre animaux d'un méme groupe.
L’expression des épaississements de la peau en pourcents ou en quotients par rapport
aux épaisseurs initiales a été écartée : quels que soient les surfaces ou groupes de lapins
choisis, 'accroissement dermique n’a jamais été, pour un intervalle de temps fixé,
proportionnel a I’épaisseur initiale.

3.2 Statistique globale (tableau I)

Chez les lapins contréles, on note un léger accroissement moyen de la peau,
maximal et non spécifique aprés 30" dans le disque 1 (injection du solvant), 24 h dans
le disque 2 (injection de I’antigéne) et 50’ & 6 h dans le disque 3 (aucune injection).
Il reste borné a des valeurs trés modestes (respectivement 0,28 mm, 0,45 mm et

0,16 mm).
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TaBLeEau I. — Statistiqueglobale.
Contréles Infest. 1 Infest. 2 Infest. 3 Infest. 4
SLTE TEMPS
MOY. E.-T. MOY. E.-T. MOY. E.~T. MOY. E.-T. MOY. E.-T.
1 10 18 8 24 14 18 15 29 24 17 11
1 20" 22 12 26 16 32 25 21 20 20 14
1 30" 28 15 27 23 30 20 26 23 19 15
1 40" 27 16 25 20 27 22 28 23 21 15
1 50! 23 15 21 23 32 25 25 23 19 11
1 60! 23 16 22 20 31 26 24 19 20 11
1 6 h 21 15 15 13 29 31 23 17 20 12
1 24 h 14 10 29 25 26 36 13 10 17 13
1 48 h 10 14 22 23 12 13 12 6 15 12
1 72 h 8 10 19 24 11 18 7 6 7 4
1 96 h 4 4 15 25 16 29 4 3 6 6
2 10 24 19 27 17 10 8 29 21 26 18
2 20 33 29 37 17 26 17 36 24 37 26
2 30' 43 39 39 21 38 21 45 33 40 26
2 40! 43 39 36 15 37 24 61 43 50 28
2 50! 39 30 31 16 - 37 19 48 35 47 25
2 60! 39 28 33 20 35 15 48 36 49 28
2 6 h 34 26 64 25 80 22 100 55 113 43
2 24 h 45 30 106 54 213 64 269 166 224 62
2 48 h 38 43 87 44 212 93 302 144 242 66
2 72 h 25 32 74 43 188 112 209 99 192 63
2 96 h 24 32 43 22 130 96 151 106 133 60
3 10' 9 9 13 12 3 3 9 10 [ 4
3 20" 10 10 13 15 6 5 10 10 12 7
3 30 12 11 18 20 8 7 15 12 10 10
3 40" 13 11 21 22 13 9 17 10 13 8
3 50! 16 13 21 25 13 9 17 9 17 11
3 60" 16 14 23 22 13 11 17 10 17 13
3 6 h 16 12 19 18 13 9 17 7 11 8
3 24 h 9 [ 23 13 15 14 10 9 17 12
3 48 h 4 4 15 12 10 13 17 11 21 20
3 72 h 5 4 11 8 6 3 11 9 14 9
3 96 h 3 2 6 5 [ 10 7 8 7 7
Controéles ‘n =15

Infestations 1-4 : n =

I0

MOY. : moyennes (centi¢mes de mm)

E.-T. : écarts-types (centiemes de mm)

Chez les animaux infestés, aucun accroissement notable n’est également décelé
aux deux sites témoins (1 et 3), les épaississements maximaux relevés étant respecti-
vement de 0,32 mm (infestation 2, site 1) et de 0,23 mm (infestation 1, site 3).

Au site d’injection de I’antigéne (disque 2), I'épaississement maximal moyen
apparaft au bout de 24 h chez les lapins infestés 1 fois (1,06 mm) et 2 fois (2,13 mm).

C’est chez les lapins ayant subi 3 infestations que I'accroissement moyen d'un
repli dermique est le plus élevé (3,02 mm apres 48 h).

Enfin, aprés 4 infestations des lapins, la mesure maximale est obtenue apres
48 h (2,42 mm). Elle avoisine celle relevée chez les lapins infestés a deux reprises.
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3.3 Comparaison des épaississements du repli de la peau entre les trois différents
disques (tableau I)

a) Comparaison entre les sites 7 (injection du solvant) ¢ 3 (indemne) :

Lors des infestations 1 et 3, aucune différence significative d’épaississement de
la pean n'est relevée pour tont moment d’observation. Dans les autres cas, on note
quelques différences significatives (p < 0,01) : lors de la premiére mesure (apres 10°)
pour I'infestation 4 et pendant les 30 ou 40 premiéres minutes de ’expérience (respec-
tivement infestation 2 et contréles). Ces différences sont ainsi observées exclusivement
au début de l'essai. Les épaississements sont toujours supérieurs au site 1. La lente
résorption du solvant en est sans donte responsable. Ainsi les sites 1 (injection du
solvant) et 3 (permettant de mesurer 'influence seule du pincement) se comportent
de maniére trés comparable, exception faite de la période nécessaire a la résorption
du solvant (10-40°). Par conséquent, nous négligerons dans la suite de I’étude le site 3
et ne considérerons que le site 1 comme disque contréle.

b} Comparaison entre les disques 7 (injection du solvant) et 2 (administration
de J'antigeéne) :

Lors d’'une primo-infestation, on constate un épaississement significativement
supérieur an site 2 entre 6 et 72 h aprés les injections (p < 0,01). En revanche, un
écart n’est noté qu’apres 24 h dans le lot des lapins contréles. Dés la deuxiéme infes-
tation, on décele une différence significative continue dés 6 h apreés la stimulation
antigénique (4¢ infestation dés 40’ déja).

3.4 Evolution de ’épaississement de la peau au site 2 (injection d’antigéne

Les valeurs relevées au cours de 'expérience ont été confrontées entre elles
pour chaque infestation (évolution significative de la réponse immunitaire) (tableau 1T

et figure 2).

TaBLEau II. — Test de Student sur les différences d’épaisseur
de la pean dans le disque 2.

CONTROLES
T1 T2 T3 T4 T5 T6 T7 « T8 T9 T10 TI11




TABLEAU 11 (suite).

INFESTATION |

T1 T2 T3 T4 T5 T6 17 T8 T9 T10 TII
Tl ..
T2 o
T3
T4
T5
T6
’|‘7 %%k ok * % * * % %% %ok
"|‘8 * %k Ak ok ok Kok ok * kK % %k %k * ¥k ¥ *
'|‘9 * %ok %ok k¥ . % %k % %k ok * %
’l']o * % * * * *k *
TI1 ** *
INFESTATION 2
Tl T2 T3 T4 T5 T6 T7 T8 19 T10 TI11
T1
T2 *
T3 *okok
T4 wok
’1‘5 k¥ ok
'[‘6 ¥k
'_'|'7 * Kok sk ok &k k %* %k %k %k %k 3%k k%
']‘8 %%k K % koK A o ok % %k ok % * ¥k * k%
'1‘9 %k kK & %k % Kok ok % %k & oKk % %ok ok ok ok
'J‘lo 35 %k %k Aok o % ok %k % % %k %k Kk * %k * ok
’I‘ll * koK * ok %k * % *k * %k *
INFESTATION 3 :
Tl T2 T3 T4 T5 T6 T7 T8 T9 Ti10 TIl
Tl
T2
T3
T4 *
T5
T6
’]‘7 *ok ok *k * * *
T8 *ok% [Ty *kok *ok koK *oA sk ETS
'|‘9 * Kok % %k %k * %k Kk %k ok % % %k % Kok % k%
"l‘lo * Kk %k %k Aok *okok % %k % * % %k * %
’]‘11 * % * %k %% * %k %k * % *
INFESTATION 4
Tl T2 T3 T4 T5 T6 T7 T8 T9 TI0 TI1
Tl
T2
T3
T4 *
TS *
T6 *
’1‘7 %k %k ok % %k ok % k% *ok ok %ok ok EX 3 3
’]‘8 * %Kk ok kook koK % 3% % %k ok % * k¥ *okok
’]‘9 Kokk %k %Kok *ok ok A%k ok % k% * ¥k %k %k
’]‘10 kk % %k % * ok k * ok ok %k % % %ok d ok
’J‘ll K%K % % %k %k %%k % * Kok L3 * K% %k gk, *
* prob < 0.05 T1 = 10’ T7 = 6h
T2 = 207 T8 =24h
** prob < 0.01 13 = 30’ T9 = 48h
T4 = 40’ TIO =72 h
*** prob < 0.001 T5 = 50’ Tl =96 h
T6 = 60’
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a) Contréles. Le repli dermique n'est significativement épaissi (p < 0,05) qu’aprés 24 h,
et seulement par rapport & la valeur obtenue aprés 10’

b) Infestation 7. Durant la période comprise entre 6 et 72 h aprés V'injection d’anti-
gene, les épaississements de la peau sont significativement différents de cenx observés
antérieurement (p < 0,05). On constate, aprés 24 h, une forte augmentation de
Pépaisseur du derme, puis un retour progressif a I'état antérieur.

c) Infestation 2. Toutes les épaisseurs mesurées lors de cette infestation différent de
celle relevée 10 aprés Padministration d’antigéne (p < 0,05). Les valeurs de la pre-
miére heure sont en outre inférieures 4 celles mesurées ultérieurement (p < 0,01). Les
épaississements notés aprés 6, 48 et 72 h ne sont pas dissemblables de celui obtenu
apres 96 h.

d) Infestation 3. Durant la premiére heure d’observation, un seul épaississement
dermique est supérieur a la premiére mesure (40’, » < 0,05). Les épaississements
différent, durant cette période, de ceux mesurés ultérieurement (p < 0,05). On constate
cependant une exception : les valeurs relevées apres 40” et 6 h ne sont pas significati-
vement différentes entre elles. De méme, aucune différence n’est relevée entre la
derniére valeur et les mesures effectuées 6, 24 et 72 h aprés les injections.

e) Infestation 4. De la 40¢ a la 60¢ minute, 'épaississement de la peau des lapins est
supérieur a celui mesuré aprés 10° (p < 0,05). Dés lors, il s’accroit sensiblement
(p < 0,01). Enfin, lors de la derniére mesure, 1'épaisseur du repli dermique est proche

de celle relevée aprés 6 h.

3.5 Comparaisons, au site 2, entre les infestations (fig. 2)

a) Remarques génévales. Pendant la premiére heure d’observation, on ne décele ancune
différence significative entre les divers groupes de lapins, sauf lors de la premiére
mesure. Iin effet, les animaux infestés 2 fois présentent & ce moment une réaction
significativement inférieure a celle des contréles et des animaux primo-infestés
(p < 0,05). Cette différence est sans doute essentiellement imputable a la dispersion
des mesures.

b) Comparaisons entre contrdles et sujets infestés. A Yexception de la 17¢ infestation, les
mesures effectuées sur les lapins infestés différent (p < 0,01) de celles relevées chez les
lapins indemnes entre 6 et 96 h aprés 'administration d’antigéne. En effet, les lapins
primo-infestés ne montrent une différence qu'apres 6, 24 et 72 h, par rapport aux
lapins non infestés (p < 0,01).

¢) Compararsons entre les véactions cutanées des lapins primo-infestés et pluri-infestés.
De la 24¢ & 1a 72¢ heure d’observation, les réactions des lapins primo-infestés different
de celles des animaux infestés 2 fois (p < 0,01). Dés 24 h, elles sont également infé-
rieures & celles des individus infestés 3 fois (p < 0,01). Enfin, toutes les réactions
cutanées observées des la 6€ heure sont dissemblables chez des lapins infestés 1 ou
4 fois (p < 0,005).
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Fic. 2. — Evolution de l'épaississement de la peau des lapins

au site'd’injection de l'antigéne (moyenne + écart-type).

d) Conclusion. Les réactions des controles different de celles de tous les autres groupes
de lapins. En outre, les animaux primo-infestés développent une réponse inférieure a
celle des sujets pluri-infestés. Enfin, les résultats obtenus chez des lapins ayant nourri
des tiques 2, 3 ou 4 fois ne different pas statistiquement.

IV — Discussion

Dans notre expérience, la peau des lapins s'épaissit légérement pendant I'heure
suivant l'injection intradermique d’antigéne (extrait salivaire de tique). Seuls les
animaux infestés 3 fois par I. »icinus montrent alors un épaississement significative-
ment supérieur A la premiére mesure (p < 0,05), ceci aprés 40°. Ce phénomene est
sans doute la manifestation d'une hypersensibilité de type immédiat. Brossard et
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Fivaz (1982) ont observé des mastocytes dégranulés au point de fixation des ectopara-
sites, en plus grand nombre sur des lapins réinfestés. En outre, des éosinophiles
envahissent plus précocement et plus massivement le tissu. Par un test de Prausnitz-
Kiistner, Brossard et Girardin (1979) ont décelé des anticorps homocytotropes dans
le sérum d’animaux infestés. La peau de receveurs a été sensibilisée (type immédiat)
par l'injection intraveineuse de ces immunsérums. Des bovins infestés par Boophilus
microplus développent aussi une hypersensibilité cutanée de type immédiat (Willadsen
et coll., 1978). Wikel et coll. (1978) détectent également une légeére réaction cutanée
immeédiate chez des cobayes résistants soumis & une injection intradermique d’anti-
géne salivaire de Dermacentor andersons. 1ls imputent plutét ce phénomene a l'effet
d’agents salivaires vasoactifs.

Dés 6 h apres la stimulation antigénique, Vépaississement de la peau de lapins
infestés est plus marqué. On observe alors 'apparition d’un érythéme. La réaction
atteint son apogée aprés 24 a 48 h et est accompagnée d’une induration.

Dans le lot des controdles, nous notons, aprés 24 h, un épaississement dermique
supérieur (p < 0,05) a celui obtenu aprés 10°. Cependant, cette réaction n’est pas
comparable A celle des animaux infestés (» < 0,01). Elle est sans doute non spécifique,
car nous n'avons pas observé d’érythéme ou d’induration.

Les lapins primo-infestés réagissent différemment des contréles et des animaux
pluri-infestés. En revanche, aucune distinction significative ne peut étre décelée entre
les réactions des sujets infestés 2, 3 ou 4 fois. Les effets de la résistance sur la biologie
des femelles d’I. 7icinus sont également plus marqués au fil des infestations et
plafonnent dés la 3¢ (Bowessidjaou et coll., 1977 ; Brossard et coll., 1982). Les baso-
philes se sensibilisent aussi plus fortement aux antigénes salivaires aprés une 2¢ infes-
tation (Brossard et coll., 1982). Ils dégranulent dans une proportion sensiblement égale
lors d’infestations ultérieures. La production d’anticorps anti-tique de la classe IgG
augmente chez les lapins réinfestés et leur titre est maximal aprés 3 (Bowessidjaou
et coll., 1977) ou 4 infestations (Brossard et coll., 1982).

Ces différents phénomeénes peuvent intervenir dans I’établissement d'une immu-
nité. Nous avions démontré que des facteurs humoraux (sans doute des anticorps IgG
et 1gE) ne conféraient qu’'une immunité partielle 4 des receveurs d’immunsérum
(Brossard, 1977 ; Brossard et Girardin, 1979).

Ainsi, dans le présent travail, nous avons montré que les lapins soumis a des
infestations successives d'I. ricinus développent une hypersensibilité de type immédiat
et une hypersensibilité de type retardé. D’apres Gell et Coombs (1968), cette derniére
est une réaction tuberculinique de type classique (type IV). Révélée par un essai
cutané, elle est en effet encore présente un mois aprés le début des infestations. Elle
est maximale 24 a4 48 h aprés la stimulation antigénique et déja fortement atténuée au
bout de 96 h.
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Effects of cyclosporin A on humoral immunity to ticks
and on cutaneous immediate and delayed hypersensitivity reactions
to Ixodes ricinus L. salivary-gland antigens in re-infested rabbits

Philippe Girardin and Michel Brossard

Institut fiir Zoologie, Universitdl Neuchitel, Chantemerle 22, CH-2000 Neuchatel, Switzerland

Abstract. When rabbits are repeatedly infested with
Ixodes ricinus L. adults, they acquire resistance to
these ticks. A humoral response occurs and the
skin of the host becomes progressively sensitized
to the saliva of the ectoparasites. The present study

examined the effects of cyclosporin A on these two -

aspects of immunity in re-infested rabbits. Using
the enzyme-linked immunosorbent assay (ELISA),
moderate suppression of the secondary IgG re-
sponse to bites of these ticks was observed in ani-
mals given this immunosuppressive drug. The
agent blocked the immediate cutaneous (type I) re-

action normally developed in response to the intra-

dermal injection of I. ricinus salivary gland anti-
gens, as detected by measuring the skinfold thick-
ness. The same method revealed a decreased de-
layed (type 1V) hypersensitivity to these antigens.
The present experiments demonstrate the major
role of cyclosporin A-sensitive cells (mostly T-lym-
phocytes, mast cells and basophils) involved in the
complex phenomenon of resistance to ticks.

Rabbits progressively acquire resistance to the
bites of Ixodes ricinus L. females (Bowessidjaou
et al. 1977; Brossard et al. 1982). The formation
of anti-salivary-gland IgG (Brossard 1977; Bros-
sard and Girardin 1979) and IgE (Brossard and
Girardin 1979) antibodies has been demonstrated
by indirect immunofluorescence and passive cuta-
neous anaphylaxis tests. Furthermore, acquired re-
sistance has been partially transferred by means
of immune sera from multi-infested animals (Bros-

Reprint requests to: M. Brossard

sard 1977; Brossard and Girardin 1979). The fixa-
tion site of the ticks in the skin of such rabbits
is heavily infiltrated by mono- and polynucleate
cells (Brossard and Fivaz 1982), degranulated mast
cells and basophils, which occur in higher numbers
in re-infested animals. Circulating basophils pro-
gressively become sensitive to 1. ricinus salivary
gland antigens, as previously demonstrated by an
in vitro degranulation test (Brossard et al. 1982).
The locally liberated histamine probably plays a
role in the expression of resistance; in fact, the
daily injection of the antihistaminic H-1 agent me-
pyramine diminishes the effects of host immunity
on the biology of the ectoparasites (Brossard
1982). Although humoral immunity is certainly im-
portant in the rabbits’ acquisition of resistance to
1. ricinus females, the role of cell-mediated immuni-
ty cannot be excluded. Thus, Girardin and Bros-
sard (1985) have described the development of a
delayed-type hypersensitivity in multi-infested rab-
bits.

To define better the immunological basis of the
rabbits’ resistance to ticks, these hosts have been
treated with the immunosuppressive agent cyclosp-
orin A during repeated infestations (Girardin
1986). Cyclosporin A may act in two ways on the
biology of the ticks: (1) by inhibiting the immune
response of the host, thus enabling the female ticks
to take a larger bloodmeal and lay more eggs; and
(2) by diminishing the egg-conversion factor of the
ectoparasites (weight of eggs laid/weight of the en-
gorged female), hence provoking failures in ovipo-
sition and hatching.

In the present study, the relative importance
of the humoral and cellular compartments in the
establishment of rabbits’ immunity against ticks
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was better determined. We evaluated the effects
of treatment with cyclosporin A on the immune
response of rabbits naturally sensitized to salivary-
gland antigens of /. ricinus. The influence of this
drug on the secondary humoral response (during
a second infestation) and the immediate and de-
layed cutaneous reactions (normally developed
after a re-infestation) were examined.

Material and methods

Rabbits. Male Himalayan rabbits of the genotype aac!'c" were

used. These animals were 2-2.5 months old and weighed ap-
proximately 2 kg at the beginning of the experiments. Each
rabbit was subjected to two infestations with ten female and
ten male of I. ricinus, first on day 0 and then on day 23 of
the study. Only females of this specics engorge, but copulation
1s necessary for an optimal bloodmeal (Graf 1978a).

Ticks. The I. ricinus ticks used for the two infestations of the
rabbits and for the salivary-gland antigen preparations were
reared in our laboratory according to the method of Graf
(1978b). During infestations, the ticks were confined in a cloth
bag placed over the ear of the host; a collar prevented groom-
ing.

Treatment with cyclosporin A. As described by Lindsey et al.
(1980), cyclosporin A (Sandoz S.A., Basel) was dissolved in
mineral oil (Miglyol 812, Dynamit Nobel); a daily dosc of
25 mg/kg was given subcutaneously to the host animals. The
six rabbits in group 1 (control group) were subjected to an
injection of the solvent (only mineral oil) on days —3-+4 of
the second infestation. Cyclosporin A was given to the six ani-
mals in group 2 on days —1,0 and +1 of the cutaneous test
and to the five rabbits in group 3 during the re-infestation (days
—3-+4).

Antigen. After fecding for 4 days on rabbits, I. ricinus females
were dissected. All preparation steps were carried out at 4° C.
The salivary glands were removed, washed, and homogenized
in phosphate-buffered saline (PBS; 0.02M PO, 0.03M NaCl,
pH 7.2). The homogenate was centrifuged for 30 min at 10000 g
and the supernatant was dialyzed for 24 h (membranc sclective
for a mol. wt. of >7-8 kDa) against the same buffer. The
protecin concentration of the dialyzed sample was measured us-
ing the method of Lowry et al. (1951). The antigen was lyophi-
lized ; once reconslituted, it was used either for cutaneous tests
or for the titration of the circulating specific 1gG by enzyme-
linked immunosorbent assay (ELISA).

Cutaneous test. The cutaneous test was conducted 12 days after
the end of the sccond infestation. The cutaneous reaction was
evaluated every 10 min for the 1st h following the intradermal
injections and after 6, 24, 48 and 96 h by measuring the thick-
ness of the rabbit’s skin with a micrometer. The abdomen of
the animals was shaved 24 h before the beginning of the test.
Mcasurements were taken at the center of two 1-cm diamecter
rings previously drawn with a felt-tip pen and at least 5cm
apart. One surface served as the control (disc 1), where the
effect of the solvent (50 ul PBS) was estimated. The second
place (disc 2) was used for the inoculation of the antigen. The
optimal antigen dose had previously been determined as 50 pg
(Girardin and Brossard 1985).

Titration of anti-salivary-gland antibodies. On days 2, 4, 6, 9,
12, 17, 25, 27, 29, 31, 34 and 39 of the experiment, 2 mi blood
was drawn from the central artery of one ear of ecach animal.
The antibody titres of the sera were estimated by ELISA. The
method described by Martinod ct al. (1985) was adapted to
our experimental conditions. Peroxidase protcin A was replaced
by horseradish peroxidase conjugated to goat 1gG anti-rabbit
1gG (American Qualex) diluted 5000 times. A pool of sera
from rabbits infested four times and from non-immune animals
was used to test the specificity of the reaction. The microplates
(Dynatech) had previously been coated with the salivary-anti-
gen preparation (0.5 pg/well, diluted in 100 ul 50 mM carbonate
buffer, pH 9.6).

Statistics. Both studied variables (skin thickening and antibody
titres) had a Gaussian distribution. Student’s t-test was there-
forc used to detect significant differences in the cutancous thick-
ening between (1) the two discs (buffer alonc or with antigen),
(2) the two measurcments (kinetics of the reactions) and (3)
the threc groups of rabbits. The same test was used to detect
differences in the specific antibody titres between the blood
samples (kinetics of the antibody production) as well as betwcen
controls and treated rabbits.

Results

Antibody production

Kinetics of antibody production. None of the rabbits
used in this study synthesized anti-I. ricinus sali-
vary-gland antigen IgG in quantities detectable by
ELISA before the 12th day following the beginning
of the first infestation (Fig. 1). A significant pro-
duction of antibody (P <0.05) was observed only
on day 17 in the 12 control rabbits (groups 1 and
2 together) and day 25 in the 5 treated animals
(group 3). The antibody titres of the control rab-
bits increased progressively from the 27th day of the
experiment (4 days after the fixation of the ticks for
re-infestation; P<0.01-P<0.001) and reached
their maximum after 34 days, after which they
declined, becoming significantly lower (P <0.05)
5 days later. In treated rabbits, antibody produc-
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Fig. 1. Production of 1gG specific to I ricinus salivary-gland
antigen in the course of two successive infestations. a, infesta-
tion with 10 female and 10 male 1. ricinus; —, daily treatment
with cyclosporin A (25 mg/kg). O3, controls (n=12); @, treated
animals (n=15)
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tion continued to increase significantly between the
25th and 29th days of the experiment (P <0.05).
This production was diminished on day 31 (P <0.05),
but on day 34 (7 days after the end of the cyclo-
sporin A treatment) an increase in antibody syn-
thesis was again observed. The final measurement
(day 39) gave the highest titre (P<0.05-P<0.01
relative to the former values).

Comparisons between control and treated rabbilts.
The rabbits treated with cyclosporin A produced
less 1gG specific to I. ricinus salivary-gland anti-
gens than controls. However, this difference was
significant only on the 31st day of the experiment
(P <0.01). On the other hand, at the end of the
experiment (8 days after the 2nd lot of ticks had
dropped), the synthesis of specific antibodies had
decreased in control rabbits but reached its highest
value in treated animals (P <0.01).

Cutaneous reactions

Comparison of the thickness of skin injected with
PBS vs antigen. In the three groups of rabbits,
few changes in the skin’s thickness were observed
in control disc 1 (buffer injected alone; results not
shown). A statistical comparison of the values re-
corded at each time in the two discs indicated large
differences in the evolution of skin thickness be-
tween the two measurement sites. The skin of the
control animals was thicker in disc 2 (antigen inoc-
ulation) throughout the experimental period, be-
ginning as early as 20 min after the injection
(P<0.05-P<0.001). In group 2 rabbits (treated
during the skin test) this difference was slightly
delayed, a significantly higher thickening in disc 2
being detected 6 h after the antigenic stimulation
(P <0.001). The administration of the immunosup-
pressive drug during the second infestation
(group 3) caused a very late manifestation of the
specific cutaneous reaction (24 h after the begin-
ning of the experiment; P<0.05-P<0.01).

Specific evolution of the thickness of the skin. For
each group of rabbits, the values recorded in disc 2
(antigen administration) during the experiment
were compared to determine the significance of the
evolution of the cutaneous immune response
(Fig. 2). During the 1st h of the experiment, the
skin thickness in control rabbits increased from
20 min after the injection of the 1. ricinus salivary-
gland antigens (P <0.01-P <0.001) and was maxi-
mal 10 min later. After 6 h, a more marked thick-
ening was detected (P <0.05), which increased rap-
idly from the 24th h following the antigenic injec-
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Fig. 2. Cutancous reactlions of rabbits re-infested with 1. ricinus
adults to the intradermal injection of tick salivary gland antigen
(50 pg in 50 pl PBS). The 6 control rabbits (group 1) were sub-
jected to an injection of the solvent for cyclosporin A (Miglyol
812, Dynamit Nobel) on days —3—+ 4 of the second infestation.
Cyclosporin A (25 mg/kg) was given to the 6 animals in group 2
on days —1-+1 of the skin test, whereas the immunosuppres-
sive solution was injected into the 5 rabbils in group 3 during
the second infestation (days —3-+4). O, group 1; @, group 2;
#, group 3

tion (P<0.001) and reached its peak after 48 h.
After this, the skinfolds became progressively thin-
ner.

Animals treated with cyclosporin A during the
test (group 2) did not develop a significant cutane-
ous reaction during the 1st h following antigen ad-
ministration. After 6 h, their skinfolds were thicker
(P<0.05-P<0.01) than before, increasing to reach
a maximum after 48 h. At the end of the experi-
ment (96th h), the dermis recovered to the condi-
tion recorded 6 h after the antigen injection. The
skin of the rabbits in group 3 (treated with cyclo-
sporin A during the second infestation) evolved
in a particular manner during the 1st h of the as-
say. Effectively, its thickness decreased between the
20th and 40th min (significant fall after 20 and
30 min; P<0.05). Compared with the 1st h of ob-
servation, the skin thickness was significantly in-
creased only between the 24th and 72nd h after
the antigenic stimulation (P <0.05-P <0.01).

Comparisons of the thickening in disc 2 (antigen in-
jection) between the three groups of rabbits. The
two groups of rabbits treated with cyclosporin
A exhibited a single significant difference in their
skin thickening 30 min after the antigen injection
(P<0.05). As mentioned above, the thickness of
the skin of animals treated during the second infes-
tation decreased between the 20th and 40th min
of the experiment. During the 1st h following anti-
gen administration, skin thickening in control rab-
bits was continuously greater (P <0.05-P <0.001)
than in animals treated during the second infes-
tation. Such a difference was perceptible only
30, 50 and 60 min after the antigenic stimulation
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(P<0.05-P <0.01) between the rabbits in groups 1
(controls) and 2 (treated during the test). However,
it should be pointed out that in the group 2 rabbits
we detected neither a significant thickening of the
skin in disc 2 nor an increased thickness of the
skinfolds in comparison with those determined in
the control disc. Consequently, the observed dis-
continuity in significance was probably due to vari-
ations in the measurements or a lack of sensitivity
of the statistical test used rather than to a biologi-
cal manifestation. From the 24th h of the experi-
ment, the two groups of treated animals contin-
uvously developed a weaker cutaneous reaction
than the controls, with respective probability
thresholds of P<0.01 for group 2 and P<0.01-
P <0.001 for group 3.

Discussion and conclusions

In keeping with other experiments (Brossard 1977;
Brossard and Girardin 1979; Brossard and Fivaz
1982; Girardin and Brossard 1985; Girardin 1986),
the aim of this study was to determine the various
components implicated in the resistance of rabbits
to the tick /. ricinus and to evaluate their relative
importance in this complex mechanism.

The synthesis of antibodies specific to /. ricinus
salivary-gland antigens in response to the bites of
this species, as well as its importance in the resis-
tance phenomena, has previously been reported
(Bowessidjaou et al. 1977; Brossard 1977; Bros-
sard and Girardin 1979). Most investigators,
among them Parker et al. (1984), agree that cyc-
losporin A generally acts as a powerful inhibitor
of the primary humoral response, even with a sin-
gle administration. In contrast the drug suppresses
a secondary response only if continuously main-
tained in the organism (Borel and Wiesinger 1977;
Thomson et al. 1983b). The influence of cyclo-
sporin A treatment on the primary and secondary
humoral responses of the rabbit has previously
been studied; particularly, the work of Lindsey
et al. (1980) clearly demonstrates the potency of
cyclosporin A (25 mg/kg given on days 0—+ S after
the immunization) to inhibit the primary produc-
tion of antibodies directed against horse serum al-
bumin. However, using this regime, these authors
did not observe an alteration in the secondary hu-
moral response.

The present study was the first attempted in
a host-tick system. We demonstrated that the sub-
cutaneous injection of cyclosporin A (25 mg/kg
given on days —3-+4 of a re-infestation of the
rabbits) partially suppressed the production of anti-
tick salivary-gland antibodies. According to the re-

views of Britton and Palacios (1982) and Borel and
Lafferty (1983), this drug neither acts directly on
B-cells (antibody producers) nor diminishes the
proliferation of suppressor or cytotoxic T-cells (if
already sensitized to antigens). Moreover, Ryffel
et al. (1980, 1982) have observed high-affinity re-
ceptors for cyclosporin A on mouse and human
T-lymphocytes, B-lymphocytes having a very weak
ability to bind this drug. The agent affects mainly
the T-helper cells by blocking their activation steps
(for instance, transcription of mRNA coding for
the lymphokines) as well as impairing their cellular
proliferation and maturation processes. Thus, the
secondary humoral response is indirectly weak-
ened, as confirmed in our host-tick system.

The development in rabbits of an immediate
hypersensitivity reaction in response to 1. ricinus
salivary-gland antigens has been reported in pre-
vious papers (Brossard and Girardin 1979; Bros-
sard 1982 ; Brossard and Fivaz 1982; Girardin and
Brossard 1985). The data obtained in control ani-
mals in the present study are in accordance with
our former findings. To our knowledge, few, if any,
studies have dealt with the in vivo effects of cyc-
losporin A on cutaneous anaphylactic reactions.

The present experiment demonstrates that im-
mediate hypersensitivity is no longer expressed in
rabbits treated with the immunosuppressive agent.
As mentioned above, the tick-specific IgG response
was moderately suppressed. We assume that this
was also the case for the production of IgE anti-
bodies, which, together with the mast cells, are im-
portant for the cutaneous immediate reaction to
1. ricinus salivary-gland antigens (Brossard and
Girardin 1979; Brossard and Fivaz 1982). There-
fore, we hypothesize that in our model cyclosporin
A may block the development of immediate cuta-
neous hypersensitivity by affecting the mast cells
(and undoubtedly also the basophils) in two ways:
(1) indirectly, by inhibiting the production of lym-
phokines active on these leucocytes as shown for
macrophages Borel and Lafferty 1983); and (2) di-
rectly, by impairing the liberation of histamine
from these two cell types, as previously suggested
by Pedersen et al. (1985).

Rabbits that have been infested with 1. ricinus
females normally develop a delayed cutaneous
(type TV) hypersensitivity in response to the intra-
dermal injection of tick salivary-gland antigens
(Girardin and Brossard 1985). The subcutaneous
inoculation of cyclosporin A in these animals im-
pairs this phenomenon. The method used for im-
munosuppressive treatment (during the second in-
festation or at the time of the skin test) did not
influence the effects of this agent on the magnitude
of the cutaneous reactions. Although the experi-



P. Girardin and M. Brossard : Effects of cyclosporin A on humoral and cutaneous reactions to Ixodes ricinus ticks 661

mental scheme and the administration methods
differ, our results agree with the observations of
Thomson et al. (1983 b, ¢), whose work was carried
out on guinea pigs sensitized against ovalbumin
or mice immunized against sheep red blood cells.
Borel et al. (1977) have demonstrated the suppres-
sive effects of the endecapeptide on the delayed
hypersensitivity expressed by tuberculin-sensitive
guinea pigs. The mechanism of action of cyclosp-
orin A on delayed type hypersensitivity has been
well documented, essentially by Borel et al. (1977),
Alberti et al. (1981), Bunjes et al. (1981), Hess et al.
(1982) and Thomson et al. (1983 a, b, ¢). As men-
tioned above, this drug inhibits the production of
lymphokines; hence, the recruitment and stimula-
tion of cells competent for the delayed reaction
(lymphocytes, monocytes, macrophages) are de-
creased.

In conclusion, the present experiments demon-
strate that, under treatment with cyclosporin A,
rabbits infested twice with 1. ricinus females
showed (1) a partial and reversible inhibition of
the secondary humoral response, as detected by
the titration of the anti-tick salivary-gland antigens
by ELISA; (2) a significant blocking of the imme-
diate cutaneous (type I) hypersensitivity normally
expressed in response to the intradermal injection
of the same antigens (measurable by the skinfold
test); and (3) a marked decrease in the delayed
cutaneous (type IV) hypersensitivity to the sali-
vary-gland antigens, as determined using the same
test. The influence of an identical immunosuppres-
sive treatment of rabbits on the biology of the ticks
(indirect and direct effects) has been evaluated in
another study (Girardin 1986). The latter study
and the present experiments confirm the usefulness
of cyclosporin A as a powerful investigative tool,
as previously mentioned by Klaus (1987) and
Truffa-Bachi (1987); furthermore, they indicate
the important role played by T-helper cells, lym-
phokines and probably by mast cells and baso-
phils, in the complex phenomena of the resistance
of rabbits to ticks.
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RABBITS INFESTED WITH IXODES RICINUS L. ADULTS:
EFFECTS OF A TREATMENT WITH CYCLOSPORIN A
ON THE BIOLOGY OF TICKS FED ON NAIVE AND IMMUNE HOSTS

P. GIRARDIN, M. BROSSARD

SUMMARY

Rabbits have been infested 3 times with 10 female and 10 male
Ixodes ricinus. Immunity which is induced when ticks feed on
naive animals (1st infestation) perturbs feeding, oviposition and
embryogenesis during reinfestations. Treatment of rabbits during
a 3rd infestation (resistant animals) with cyclosporin A (CsA), an
immunosuppressive agent which works on the cellular compart-
ment (chiefly T helper cells), partially reversed the negative effects

of the immunity on the biology of the ticks.

Conversely, CsA may also directly affect the reproductive pro-
cesses of ticks. Thus, the weight of the eggs laid and the egg
conversion factor of ticks fed on naive treated hosts (1st infesta-
tion) were diminished. In addition, the preoviposition was pro-
longed, and finally failure in oviposition and hatching occured
more frequently.

REsSuME : Infestations de lapins par les adultes d’Ixodes ricinus L
nourries sur des hétes indemnes on immuns.

L’intervention du compartiment cellulaire dans I'immunité de
lapins contre les tiques Ixodes ricinus a été montrée en traitant
les animaux par la cyclosporine A (CsA), un immunosuppresseur
agissant essentiellement sur les cellules T auxiliaires.

Des lapins ont été infestés a 3 reprises par 10 femelles et 10 méles
d’l. ricinus. L’'immunité induite durant la premiére infestation per-
turbe la nutrition, ’oviposition et I’embryogenése des tiques lors

. : effet d’nn traitement par la cyclosporine A sur la biologie des tigues

de réinfestations. Le traitement des animaux par la CsA au cours
d’une 3¢ infestation inhibe ces effets défavorables.

D’autre part, la CsA affecte directement le processus de repro-
duction. En effet, les pontes des tiques de premiére infestation,
nourries sur des lapins traités, sont moins abondantes. La préovi-
position est aussi prolongée, alors que ’oviposition et I’éclosion
des ceufs échouent plus fréquemment.

INTRODUCTION

The immune response of rabbits to adult 1. ricinus bites
has been characterized (Bowessidjaou et al., 1977; Bros-
sard, 1977; Brossard ef al., 1982; Brossard, Girardin, 1979;
Brossard, Fivaz, 1982; Girardin, Brossard, 1985 ; Girardin,
Brossard, 1989). This response leads to a state of resis-
tance against the ticks after repeated infestations (Bowes-
sidjaou et al., 1977; Brossard et al., 1982). Thus, the ave-
rage duration of the bloodmeal, preoviposition and
embryogenesis are prolonged and engorgement, egg laying
frequency, egg conversion factor (weight of eggs laid/weight
of fed female), as well as hatching frequency are diminished.

Cyclosporin A (CsA), an immunosuppressive agent lar-
gely applied in transplantation surgery, inhibits rejection
of allografts (Borel, 1981; Britton, Palacios, 1982), as well
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as graft versus host reactions (Borel ef al., 1977; Powles
et al., 1980). The properties of this metabolite make it
an attractive tool in the investigation of the immune res-
ponse (Parker ef al., 1984; Truffa-Bachi, 1987; Girardin,
Brossard, 1989).

Recently we have demonstrated (Girardin, Brossard,
1989), that CsA: (1) diminishes the secondary humoral res-
ponse of rabbits to female I. ricinus bites, (2) blocks the
immediate cutaneous reaction (type 1) normally developed
by re-infested animals after the intradermal injection of
tick salivary gland antigens and (3) impairs the delayed
type hypersensitivity reaction (type 1V) of the hosts to the
same antigen administration.

In the present study, we analysed the effects of treating
rabbits with CsA during a 1st or 3rd infestation on the biology
of I. ricinus ticks. We considered the following parameters:
(1) the duration of the bloodmeal; (2): the weight of the
engorged females; (3): the duration of preoviposition; (4)
the weight of the egg layings ; (5): the egg conversion factor;
(6): the duration of the embryogenesis; (7): the yield of the
parasitic cycle (egg laying and hatching frequencies).



MATERIAL AND METHODS

Host animals

Male Himalayan rabbits of genotype aac'c™ were infested 1 or
3 times with 10 male and 10 female I. ricinus. Only females of
this species engorge, but copulation is necessary for an optimal
bloodmeal (Graf, 1978a). A 15 day delay separated the infesta-
tion periods. For each infestation, 5 rabbits were treated with CsA.
During the 1st infestation, 6 rabbits served as controls and 5 control
animals were used for the 3rd infestation. The hosts were aged
from 3 months (1st infestation) to 5 months (3rd infestation) and
weighed 2.5 kg on average.

Ticks

The I. ricinus ticks used in our experiments were reared in our
laboratory according to the method of Graf (1978b). During the
infestations, the ectoparasites were confined within a cloth bag
placed over the ear of the rabbit. A collar prevented the host
from grooming. Engorged ticks were taken, weighed and reared.

IMMUNOQSUPPRESSIVE TREATMENT

As described by Lindsey er al. (1980), we dissolved the CsA
(Sandoz AG, Basel) in mineral oil (Miglyol 812, dynamit nobel).
A daily dose of 25 mg/kg was administrated to the rabbits subcu-
taneously. Control animals were subjected to subcutaneous injec-
tions of the single solvent (0.5 ml mineral oil per day). Consider-
ing the strength of the immune response (Papatheodorou, 1985;
Girardin, 1987) and that the resistance extends the period of tick
feeding (Bowessidjaou et al., 1977), we performed the treatment
on days —1 to + 6 for the lst infestation and on days —2 to
+ 8 with the 3rd infestation.

Statistics

We used the non parametric Mann-Withney test (Siegel, 1956)
for the comparison of the data obtained for each variable, except
for the yield of the parasitic cycle. 1n this case, we analysed our
results by means of the frequency exact test (Ostle, 1963).

RESULTS

Results are summarized in Table I. For each variable,
we did « vertical » comparisons of our data (Ist infesta-
tion versus 3 rd infestation), in order to demonstrate the
effects of rabbits resistance on the biology of the ticks,
and to determine the influence of CsA on host immunity.
A direct effect of CsA on the biology of the ticks was
estimated by proceeding to « horizontal » assessment of
our results (control versus treated).

1 — Duration of the bloodmeal

During the 3rd infestation, the I. ricinus females remained
attached to control hosts for a longer time than during
the 1st (p < 0.01). Treatment of the rabbits diminished
the duration of the bloodmeal during the 3rd infestation
(p < 0.001), but increased it during the Ist (p < 0.01).

CYCLOSPORIN A ON TXODES RICINUS

TaBLeaU 1. — Influence of treating rabbits with CsA during a
Ist or a 3rd infestation on the biology of 1. ricinus. St-dev:
standard deviation. For p values, see text and figures 1, 2 and 3.

INFESTATION 1

CONTROLS TREATED
HMesn t-dev [i] Mean 1-dev [i]
Duretion of the hloodmesi (hours) 163.72 18.47 46.| (7793 19.90 4S5
weight of the engorged ticks (mg) 226.62 10276 46 | 24066 S407 45
Durotion of the preoviposition {(deys) 9.67 200 36 12.77 8.87 39
weight of the egg layings {mg) 11528 $S040 36 8382 2996 39
Egg conversion factor 0.43 0.11 36 0.34 0.10 39
Duration of the emhryogenesis {doys) 36.09 759 35 48.45 1369 31
Egg leying frequency 36/46 39/45
Hetching frequency 35/36, 31/39

INFESTATION 3

CONTROLS TREATED
Hean St-dev g tlesn  St-dev n
Duration of the bioodmeal (hours) 20006 2658 42 179.81 1825 42
weight of the engorged ticks {mg) 188.88 88.89 42 | 20113 7593 a2
Duration of the preoviposition (days) 16.07 7418 30 9.46 (.73 28
Weight of the egg loyings {mg) 5592 $036 30 80.83 3330 28
Egg conversion factor 031 0.16 30 0.34 6.1l 28
Duration of the embryogenesis {(days) 6484 886 19 45.78 750 23
Egg layling frequency 30/42 28/42
Hotching frequency 19/30 23/28
-
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Fig. 1. — Influence of treating rabbits with CsA during a Ist

or a 3rd infestation on the engorgement of I. ricinus females.
Differences between the infestations: * p < 0.05, *** p < 0.001.
Difference between ticks on control or treated hosts: ///
p < 0.001.

2 — Weight of the ticks

Immune-mediated resistance to tick feeding caused a dra-
matic decrease in the weight of the engorged ticks (fig. 1).
In fact ticks fed both on control and treated rabbits took
less blood during the 3rd infestation (p < 0.001 for « con-
trol » ticks, p < 0.05 for ectoparasites fed on treated hosts).

However, the feeding of ticks on multi-infested rabbits
was favored by the treatment (p < 0.001). During the 1st
infestation, the engorgement was only slightly higher in
the females on treated hosts.

3 — Duration of the preoviposition

Ticks fed on control rabbits laid their first eggs later
following the 3rd infestation than after the 1st (p < 0.001).
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O CONTROLS
TREATED

120

Weight of the egg layings (mg)

INFESTATION 1 INFESTATION 3

F1c. 2. — Influence of treating rabbits with CsA during a Ist
or a 3rd infestation on the weight of egg layings of I. ricinus
females. Difference between the infestations: *** p < 0.001. Dif-
ferences between ticks on control or treated hosts: - p < 0.05,
Wt p < 0.01.

However when engorged on treated hosts an opposite effect
was observed (p < 0.01). CsA clearly impaired expression
of the resistance on the preoviposition. In fact, ticks fed
on treated rabbits laid their eggs earlier than did those
fed on control animals after a 3rd infestation (p < 0.001).
However, the drug may have directly disturbed the ooge-
nesis, because treatment delayed egg deposition during the
Ist infestation (p < 0.05).

4 — Weight of the egg layings

Immune-mediated resistance caused a decrease in the
weight of the egg layings from females fed on control rab-
bits (p < 0.001, fig. 2). This adverse influence was sup-
pressed by administration of CsA to hosts, since no diffe-
rence was detected between the egg layings of ticks engorged
on treated animals.

We observed opposite effects of CsA treatment during
a 1st or a 3rd infestation. The egg layings from females
fed on treated hosts were smaller after a 1st infestation
(p < 0.01) and larger after a 3rd infestation (z < 0.05)
than those from ticks on control animals, suggesting that
CsA may exert an adverse direct action on the mechanisms
of egg production.

5 — Egg conversion factor

With the control ticks, the valucs recorded in the pre-
sent study for the egg conversion factor were less than
those obtained by Graf (1978a) or Papatheodorou (1985).
Nevertheless, this variable decreased dramatically in the
course of successive infestations (p < 0.01, fig. 3). This
difference was abolished by CsA treatment.

The egg conversion factor for females engorged on rab-
bits treated during a 1st infestation was greatly diminished
when compared with that obtained for ticks fed on con-
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Egg conversion factor

INFESTATION 3

INFESTATION 1

F1G. 3. — Influence of treating rabbits with CsA during a [st
or a 3rd infestation on the egg conversion factor of I. ricinus
females. Difference between the infestations: ** p < 0.01. Dif-
ference between ticks on control or treated hosts: //#/p < 0.01.

trol hosts (p < 0.01). This again confirms the harmful
action of CsA on the reproduction mechanisms of the ecto-
parasites.

6. Duration of the embryogenesis

Embryogenesis of eggs laid by females fed on control
rabbits was quicker after a 1st than after a 3rd infestation
(p < 0.001). The ectoparasites engorged on treated ani-
mals during the 1st or the 3rd infestation laid eggs which
hatched within the same delay.

After a 3rd infestation, eggs of ticks fed on treated hosts
hatched earlier than if engorged on control animals
(p < 0.01). For the Ist infestation, we observed the con-
trary (p < 0.05). Thus the drug may also directly disturb
embryogenesis.

7 — Egg laying and hatching frequencies

The resistance acquired by control rabbits only slightly
affected the egg laying frequency. On the other hand, we
observed a significant decrease of this proportion after a
3rd infestation in the ticks of the treated group (p < 0.05).
Host immunity to 7. ricinus had a dramatic action on the
hatching frequency: this ratio was lower in control tick
of 3rd infestation than those of 1st infestation (» < 0.001).
The effect was abolished under the influence of the immu-
nosuppressive treatment.

Eggs issued from females after a Ist infestation on treated
rabbits hatched in a significantly, lower proportion than
those from the control population (p < 0.05). This was
not the case after a 3rd infestation.

DISCUSSION

Previous studies demonstrate that the immune response
directed against female I. ricinus disrupts many of the feed-



ing and digestive (Girardin, 1987 ; Brossard, Papatheodorou,
1990) as well as reproductive (Bowessidjaou et al., 1977;
Brossard ef al., 1982) mechanisms of these ticks. The resis-
tance phenomenon is obviously detectable during a re-
infestation, and markedly amplified during a 3rd infesta-

tion. Our results obtained in ticks fed on control rabbits-

confirm these observations.

Different immunosuppressive treatments allow an atte-
nuation or a blockade of the resistance developed by hosts
against ticks. Thus Allen (1973), and then Wikel and Allen
(1976) have obtained these effects on guinea pigs resistant
to Dermacentor andersoni larvae, using the cytostatic drugs
methotrexate and cyclophosphamide, respectively.

In the present study, we treated rabbits with CsA during
a Ist or a 3rd infestation with female I. ricinus. This
regimen attenuated the effects of the resistance of the hosts
against the ectoparasites during the 3rd infestation. Con-
sequently the feeding and preoviposition periods were then
reduced, while the bloodmeal and the egg layings were gene-
rally more voluminous. Moreover eggs laid by females
engorged on hosts treated during a 3rd infestation hatched
earlier.

We postulated that the favorable effect of the treatment
for the ticks is due essentially to the depression of the
immune system of the rabbit by the drug. In a previous
study we demonstrated with our system the influence of
CsA on the secondary antibody response, as well as on
the cutaneous immediate and delayed type hypersensitivity
reactions to tick salivary antigens (Girardin, Brossard, 1989).
This was roughly a consequence of the effects of the drug
on the cellular component of the immune system (chiefly
the T helper cells) described in detail by others (Borel ef

al., 1977; Borel, Lafferty, 1983; Thomson ef al., 1983a; -

Thomson et al., 1983b). In another system CsA may also
cause perturbations of the development of Schistosoma
mansoni through its effects on the immune system of the
host (Bueding et al., 1981; Nilsson ef al., 1985; Thomson
et al., 1986).

However, as we observed, the indirect beneficial effects
for ticks provided by the immunosuppressive agent, were
partially counterbalanced by an injurious direct action on
the tick reproductive success. The later effect was obviously
observable during the Ist infestation. Thus, the detach-
ment of ticks from treated rabbits was delayed, leading
to a prolonged and greater exposition to the drug, and
to the components of the growing host’s immune response.
Females, when engorged on treated hosts, layed lighter and
late egg layings. Furthermore, the average egg conversion
factor for females fed on treated rabbits, on the one hand
was lower than that recorded for control ticks, on the other
hand, was equivalent to that normally observed by ticks
engorged on resistant hosts. In addition, CsA caused a
dramatic failures in the hatching of eggs. This drug may
also exert a direct adverse action against various Plasmodia

CYCLOSPORIN A ON IXODES RICINUS

(Nickell et al., 1982), rodent filaria and trichina (Borel,
Lafferty, 1983).
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