1 USE OF PACAP FOR THE TREATMENT OF VIRAL INFECTIONS IN AQUATIC ORGANISMS Field
of the invention The present invention relates to the field of aquatic biotechnology, particularly with
5the use of PACAP and PACAP-containing compositions for treating viral infections or infectious
diseases caused hy viruses in a%uatic or%anisms. It also relates to the use of PACAP in combination

with antR 5196 tFedbifediBRs L dREAMENBRLEYIRAL N FodiadteTitt A& ntribution

of the agQREASASHES culture to the total production of fish to and shellfish has increased in recent
times. However, higher densities imply that these animals live in stress conditions and, in general, they
are more' Sl dMYSARRNons. Disease outbreaks caused by pathogens in aquaculture result in
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15 In salmonids, the infestations caused by the infectious pancreatic necrosis virus

(IPNV), the viral hemorrhagic septicemia virus (VHSV), the infectious salmon anemia
virus (ISAV) and the infectious hematopoietic necrosis virus (IHNV) are the main
causes of disease outbreaks in their culture (Marrogui et al. (2008) Antiviral
Research 80: 332-338). For example, it is estimated that Chilean salmon production

20  for the year-end 2010 will fall by 38.7% (from 403 000 tonnes in 2009 until 245 000
tonnes in 2010} as a result of mortality caused by ISAV (http://www.agua.cl).

Moreover, the crustaceans are one of the most important economic sectors in global
aguaculture, contributing over 10 billion annually. The shrimps in culture are
susceptible to a wide variety of pathogens including viruses. It is estimated than in
25 the mid-90 approximately 40% of world production (equivalent to 3 billion U.S.
dollars) was lost as a consequence of diseases. Five viruses are the main
contributors to these losses: the white spot syndrome virus (WSSV), the yellow
head virus (YHV), the taura syndrome virus (TSV), the infectious hematopoietic
necrosis virus (IHNNV) and the monodon baculovirus (MBV) (reviewed by Johnson
30 etal (2008) Vaccine 26: 4885-4992). |
Bivalves are an important part of the global sheilfish production. These organisms,
having the characteristic of being filier feeders, are important virus reservoirs; thus

their culture may face epizootics which threat its production. It has been reportied



"2 mass mortalities of adult's oysters of Crassostrea angulata associated with viral infections similar to
iridovirus. In addition, other viruses of Herpesviridae, Papovaviridae, Togaviridae, Retroviridae,
Reoviridae, Bimaviridae and Picomaviridae families are capable to infect bivalve's cultures. However,
due to the absence fcell I| %t erived from sheg#sh and the |Imltll’1@§ existing. molecular tools for these
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viral proteins or host cell proteins. The first strategy leads to compounds more
26 specific and less toxic, but with a narrower spectrum of antiviral activity and a greater
chance of developing resistance. The second strategy results in discovering antiviral
compounds with a broader spectrum of activity, less likely to develop resistance but
higher probability to produce cellular toxicity. The strategy of choice depends on the
nature of the virus and the potential targets in the virus or in the host cells (De Clercg
25 (2002) Nature Reviews Drug Discovery 1: 13-25).
Ribavirin is a broad-spectrum antiviral compound with activity against a wide range
of DNA and RNA viruses. It is a nuclecoside analogue, which after intracellular
phosphorylation, becomes a competitive inhibitor of inosine monophosphate
dehydrogenase (IMPDH), a cellular enzyme involved in the synthesis of guanosine
30  monophosphate (GMP) (Graci y Cameron, (2006) Reviews in Medical Virology16:
49-63; Parker, (2005) Virus Research 107: 165-171). In addition to the inhibition of
this enzyme, there are other three mechanisms which have been proposed 1o
explain the anftiviral activity of this compound: by direct inhibition of viral RNA
polymerase (Toltzis et al. (1988) Antimicrobial Agents and Chemotherapy 32: 492-



5Up to now; there are not specific antiviral drugs approved for the treatment of viral diseases in
aquatic organisms. In Chile, a subsidiary of Diagngtec SA hamed AndrOmaco, developed a new
antiviral compound called VIROTOP for the treatment of viral diseases in fish. This antiviral is pending

for approval by the "Servicio Agricola y Ganadero” (SAG) (http://www.aqua.c1). However, a significant
number 8t BoSo TR HR S HEE FEPASRLET RS ahcE RIS L ReTPeDaR (RO MG

Researqis8swahdts drshor gl aiddOicAntvises iERI4ReSehlc ik emRirRiRiAQend 3 7)
Archives of Viralogy 152: 861-869; LaPatra et al. (1998) Fish and Shellfish Immunology 8: 435 446;

Mas et &°¢2888) Antla #ecsERriaHop. of gRUFEORAIGIECY B0y AtiAPl R SEIRIY6438129-136;
Moya etigi5(2809) Antiviral 15Research 48: 125-130), showing various degrees of effectiveness. The
administration of a ribavirin analag, 5-ethyny1-1-13-D-ribofuranosylimidazolecarboxamide (EICAR)
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(Oncorhyrehadssnykiss) e rsremalidnfactethingth P NVYLEYRNA ebal D(id8RBtdntyNahBereprch 48:
125-130). Treatment 20 consisted of daily baths in a solution of 0.4 and 0.8 mg/mL of EICAR for two

hours dV BB LHRIGREHIR SRN ALY IaL BRRAURG R’ MIRSER Briidbateaisassd with
EICAR whs/sinilgistasesvival isihergroupstingbiniecirshwitiy thervisppr AvapmRlyie ofgdiabdaad in liver
and spleen was performed using the technigque of reverse transcription chain reaction polymerase
(RI-FOR%Q?H@%Ha%@T?%%e?ﬁ%&@r&QB : ‘H\@’W%éai'ﬁiirlé\qw&ﬂ §h ahindicRRk e WIS Rt antiviral.
Fram thissstigdyinitivvaagensiedes tabRIC AR iFamimhipitonef (IRDBSsandcation sesihahifgisiuse to

reduce yjral load and preyent fish mortality is eficial tool for increasing crops productivity.
Howeve\ér\l,ee?ﬁ'ﬁ}\;ﬁ |$r%§rgﬂﬁé%%isjﬁ8f‘8§e% |4or(BaP§§§1i rﬂ@éf&%‘ti&%sﬁ@éaﬁhs@i-n%é@d‘gw%‘e%‘ﬁéﬂd fish stil
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amage_gause some viral in jops.is the weight loss in infected fish (Wolf (1986) The fis
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graficasiMispast, =L (PPOSB-AbtilNtey Reisalaf@O 085 Antivireb Re seayahet8all 22480) . Ahtviradditional
advantage of the use égnil Is.is that this, weight loss is mugh lower in fish treated. This effect was
oSt VRO AT ih L RAIG (AEGHE50BR08 RIGILFRESSearch 48: 125-130). Piuitary
adeny!a‘fé}eyddaﬂ/rﬁstm‘tﬂﬂg pblwgmml Wé@fé?ﬁbeﬁlégﬂ,d/mmgﬁ}ﬁb@ftﬁﬁﬁ?@ﬁngEdazoie-
secretin/glucagon/vas ve.intestinal peptide. This peptide was first isolated from bovine
hypotha?%&?@&ﬂé%g?%f%%ge%n}%&?t\éa«glf)?l% toStitfifatd thE S&G e n%’f@%’i}vtﬁmmone
through (@tivattomof asl eyt T yaas eamisbouhseaueOrsbrBEA DO HR/ BEP dugiames aaenposine
monophosphate (c lyata et al (19 jochem Bigphys Res Co n 164 567-574). PACAP is
a 10 mt §81%??§$ﬁ'§‘ﬂ§ﬂ%@§ﬁéﬂé ﬁ?aétI%ﬁip%ﬂ%ﬂf%?g?%%aﬁ%ur%%gl?#iﬂé&?'n (8 lator and
vaspdilagonéisteanahatsi(Aaibeaif a( $8A8iodpanesedounnd! ol /Ry st ouyadd 20 1wd )htihags been

demonstrated its_function_in cell division regulation, differentiation and cell death (Sherwood et al.

(2000) EMIOGiRE REYEW D 688U8505PHIED ApRbdNSiS YWl Ll dRIGRINEOIRUPSr8RAE: 27 aa

15 (PAGAREN with 3I8GAKPAGARRBRMyslaaval. itl B0y RioeRenvicalfabdBiamhygieal Research
Communicatio%s 170:643-8). The effects of PACAP are exerted through a family of three VIP/PACAP
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exhibit siniasaffinitiasdaptim twenaguropepiines, \WEhanerBACARTYPEIRES PAGAP4RS6RIer (PAC-1)

exhibits a higher 20 fflr:#é for PACAP%@%{VIP Vagﬁd?/ et al. (2000) Pharmacol Rev 52: 26_9-324).
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and, the cerebellu ontero et al, (2000) Journal of Mglecular Endocrinology 25:
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Shioda et al. (199 ndocrinolo 5: 818-825), adrenal glands (Arimura et al. (1991) .
EndocriR§ ?25@25@ E’?g; eggﬁ"é&ﬁ}?o?]ﬁb@{é %W%MH e"’?"ég. é@d@”)rﬁrﬂ?ﬂ&@o’? '9800;52:
2699324 retitowinerpaacteds kasmusewehitea @R9%)F SeNeurerdeaisepty yrhsd-8fxand the
gastrointestinal tract (Arimura et al. (1991).Endocringlogy ; -2789; Vauydry et al. (2000)
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5 NeurolmmunoModulation 10:177-86). In mammals, it has been observed constitutive expression of
VPAC-1 receptor in peripheral blood lymphocytes4n humans and mice lymphocytes and
macrophages, whereas the expression of VPAC-2 is inducible in these cells. Moreover, it has been
observed constitutive expression of PAC-1 5receptor in rat peritoneal macrophages and human
myelomBARSHtICRA IRV ERIBIE AlWBdHRAIP! iPRRGTIEERIS iRt MROAPIRSDIeIBIFhIiM Mocytes,
differenysiablynearidl valls dicalinsrinpecyirgandHyimni aosiesinsatoo(Psigrdasiaki(3001) J Biol
Chem 276:369-80; Pozg et al. (2003) Trends Mol Med 9:211-7). In fish, PACAP has been described in
the centr@PPeudirRhRssRalIcES. béair #%nd spinal cord) and peripheral nervous system,
innervatmeRygs, Biilditanialargcraseiraeivatag. ssdivpapalasdyrgaskeintasiisayikads repepductive
tract, pancreas and urinary trac@Sherwood et al. (2000) Endocrine Review 21: 619-670). PACAP
inhibits fHSHEMANSS RESFIREEICEBRYMASIACLYR [RieSirabagplittode)BRRRIg?: $e8Fi5i61). The

fact thatgAdEAP BoRirae e anyietRERARIRION 1Po8ggestsmat dispeplidRts a8 iImpafians regulator
of the maturation of immune_cells (Delgado. (1996) Blood 87: 5152-5161). This peptide has an indirect
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cells in pitditaisEhadhtEssHmbans aremdpasleiitarattiadenifecelishapd sysmatesiigsynthesis
and 20 secretion of jmmunQglobulins b)éi_these cells (Tatsuno et al, (1991) Endocrinology 129:

1797-1804Y 450 5teP bl (1985BS 22PDY¥E 509 arhauHaIi|o P AE AP KbhivafsARd S (Hpress the

inf@(mrr)wm@mfmﬂat?@nae thmgblétzﬁdgg)ugﬁél\ilorpmyb-&mmldaggﬂzai)) {J;égég;@hsﬂet r@éu&b@r%@lsﬁ(ni%%%l;rgol
156(11):4128-36; Martinez et al. (1. euroimmupnol : -67); Martinez et al.
L oukon B R IOE SRS Ko el L AT ATKECEAG AR TR IERrN S oI HE NP bytokines

and stinrigtesiteg anl-gltaBmateryragolises pdeaustisnaRPwWiag fechemeastasis efiisimyne
system. Besjdes, PACAP reduyces the expressjon of co-stimulatory molecules B7.1/B7.2 and
Rl focehseainile

subsequEAL RO PR TrRiRE, 2B S RGP P, BACRBIhRBAGHENS SHREESH of IL-6
throughits recepsr R} ACHIIN pativate b3t dnacropbageiesiipiaskng mflammation (Martiggz et al.

(1998) J roimmunol 85(2):155-67; tinez et al. (19 ukoc Biol. 1998 May;63(5):591-601).
Théf‘inh@gm@na&%@@é&ﬂ%%;@ﬁﬁi% ?égéé&ﬁ%% R ARhRRRRYRICSimuli or to
intoxicaﬂ%m.@@;l@ﬁ mhmpmmmmianlame sh)éteﬁeﬁémmxls\slwﬁwmm?de&ﬁtbdéﬂ?ﬁ) J
Neuroimmuno 2):155-67, inez et al. (1998) J |_eukqc Biol. 1998 May;63(5);591-601). In
contrast BB IR Rk (L AR e oS5 3 E O BIO o G LBl R eI (5 PHE
non-stimeteisdmacropbapesi®elghd CyCanep (@0 xAioh Isimbae! dfariesp Waise) 4962):101-
510). neuropeptides, VIP and PACAP, whereas PACAP receptor (PAC-1) exhibits a higher

20 affinity for PACAP than for VIP (Vaudry et al. (2000) Pharmacol Rev 52: 269-324).

PACAP is widely distributed in the mammalian brain, mainly in the hypothalamus,

the paraventricular and dorsamedial nuclei of the thalamus, in the septum, the
cerebral cortex, the amygdala, the hippocampus and the cerebellum (Montero et al.
{2000) Journal of Molecular Endocrinology 25: 157-168). The most abundant variant
25 in the central nervous system and peripheral tissues is PACAP38. The studies
performed in mammals showed the presence of PACAP also in gonads (Shioda et
al. (1994) Endocrinology 135: 818-825), adrenal glands (Arimura et al. (1991)
Endocrinology 129: 2787-2789), parathyroid glands (Vaudry et al. (2000) Pharmacol
Rev 2000;52: 269-324), endocrine pancreas (Arimura y Shioda (1995)
30 Neuroendocrinology 16: 53-88) and the gastrointestinal tract (Arimura et al. (1991)
Endocrinology 129: 2787-2789; Vaudry et al. (2000) Pharmacol Rev 52: 269-324;
Hannibal ef al. (1998) Cell. Tissue. Res. 291: 65-79).
PACAP and its receptors expression in immune cells have been only partially
elucidated (Gaytan et al. (1994) Cell Tissue Res 276:223-7; Abad et al. (2002)



In general, the function of PACAP in modulation of mammal's immune system has been only partially
elucidated in recent years. These studies demonsirated that PACAP regulates both, innate and
adaptive immune system and modulates pro and anti-inflammatory response. Nevertheless, the

tide on antiviral response is scarce. Recently, it was
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30 macrophages, suppressing inflammation (Martinez et al. (1998) J Neuroimmunol
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inflammatory stimuli or fo intoxication helps tissue protection and immune system



Research 66(2-3): 147-152; Defer et al., (2009) Aguaculture 293(1-2): 1-7). In aquaculture, it is of
great interest the development of new compoundgor compositions that can be employed in the control
of viral infections, due to the damages that they cause in this activity. 30Description of the invention
The present invention provides a solution to the above describediroblemaegroviding a new alternative

to contrOAMEPHAE AR BERRILRLE BYthd NePERIPREKI!B A4k SR (i AaISE @nFbositions

for the tyaaagny afadialdniEielions gnd\IRIeEHIES 5igeages CRUSRMDYMINUSAT ARUAIE RLJaRISMS.
The term "treatment” in_the context of the present invention is related to any beneficial effect in

disease FERESHN i R/irfcBREsRiRBIRIgR RE PRI CHBIF tH BIRtIGR S bhthdpAMBRIERES elopment
after thensliseapRaRSCIDENRRS ) (Ratula083 JtATdIseeURG ATeSE LD\ ONHQS) Inglpded any

molecule defined as antiviral in the previous art or its analogs, functional derivatives or active
fragsmen@. The term "Pituitary Adenylate cyclase Activating Polypeptide (PACAP)", as itis used to in

the presengénaatiomd fowetestiis Protagplen masaIEN bRASARBE OIRAGAP SRtaithesdsolated
from its natural source, ,o%?ynthet'c, or produced by recomhinant DNA technology. In one embodiment

of the inbBRHoRNDaRZN S LY (R ACHSHe idEBRE XBAe ddifRTsiiHies oHeBrisiEaiepittabn with a
known antigire majeeitiestedish insaasiecernpand bivalves Syxiennensi gRRaIRGaihrd -sndays

intervals. As. a_feed a?ditive, PACAP s als?'admini trated alone or in combination with a known

antivira HBTIEERETIFIRE SREBARSRVDIRYSHTRESS dBRERST G MRAT BN eUh iR FiECbRTpositions
administﬁmdplapm‘iﬁflefsiémgbaﬁm, 'rmgg@'d 'ngeor(ij@r@tam\g@rew@f@mwd' ,inpra@@'rr:qtea{bﬁﬁmﬁ@d Ow(ﬁ )

uatic organism infected.by virus and treated with them. No decrease in the weight of treated fis
was obA0EUTT Borl (45 RaF B er A WEIGHAREAsR TRBDUEA PP R(ER SPRCFelEd anmals
as comm@@@Wﬁe@em'mmbmoast@@mbmmlwsimﬁmau@aa@wﬁéd qu&md iiblst @s%ans by
RT-PC a decreased in the yiral load.in the animals infected and treated. 25 Up_to this
inventim% é)lﬂ%ﬁ(rh%%é%@eogbeé%“ﬁ%%e@&gﬁo?@fiéﬁ?’aﬁqg‘%ﬁﬁa@d fife antr iR rE&fSonse in
fish, cruitatirgns wyyktbivalyes eisctheveecianisiss imalved. fduporeserwhiventiesudemanstrates, for
the first timeh both ip vitr%argdl&iln Vivo, a relationshi%_betwiﬁn P CAE and the response to virus in fish,
crdetac PG AR LI RAIRIGRRIS ARG ISR P8 hinf SRR h NRExpected

In fish, the in vivo studies about PACAP biological function published until now are
mainly related with reproduction (Canosa et al. (2008) American Journal of
Physiology (Regul integr Comp Physiol) 295:1815-21), brain development
(Sherwood et al. (2007) Peptides 28:1680-7) and appetite (Matsuda et al. (2005)
20  Peptides 26:1611-6; Maruyama et al. (2006) Peptides 27:1820-6). Recently, it was
demonstrated the biological function of this neuropeptide in growth and development
of different larval teleost species (Lugo et al. (2008} Journal of Endocrinology
197:583-97).
The knowledge about the function of PACAP in the modulation of fish immune
25 response is limited to studies performed by our research group. We demonstrated
that recombinant Clarias gariepinus PACAP administration by baths or injection not
only promotes growth but stimulates also innate immune parameters (lysozyme,
nitric oxide derived metabolites and antioxidant defences) and acquired immunity
(IgM) in larvae and juveniles treated (Carpio et al. (2008) Fish and Shellfish
30 Immunology 25:439-45; Lugo et al. (2010) Fish and Shellfish Immunology 29:513-
520). These new properties were described in the patent application “Neuropéptidos
para el cultivo de organismos acuaticos” (W0O2007/059714).
In vertebrates, one of the first defense line against viral infections is the type |

interferon (IFN) system. This system is activated by viral induction of type |



30 positive effect on PACAP molecules involved in antiviral response, such as Mx protein, interferon
gamma (IFN 7) and toll like receptor 9 (TLR9) as well as a differential regulation of this peptide and its
receptors in cells of the immune system of fish treated with virus and/or poly I: C, both in vitro and in
vivo. 9 The treatment of viral infections in fish, crustaceans and bivalves by the administration of

PACAPIBITEEMSinHid otP XD WP HS oG 1 ARM A/ Rn JRFEREV PN o IGEREH IH8Ebt been
revealegrgp §H95ﬁ§ﬁeﬁil@(ﬂﬁ%@§‘%y inatkesstate of e I‘?dbd@dt@mt Qﬁdaﬁd%,r esesl inMeRtan,

administration of PACAP and the antiviral molecule may be simultaneous (in a single formulation),

sequentifi P GyEIRIREPTERSIOR palaRiisaR WithiRsthvisal iakviftic r$m& By oral

route, inggliRiyOhilEREIFIRERAIB S InrhsPre sert inYaDTPAckE M Ysia688BE e Rivalvesogre treated
with PACAP and preparations containing antiviral molecules combined with PACAP. Unexpectedly, it

was obsVERIngk (RENFEaINEIRLY PACAP aLdRtNirResant ifgases sstabishstaatifiilaives. on

the othesigndarit Was Fiererihahihgrcembiratinmef BRI Quitancrs wakdknunrativiral
activity produce a higher antiviral response (s nergj)sﬂc effectz as compared to the PACAP alone, both

in vitro AREMHAIRYEP5 1k 1S 1R ARG BREIB e AP RICEER RO RSt Aauryeiagyae AP in the

antiviral3gsponge. iMerRe¥as fxdaBaeiteriRAGABHeraTinaRentisaelanaiagste thasyperfamily
of secretin and glucagon has been isolated in shrim[é%r) shellfish. The present knowledge of this

peptide fATResé ARERBMiEAIFSHn S/ Rty D aRea% &t ertiardiiaSAIBY JroRsHA@ALoN in
shiignps(pytexegesprs aRN0E)jSIGaaIZS ofiferpinanbishdddSAR thite et 2pplizadignBmblication

number \W02007/059714 international). Therefore, until the;resent invention, no knowledge about its

possibl€TENADIESH T athFREFEHRES & GruehiPrudesrraliyf AniPBRRVANE Gt B RRGBect of this

inventiop3s a0qranQsitiosnier die dreapuas)ofuiial and irdeelipun diseasesieryysezh byadrasgs in
aquatic oggfﬁnisms which comprises the 25 "activatin polgge%tide pituitary adenylate cyclase"
It CARIY

(PACAP B BB BRR PSR RSB SRV AR PR ton GGl JEGHEs. & DiRained by

isolation ke TirOMSigrRaiyabates, synthaitslhsonhy weembisass RAGRaBACIHPYFN it
administeged either orally, by injection or immersion baths. In.one embodiment of the invention PACAP
s & pobfURBIFE SEtLREE oIt REHCSCRRU FRBGEHY IR BHRIR R PR M PHG & Dtdimary

combinaigmwhislizsommrises sactivating/polyneptics, piuians ndroylate sy clasebiPASARNand an
antiviralgoli?clé}ﬁ. In one emb _im%{?t Q 1t e invention the antiviral molecule is ribavirin or a ribavirin
analog. H@ Q EH%“{P]%{PQV ar1 't?1 ombination, the antiviral molecule 10 and PACAP, are

adminisiesegitintbid faeptisly itSeaaiaie lycurs ety deNngkihgsasmaireaingosansons, it
embodiment, of the invention, the combinatiﬁf &3 usegérﬁge treaﬁm@nt of viral and infecti%is diseases
caused 'B?ii/ii?l??@s? %?{L\fg c%Fb%ﬂﬁEH’F’s.rﬁQ B4_™MA AP5E ﬁﬁv“gfaﬁﬁe%{gnﬂmﬁg %Sorally, by

injectionndridmnaessiantivates. in ane eFkodimenhof the investicneDACARishapptedfagfggnulated
feed at a concentration of 50-750 mg/kg of fee the antiviral molecule at a concentratipn of 100 to
2000 mUEEUP bt C0UF SR AT S he HEnach, ‘A SNEA R R ek
injectiortygiea cofslerésatiotsofin. atngnalpefrguiew el iody avaight 16 anid theam)tivisabiten 26:
concentrafj -50 fig/g, as payt of the veterinary combination. In another embodiment of the
et e e A K B A KR S SRS VB TR ser e ARe at a
concenteafidencEs 01 000 vigaerditetyofrvite mamddiyenpbnosethitaiionrgbifierastimidliih 2612600 .g/L. In
the invention, both the PACAP when us an antiviral, or in.combjnation wij 5knawn antiviral
M B EREG So odw  ia cs Me o MW W
shrimpsRaise dnivh|8e$2-Biye tedhidii iefaoa @lisi(ROPAGHR anditre 2adtkBtidRANith an antiviral
moIecuIF o .

n aquaculture, it is of great interest the development of new compounds or

compositions that can be empioyed in the control of viral infections, due to the

damages that they cause in this activity.

30  Description of the invention
The present invention provides a solution to the above described problem providing

a new alternative to controi viral infections in aguaculture, by the use of PACAP in



are useful in therapeutic treatment of viral infections caused by viruses of the Herpesviridae,
Papovaviridae, Togaviridae, Retroviridae, Reovirigae, Bimaviridae 20 and Picomaviridae families. In
the invention, both the PACAP when used as an antiviral and the combination with an antiviral
molecule, are used to control infections caused by IPNV, VHSV and ISAV. Also, they are used in the

therapetlte FERHBAUER Waf MR G R By RABONY Q1Y TRV IRAIRRE AREMEFGCHBis also

part of thespERseNtd0vedtion drmethed datithergantephef viral infections in aquaculture management
comprising the administration of PACAP or veterinary combinations comprising PACAP to aquatic

organisrh&&in EiiLré RN s dipflih SPHER Ty HedNEigRIRSEE KIMELLEN afalRirle adite PCR of
poly 1C (30 Kol o foctad nith 1A (ol of necton, 1D of O.1) a4 92 and 48 h for
poly I: Rg/mL) gr infected with IPNV (multiplicify of infection, m.o.i) of 0.1) at 4, 24 an rom
the begi TGRS DR BRTTRRE TR RSB A LaRer 05, SRS ER% duplcated and the
expressitielayels wm@@al ;ijé%dri]bysq%ééﬁ imttwﬁa@s&atmtbhemwd é(?yéﬂﬂ@[é@ﬁf@'aﬂ)ve

expression. of PAC-1 related tg the endogenous elongation factor EFla standard deviation (SD). *
(920,055 HREES. BUMLELIBARRVEOHS IS PRSP MO OBEL SR RN IR Ege cell
line fronr@gmghktss RTS-11 infected in vitro with VHSV (m.o.iof 50.1) at 1, 4 and 8 h from the

analy et GPER AR DAY LR oS CH AL Y BF AR BAEdaits df BACEY retated t
the@ndagetheupeisegatinvéation Efrkaustandars devlgtior (SD)ah vt Higwe AP EXpession
ykios) CSGEAH 0 B o R0 o T BLACE B A RN o RIAERH. 3 of 0.1)
4,24 an@é@ﬂmimntt@mbe@mﬂm@the experiment. The Ieukpcyt_es_ cultures were treated by
B e o R g e =
administered alone or in combination with a known antiviral molecule to fish,

15 crustaceans and bivalves, by immersion baths with 2-3 days intervals. As a feed
additive, PACAP is also administrated alone or in combination with a known antiviral
molecule.

In the present invention, it was demonstrated that PACAP containing compositions
administered by immersion baths, injection or orally were effective increasing

20 survival of the aquatic organism infected by virus and treated with them. No
decrease in the weight of treated fish was observed. In some cases an overall weight
increase was obtained in infected and treated animals as compared 1o infected and
non-treated. The analysis of tissue samples and susceptible organs by RT-PCR
showed a decreased in the viral load in the animals infected and treated.

25 Up to this invention there was no knowledge about whether or not PACAP
modulated the antiviral response in fish, crustaceans and bivalves and the
mechanisms involved. The present invention demonstrates, for the first time, both in
vitro and in vivo, a relationship between PACAP and the response to virus in fish,
crustaceans and bivalves. Additionally, we describe for the first time an unexpected

30 positive effect on PACAP molecules involved in antiviral response, such as Mx
protein, interferon gamma (IFN y) and toll like receptor 9 (TLR9) as well as a
differential regutation of this peptide and its receptors in cells of the immune system

of fish treated with virus and/or poly |: C, both in vitro and in vivo.



15EFla standard deviation (SD). * (p<0.05). Figure 4. Expression analysis by real time-PCR of PAC-1
receptor in head kidney leukocytes (A) and spleem(B) from rainbow trout (0. mykiss) experimentally in
vivo infected with VHSV (100 L of 1 x 107 TCID50 (viral titer in culture supernatant / mL per fish). Five
pools of total RNA from head kidney and spleen of 5 fish were 20 sampled at random at 3, 7 and 10

days aftePgirdI3{8eaBh. ThevirahrdBisHB el Wl andlyséersditP R RiyRbes. Ditatlre

expressgdram ReaiLA £2lative ArrspssienmbRAfiod WatadiRrhggndoarIessIeargaliaB factor EFla
standard deviation (SD). * (p<0.05). Figure 5. Expression analysis by real time PCR of VPAC-1

receptoPfiMEALAGHABY NS fe SRS iRy 8pledrP(EyussIASiamBERY iRty dn Hykiste of
experimgyatally in vivo infected with VHSV (100 aL of 1 x 107 TCID50 / mL per fish). Five pools of total

RNA from head kidney and spleen of 5 fish were sampled at random at 3, 7 and 10 days after viral
infettionNTHE é&ﬂ@‘gi/@rﬁ Bre RraRS B ARYRR 0 PE PSR Qlid et ard dxihe AdivEa mean of

relative gyssiiomal YBAmLalkéeddqithe gn@g%ﬂﬂﬁuaﬂ@i@g@@(@m@u%f&é@%@%ﬂ deviation
(SD). * (tp<0.05). Figure 6. Expression analysis br{ real time PCR of PACAP in spleen leukocytes from

rainbow! iRt [AERVRIRATALIGRS AR RAMHS RURC AR arpliruedaRisedy Aralireyta onieetionso / mL
per fishp Fiverresisrobieta) RNA from spleen of 5 fish were 12 sampled at random at 3, 7 and 10 days
after viral infection. The expression levels were analyzed by gPCR in triplicate. Data are expressed as
mean of metiadi yer-esgrib gsren b ASH Rredtted dodhandrislogkrrsusrel orgationvidcoAERRaastandard

deviation (SD). * (p<0.05). 5Figure /.. Expression analysjs by real ti the in vitro effect of
A BB B NS L D B e e e S A G B SR SIRE s and
head kidvey ¢B3afveeatiay tainbhew tipeptidaeAitAR o P AGAR AN atifishatauwstaceatation of
10-10, 10-9 y.10:8 M was, evalyated at 48.h post-treatment, The experiment w. ed.4 times.
The oo BN ST OB hahil RS o i P PR B A i ot
are expssedracemeaitiof kelative exfivessionci/Nix nelatkd:to the ldgHegeantisielongatiomsactor EF1 a

standard deviation (SB). ¥ (p<0.05). Figyre 8., EXpressi nalysis by real time PCR of the in vitro
cttoct of PREITR ST et et 5 1R TGS G SR omas furaiyid (a) and
151headikiiney (B), ofihdattingreahlionctions. ibecetieets atBifGAPtadiidistratiortiat antivicaintration of
10-19, 10-9 vy 10-8 M was evaluated at 48 h -treatment. The experiment was repeated 4 times.
The Ieuf;%%g &S éul u?éev(\}agﬁfrégtegqneyn u%%g%gégﬁﬁ tﬂ%fq Wal %@}%&g&)gg:ﬁ%ﬁgﬂ@ Data are
expressedpasianeiy of sdatdiineapdeghiongifrifiiy telate st dhereindsigémpusrestradifisbn Tactor EFla
standard 2 iation L * .05). Figure 9. Expression analysis by real time PCR of the in vitro
effect 01% ﬁeﬁ(%%i %IB%"\"/iegr‘? 2 égr?gésn %'#%%‘I"ERBEEE&%X&%O&% p rr(lap g’ra{ﬁb%rf& |88§88yt%’% (A) and
head kidnge(B)aftabaltie raialnd g vadh Jirediftotsiof SPACHP byl mhoigeation atimicosicetivration of
10530, 1G- Pt Bt AR F AR ALt BOShRITS it ifon number W02007/059714

international). Therefore, until the present invention, no knowledge about ifs possible

relationship with response 1o virus in crustaceans and bivalves existed.

Another object of this invention is a composition for the treatment of viral and
infectious diseases caused by viruses in aquatic organisms which comprises the

25 "activating polypeptide pituitary adenylate cyclase" (PACAP). In one embodiment of
the invention, the PACAP, as part of the composition, is obtained by isolation either
from its natural source, synthetically or by recombinant DNA technology. It is
administered either orally, by injection or immersion baths. in one embodiment of the
invention PACAP is a polypeptide sequence isolated from fish.

30 The present invention also relates to a veterinary combination which comprises
"activating polypeptide pituitary adenylate cyclase" (PACAP) and an antiviral
molecule. In one embodiment of the invention the antiviral molecule is ribavirin or a

ribavirin analog. The elements that are part of the combination, the antiviral molecule



25 experiment was repeated 4 times. The leukocytes culture was treated by duplicated and the gPCR
was performed by triplicate. Data are expressed ag mean of relative expression of TLR9 related to the
endogenous elongation factor EFla standard deviation (SD). * (p<0.05). Figure 10 In vitro assays to
determine the antiviral activity of PACAP-ribavirin 30 combinations (Rib-PACAP). At 24 h ﬁ)revious to
virus infBBHOR \CeNE wSfe FERBE RIRrHTdiRNR AN tRERAASIN0D 88 FyRCiaia AWiIPAShPositive
control (i edatniateth Wi \ArBoMithent aRiNEahifeaims NinDlegatv SRR (fsddGRlhe

non-infected and non-treated. Cells were infected with virus during 30 min to allow 13 adsorption.

AfterwaFEARBS W&ieiARARE NFCHBIS SRparetirrrsnttRyatiienes Werd uatie@radiisAtbiion of
cytopathigieete (SRENWagRY Al MBI AIRITREFES Mg e ptaii RPN/ alsra? NM). 5
Examples Example 1. PAC-1 receptor expression in leukocytes from head kidney of rainbow trout (O.
myl?iss)@ﬁ@-treated with Poly I:C and IPNV and in the macrophage cell line of rainbow trout (0.
mykiss) IR Topred lelnfeséaaavithor HIRY it nLOpNE nsedsuyspiled aRbawHartdd. raukiss) fom 9 to

12 grams and 7 months of age, VHSV and IPNV free. Fish were maintained at 14 C with water
circulatiSANRYIEANRAR ShRANSEr Bl ders AdikiriAntvEal imRleguis v graanesmistsn 1PNV
(strain S9)ere FODBdATHITHINR saINRON JEshacarmb s8I BT (i iteeRacH dHRIPEEAD) Infect

Immun 11:815-22). Cells were grown in minimal essential medium 15(MEM, Invitrogen, USA)

supplemeARRIIGH 1t BV f@ﬁﬁcéi&l’f‘ ﬁr@ﬁf’(ﬁ.@?,’irﬁjﬂﬂﬁdﬁ@wﬂ cHAENRRY QW‘TL@/WQ@{)Y ﬁ‘é,fﬁilﬂﬁin and
100,ug/giqofsepiAmNSIn-Athe VIEHRESWEIR INosHIated "}%%T% | ewRdn \D%]%chﬁﬁme

antibiotics and 2% FCS at 14 C. When extensive cytopathic'e ects were observed
supernat@ntbingiierhdrvasribeinerseedimeddidhemyantenurathisnesn Foetion elpe MEAB we used

the clarifeg iy S HRTBRIERIS IR B\ i ueie detaruingd nagual plates s apeiged by

Reed and Muench (Reed and Muench (1998) J Hyg 27:280-9). Hea y leukocytes were isolated
from 4 tegutdelolivig dfiewadtihodrib stebed ietiraiom afdiBecanthéaiGsal &t 2000Segdimbe (1998)

ImunglogyCRASReN BEaTao sy RS femmoyed seplca pad passa iy 2 nvior

mesh o p using medium Leibovitz ( supplemen penicillin 6o lU/mL,
streéptorkpon 1Tyl eeplieris @ipiedtdoma vaneRooFagiaticcongsulismscdlbs spangien was
carefull : ] gradi . 0 el corresponding to leukocytes was
removeﬁ%gﬁggh@d}visagsﬁéﬁ iﬁéag%n %%%gcﬂéﬁppgr%nagﬁﬁ%g%ﬁ%%%. The cells were resuspended in L-15
with 5% FESarpesiticantetipnisingPAXIAB it her adrabithaikpendtidan 2ativietiptatdscald mL per
well. The, jnf leyk y (0] ly I1.(Sigma).or ir d with IPNV at a
MO! of r 1@ agng inél? ga@é:céf{ Eﬁ%@dﬁ)ﬁ%ﬁéﬁ% ﬁé&i"\ﬁ/ mhfrgsgg@l%gdfsk %u%%? p}égio\ég&%% l-'é:\ll’la If/a, total
RNA wadgineafied fiasn IBakoeresdatturésgsiniase rvedodidéseribdecyyiChemBiyaskiidad Sacchi
(ngmchasfkjcgwa%ﬁﬁ%g %%Eéénal. Biochem. 162:156-9) to evaluate the expression levels of the

PAC-1 receptor on leukocytes untreated and treated with Poly I:C or infected with viruses. Samples

were tréatdtesnyintine. Roth FiNaEAfEE DRaBa!tRrbATega) Mivrdér sl hmorebéminit BINIA present
in the samples, fFof W&é}gﬂﬁ@?%%@%%@ﬁl?’@&%b’ iRAY @d@éﬁ L!%FQFW‘?P r‘gyg@gaéﬁ%agent

SuperScript Il (Invitrogen) based on the reverse transcriptase. For quantitative PCR reactions (QPCR)
was usddAa\mikiate BEYGREraedomiherthgrspatiissiraivees B RiGHdafeiORMaEsteed iy (Applied

Biosystm\ﬂ:wq%\}g%m;%ﬁg{y f malized against a constitutive endogenous gene

expression, specifically elongation fac .(EF 1a) and were performed in triplicate. The results were
expresskdsas!gocparhefdmCpissrildnisthioretn aintee dfthdhe nodtol i oinaininabiéoassitssed value

of Ct noggyaliggh S5 o B TUHR "EHb MR AdoYBIR AIRATGh YASIHEPRIPSERIRGH ured

leukocytes
combinations comprising PACAP to aguatic organisms in culture.

Brief description of the figures

Figure 1. Expression analysis by real time PCR of PAC-1 receptor in head kidney
30 leukocytes from rainbow ftrout (Oncorhynchus mykiss) treated with poly 1:C (30

ug/mL) or infected with IPNV (multiplicity of infection, m.o.i}) of 0.1) at 4, 24 and 48 h

from the beginning of the experiment. The leukocytes cultures were treated by

duplicated and the expression levels were analyzed by qPCR in triplicate. Data are



15 treated with poly I: C at 4, 24 and 48 hours of the experiment, suggesting that PAC-1 receptor is
involved in the response to virus in fish, taking intpjaccount that poly I:C is a molecule that is
structurally the same as double-stranded RNA, an effect similar to a viral infection (many viruses have
RNA genomes). These results are shown in Figure 1. Poly I.C interacts with toll-like receptor-3 (TLR3)
that is eRPESESRMINAB0MPate MildPE8ivD iREafRsion BEdIAand delidedctectie TRRIPORNGYS

stimuIatggpga\fiwpa%{grr@ﬁ.ﬁ&.Mgéﬁgg?&, &ggigﬁgﬁegﬁg))n ;ecéﬁil? @fsyAC-1 became detectable values

of leukocytes In untreated cultures to undetectable levels in ures of leukocytes infected with IPNV

at 4, 24 BB Reufspfiessivactirnlgaisfimingaal diveendnCot tiek Rééptor teeemBspacifieally binds

to PACAE.| iviral iR fi ' j : t ffects of
el i e D e L o e b 2 fectec
cells, proBatAY fo thanchafogethadipaiining ofdy SXersimepteXprSer R WRPATRE in the
macropliage SRLAC 364N (ppudsshTRaL L ipfeciatiylay UpYetRapRSRat I pfecton of

the line RTS-11 was similar to t . be above_ for the RTG-2 line. Similarly, we observed a down
reguIati@ﬁ%ﬁﬂﬁ@?@féﬁdﬁ‘%@f@faﬂ@l@@@aﬁ@@ @bﬁ’sﬁé}tér inkigfbtoviie R ERige 2). 15

Examplglgnﬁéﬁéﬂsﬁggpé}é?@g-&éfg%@oéégiﬁ%ﬁ}gﬁ &wﬁi@o{ﬁgjor kidney of rainbow trout

(Oncorhynchus mykiss) cells treated with Poly I: assess the levels of expression of
VPAC-IFigeaptdr &xxprgssitneanallyrisigy shailtime theRdné Westtbeddndptamnmplbaad dicdpesformed.

5The result was that the levels of VPAC:1 is pver-expressed in culty g3I ukocytes treated with poly 1:
T S e R S R L T B R R R e
in the resitbnS&I@®Wilasulligistiitakin inietctiancound fhadvfpdlyl | GtisdcoBdidaned 48virafrorimétie molecule
(Figure 3). Moreover, the expression levels of VPAC-1 were undetectable,in cultures of 10 leukocytes
infocted H DRG0 A1 P B a8 noL o kP eSO LSS S RN B €Y cepror
that bindseP&@AdRsind \dPelzitivine samigzffinity PGR dntivipiosepdis@infisk{pigased)ad\s
observed with RAC-1.rece in.cult ngi exior if leukocytes infected with IPNV, the observed
ditoren S Bl B A e S R R R e B = o e
infectiorEVHSY siamiddse desttiate(BMijh-a{ppédfy.effect of the virus as a biological entity complete in

and VPRI o SELRES Mo St CRASLNST RERGH o Ao FoRIEIORAAAAGEHS 0 mykies
infectediavikoMHESV(A) \dvd ‘ébIISMK:’éBz}IimW?rh)rvmmr@mgﬁleﬂyykﬂ;le)@db@miﬂw@iﬁ@@ fﬁema)and Rip
(1979 ECh I LR 1| symapy e ipes e e Elcrzsel g gown
extensiy:eyiepatireeffecisiyver obseRRA, therfUREER! kidney and spleen of 5 fish were
20 sampled at random at 3, 7 and 10 days after viral infection. The expression levels
were analyzed by gPCR in triplicate. Data are expressed as mean of relative
expression of PAC-1 related o the endogenous elongation factor EF1a + standard
deviation (SD). = {p<0.05).
Figure 5. Expression analysis by real time PCR of VPAC-1 receptor in head kidney
25 leukocytes (A} and spleen (B) from rainbow trout (O. mykiss) experimentally in vivo
infected with VHSV (100 ulL of 1 x 107 TCID50 / mL per fish). Five pools of total RNA
from head kidney and spleen of 5 fish were sampled at random at 3, 7 and 10 days
after viral infection. The expression levels were analyzed by qPCR in triplicate. Data
are expressed as mean of relative expression of VPAC-1 related to the endogenous
30 elongation factor EF1a + standard deviation (SD). = (p<0.05).
Figure 6. Expression analysis by real time PCR of PACAP in spleen leukocytes from
rainbow trout (O. mykiss) experimentally in vivo infected with VHSV (100 pL of 1 x
107 TCID50 / mL per fish). Five pools of total RNA from spleen of 5 fish were



25 supernatants were harvested and centrifuged to remove cellular debris. For infection of trout were
used clarified culture supernatants. The viral titergwwere determined in 96-well plates as reported by
Reed and Muench (Reed and Muench (1998) J Hyg 27:280-9). We used juvenile rainbow trout (0.

mykiss) from 9 to 12 grams and 7 months old and 30 VHSV and 1PNV free.Fish were maintained at
14 C wisitieiedcat s riod Waashifinfiaxreafiaicdral dajestionitd e BxprespennieYrisl groups

were formagd of 20 srut %(?cfa,gtﬂqp;rprtﬁ;gf@ae.weéégi%q@dewﬂré\égeé solutina 100 L deydy¥ 107

TCID50 / mL per fizgg/an the other g\roup (used as negative control) was injected with culture medium
RTG -2 BRipES@8Oh N GABVelapAtadds endosanelscclreatiettiontes dutivesiaarerat random

and Wel’m@ﬁ?g[ﬁ}/_ Q@B HasUre to the anesthetic MS-22. Subsequently the kidney was removed
and spleen above to proceed with the purification of total RNA from these organs, according to the
method fiesbithdd Byressiaty ansdyaisd Sateni BiehbiGE gistiant Bicckiiagsy) RABABREhem.

1215650 GO ABEHIRT LR BOR ASHaanefbas deseibnddy fxamele 1

For the reactions of reverse transcription (RT), five'total RNAS fr indivi

experirr@rﬁfﬂamgwﬁ@wd@wt haalbyrameay 1037 TaedelBofee BRSHMadminisy pdvled. o The
result wassbatdhinaGRIBENACr and MR L RceRiar e AreferPRRaatat RN dﬁﬁftl-gnlect'on

compared to negative control. The expression levels are lower than the control group at

post-injEeRATINeBhEaAd M fReRisdPhABIEan dhePROC Rt O A WiV iER &R by sipleatdstin the
copgrol groupt 4Rk A3, 4rRSTRARCYAHBRSEY Afts I dap i undeteciable, At ﬂﬂé{t%é’l‘“h

receptors increase their 15 levels of e%essmn compared to negative control group. It was also
observeRXHEEEEA @icdbtors/atrid osimRarestpassivn saaeaabveriaeienafdr\ara isteatdsrd(Figures 4

and 5). g@g@ﬁgﬁhggﬁmr §@9@égalues at day 1 are lower compared to its negative control. On day 7

these expression values dre superior. These results correlate with those of 20 its two receptors

VPAC-Figure A -Expiepsicemyemlpsisidvwelkesf twoepttisRxpidbeidn sffowetfecterfdBASABIR lower
(day 1) i AR red to \Y ol gr 10,the expression of PACAP
values agr%glgwge([:?éﬁ%\g@ : ﬁ)%aéﬁﬁv éﬁ'ﬂ% §éﬁ%¥ i%%rélﬁ iéé %Tlgd) é?ell%é) (@E[ﬁgt?og i%%(ipression
leviels ohPACKEreyd(ifs rddeptditsyPAREDanttAP AT aif@btthefspleEA Brabianitdsipatidciney af fish

e MR WS e At s ke RenL el s n e
positive_@]t&iméﬁw\wapmmﬂwm@sﬁbgéewhmmemdﬁumvmingatmjslwmwiitnbhetected fish,
i L L L D e
and TLRSpngssigphefalilbodrédalcatyte shand midgean ki mbynafatieal tfyctam BEWdreus i@aershynchus
m%léiss)(}/(\a/\% é;{lsoe[%j (]gfﬁn!r!e( 5%1%%\5v trout (0.mykiss) of approximately 50 grams, VHSV and
Figure 9. Expression analysis by real time PCR of the in vifro effect of PACAP38
over the transcription of TLRY coding gene in peripheral blood leukocytes (A) and
head kidney (B) of heaithy rainbow trout. The effects of PACAP administration at a
concentration of 107°, 10° y 10® M was evaluated at 48 h post-treatment. The
25 experiment was repeated 4 times. The leukocytes culture was treated by duplicated
and the gPCR was performed by triplicate. Data are expressed as mean of relative
expression of TLR9 related to the endogenous elongation factor EF1a + standard
deviation (SD). * (p<0.05).
Figure 10 In vitro assays to determine the antiviral activity of PACAP-ribavirin
30 combinations (Rib-PACAP). At 24 h previous to virus infection, cells were treated
with the “antiviral” or the combinations PACAP-antivirals. Positive control (c+): Celis
infected with virus without antiviral treatment. Negative control (c-): Cells non-

infected and non-treated. Cells were infected with virus during 30 min to allow



5 IPNV free. Fish (n = 5) were anesthetized with methanesulfonic acid salt (Sigma, USA) and were
removed aseptically, first peripheral blood from theztail vein and then the anterior kidney. Were
isolated from peripheral blood leukocytes from anterior kidney and trout from 5 independently,
following the method described by Graham and Secombe (Graham toand Secombe (1998)

ImmunofSifPExionsfiiemrrhdiisharars v bed i BR W addithe dHereristiaaarenisuMere (L-15,

Gibco, 4gHsdppiemepisBinath BeniciipAe: | \éhsets Sertomystn LR RGMLA SR (HRpunits /
mL) and 2% FCS and ggﬁed carefully on a Percoll gradient'to 51%. The ring of cells corresponding to

leukocy &Y StakvielabsincRsanhane R aRiA8h L-15 15containing 0.1% FCS. The anterior kidney

was passed through a nylon mesh of 100 pm Leibovitz (L-15, Gibco, UK) supplemented with penicillin
100 IU / mL, streptomycin (100 pg/mL), heparin (10 units! mL ) and 2% FCS. The resulting cell
susﬁensﬁdﬂ?Wﬁ%ﬁluted 1:4 in the same medium supplemented L-15 and placed carefully on a Percoll

gradientR AR SI%61. TPALNY ebeslisrressnardinhtaie IarREEF e SFEMOYRAG ARy Washed
twice in L-15 containilgaI 0.1% FCS. The cells were suspended in L-15 with 5% FCS at a concentration

of 5x106HARAYE e uh §Qispuridag)icslisy dreatads wWith Floped feipnd d o andsinetiaereated
with 3 dasgereifpAGéRafl line &aHasHriapbe @ aH)addy) Feslfalipratied B OHSOHM, 10-8 M

y 10-8 M) in duplicate and used as negative control untreated leukocytes dispensed in duplicate. The
levels of M¥HON and TLR9 were evaluated 48 hours after treatment. In order to do so, total RNA was

purified {ramleakk peviairs! fairasotientrl vOthAGAPHNEImetherAeseieer MbsiReBeayaski and
Sacchi (Chomczynski and Sacchi (1987) 30Anal. Biochem. 162:156-9). The primers designed to
amplify MSENaRhANY g iolHah diitrimali aigtieah LHNR it guatanieioNATaaFRMAs were

treated pry¥igdramsdiiRIanids sy R Wty 4Bitum. The virus, VHSV (strain 0771) and IPNV
(strain Sp) were propagated in the rainbow trout gonad cell line RTG-2 (Sena and
Rio (1975) Infect Immun 11:815-22). Cells were grown in minimal essential medium
15 (MEM, Invitrogen, USA) supplemented with 10% of fetal calf serum (FCS, Invitrogen)
containing 100 [U/mL of penicillin and 100 ug/mL of streptomycin. The viruses were
inoculated into RTG-2 celis grown in MEM with antibictics and 2% FCS at 14 °C.
When extensive cytopathic effects were observed, the culture supernatants were
harvested and centrifuged to remove cellular debris. For the experiments we used
20 the clarified cuiture supernatants. The viral titers were determined in 96-well plates
as reported by Reed and Muench (Reed and Muench (1998) J Hyg 27:280-9).
Head kidney leukocytes were isolated from 4 trout following the method described by
Graham and Secombes (Graham and Secombe (1998) Immunology 65:293-7).
Briefly, anterior kidney was removed aseptically and passed through a nylon mesh of
25 100 p using medium Leibovitz (L-15, Gibco, UK) supplemented with penicillin 100
IU/mL, streptomycin (100 mg/mL), heparin (10 units/mL) and 2% FCS. The resulting
cell suspension was carefully placed on a Percoll gradient to 51%. The ring of cells
corresponding to leukocytes was removed carefully, washed twice in FCS containing
L-15 at 0.1%. The cells were resuspended in L-15 with 5% FCS at a concentration of
30 5x10° cells per ml and dispensed in 24-well plates at 1 mL per well. The infected
teukocytes were exposed to 30 ug/mL de poly I:C (Sigma) or infected with IPNV at a
MOI of 0.1 and incubated at 14 °C during 4 hours, 24 hours and 48 hours periods.



a DNA nuclease, specifically with RQ1 RNase-free DNase ( Promega) in order to remove genomic
DNA may be present in the samples. For the synfiesis of cDNA it was used a commercial reagent kit
uses SuperScript 1l reverse transcriptase (Invitrogen). Finally, for quantitative PCR reactions (QPCR) 5
was used a mixture of PCR from commercial sources: Power SYBR Green PCR Master Mix (Applied

Biosystditta)rHetgPRi rasatidiethbralioulosythsst diesnstiaing brdogted slesrdbadtive
expressign gereneRgadiealhnglosgatien ﬁeﬁ%ﬁq@yﬁggi%@ PSHOEmEe t@laff'?oli&ﬁgef.- Hisdests were
u

expressed as 2-act, where ACt is equal to the remainder of the gene Ct value minus the assessed

value of C&idRBriNalR Vel E R SHINEMICPriumleRb B EeSsd sreRRIOHBNrieHKeERRSent in
cultures gfrReiehesabblrosidauisrpy e jreaiesh itz dd 9/ RAGSESE Anflnes alcte-Brdhedbere is also

a stimulatory effect of PACAP38 on the transcription of Mx proteins relative to negative control, but the
expresstiielias Rigib earerEas B rsre SBMRRRZ) with B0 1878919-GPPRIASASF 10-8 M

did not ¢hffasdint gy ehe e RO aNRregRiRR SRlaVEdR NeaRtvR P IFOL TIPSR Tepsdisshew a
positive effect of PACAP38 on the transcription of Mx proteins at low concentrations in the range of

(10-9 _FOORMFIEgLIeas R PHREAEGIAREY (EUKEEPRY) BRERHOR TP RV pBEIS BhiR heprotein is

more m%?f%ﬁﬂwi%nﬂdwﬁ%m@@d(mpﬁ% BRewAGEIFBWRIDREfesh RbtAtsiess of 10-9 M
(Figure 7B). Additionally, we observed a stimulatory effect of PACAP38 on the expression of TLR9,

from un8RHERDIERYEL s MR EselITE HapikerMidoPrish Sy sirmaicthRifSAT AP at

detgctabissiguelssreulisanatiaylaigminih BAGARIRINECIANSgA0n39-d8n8 Mxdiedighest values
were obtained at a dose of 10-19 M 25 (Figure 8 A). In head kidney Ieuko%tes, as it was previously

observetPRAISREINBORGRERNSRSTRE B Ehel siréRdis mBRITRIBMRAdie Iriptisate RS a4 on levels
was statigiealixhigbss dhag e negaiive LONtD af bt taEMedinin deserohtg2ié (Eiowsei8 B) - IFN

7 levels were undetectable in non-treated cultures of peripheral blood 30 leukocytes. The cultures
treated WAtAUS R ESTHISRE XPIIS, FESHIRIMPHERE @8BR I&Jeld®f expression with the highest level at

the intermpedigte foseaQf #0240 M/drigure IQA@*1\/'W%V&eiﬁle%ﬂ%&%‘é@ﬂwr&QIiMFE&FMéERBEF?b%S’ we

observed that PACAP38 stimulates the transcription of IFN 7. The expression levels of IFN 7 were

statisticI§Aied MitiReadn thatbrforgrbtp BrHbses briexpeiime . swaasstinuiaahBAest results in
the highasicase iof i 0ot Mi(FiHER 1 o FR BRI Gs 1 Vil efiReloh{oeRAGAR MaminjstAton in

combination with ribavirin on IPNV infection 5 We used supernatant from cell culture (strain ATCC

VR-2991S#dBRIaGHIS 1NNE i@y e Seme dsnirviigortinasenab a0 gffedpdailarPcr. For
the in Vi%@@%@%#@cﬂ@ﬁ%ﬁh@ﬁﬂhh@e@M%@%&A@@W&@'ﬁ%@@%ﬂké%@é@ﬁo%ﬁ Qp/F1031).
|

This was maintained at 18 EM medium sugplemented with Eagle salts, 10% fetal bovine serum

(FBS), 7 1N QIdtamie &itd RS TIS) RSN HAL IRt S CCARERSSE RS and

befgre tharaseaymieoriphitineRdhs sukun siremaiantd el Shhavas desermingdiRidds fechnique
of Reed and Muench (Reed and Muench (1938) The American Journal of Hygiene 27: 493-'497).

From vitdI4§68UNIRRE ERution of 0.1 moi was prepared. Plates of 96-wells were seeded with
CHSE-Jid rasietainrdalot8<sidh MEM(Baoias Jalist sHrpirmaniadd s wiiB <L 0f4cnRSe g8 M glutamine

and antibiotics. We evaluated different concentrations of ribavirin and 3 different concentrations of

PACAP {Dtiealethguisiaf) loataetReirb il eI et ee i ek rdsr i iriet & SRdTNY or the
PACAPantlyiralcanpingtiongsse siadishiastpesibenh senirgsiosliriniastast with visusywithesithe

antiviral treatment) and negative (uninfected and untreated cells, and uninfected 20 cells treated with

theantiiPRHIGRIN dRFENIABEASHPAT ARS. EBIV IR &SRRATEE WithfiBR FASHBCIim '8 a period
of 30 migifesataslsrpiinRdl bevbencells urserwashadWiimiiss pbie teaimetanererdijyted in

MEM supplemented with 2% FBS and antjbiotics and added again, The test was concluded once we

observeiHd aﬁo%%ﬁﬁﬁf%ﬁgc‘f"('@@)gWﬁ%@%@%ﬁk‘&%ﬁo\f'Fﬂge“é\}ﬁfﬁﬁ*t‘ﬁﬁ GRYS pRIRRARLY

their advantage.

Additionally, we evaluated the expression levels of PAC-1 in the macrophage cell
30 line trout (O. mykiss) RTS-11 infected with VHSV, the process of viral infection of the

line RTS-11 was similar to that described above for the RTG-2 line. Similarly, we

observed a down regulation of the expression levels of PAC-1 fo 4 and 8 days after

infection with VHSV (Figure 2).



25 microscopy and by staining with crystal violet (550 nm absorbance reading). The CPE in the
positive control was observed at 3 days post-infegtion. The results of the CPE inhibition with respect to
untreated and infected control cells, obtained from the absorbance values of crystal violet staining,
were shown in Figure 10. The analysis of the antiviral activity of ribavirin in combination with PACAP

was perfofaiBRigsthF3PEre iRy RhVEAtutyiesarighdavaykesadas e antesomkigaeyination
index offfhqth BBIRIBRSLENOMRD HPREHS MGRISSNRAIL thaloiPis BAIFENEAliRG Valegp tested. 20

Example 6. Effect of administration of PACAP and PACAP plus ribavirin combination in rainbow trout

(0. myki$8) aspesinéiftalRVrire REERISIPRNY Ah ¥fbneffeRICCoARLBIESTTNEMAl A BitNeffect of

adminisiatien of PRAGAR @ggcﬁé%ﬁ-gkggmgqbopmgg?g%%é@nbow trout experimentally infected
with IPNV. We 5conformed 8 experimental groups of 50 fish to a body weight of 1.6 0.4 g each one.

The'watEPeerapalavss Wil keptlavel- 03 &%é%l]p@:%?@f@ﬁ?%ﬁ & Shosed 184keates Group 2:
unireatogtfish ROBEA 1P BENHUS2 arEeum:ATaPMEREE KN ENTR AR dpse PBAL palL of
a

water, exposed to the I()virus Group 4: Group treated with ribavirin a ose of 800 pg/L of water,

exposed t6FRPIBLES HEp TABTHUS HRABENIR BHCIASRARSE0 WD bk oftAkRG, BiPosed to

the virugdgSenUuB &t SI9UPEr @%W&r@d\gﬁﬁaﬁhﬂrﬁ_@ﬁé RIABELRIIIF Rluyeater, exposed to the virus.
Group 7: Group treated with the combination 1 (ribavirina 400 pg/L -PACAP 100 pg/L, exposed to the

virus.  Mergayes: dhsuSRIBRRINItARHRIToPbMEAGT B (WBESiraCEtRERp e -PACABYES Mpg/L),

expeseddaihng MeImfEBRaMAIYWeRe frditvigemdaysibias amquntesioralenkirndiychthe total
corporal weight in each tank. The fish were exposed to the virus by placing them in water at 10-12 C

contain Y ANBIBSIHh Sl L 05 HRIRT A HRG RACAE)ARE. WA TR GRS ARRCET RSN for 2 h.
Fish in GrenpaIlassbAuarefrib[ewedkia the

As observed with PAC-1 receptor in cultured anterior kidney leukocytes infected with
IPNV, the observed differences in the regulation of VPAC-1 by treatment of
15 leukocytes in vitro with poly I: C and the infection VHSV could be associated with a
specific effect of the virus as a bioclogical entity complete in infected cells, probably to
their advantage.
Example 3. Expression of PACAP and PAC-t receptors and VPAC-1 in
leukocytes from spleen and anterior kidney of rainbow trout {Oncorhynchus
20 mykiss) infected with VHSV in vivo
VHSV (strain 0771) was propagated in the cell line RTG-2 (Sena and Rio (1975)
Infect Immun 11:815-22). In summary, the viruses were inoculated in RTG-2 cell line
grown in MEM with antibiotics (100 tU / mL penicillin and 100 ug / mL streptomycin)
and 2% FCS at 14 C. When extensive cytopathic effects were observed, the culture
25 supernatants were harvested and centrifuged to remove celiular debris. For infection
of trout were used clarified culture supernatants. The viral titers were determined in
96-well plates as reported by Reed and Muench (Reed and Muench (1998) J Hyg
27:280-9).
We used juvenile rainbow trout (O. mykiss) from 9 to 12 grams and 7 months old and
30 VHSVY and IPNV free. Fish were maintained at 14 C with water circulation. Food was
administered twice a day ad libitum. Two experimental groups were formed of 20
trout each group, one group was injected with virus solution (100 L. de 1 x 10’
TCID50 / mL per fish) and the other group (used as negative control) was injected
with culture medium RTG -2 not infected with VHSV,



25 same stress treatment without the antiviral compound or without the PACAP-antiviral combination.
The fish in Group 1 received the same proceduregith cell culture medium instead of virus. The virus
identification was performed by RT-PCR from kidney and spleen, according to the method described
by Lopez-Lastra et al. (1994) Journal of Fish Diseases 17: 269-282. Treatments with PACAP or with
PACAPABHaMSvitalTomangtidf vkl hielintedB tivlds Wettelek@uagadohe fing teignets were

performeg 2L afiqhVikabinISEIAN (B BeHB SMaL PRIRI YALOPS WeiBdBade iy ine e fLst gglays of

treatments and 25 days after it concluded. During the experiment (45 days) deaths and abnormal

behavioieseNedism i srianBrterEa. (2 Prrsesr Nitntaetey misalier weietabRitalsarsHones
charactg;@g’géig%(%,j@g‘ﬁé:ti%s Qﬁ@crﬁ%{ﬁwcr@é&;{% deb@G mﬁﬁgﬁﬁﬂgﬂ- Thefirss gleath occurred

on day 7 post-infection, accompanied by the worsening of the signs of the disease in all fish and a high

moftalit a%m&kh%%&%cbbéﬁﬂﬁébmllﬂ%@hﬁ@ct&@é@ﬂ%@@%ﬁh%’ﬁ%@ﬁ%%}cmcw
the sianzabdisanseusieitioeiod Ry ndha SEuuRsisEaREXEREIE sombination ribavirin-PACAP

and exposed to the virus not present signs of the disease during the period of the experiment. The

untreatdtPaiE TR2SEATR Pt deyOE edANSElIRIIBN (RY 1SR delaldRitks Frm fvadacivitude antiviral
recovergd apRgHie SxpeRnbhANGreas lieraiest WARddI Hf-AB\RAd BAGARIbRYIGR gmbinations

showed it on day 9 of the experiment. Fish uninfected controls showed normal behavior and there was
not morfRG WG WRIGHPERIRE the period of the experiment. Cumulative mortality in the untreated

fishandrifdNdpieciad figk iamaOsirkenl POACA% survivall 10 fisteientedryiByehaypiaanginfected

the survival was 68 and 70% for groups 3 and 4, respectively. In fish is treated with PACAP and

infectedAh@RYUARPAIAS BIPRIPEHHY f5t 18 RRYRIE AP sHRAINTEIRI R/ YIBIFRBLANR with the

PACAPHRAHE coupingiinis dbasynivpbuian8étand PPXhiBHarauBael aPA 8. 1esResvRly. In tissue
samples of dead fish was found the presence of IPNV. No virus was detected in samples taken from

the untrédREFPRIITINRTERYYrEAPECSICTSIEIS ARG ARHP IgeRvalgtY dt 28%ay¥PE8%-infection.
Fish infegiedmnsknet Wealethhadd Joye LMeighitapia . campay sdgatHEdeptekfishrdaie waight loss

was offset in the treated groups and more in the groups treated with PACAP-ribavirin combination.

Table 1/9¥elR &EHPHRRAIWeGHT BF[GFIR BFARIBENHBIPHHRYRNE X482 RRvRfettRin.
|ExperirgHal&ézegup it elghfitedrinalpféeigbh(Pattern over time after viral infection

(Figures 4 and 5).
The PACAP expression values at day 1 are lower compared to its negative control.
On day 7 these expression values are superior. These resulis correlate with those of
20 its two receptors VPAC-1 and PAC-1, in the sense that levels of receptor expression
showed a tendency to be lower (day 1) and higher (day 7) compared to negative
control group. At day 10 the expression of PACAP values are lower compared to
negative control group (Figures 4, 5 and 6).
The variation in expression levels of PACAP and iis receptors PAC-1 and VPAC-1 in
25 the spleen and anterior kidney of fish experimentally infected with VHSV and IPNV
demonstrate the involvement of both receptors in the antiviral response in fish in
vivo. This was confirmed in challenge experiments in which we observed a positive
effect of PACAP in the antiviral response in salmonids, increasing the survival of
infected fish, enhancing the immune response to viral infection and clearing the virus

30 from the organs and fiuids capable to perform viral replication.



Increment with respect to initial weight (%) 11,6 0,44,51,1a181 21,6 0,42,71,2b69 31,6 0,43,8
1,1137 41,6 0,43,7 1,0 17

Example 4. PACAP effect on transcription of proteins Mx, IFN and TLR9 in

peripheral blood leukocytes and anterior kidney of healthy rainbow trout

{Oncorhynchus mykiss)

We used juvenile rainbow trout (O.mykiss) of approximately 50 grams, VHSV and
5 IPNV free. Fish (n = 5) were anesthetized with methanesulfonic acid salt (Sigma,

USA) and were removed aseptically, first peripheral blood from the tail vein and then

the anterior kidney.

Were isolated from peripheral blood leukocytes from anterior kidney and frout from 5

independently, following the method described by Graham and Secombe (Graham
10 and Secombe (1998) Immunology 65:293-7).

The peripheral blood of each fish was diluted 4 times in half Leibovitz (L-15, Gibco,

UK) supplemented with penicillin 100 1U / mL, streptomycin (100 ug/mL), heparin (10

units / mL) and 2% FCS and placed carefully on a Percoll gradient to 51%. The ring

of cells corresponding to leukocytes was removed carefully, washed twice in L-15
15 containing 0.1% FCS.

The anterior kidney was passed through a nyloh mesh of 100 ym Leibovitz (L-15,

Gibco, UK) supplemented with penicillin 100 U / mL, streptomycin (100 pg/mL),

heparin (10 units / mL ) and 2% FCS. The resulting cell suspension was diluted 1:4

in the same medium supplemented L-15 and placed carefully on a Percoll gradient to
20 51%. The ring of cells corresponding to leukocytes was removed carefully, washed

twice in L-15 containing 0.1% FCS.

The cells were suspended in L-15 with 5% FCS at a concentration of 5x106 cells per

ml and dispensed in 24-well plates at 1 mL per well. The leukocytes were treated

with 3 doses of PACAP38 from Clarias gariepinus obtained by chemical synthesis
25 (107" M, 10° My 10® M) in duplicate and used as negative control untreated

leukocytes dispensed in duplicate.

The levels of Mx, IFN and TLRS were evaluated 48 hours after treatment. in order fo

do so, total RNA was purified from leukocyte cultures treated with PACAP by the

method described by Chomczynski and Sacchi (Chomczynski and Sacchi (1987)
30 Anal. Biochem. 162:156-9).

The primers designed to amplify Mx, IFN v and TLRS do not discriminate between

cDNA and genomic DNA, total RNAs were treated purified from different tissues with
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a DNA nuclease, specificaily with RQ1 RNase-free DNase ( Promega) in order to
remove genomic DNA may be present in the samples.
For the synthesis of ¢cDNA it was used a commercial reagent kit uses SuperScript il
reverse transcriptase (Invitrogen). Finally, for quantitative PCR reactions (gPCR)
5 was used a mixture of PCR from commercial sources: Power SYBR Green PCR
Master Mix (Applied Biosystems). The gPCR results were normalized against a
constitutive endogenous constitutive expression gene specifically elongation 1a (EF
1a) and were performed in triplicate. The results were expressed as 2%, where ACt
is equal to the remainder of the gene Ct value minus the assessed value of Ct
10 normalizer gene EF 1a).
The Mx protein levels increase after 48 hours of treatment in cultures of peripheral
blood leukocytes treated with 101 M PACAP38. A dose of 10° M, there is aiso a
stimulatory effect of PACAP38 on the transcription of Mx proteins relative to negative
control, but the expression levels detected were below levels obtained with the dose
15 of 107" M. A dose of 10 M did not differ in levels of Mx protein expression relative
to negative control. These results show a positive effect of PACAP38 on the
transcription of Mx proteins at low concentrations in the range of (10° =107 M)
(Figure 7 A). In head kidney leukocytes, the effect of PACAP 38 on the Mx protein is
more moderate than in peripheral blood leukocytes, showing a stimulatory effect at a
20 dose of 10° M (Figure 7B).
Additionally, we observed a stimulatory effect of PACAP38 on the expression of
TLRY, from undetectable levels of TLRO in cultured peripheral blood leukocytes
stimulated with PACAP at detectable levels in cultures stimulated with PACAP38 in
the range (107%-10® M). The highest values were obtained at a dose of 107"° M
25 (Figure 8 A). In head kidney leukocytes, as it was previously observed with the Mx
protein expression, the effect was more moderate. The TLR9 expression levels was
statistically higher than the negative control at the intermediate dose of 10° M~
(Figure 8 B) .
IFN v levels were undetectable in non-treated cultures of peripheral blood
30 leukocytes. The cultures freated with 3 doses of PACAP38, resulted in detectable
levels of expression with the highest level at the intermediate dose of 107 M (Figure
9 A). Moreover, in cultured anterior kidney leukocytes, we observed that PACAP38

stimulates the transcription of IFN y. The expression levels of IFN v were statistically



350 An ANOVA followed by a Tukey post test'was performed. Different letters represent statistically
significant differences. Example 7. Effect of theqagdministration of PACAP and the PACAP plus
ribavirin combination formulated in polylactide acid-co-glycolic acid, to 5 rainbow trout (0. mykiss)
experimentally infected with IPNV An experiment wag conductgd to evaluate the effect of

administigtien BiarpbasrPbaeaP AHiRsas @nibinafiendontdineblaipoy ihaibedidassiifiycolic acid

(PLGA)intF@rm@%gp%géQﬁr{r@emM i J@:@@yvith IPNV. Eight experimental groups were performed
of 30 fish of 30 4 g each one and were kept in water at 10-12 C: toGroup 1: fish injected with PLGA,

not expE3EMEI® vills disusHeatiphiiec R AtA BLasindnisisatien tie ¢rmbination: Witbup

injected YUH TR \EHNBRY §RRS:8kA PY/g of fish, exposed to the virus Group 4: Group injected with
ribavirin at a dose of 8 pg/g of fish, exposed to the virus Groug{S: Group PACAP ig"ected at a dose of

0.1g/d'¥e fitted spbssaaiathdrom salb erbiig 6sitadup BAC AR RfEDdafegte d ydthofthY @§ig of fish

eXpose‘?sEﬂél‘&jVUik'él.GWHPJdrﬁfﬁiﬁ%iﬂﬂe\@t@éjmﬁﬁéhﬁ) Hi'@%@&fi@bﬂ’yﬁiﬂ%?@l‘%ﬁ%@ﬁg 0.1
pg/g), exposed to the virus Group 8: group injected with the combination 2 (ribavirin 8 pg/g-PACAP 0.2
pg/g), eRpe3vd w%héaﬁms’f%rqahdmtigg’sgéoat%ﬂnMmﬂ@ﬂﬁaﬂmﬂcﬂmmwﬁ%ﬁ& ion, were

administergdday intrapeiereaLiniestien heare afaneralinderiionsfpmernaanial Rhpepgligns were
conducted for 30 days. Results on survival rates similar to those described in Example 6 were
obtaine§altss¢svipieta! fawire serdmii&RlicnaVPRdABIBRENEINBIRRCBIUS ribavirin

25gpmbingiQRdn i AlaniicS a0 (A BSRiareRarTe My infe Hebrdthi A AR expsiiment was
conducted to evaluate the effect of the administration of PACAP and PACAP-ribavirin combination for

salmon {&§41/RotRaIsH B sHRemaiRhfd &l with weR vetsgminsS Snbadacioigye v R formed of
50 fish g avsies 6h 1RS9G/0MasRANe1a8 WERR epkitcartesaint)-d2 1 deept: uotreated fish

not expzsge?(;‘tgglr% \\//iirrlé?inoculum a dilution of 0.1 moi was prepared. Plates of 96-wells were
seeded with CHSE-214 maintained at 18 °C in MEM (Eagle's salts) supplemented

15 with 10% FBS, 2 mM glutamine and antibiotics. We evaluated different
concentrations of ribavirin and 3 different concentrations of PACAP (0.1, 1 and 10
nM). At 24 hours prior to infection, cells were treated with the antiviral or the PACAP-
antiviral combinations, establishing positive controls (cells infected with virus without

the antiviral treatment) and negative (uninfected and untreated cells, and uninfected

20 cells treated with the antiviral or with different doses of PACAP). Cells were infected
with the viral inoculum for a period of 30 minutes of adsorption. Then the cells were
washed with PBS. The treatments were diluted in MEM supplemented with 2% FBS

and antibiotics and added again. The test was concluded once we observed the
cytopathic effect (CPE) in the positive control. The evaluation was performed by

25 microscopy and by staining with crystal violet (550 nm absorbance reading). The
CPE in the positive control was observed at 3 days post-infection. The results of the
CPE inhibition with respect to unireated and infected control cells, obtained from the
absorbance values of crystal violet staining, were shown in Figure 10. The analysis

of the antiviral activity of ribavirin in combination with PACAP was performed using

30 the program Calcusyn for Windows (Biosoft). The value of the combination index of
Chou obtained showed synergism between both drugs for the concentration values

tested.



23 érohp 2: untreated fish, exposed to the virus Group 3: Group treated with ribavirin at a dose of 400
pg/L of water, exposed to the virus  Group 4: Gggup treated with ribavirin at a dose of 800 pg /L of
water, exposed to the 5virus Group 5: Group treated with PACAP at a dose of 100 pg /L of water,

exposed to the virus  Group 6: Group treated with PACAP at a dose of 200 pg /L, exposed to the
virus Gre¥pmpdRolip Féaet aftradmainistudiopg af PP congg AAGHMDirltsn ribexidsed to the

Virus CredmifuR e aeAoew (B35, HAPAGS) Xiehinéhibhg hietBrnaiifnsRgosed (o the

virus. The animals were fed twice a day with an amount equivalent to 3% of the total corporal weight in

each tarfi) EXESIIROM e poseyeethiowAusioheRffadmiindmnizitetian 10-FACAR &REhing
approximaE AR AN bSFh MY dSTRIMNDS ¥RAINIEFimBnLIRAIMERISING TR RERi/Med 3 times a

week for 20 days. Experimental observations were made during this period and 25 days after the last

treatmef)DUriag thexrsdagntH tiwurpsrihe disteiatiastacy aiphhal béhaviot gferetfishevere
monitoreﬁ..eF\'ﬁ?tg; %m Q?ailu %g WEre S| %g@d@ the same stress produced by 20 the treatment
[ coﬁ1 ?g %e é%mli)

without the anftivira pound ort ination of PACAP-antiviral. The fish in Group 1 received the
same precedort wittreaitdulaireohediprsddsiedideofitiue virus. The identification of the virus was

perform T-PCR f kidn n leen rding to the method described by L6pez-Lastra et
at (1994@"%%0% %I%?gésﬂggg:ggﬁsggpl%fgi%)ﬁﬁ@gﬁ he fish infected with IPNV and not treated showed
charactégistitpsiyrisrotimfeetitad wah ikaticinedrasipiemf diiOggdsteihfeaten sXhedirdtidahth occurred
on](aay %igg%st-infection, accompanied by the worsening of the signs of the disease in all fish and a high
mortality between day 11 and 15 post-infection. The percentage of survival in this group was 30%.
There wascuings Of appdtizated daysribBrand 81 indubgrolip§3Qditeofadatdth thpeiers tovittethe
excepti%ggthe groups treated with PACAP, PACAP-ribavirin combination and the uninfected group.
In fish infected and treated with both doses of ribavirin early signs of disease were detected on day 10
and theferaal &: 76r36poteeatddanitr (Tl andahigisel ofdd)Geppdcidfeathr fiskpofedtdd ted 24
treated with PACAP the survival was a 56-60% for the low and high doses, respectively. In the group
treated with the combination ribavirin-PACAP and exposed to the virus the survival was a 96-98%. In
thel uninfSisten 8h & ruretesiefovit i\ Ceatay dates 0RA waBlosiwataissupasedieshel dead fish
was fouWJlsw_e 5presence of IPNV.
Group 7: Group treated with the combination 1 (ribavirina 400 pg/L -PACAP 100
pg/L, exposed to the virus.
Group_8: Group treated with the combination 2 (ribavirina 800 pg/L. -PACAP 200
20 pg/L), exposed to the virus.
The animals were fed twice a day with an amount equivalent to 3% of the total
corporal weight in each tank. The fish were exposed to the virus by placing them in
water at 10-12 °C containing approximately 10° plaque forming units (pfu)/mL of
IPNV (strain ATCC VR-299) for 2 h. Fish in Groups 1 and 2 were subjected to the
25 same stress treatment without the antiviral compound or without the PACAP-antiviral
combination. The fish in Group 1 received the same procedure with cell culture
medium instead of virus. The virus identification was performed by RT-PCR from
kidney and spleen, according to the method described by Lépez-Lastra et al. (1994)
Journal of Fish Diseases 17: 269-282. Treatments with PACAP or with PACAP-
30 antiviral combination were performed 3 times a week for 20 days. The first treatmets
were performed 2 h after viral infection. Experimental observations were made
during the first 20 days of treatments and 25 days after it concluded. During the

experiment (45 days) deaths and abnormal behavior of the fish were monitored.



Table 2 shows the average weights at 45 days post-infection. Fish infected and untreated had a lower
weight gain compared to uninfected fish. This wejght loss was offset in the treated groups and more in
the groups treated with PACAP and PACAPribavirin combinations. to Table 2. Increase in body weight
of juvenile Atlantic salmon during the 45 days post-infection. Experimental Group Initial Weight (g)

Final Wéigt itgy Yriefestedtish)that wers nos teatadisgowed ¢iaragenstio €918 phindestogso,4 ' ig3 4

12 O’Spancreatic necrosis from day 6 post-infection. The first death occurred on day 7 post-

infection, accompanied by the worsening of the signs of the disease in all fish and a

high mortality on days 11, 12 and 13 post-infection. In fish infected and treated with

5 ribavirin or PACAP the signs of disease were detected on day 8. The groups treated
with the combination ribavirin-PACAP and exposed to the virus not present signs of
the disease during the period of the experiment.
The untreated and infected fish recovered appetite on day 15 post-infection. Fish
treated with the antiviral recovered appetite on day 13, whereas fish treated with

10 PACAP and PACAP-ribavirin combinations showed it on day 9 of the experiment.
Fish uninfected controls showed normal behavior and there was not mortality in this
group during the period of the experiment. Cumulative mortality in the untreated fish
and IPNV-infected fish was 40 fish of 50 (20% survival). In fish treated with ribavirin
and infected the survival was 68 and 70% for groups 3 and 4, respectively. In fish

15 treated with PACAP and infected the survival was 50 and 55% for Groups 5 and 6,
respectively. in the groups treated with the PACAP-ribavirin combinations the
survival was 97 and 99% in Groups 7 and 8, respectively. In tissue samples of dead
fish was found the presence of IPNV. No virus was detected in samples taken from
the untreated and uninfected groups.

20 Table 1 shows the average weights at 45 days post-infection. Fish infected and not
treated had a lower weight gain compared to uninfected fish. This weight loss was
offset in the treated groups and more in the groups freated with PACAP-ribavirin
combination.

Table 1. Increase in body weight of juvenite rainbow trout during the 45 days

25 post-infection.

Experimental initial Weight | Final Weight (g) | Increment with respect to
Group {g) initial weight (%)
1 1,6+04 454112 181
2 1,6 +04 27+12° 69
3 1,6+04 38+1,1° 137
4 16+04 37+1,0° 131
5 16+04 50+0,5° 212
6 1,6 +0,4 52+06¢ 225




2,3 05'92512 0,32,4 0,3a200- 1,2 0,32,8 0,3233 1,2 0,33,10,2258 1,2 0,33,4 0,1283 An
ANOVA followed by a Tukey post test was perforged. Different letters represent statistically significant
differences. Example 9. Effect of administration of PACAP and PACAP plus ribavirin 15 combination
in Atlantic salmon (Salmo solar) experimentally infected with ISAV_An experiment was conducted to

evaluate the efféct of the adrhiis®ation|of PAGAR.4 °© 343

8 16+04 5,6+ 0,5° 350

An ANOVA followed by a Tukey post test was performed. Different letters represent

statisiically significant differences.
Example 7. Effect of the administration of PACAP and the PACAP plus
ribavirin combination formulated in polylactide acid-co-giycolic acid, to
5 rainbow trout (0. mykiss) experimentally infected with IPNV
An experiment was conducted to evaluate the effect of administration of PACAP and
PACAP-ribavirin combination contained in polylactic acid-co-glycolic acid (PLGA) to
rainbow trout experimentally infected with IPNV. Eight experimental groups were
performed of 30 fish of 30 £ 4 g each one and were kept in water at 10-12 °C:
10 Group 1: fish injected with PLGA, not exposed to the virus
Group 2: fish injected with PLGA exposed to the virus
Group 3: Group injected with ribavirin at a dose of 4 ug/g of fish, exposed to the virus
Group 4: Group injected with ribavirin at a dose of 8 ug/g of fish, exposed to the virus
Group 5: Group PACAP injected at a dose of 0.1 pa/g of fish, exposed to the virus
15 Group 6: Group PACAP injected at a dose of 0.2 ug/g of fish exposed to the virus
Group 7: Group injected with the combination 1 (ribavirin 4 ug/g-PACAP 0.1 ug/q),
exposed to the virus
Group 8: group injected with the combination 2 (ribavirin 8 pg/g-PACAP 0.2 ug/g),
exposed to the virus
20  Nanoparticles containing PACAP or PACAP-ribavirin  combination, were
administered by intraperitoneal injection 2 hours after viral infection. Experimental
observations were conducted for 30 days. Results on survival rates similar to those
described in Example 6 were obtained.
Example 8. Effect of administration of PACAP and the PACAP plus ribavirin
25  combination in Atlantic salmon (Salmo salar) experimentally infected with
IPNV
An experiment was conducted to evaluate the effect of the administration of PACAP
and PACAP-ribavirin combination for salmon (Salmo salar) experimentally infected
with IPNV. Eight experimental groups were performed of 50 fish and a size of 1.2 +
30 0.3 g each one and were kept in water at 10-12 °C:

Group 1: untreated fish not exposed to the virus



and PACAP-ribavirin combination for salmon (Salmo salar) experimentally infected with SAV. Eight
experimental groups were performed of 25 fish apg 50 10 g each 20one. The groups were kept in sea
water at 10-12 C. Group 1: Fish untreated, not exposed to the ISA virus Group 2: untreated fish,
exposed to the ISA virus Group 3: Group treated with ribavirin at a dose of 400 pg/L of water, exposed
to the vifer®WECEheAteC iiglp espesediththBalfia at a dose of 800 pg/L of water, exposed to the

vis Gresp, s Sreup e pieA o AR 4 2085500 190BH L g1 A SraRIPR3EAIRAN i S Croup

6: Group treated with PACAP at a dose of 200 pg/L of water, expgosed to the vir roup. 7: Group
treated WithSthe combination of ribavirin 400 pg/L-PACAP 100 pg/L, exposed to the virus Group 8:

Group tigaled ﬁ%itémﬁpcﬁgﬁ%g@m ARAVH I S0ARY loﬁ?‘)%Aﬁgzﬁ_oo?%atéro%’iB%%? g {8 virus To

obtain sufficient virus for the challenge experiments were cultured SHK-1 cells and infected with the
strain G¥é&lfaer (access No. AJ012285, Krossoy et al. (1999) Journal of Virology 73: 2136-2142) in

175 cmflaskssian rodaireAish WRFEFSARATE S HUILISIBY CBB%"&“%ﬂé@“bﬂﬁBé%@%%e

intraperitoneally with 15 0.3 mL of culture medium containing approximately 104 pfu/mL of ISAV.
Group 1Vifish that received an equal volume of culture medium. The % of modality in Group 1

(U”treat@?o[g@@ﬂﬁ?ﬁitl@é?@d‘@mﬁ 1S40 ME3(30,/33d BF SHRURE (EXPOSESHIP 14 Jfgantreated) was

92%. In the Groups 3 and 4, modality was 52 and 36%, respectively while in Groups 5 and 6 was 60
and 7298 "RiEheGtitERM N its1aigss Wikhdibavd el watHlpRERARILERiNe o RatIRaHRM, of

mqgfalityyyas:8 ARG FegPectively. In tissue samples of dead fish was found the presence of ISAV.
No virus was detected in samples from untreated and uninfected group. Example 10. Effect of the
administP&88R &F FATCAP BRatPACT-akaYiiiREG dabikalt r@EQOMQtrBUtC@T‘ﬁiW@%%
experimegialbeinfegirdyita IHNV 25 An experiment was conducted to evaluate the effect of the
administration of PACAP and PACAP-amantidine combination in rainbow trout experimentally infected

with IHN\EERJHEBID eMprentad gheisss dvélaypwithra Eo B fistasivtentgteadth drfethBdtolate kept in
water alohPnbiaCwekiarl capiieaiad st RieRReakiR TR MBUe virus by placing them in

15 water at 10-12 °C containing approximately 10° pfu/mL of IPNV (strain ATCC VR-
299) for 2 h. Treatments were performed 3 times a week for 20 days. Experimental
observations were made during this period and 25 days after the last treatments.
During the 45 days of the experiment deaths and abnormal behavior of the fish were
monitored. Fish in Groups 1 and 2 were subjected {o the same stress produced by

20 the treatment without the antiviral compound or the combination of PACAP-antiviral.
The fish in Group 1 received the same procedure with cell culture medium instead of
the virus. The identification of the virus was performed by RT-PCR from kidney and
spleen, according to the method described by Lopez-Lastra et al. (1994) Journal of
Fish Diseases 17: 269-282.

25 The fish infected with IPNV and not treated showed characteristic signs of infectious
pancreatic necrosis from day 6 post-infection. The first death occurred on day 8 post-
infection, accompanied by the worsening of the signs of the disease in all fish and a
high mortality between day 11 and 15 post-infection. The percentage of survival in
this group was 30%. There was a loss of appetite on days 10 and 11 in all groups

30 infected with the virus, with the exception of the groups treated with PACAP,
PACAP-ribavirin combination and the uninfected group. In fish infected and treated
with both doses of ribavirin early signs of disease were detected on day 10 and there

was a 70-76% survival for the low and high doses, respectively. In fish infected and



30Group 2: untreated fish, exposed to the virus Group 3: Group treated with amantadine at a dose of
400 pg/L of water, exposed to the virus 26 Group4: Group treated with amantadine at a dose of 800
pg/L of water, exposed to the virus Group 5: Group treated with PACAP at a dose of 100 pg/L of water,
exposed to the virus Group 6: Group treated with PACAP at a dose of 200 pg/L of water exposed to

the viru§resash Wi ARt ey BNt o MiBR ioPP16(imalfIdiie 40V M dP AS A PIPE8Sg/L),
exposeqdefBsivENS In FRECYR8p GOMBIrRAIS tHY EL ABIRAT NN, fh(PRE Al 80 Bgds PACAP

200 iop /Lz, exposed to the virus The experimental conditions were similar to the experiments

describéd YL S EXRPMIS TR S APk récHigIsiRIEHE thRRer SIBH SRS WRUIPOBBfu/mI virus
in20 L %%}“@ﬁfa\dghcﬁeéﬁmﬂéi?rv@aQOQB?/ﬁ\.S F?ﬁ_rﬁ%ﬂé)fsté\% ek %Hi%égf%gﬁ(%t%‘s_
observed in the untreated and infected fish with IHNV. In fish treated 15 with amantadine and infected
with IHNEERNSEroMENVAS 46%. In fish treated with PACAP and infected with IHNV the survival was
36%. Inthg|groupdipstatwiiliag & Afetifiamaniiging ¢opbisatiasctiths unaual e &6-988o0.
Example 11. Effect of the administration of PACAP and the PACAP plus ribavirin combination on
Pacific WRIERIENFALRIDURAMRIAH FRIMEDPBERPRHEIER Gt d Woith Weloh[RSSWRsite spot

syndroragrd ¥y SMb AR SREFBEPE AT %BFBJ}?{QHEE%@@QQ%QW%WA@R@%HW@AW of
PACAP and PACAP-ribavirin combination on Pacific white shrimp Litopenaeus vannamei

experim I HRNRIFHAISVSSV. Four experimental groups were formed of 50 shrimp of 5 0.5 g
eagh ONpaANE Pakeckens ipsBu@joRalAs 6f 20vEfI s KimRm e alpsidnign dripheidsamggount
equivalent to 8% of the total biomass per group. The experimental groups were: Group 1: untreated,
not exp®E 1o TREHAYs WSSV Group 2: untreated, exposed to the virus WSSV Group 3: Treated with

ribavirir, XTI TEYENS VISVt PRI (3) 1| C A G AUV E ATt AT} CXPOSKrarBere ryo VSSV
1 1.2 +0,3 25+08° 108
2 12+0,3 20+04° 67
3 1.2+03 22+04° 83
4 12+£03 23+05° 92
5 1,2+0,3 24+03° 200
6 1,2+£0,3 28+03 233
7 1,2+0,3 3,1+0,2 258
8 1,2+0,3 34+01 283

An ANOVA followed by a Tukey post test was performed. Different letters represent

statistically significant differences.

Example 9. Effect of administration of PACAP and PACAP plus ribavirin
15 combination in Atlantic salmon (Salmo salar) experimentally infected with

ISAV

An experiment was conducted to evaluate the effect of the administration of PACAP

and PACAP-ribavirin combination for salmon (Salmo salar) experimentally infected

with ISAV. Eight experimental groups were performed of 25 fish and 50 + 10 g each
20 one. The groups were kept in sea water at 10-12 °C.

Group 1: Fish untreated, not exposed fo the 1SA virus

Group 2: untreated fish, exposed to the ISA virus

Group 3: Group treated with ribavirin at a dose of 400 pg/L of water, exposed to the

virus



Group 5: treated with the combination ribavirin-PACAP, exposed to the virus WSSV For the isolation
and viral spread was used Orconectes limosus crgh. WSSV was purified from freshly extracted
hemolymph by sucrose gradient centrifugation as 27 described by Van Hulten et al in 2001 (Van
Hulten et al. (2001) Virology 285: 228- 33). The viral samples were stored at -80 C until use. In order
to minintize whedn dtucalr dietetedivintie ctivay innheb\es Sasard B0AchiFlecobmpted upibesprbtodbkthe
immersign via was used to induce the experimental viral infection. Prior to the viral infection the viral
titer and the amount required to cause 75% mortality was determined. To do that the shrimp were
experimeitally hfecmepvitratitiondht Bh@ibRsadfandoseuy dulihggih ifcwiaétinrepprisedofortheurs.
FoIIowir\ngge viral infection, shrimps were washed with seawater free of virus and 1()placed in new
containers according to the design of the experimental groups described above. The treatments were
adniinisteredrBaintee pertigatadioiBORBGA Bt at dodess (BE00g.of lamdvivalr ofxpaieeiido (580 pg of
antiviral\mlH§ PACAP 200, pg /L of water), post- infection. For the group treated with PACAP the used
dose was of 200 pg/L of water. Is Shrimp in Groups 1 and 2 were subjected to the same stress of
treatmeREAEINTIn[SNeuwd reBisthy ithellBe dabitatieregphimenn dédinsgit €286 ARpEMental group
were m%g(lég &dy 1he,%o.pf jportality in the Group 2 (untreated, exposed to the virus) was 60% in Group
1 (untreated, not exposed to the virus) was 0% in Group 3 (treated with 20 ribavirin, exposed virus)
mortality@iasn 8y e A GAP theatemioapan artaingvids 26049 tRAGHSEHhA0Sared with
PAGAPLIbaVHR c9MRRINALRANY mortality was 2%. In tissue samples of dead shrimp were detected
WSSV by RT-PCR. Example 12. Effect of administration of PACAP and the PACAP plus ribavirin
combindtio®iiaseeréieetieripecies ecriielendm expsipaanientiveinfebtra@Siith IrNs An

experimahi R SRROWAT 419 SHaIHAALRG R RLAINBISHIE DAL ACA AN LA AGgdRavirin

combination in oysters of the species Pecten maximus experimentally infected with IPNV. Eight

experiméprangt6fiparaeay geria MBEL3H2) ndiMtoyatefesifooedand.were kept in 250 L of filtered
sea watpff @P9-NBOUBo the virus by cohabitation with fish injected intraperitoneally with

15 0.3 mL of culture medium containing approximately 10* pfu/ml of ISAV. Group 1:
fish that received an equal volume of culture medium. The % of mortality in Group 1
(untreated, not exposed fo the virus ISA) was 4% and in Group 2 (exposed to virus
and untreated) was 92%. In the Groups 3 and 4, mortality was 52 and 36%,
respectively while in Groups 5 and 6 was 60 and 72%, respectively. In Groups 7 and

20 8 treated with PACAP-ribavirin combination the % of mortality was 8 and 4%,
respectively. In tissue samples of dead fish was found the presence of ISAV. No
virus was detected in samples from untreated and uninfected group.

Example 10. Effect of the administration of PACAP and PACAP-amantadine
combination on rainbow trout (0. mykiss) experimentally infected with IHNV

25 An experiment was conducted to evaluate the effect of the administration of PACAP
and PACAP-amantidine combination in rainbow frout experimentally infected with
IHNV. Eight experimental groups were performed of 50 fish of 50 + 5 g each one and
were kept in water at 10-12 °C.

Group 1: untreated fish not exposed to the virus

30 Group 2: untreated fish, exposed to the virus

Group 3: Group treated with amantadine at a dose of 400 ug/L of water, exposed to

the virus



30 was detected in hepatopancreas samples collected prior to the start of the experiment. The
experimental groups were: Group 1: untreated, npgexposed to the virus Group 2: untreated, exposed
to the virus 28 Group 3: Group treated with ribavirin at a dose of 400 pg/L of water, exposed to the
virus Group 4: Group treated with ribavirin at a dose of 800 p?/L of water, exposed to the virus 5
Group Foidu tiested WitateAwlp amadiesins abe ggreo v@él@rp@&p@éé\fﬁf@fth‘éxﬂ%@@%up 6:
Group tigateg with PACAP at a dose of 200 pg/L of water exposed to the virus ~ Group 7: Group
treated with the combination 1 (ribavirina 400 pg/L-PACAP 100 10pg/L), exposed to the virus Group 8:
Group tFRERER RitPERER ipBiRatMRABAVTiAh 300 R LA ND/ g@ﬂ Bhey, sxnesadttothevirus

Treatmegptsawere performed 3 times a week for 20 days. Oysters were challenged by exposure to 25 L
of water containing 107 TCID50 mi.:1 in tanks of 80 L. After 6 h the 15 water was replaced at a slow

flow of SrPRRArPartera¥R ks MidreaisaiRPs LY AR, Halle WesrtcamPeRatbiRy e

hepatopgpggeas samples were taken and determined the viral titer. The results showed a decrease in
viral load in animals treated with ribavirin and PACAP. This decrease was greater in the gz;ogps treated

with the GEHBIMAtiHoR HERAEET) Widb B S opRINAIREgE (AarREdinagiPfoisde iGAfinih

hepatopaneeaxebaysiersfwimgeks after the challenge. Different letters indicate significant

differences.
Group 8: Group treated with the combination 2 (amantidina 800 ug/L-PACAP 200

10 pg/l), exposed to the virus
The experimental conditions were similar to the experiments described in the
previous examples. The fish were challenged by immersion with 5.9 x 10° pfu/mi
virus in 20 L of water with aeration for 1 hour. As a resuit of the experiment a survival
of a 26% was observed in the untreated and infected fish with IHNV. In fish treated
15 with amantadine and infected with IHNV the survival was 46%. In fish treated with
PACAP and infected with IHNV the survival was 36%. In the groups treated with the
PACAP-amantidine combination the survival was 96-98%.
Example 11. Effect of the administration of PACAP and the PACAP plus
ribavirin combination on Pacific white shrimp (Lifopenaeus vannamei)
20  experimentally infected with the virus of white spot syndrome {WSSV)
An experiment was conducted to evaluate the effect of the administration of PACAP
and PACAP-ribavirin combination on Pacific white shrimp Litopenaeus vannamei
experimentally infected with WSSV. Four experimental groups were formed of 50
shrimp of 5 + 0.5 g each one and were kept in seawater at 28 °C:
25 The shrimp were fed twice a day with an amount equivalent to 8% of the total
biomass per group. The experimental groups were:
Group 1: untreated, not exposed to the virus WSSV
Group 2: unireated, exposed to the virus WSSV
Group 3: Treated with ribavirin, exposed to the virus WSSV
30  Group 4: Treated with PACAP, exposed to the virus WSSV
Group 5: treated with the combination ribavirin-PACAP, exposed to the virus WSSV
For the isolation and viral spread was used Orconectes limosus crab. WSSV was

purified from freshly extracted hemolymph by sucrose gradient centrifugation as



GroupsViral Title 10 8.18 35.4b 4 4.356.56 5.8 7 20d 1.5d 29 CLAIMS USE OF PACAP FOR THE
TREATMENT OF VIRAL INFECTIONS IN AQUAJ4C ORGANISMS 5 1. Use of the "Pituitary
Adenylate Cyclase Activating Polypeptide” (PACAP) in the manufacture of a composition for the

treatment of viral infections and infectious diseases caused by viruses in aquatic organisms.
described by Van Hulten et al in 2001 (Van Huiten et al. (2001) Virology 285: 228-

33).

The viral samples were stored at -80 °C until use.

in order to minimize the natural routes of infection with WSSV and to achieve
5 reproducible protocol the immersion via was used 1o induce the experimental viral

infection. Prior to the viral infection the viral titer and the amount required to cause

75% mortality was determined. To do that the shrimp were experimentally infected

with different dilutions of the virus during an incubation period of 7 hours.

Following the viral infection, shrimps were washed with seawater free of virus and
10 placed in new containers according to the design of the experimental groups

described above.

The treatments were administered 3 times per week for 30 days at a dose of (500 g

of antiviral/L of water) or (500 ug of antiviral plus PACAP 200 ug /L of water), post-

infection. For the group treated with PACAP the used dose was of 200 ug/L of water.
15 Shrimp in Groups 1 and 2 were subjected to the same siress of freatments

administration. During the 30 days of the experiment deaths in each experimental

group were monitored. |

The % of mortality in the Group 2 {(untreated, exposed to the virus) was 60% in

Group 1 (untreated, not exposed to the virus) was 0% in Group 3 (treated with
20 ribavirin, exposed virus) mortality was 16%, while the PACAP treated group mortality

was 26%. In the group treated with PACAP-ribavirin combination% mortality was 2%.

In tissue samples of dead shrimp were detected WSSV by RT-PCR.

Example 12. Effect of administration of PACAP and the PACAP plus ribavirin

coembination in oysters of the species Pecfen maximus experimentally infected
25 with IPNV

An experiment was conducted to evaluate the effect of administration of PACAP and

PACAP-ribavirin combination in oysters of the species Pecten maximus

experimentally infected with IPNV. Eight experimental groups were performed of 30

adult oysters each one and were kept in 250 L of filtered sea water at 10 °C. No virus
30 was detected in hepatopancreas samples collected prior to the start of the

experiment. The experimental groups were:

Group 1: untreated, not exposed to the virus

Group 2: untreated, exposed to the virus



2. The use of claim 1 wherein the PACAP is obtained a) by isolation from its tonatural source, b)
synthetically or c) by recombinant DNA technolo@8 3. The use of claim 2 wherein the PACAP is a
polypeptide sequence isolated from fish. 4. The use of claims 1 to 3 wherein the PACAP is used in an
aquatic or%anlsmigelected from the groqg consisting of salmanids penaeld shrimps and bivalves. is 5.

The use8PLRirh Pl iraled MAB AP (18 R BRStat AR Hg St HER b RAPASRRIR caused

by virusegpef the Herpesviridae, Papovaviridae, Togaviridae, Retroviridae, Reoviridae, Bimaviridae and
Picornayjridae families. 6. A comFé osition for the treatment of viral diseases and infectious diseases

caused Mﬁjéegﬁ?ﬁadﬁﬁﬁt%?g‘%{ﬁ PRVGIARASTHEIRE BitRENBABhYIAIE cHXRRESI AR ating

Polyp_emid,%' (PACAP). 7. The composition of claim 6 wherein the PACAP is obtained) by isolation
claim 6 DU B oS L AT AcPorRy By THodtSh. B B G RAEdeh250.The
composmm of claims 7 and 8 characterized because the PACAP is a polypeptide sequence isolated
Polyper R A AP AT AR ABories S55%15L OO ALch SPLR T8 Sciaithe PACAP
is obtalnﬂadj)sby isolation from 30its natural source, b) synthetically, or c) by recombinant DNA
technolog 2. G S Bl R S MBRab S Abaay 56 5 BNERE o
10 pg/l), exposed to the virus
Group 8. Group treated with the combination 2 (ribavirina 800 ug/L-PACAP
200 pg/L), exposed to the virus
Treatments were performed 3 times a week for 20 days. Oysters were challenged by
exposure to 25 L of water containing 10” TCID50 mL™" in tanks of 80 L. After 6 h the
15 water was replaced at a slow flow of 1 L/ min and at 12 h the flow was increased to
3L/ min.
Two weeks after challenge hepatopancreas samples were taken and determined the
viral titer. The results showed a decrease in viral load in animals treated with ribavirin
and PACAP. This decrease was greater in the groups treated with the combination
20  (Table 3).
Table 3. IPNV average viral titer {log:TCID50 g} in the hepatopancreas of
oysters two weeks after the challenge. Different letters indicate significant

differences.

Groups Viral Title
0
8.1°
5.4°
4.3°
B.5°
5.8°
2.0°
1.5

Q0| =~ Oy | B W N e

25



ribavirin analog. 30 13. The combination of claim 10 wherein the PACAP and the antiviral molecule
are administered simultaneously, separately or sg@quentially during the same treatment. 14. The
combination of claims 10 to 13 characterized by its use in the treatment of 5viral diseases and
infectious diseases caused by viruses in aquatic organisms. 15. The combination of claim 14 wherein
the PACAP and the antiviral molecule are adrfihid#ed orally, by injection or by immersion baths.

16. The combination of claim 10 .where the antiviral molecule is a chemical compound

pharmatttficRy B&epted BRid e diteAT MG BEYBRALaNFEIH Ot NcRMAB v ative or
active fregroaulisaggof. 17. The combination of claim 15 characterized because it is applied as part of
a formulated feed, wherein the PACAP is at a concentration of 50-750 pg/kg of feed and the antiviral
con%pound is at a concentration of 100 to 2000 mg/kg of feed. 18. The combination of claim 15

characterized bepause ihés ToRliRHPY thipGise, Syvaeeindheaing ABIpaplied @acapteantration of
0.1-10 pgé) ﬁgﬁ{ﬁ{g of body weight égbV\g and the antiviral molecule at a concentration of 1-50 pg/gbw.

19. Thet i $8ERIAHES I BR IRRITRTE Qb IVGRiIRRFsRSIT HatRSIAHRerein the

PACAPd%@ggbgd;gg@e@m}pemn@ggnrpgégal@mgmqmﬁgter of water and the antiviral molecule is
applied at a copcentration of 100-2000 ?g%i%wg%:’ 20. Method for the control of viral infections in
rbf A

aquaculfure cohhrisffty the @ministaa Jﬁt&ﬂﬁamfgoﬁ%%ﬁ%WQ%BHE?nﬁsPACAP to

cultsirednaguiaticougesismsy@hetically or ¢) by recombinant DNA technology.

3. The use of claim 2 wherein the PACAP is a polypeptide sequence isolated
from fish.
4. The use of claims 1 to 3 wherein the PACAP is used in an aquatic organism

selected from the group consisting of salmonids, penaeid shrimps and bivalves.

15 5, The use of claim 1 wherein the PACAP is used in the therapeutic treatment of
viral infections caused by viruses of the Herpesviridae, Papovaviridae, Togaviridae,
Retroviridae, Reoviridae, Birnaviridae and Picornaviridae families.

6. A composition for the treatment of viral diseases and infectious diseases
caused by viruses in aquatic organisms comprising the "Pituitary Adenylate Cyclase

20 Activating Polypeptide” (PACAP).

7. The composition of claim 6 wherein the PACAP is obtained) by isolation from
its natural source, b) synthetically or c) by recombinant DNA technology.

8. The composition of claim 6 characterized because it is administered orally, by
injection, or by immersion baths.

25 9. The composition of claims 7 and 8 characterized because the PACAP is a
polypeptide sequence isolated from fish.

10.  Veterinary combination comprising the "Pituitary Adenylate Cyclase Activating
Polypeptide” (PACAP) and an antiviral molecule.
11.  The combination of claim 10 wherein the PACAP is obtained) by isolation from

30 its natural source, b) synthetically, or ¢) by recombinant DNA technology.

12.  The combination of claim 10 wherein the antiviral molecule is ribavirin or a

ribavirin analog.
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13.  The combination of claim 10 wherein the PACAP and the antiviral molecule
are administered simultaneously, separately or sequentially during the same
treatment.

14.  The combination of claims 10 to 13 characterized by its use in the treatment of
viral diseases and infectious diseases caused by viruses in aguatic organisms.

15.  The combination of claim 14 wherein the PACAP and the antiviral molecule
are administered orally, by injection or by immersion baths.

16. The combination of claim 10 where the antiviral molecule is a chemical
compound pharmaceutically accepted for the treatment of viral infections, an analog,
a functional derivative or active fragment thereof.

17.  The combination of claim 15 characterized because it is applied as part of a
formulated feed, wherein the PACAP is at a concentration of 50-750 ug/kg of feed
and the antiviral compound is at a concentration of 100 to 2000 mg / kg of feed.

18.  The combination of claim 15 characterized because it is applied by injection,
wherein the PACAP is applied at a concentration of 0.1-10 ug per gram of body
weight (gbw) and the antiviral molecule at a concentration of 1-50 ug/gbw.

19.  The combination of claim 15 characterized because it is applied by immersion
baths, wherein the PACAP is applied at a concentration of 50-1000 ug per liter of
water and the antiviral molecule is applied at a concentration of 100-2000 pg/L of
water.

20. Method for the control of viral infections in aguaculture comprising the
administration of PACAP or veterinary combinations comprising PACAP o cultured

aquatic organisms.



