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zl Introduction

Brainmonitorsand regulatesall thebody’ sactionsand reections. Thebrain, conssted
of forebrain (olfactory bulb andtract, cerebral hemisphereand diencepha on), midbrain (corpora
quadrigemina, cruracerebri) and thehindbrain (pons, cerebellum, medullaoblongata), together
with spina cord, periphera nervesand gangliaregulates sensory, motor, cognitive, memory,
and autonomic functionsthrough complex network of neuronal cellsconnections, locatedin
different anatomical stes. Thefunctiona propertiesof thebrain aretopographically localized.
Thebrain cells, spanning withinthewhiteand thegray matter exhibit limited cytopathologica
and inflammatory responses and their susceptibility to the stimuli vary (Getty, 1975). The
cerebrospind fluid presentingdethebrain maintainsinternal homeostasis. It isseparated from
the blood by selectively permeableblood-brain barrier (BBB).The anatomica structure of the
BBB isthecerebra microvascul ature endothelium, which, together with astrocytes, pericytes,
neuronsand theextrace lular matrix, congtitutesaneurovascular unit ( Minagar and Alexander,
2003). Tight junctions between endothelia cellsof theBBB restrict para-cdllular diffuson of

water soluble substancesfrom blood to brain.

Thebrain may be affected either directly or indirectly by variouskinds of disease
causing agentslikevirus, prion protein, bacteria, rickettsia, chlamydia, fungus, protozoa,
parasite, toxins, nutritional and metabolic disorders, etc. Theinfectiousagentsbreak openthe
brain barriers and reach the brain by way of the blood stream, or may passalong the axis
cylindersof motor or sensory nerves, establish theinfection and produce pathol ogical changes.
Thesechangesarelimited, diffusein nature, and produceclinica sgnsmoreor lesssimilar and
overlapping (Sullivan, 1985). Further, the disturbancein oneanatomical part of thebrain may
affect the other parts; thereby it becomesdifficult to pinpoint the exact location of thelesion
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based onthedlinica sgns. Smilarly, theneurologica disorders diseasesareregiondly distributed
dueto varying degree of vulnerability of different cell typesand regionsof thebrainto various
etiological agents. Therefore, systematic examination of thebrainisrecommended to find out
the pattern and extent of lesionsin knowing the known and documentation of new diseases
(Jubb and Huxtable, 1993). Among thevariousaffectionsof the brain, malformationsoccur
disproportionately highin frequency and variety in domestic animalsthan in other tissues,
because of high degree of complexity and differentiation of nervoustissue. Themaformations
are caused by number of teratogens (toxins, infectious agents and genetic causes), which
affect specific cell population of thebrain at particul ar developmental stage and result into
morphological, microscopic or functional disturbances. Many of the agents like BVD,
Bluetongue, Akabanevirus, fungd and plant toxins, drugs, etc areknownto causedevel opmental
disturbances like microencephaly, hydrocephal ous, cyclopiaand dysraphic states, etcin
domesticated animals (Binkhorst et al.,1983; Cornillieet al., 2004). The cytopathol ogy of
variouscell typesof thebrainisalso specia whichisreflected by the presence of specific
changeswithinthe neurons, theglia cellsand the vascular endothelium (Jubb and Huxtable,
1993). Inanimasmany etiologica agentshave been reported whichresultin brain defect, yet
thorough histopathological study of fetal brainin aborted casesisseldom practiced. Asa
result, information onfetal brain pathology isscanty. A few workershave described cattleand
buffa oesfeta brain maformationssuch ascongenita hydrocephaly, anencephay, agenesisof
corpus callosum and other cavitating lesions. (Cho and Lei pold, 1978; Cho et al., 1985;
Guarda, 1977; Cornillie et al., 2004). Protozoan infections like Neospora caninum,
Toxoplasma gondii and Sarcocytisinfectionsin brain have beeninfrequently reported (Barr
etal., 1990; Thornton et al., 1991; Dubey et al., 1998).

Furthermore, amongst variousinfectiousdiseases of central nervoussystem (CNYS),
rabiesisoneof dreadful disease of warm blooded animals, including human. Itiscaused by a
single stranded, non segmented, negative sense RNA virusof the genus Lyssavirusunder the
family Rhabdoviridae. Thevirusistransmitted mainly through bite by rabid animals (mainly
dog in India) to cause acute encephalitis. Each year at least 55,000 people die of rabies
worldwide (WHO, 2005), of which approximately 20, 000 human deaths account for India
(WHO SEA report, 2009). Although these deaths are preventabl e, but because of prohibitive

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @
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cost of post bite prophylaxis, inadequate availability of vaccinesand ignorance about the
disease, deathsare bound to occur. Moreover, if dl the bitten human are given post-exposure
treatment, it will cause $25million expenditureto India (Sudarshan, 2007). Under natural
rabies cases, after the appearance of clinical signs, death isamost certain within daysto
weeks. Currently no validated therapy available once disease symptoms are devel oped
(Jackson, 2003). Only six individual swere reported to have recovered after the devel opment
of clinical signs(Jackson, 2007). Among 7 genotypes of rabiesvirus, classical rabiesvirus
(genotype-1) isrespons blefor causing mgority of human rabiescasesand remaining genotypes
2-7, which arerestricted to certain geographical regionsof theworld (other than India), are

also capableof causing rabies-likediseasein human and animals.

The hugebody of literature on rabies pathogenes sderived from experimental studies
using fixed virus strainsand |aboratory mouse model showed that rabiesviruscompletesits
cycle by evading the host immune system. Thisviruscycleiscompleted by the help of 5
structural proteins named Nucleoprotein (N), Phosphoprotein (P), Matrix protein (M),
Glycoprotein (G) and RNA dependent RNA polymerase (L) (Goto et.al., 1995) encoded by
arabiesvirusgenome (3'-N-P-M-G-L-5"). TheG, L and P proteinsareimportant determinants
in rabies pathogenesis (Lentz et al., 1982). G protein is a determinant of virus entry and
interactionwith cell receptorsand stimulation of neutralizing antibody, etc. (Dietzschold et al .,
2005).

Thepathologicd changesinrabiesarenot matched with dinica sgns(Murphy, 1977).
Inaddition, thereisminimal immuneresponse detectablein most casesof humanrabiesat 7—
10 daysafter onset of clinical Sgns(Hattwigetal., 1975). A possible explanation for thelow
degree of immune responsesisthat rabies virus uses a subversive strategy including the
prevention of apoptosisand thedestruction of invading T cells(Lafon, 2004) and interference
inproduction of interferon by posphoprotein (Brzozkaet al., 2005). Most of the antibodies
produced peripheradly can neutrdizethevirusprior to nerve entry inthe periphery, but not the
virusinbrain, asthese cannot crossthe BBB (Jackson, 2007; Roy et al., 2007). Theroleof
antibody invirusclearancefrom CNSwasexplored in different vira infections. Virgin IV et
al. (1988) reported that antibody protects mice from the neurally spreading reovirustype 3.

Antibody can act both early inthe course of reovirustype 3 infectionsand after substantial

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... e
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amountsof virushave entered the CNS. Thefact that antibody protected against established
CNSinfection indicatesthat antibody inhibits stepsin reovirus pathogenesi s subsequent to
viral entry into the CNS. Passiveimmunization of nude micewith specific antibodies after
infection withinfluenzaA virusinduced only atransient recovery (Kriset al., 1988). Sindbis
virusinfection of neuronsiscontrolled viaan Ab-mediated mechanism distinct from Ab-
dependent cell-mediated cytotoxicity or C-dependent lysis(Levineet al., 1991). Rabiesvirus
neutralizing antibody can result in viral clearance from the central nervous system of
experimentally infected mice (Dietzschold, 1993).

Similarly, theNK cellsand activated lymphocytesreach thebrain lateintheinfection
dueto delayed opening of the BBB by the action of inflammatory cytokines, by thetimesevere
damagesto the brain hasaready done. It isintriguing that rabies neutralizing antibody can be
demonstrated in only 20% of humanswith rabies(Hemachudhaet al., 1988). The mgority of
human rabies cases do not have detectable antibody responses until some days after the
development of acutedisease. Inastudy of rabiesadmissionsin Thailand only 3 of 11 cases
had detectabl e neutralizing antibody to theviral glycoprotein. Eveninthese casesthetitres
wereparticularly low, varying from 0.26 to 3.42 internationa unitsper ml serum. In 6 of these
patients, where cerebrospind fluid (CSF) wasinvestigated, no anti-rabiesantibody was detected
(Kasempimolpornet al., 1991). A similar review of human casesin the USA showed that
none of the patients had detectabl e neutralizing antibody against rabies on presentation to
hospital, although over half seroconverted within 10 days(Noah et al., 1998).

However, therecovered rabies patients showed high anti rabiesantibody titer in CSF
(Jackson, 2007). Roy et al. (2007) reported that miceinfected intradermally 10L D, with
Silver haired bat rabiesvirus showed that peripheral immuneresponseisgenerated but unable
toddiver effector calsand moleculesto CNS because of impermeability of BBB. Shan (2010)
reported around 42% survivability of CV Sinoculated mice by modulating BBB permeability
using Lipopolysaccharide compound which transently opened the BBB. Therefore, kegping
abovefactsin mind, we hypothesi zed that during the early phase of clinical signsof rabies, if
BBB isopened using L PSfollowed by anti-rabies antibody administration, it may helpin
prolonging the survival of theinfected host by somedegreeof viral clearance. Further,in

spontaneous study of foetal brain, it was expected to have some baseline information on

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @
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possi bleetio-pathol ogy of brain affectionsfor the purpose of distinguishinglesonsfromreal

lesionsduring experimentation. Therefore, the present study was conducted with thefollowing
objectives.

Tostudy spontaneousbrain affectionsin aborted fetusesof cattleand buffaloes.

Tostudy thecombined effect of L PSand rabiesimmunoglobulin in pathogenesis
of CVSinfected mice.

25 25 2
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A. Spontaneous brain affections in aborted foetuses

Various congenital anomalies of brain such as hydraencephaly, porencephaly in
bluetongue, hypomyelinogenesisin border disease in sheep; cerebdl lar hypoplasiain bovine
vird diarrhoea(BV D) in cattle and sheep; microcephay, hypomyeinogenesisin hog cholerain
swine have been reported (Jubb and Huxtable, 1993). Guarda (1977) examined 310 aborted
bovine fetuses, of which 55 showed congenital malformations. Malformations such as
hydrocephaly, microencephaly, cyclopiaand cerebellar hypoplasia, have been reportedin
cattleand buffdoes(Choand Leipold 1978; Choet al., 1985). Among variousvira causesof
developmental defectsof the CNS, Akabane viruscausesarthrogryposisand hydranencephaly
incaves. Ainovirusproduce arthrogryposs, hydranencephay and cerebellar hypoplasiain
bovinefoetusesinfected experimentaly (Tsudaet al., 2004). Chuzan virushasbeenincriminated
asteratogen of feta caveswith featuressmilar tothoseof Akabanevirusinfection. Maclachlan
et al. (1985) reported hydranencephaly infetal calves caused by bluetonguevirusinfection.
BVD virusinfectioninthefirst 100 daysof fetd lifetendsto belethal resultinginabortionor
mummification. In such casesnecrotizing inflammeation can be observed in variety of tissues.
Theteratogenic effects of BV D virusis manifested during the 100-170 days period with
cerebellar hypoplasiaasthe most characteristic defect. Encephal oclastic lesions, cavitations,
and formation of pseudocysts, aswell asrarefaction, occurred after infection at 75 days of
gestaionwithBVDV (Montgomery et al., 2008). Munday and Black (1976) and McCaudand
et al. (1984) described multifoca nonsuppurative encephditisand sarcocystislikeprotozoain
brain of aborted fetuses. Encephalitisin aborted bovinefoetuseswith histological lesionsof



Review of Literature....

glia nodules, mononuclear infiltration, hemorrhage, neurona necrosis, and cerebra cortical

cavitation reported in Bovine herpesvirus 1 infection (Brower et al., 2008).

Hongetal. (1991) reported meningitisin aborted foetuses naturally infected with B.
abortus. Guarda (1977) reported brainlesionsin B. abortusinfected fetuses. Thelesions
described included non-suppurativeleptomeningitis, nonsuppurativeencephditis, nonsuppuretive
ependymitis, and non-suppurative choriormeningitis. The pathogenesisof B. abortusassociated
meningitisinthebovinefetusmay bere ated to, the predilection of B. abortusfor thereticulo-
histiocytic system, and the propensgity for the bacteriato disseminate hematogenoudy fromthe
placentato many fetal organs(Hong et al., 1991). Neospora caninuminfected fetuses showed
characteristicmultifoca encephdlitis(Otter et al., 1995). Multifoca nonsuppurativeencephditis,
with focal necrosisand gliosishasbeen seenin abortions of sheep dueto T. gondii (Hartley
and Cater, 1963).

McCaudand et al. (1984) reported multifocal nonsuppurativeencephditis, myocarditis
and hepatitisin aborted fetuses of cows. Sarcocystic like protozoawerefound in the brains of
fetusesfrom 2 of the outbreaks. Dogs and catsfed and affected fetus and new born calves

from the affected herdsfailed to excrete protozoain their faeces.

Hattel et al. (1998) found N.caninuminfeta tissuesof 34/688 casesof bovineabortions
(3-8 months gestation) during May 1994 to November 1996. Microscopiclesionsprimarily
consisted of encephalitisand myocarditis. A |abel ed strept avadinbiotin staining procedure
using anti N. caninum, polyclona rabid serumrevedled N. caninumwithinthefeta brain (27/
27), heart (10/13), placenta (5/6), kidney (2/2), liver (1/4) and skeletal muscle (1/1).

Baszler et al. (1999) reported routine diagnosis of N.caninum abortion by
histopathol ogy and identification of tissueparasitesby IHC. Confirmation of N.caninuminfection
by immunohi stochemistry wasfound low insengtivity. Therefore, theauthorsused PCR on 61
bovinefetuses (fresh and formainfix tissues). Theresultsindicated ahigher sengtivity of PCR
in comparison to that of IHC. N.caninum DNA wasamplified most consistently frombrain
tissue. PCR detection of N.canimum DNA informalin fix, paraffin embedded tissueswas
superior to that of fresh tissue, presumably because of theincreased accuracy of sample

selectioninherent histologic specimens.

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @
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Canadaet al. (2002) isolated N. Caninum fromthefetal brain homogenateinoculated
intraperitonedly firgt into outbreak swissmice given dexamethasoneand then peritoned exudate
into mice co-inocul ated with mouse sarcomacellsin the mice given dexamethasone of the 4
month old aborted fetusfrom acow herd with endemic neosporosisin Porto, Portugal. the
brain homogenate wasinocul ated i ntraperitoneally into outbreak SwissWebster micegiven
dexamethasoneand then the peritoned exudatesfrom these micewas coinoculated with mouse
sarcomacellsin the peritonedl cavity of the micegiven dexamethasone. Thetachyzoiteswere
seenin peritonea exudate of the second passage. Thetachyzoitesreactive positivewith anti-
N caninum antibodiesand not with anti-T. gondii antibodies. Thedam of aborted fetushad an
antibodly titer of 1:10240inthe Neosporaagglutinationtest (NAT). Antibodiesto N. caninum
werefoundin 76to 106 cowsintitreof 1:40in 31, 1:80in 22 morethan 1:160in 23in NAT.

Canadaet al. (2004) isolated N. Caninum from the brain of a6 month old aborted
bovinefetusfrom GaliciaSpain. Thefeta brain homogenate wasinocul ated intraperitonea ly
into cortisonized mice. Theperitoned exudatefrom theinfected miceaongwith micesarcoma
cellswas inoculated into a second group of mice and parasites were harvested from the
peritoneal exudate. The parasiteswere adapted to invitro growth in vero monolayers. The
tachyzoitesfrom the peritoneal exudatesreacted positively with N.caninum, antibodiesand
not with anti-Toxoplasmagondii antibodiesonindirect FAT. The parasitewasa so confirmed

by PCR amplification of N.caninum specific fragments.

Maanen et al. (2004) evaluated PCR and IHC testing on 36 infected and noninfected
fetuses. Theresultsshowed ardativelow sensitivity but ahigh specificity of an IHC, however,
PCR methodsgenerally had ahigher sensitivity then an IHC method and d so ahigh specificity.

Medinaet al. (2006) determined N. caninumin fetal brain tissue by nested PCR
probe using singletube nested PCR probewith primersNF1, NS2, NR1 and SR1in 44 fetal
brains (8 dairy farms) and compared with histopathol ogy . 35/44 (80%) bovinefetusesdiagnose
asbeinginfected by N.caninum using PCR probeand 20 (45%) were considered positive by
histopathology. Theage of aborting cowsranged from 1.6 to 2.9 yearsold in 17 (49%) of the
positive cases diagnosed by the PCR.

Corbellini et al. (2006) surveyed to determine the distribution pattern of infectious
abortions. A total of 161 bovinefetusesfrom 149 farmswere anaysed using 1.5 year period.
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The causes of abortion wereidentified in 51.5% of the cases overall 23% (37/161) were
infected with N.caninum, bacteria infection for 17.4% (28/161) of cases, fungd infectionfor
3.1% (5/161) and vira etiology for 1.8% (3/161), 6 fetuseshad concurrent infection.

Pescador et al. (2007), observed lesions of multifocal necrotizing non-suppurative
encephalitisin 89 (34%) out of 258 aborted bovinefetuses dueto tachyzoites and cysts of
N.caninum by IHC. The study concluded that whenthefetal brainisautolyzed, thelungsmay
be used for the presumpative diagnosisof N.caninuminfection. Eveninautolyzed brainthe

organismissuitably detected by anti-N.caninum IHC.

Kizaki et al. (2007) reported 2/15 aborted fetuses brain showing Neospora cysts
and bradyzoide clusters. Theseresults, coupled with neurological clinical symptomsin new

born calves, implicated N.caninumasthe mgor cause of abortionsindairy herdin Portugal.

Salehi et al. (2009) evaluated the presence of N. caninumin 12 brain samples of
aborted fetusesand 07 placentaof full term calvesborne of seropositive cows. Thesamples
were examined by nested PCR and histopathology. All of 12 aborted fetal brain samplesand
5 of 7 placentasweretested positivefor nested PCR. The pal centashowed mild to severe
placentitesin 5 placentas. Severe hyperemiaand perineuronal oedemareveaedinall fetal
brain. In 3/12 brains, scattered foci of hemorrhages, neuropilar necrosisand glyosiswere
present, in 1 case non purulent encephalitiswith severelymphohistiocytic PV C and asmall

cyst likeN. caninumwas observed in other calves.

B. Rabies pathogenesis with reference to LPS and rabies
immunoglobulin

Rabiesvirus

Rabies virus (RV) is the prototype virus of the genus Lyssavirus in the family
Rhabdoviridae. Rabiesvirusisabullet shaped viruswith asingle stranded, non segmented
negative sense RNA genomeof 12kb length causesinvariably afatal encephalomyelitisin
humansaswell asin domestic and wild animals (Tordo et al., 1986). Based on the RNA
sequencing and phylogenetic analyss, lyssaviruses delineated asclassical rabiesvirus(CRV)
genotype-1(field and laboratory fixed strains) (Bourhy et al.,1993) and rabiesrelated viruses
(RRVs), suchasLagosbat virus (genotype-2), Mokolavirus (genotype-3), Duvenhagevirus
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(genotype-4), European bat Lyssavirus 1 and 2 (genotypes-5 and-6, respectively ) and
Australian bat Lyssavirus (genotype-7). Aravan, Khujand, Irkut, and West Caucasian bat
lyssavirusareother tentativegenotypes. TheRRV scauseillnessindistinguishablefromclassica
rabies(Smith, 1996).

The genome consists of five genes (namely N, M, P, G and L) which encodefive
gructurd proteins. The highly conserved and abundant nucleoprotein (N), haveakey structura
component (62000 daltons) of thevira ribonucleoprotein core essential toviral propagation,
constitutesthe main target for rabiesdiagnosis (Dean et al., 1996). The G protein controls
major aspectsof host cdll infection, such asreceptor binding, antigenicity and host adaptation
(Badraneand Tordo, 2001). Variahility inthesequenceof thisprotein gpopearsto beresponsible
for the serotypic differencesamong lyssaviruses (Rupprecht et al., 2002). Rabiesvirus G
protein, the only protein exposed on the surface of the viral particle, is mediator of both
binding to cellular receptorsand entry into host. Theectodomain of G proteinisinvolvedinthe
induction of both virus neutralizing antibody production and protection after pre- and post-
exposurevaccination (Perrinet.al., 1986). G proteininducescytotoxic T lymphocytesand T
helper cells(Celiset al., 1988a). M proteins (25000 daltons) areamembrane protein and
serve as abridge between the G protein and the N protein. L proteinisthelargest of the
rabiesvirusstructura proteinswith amolecular weight of approximately 240,000 Ddtons. L
(Large) protein and NS (nonstructural, otherwise known as P (phospho) protein together
form the RNA-dependent RNA polymerase or transcriptase.

Pathogenesis

Despite increases in our understanding of rabies pathogenesis, the pathogenic
mechanisms by which street (wild type) rabiesvirus (RV) infection resultsin neurological
disease and death in mammalsare not well understood. Understanding of the pathogenesis of
this disease has been achieved to agreater extent mostly from studies using experimental
animals, particularly rodents, and fixed strains of rabiesvirus (Jackson, 2002). Pathogenic
variantsof RABYV tend to invadethe CNSand cause an acute, progressiveinfection, whereas
lessvirulent viruses may have limited invasion of the CNS and cause abortiveinfection
(Dietzschold et al., 2008; Wang et al ., 2005).Under natural conditions, rabiesvirusinfection
of the CNS causesonly relatively mild neuropathol ogical changeswithout prominent evidence
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of neuronal death (Murphy, 1977; Iwasaki and Tobita, 2002). L aboratory attenuated RV, on
theother handinducesextens veinflammeation and neurond degenerationinexperimentd animas
(Yanetal., 2001). The pathogenes sof rabiesincludesencephditisand asaconsequence of
thedirect effect of theviruson infected neuronscombined with activation of immunemediators.
Thereisno evidence of necrosisor neuronophagiaintheinfected brainsof immunosuppressed
mice (Smith et al., 1982). However, direct damage by rabiesviruson neural cellshasbeen

showninvitro.

The pathogenesi s of rabies beginswith thereplication of virusin the myocytes, local
sensory and motor neurons. Thereplication inthe myotomes may represent an amplification
step necessary toyidd sufficient virustoinvadethe periphera nervoussystem (PNS) (Murphy
and Bauer., 1974). Thereisevidencethat thevirusremainscloseto the site of inoculation
during most of thelong incubation period in natural rabies(Charlton et al, 1997). Laboratory
mode swith street virus, thevirusremainsat or near thesite of entry for most of theincubation
period (Baer and Cleary, 1972). However, thetime periodsin which the procedurewerelife
saving in rodentsinfected with fixed rabiesvirus strainswererelatively short (Deanet al.,
1963; Baer et al., 1965), suggesting that adifferent mechanism of viral entry for fixed virus
thanin natural rabies. The sequentia eventstaking placein natura rabiescaseisinocul ation of
virusat thesiteof bitefollowed by vird replicationinmuscle. Then virusbindsto receptor at
neuromuscular junction and entersinto axonsand reachesto motor neuronsof the spinal cord
and local dorsal root gangliathrough retrograde axonal transport. After that virusreachesto
brain and centrifugal spread along nervesto salivary glands, skin, corneaand other organs
occurs. Theinfection of musclecdl and occasiond fibroblastsisacritica sepinthepathogeness
of street virus, but that was not observed following inoculation of fixed virusstrain (Johnson,
1965; Coulon et al., 1989).

RV invades the nervous system by binding to neural receptors, such asnicotinic
acetylcholinereceptor (NAchR) (Lentz,etal., 1982), neural cell adhesion molecule(NCAM
CD56) (Thoulouzeet al., 1998) or nerve growth factor receptor (NTR75) (Tuffereau et al.,
1998). RV istransported to the central nervous system (CNS) by retrograde transportation,
possibly by binding to cytoplasmic dynein (Raux et al., 2000). CD56 isexpressed on neurons,
astrocytes, myoblasts, myotubes, activated T cellsand NK cells. NCAM isexpressedin

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... e



Review of Literature....

threemgjor isoformsand expression occursin adult muscleand at the neuromuscular junction.
Thetrimeric G protein exposed onthe surface of thevirionisresponsiblefor the attachment to
thetarget cdl by interactionwith savera cdl membranecomponents. After bindingwithnAChRs
virusreachesto postsynaptic cellswhichinturn facilitate subsequent uptake and transfer of the
virusto periphera motor nerves(Jackson, 2002). The spread between neuronsand distribution
of RV infectionin CNSareinfluenced by G protein. Overdl, RV G proteinisimportant for
uptake, transport, transynaptic spread and topographic distribution of theinfectionin nervous
system. Following attachment to the G protein to the cell membrane, RV endocytosedinan
early endosomal compartment, where fusion of the viral membrane with the endosomal
membranetakes place (Jackson, 2002). This causesrelease of nucleocapsidto escapeinto
the cytosol, wheretranscription and replication occurs (Thoulouze et al ., 1998). The pathogenic
mechanism that might contributeto the profound CNS dysfunction, characteristic of rabies,
could betheimpairment of neurond functions. It hasbeen shown that expression of housekesping
genesismarkedly decreased in RV -infected neurons, resulting in ageneralized inhibition of
protein synthesis(Fu et al., 1993).

Recent studies suggested that an interaction between RV phosphoprotein and the
dyneinlight chainlinksthe RV RNPto the host cell transport system, thereby facilitating
retrograde axonal virustransport. However, itisnot clear whether thisa oneaccountsfor the
viral transport mechanism. Mazarakiset al. (2001) demonstrated that rabiesvirus G protein
pseudotyped lentivirusbased vectorsenhance genetransfer to neuronsby facilitating retrograde
axonal transport. Hence, the rabies virus G protein may play amore important role than
phosphoprotein. After infection devel opsin spinal cord or brainstem neurons, rabiesvirus
disseminatesrapidly throughout the CNS by fast axonal transport al ong neuro-anatomical
connections. Rabiesvirusspreadswithin the CNSasin the periphera nervoussystem, by fast
axona transport. Evidencewas provided for axond transport using stereotaic braininoculation
inrats(Gilletetal., 1986) and by theadministration of colchicine, whichinhibited virustransport
withinthe CNS (Ceccaldi et al., 1989, 1990).

Neuronal dysfunction

Natural rabiesis characterized by severe neurologic signs and a fatal outcome.

However, neuropathological changesinthe CNS arerelatively mild, consisting of mild
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inflammationwithlittleneurona degeneration, supporting the concept that neurona dysfunction,
rather than neurona cell death, playsanimportant rolein producing the disease (Jackson and
Rossiter, 1997; lwasaki and Tobita, 2002; Jackson, 2007). Studies of RV infection in
experimental animasandinvitro have provided evidenceof abnormditiesin neurotransmisson
involving acetylcholine (Tsiang, 1982; Jackson, 1993), serotonin (Ceccaldi et al., 1993;
Bouzamondo et al., 1993) and gammaramino-n-butyricacid (GABA) (Ladoganaet al., 1994;
Warrell and Warrell, 2004). Dysfunction of ion channels has been shown in infected
neuroblastomacells(lwataet al., 1999). Koprowaski et al. (1993) have hypothesized that
nitric oxide neurotoxicity may mediate neurona dysfunctioninrabiesand induction of iINOS
MRNAswasobserved in miceexperimentally infected with street RV (Sukathidaet al., 2001
and Nakamichi et al., 2004). INOS mRNA was detected using RT- PCR amplificationinthe
brainsof 3/6 paralyzed mice 9 to 14 daysafter theinoculation of RV in masseter muscles.
Uboal et al. (2001) and Madhu (2008) have reported that trestment of micewiththeinducible
nitric oxide synthaseinhibitor aminoguanidinedd ayed the deeth of rabiesinfected micecompared
with controls. Becausenitric oxide also hasantivira activity, theroleof nitric oxideinrabies

pathogenesisstill needsto be explored.
Apoptosis

Street RV grains, which are cons derably more pathogeni c than tissue culture-adapted
gtrains, expressvery limited levelsof G and do not induce apoptosisuntil latein theinfection
cycle, suggesting that the pathogenicity of aparticular virusstrain corrd atesinversay with RV
G expression and with the capacity to induce apoptosis (Morimoto et al., 1999). The
mechanism by whichthe RV G genemediatesthe gpoptosissignaling processremainslargey
unknown. It hasbeen speculated that RV G expression exceeding acertainthreshold severely
perturbsthe cal membrane, resulting intheactivation of protei nsthat trigger apoptosiscascades
(Faber et al., 2002). The challengevirusstandard (CV'S) of RV has been observed toinduce
apoptotic cdl deathinrat prostatic adenocarcinomacells (Jackson and Rossiter, 1997), mouse
neuroblastomacells (Therasurakarn and Ubol, 1998) and in mouse embryonic hippocampal
neurons (Morimoto et al., 1999). Different neuronal cell typesrespond differently to RV
infectioni.e., hippocampal neurons show 90% apoptosis. Prominent apoptotic neuronshave
been observed in brainsof miceof variousagesinoculated intracerebrally (1/C) withthe CVS
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strain, and immunosuppression of adult mice did not reduce the apoptotic process (Jackson
and Rossiter, 1997 and Jackson and Park, 1998). On the contrary, peripherally inocul ated
animalswith CV Sstrainsdo not show the prominent apoptosis (Reid and Jackson, 2001).

Rabies virus induced apoptosis is activated by caspase dependent and caspse
independent pathways (Thoulouze etal ., 2003; sarmento et al., 2006). Rabiesencephalitisin
adult, suckling, and neonatal miceinoculated I/C with CV Sisassociated with marked neurona
apoptosisin multiple brain regions (Jackson and Rossiter, 1997; Jackson and Park, 1998 and
Theerasurakarn and Ubol, 1998). In contrast, adult animal sinfected with CV Sby periphera
routes of inocul ation demonstrate severe and fatal encephalitiswithout prominent neuronal
apoptosis (Reid and Jackson, 2001 and Jackson, 2003), and CD3* T cells are the main
contributor to the pool of apoptotic cellsin CNS (Baoul and Lafon, 2003).

Both beneficial and detrimental effects of apoptosis have been suggested in RV
infections. Inexperimenta animalsinfected I/C with mouse-adapted CV Sdrainvirus, extensve
apoptosiswasobserved inthe CNS (Jackson and Rossiter, 1997; Theerasurakarn and Ubol,
1998). These observationsled to the hypothesi sthat apoptosi s playsanimportant pathogenic
rolein experimental RV infections. Thoulouze et al. (2003) observed aninversecorrelation
between theinduction of gpoptos sand thecapacity of aRV sraintoinvadethebrain, suggesting
that inhibition of gpoptosis could be astrategy employed by neurotropic virusto favour its
progressionthroughthenervoussystem. Thus, induction of gpoptossisahost defensemechanism
inRV infections. Thishypothesisisfurther supported by the finding that recombinant RV
expressing cytochrome-c induced more apoptosi sthan parentral virus (Pulmanausahakul et
al., 2001). CD8+ lymphocytes and certain cytokineslike TNF have been shown to induce
apoptosisintarget cells(Wareet al., 1996).

Pathology

Grosspathological lesonsare unremarkabl e or reatively mild and non-specific (Love
and Wiley et al., 2002). There may be congestionof leptomengial and parechymal blood
vessdl's, sometimesassoci ated with multiple petechiae. Histopathol ogicaly, diffuseencephditis
withmononuclear cdll perivascular cuffingand focd gliogsarereported. Neuronesmay contain

theintracytoplasmic eosinophilicinclusions: ‘ Negri bodies . Degenerative neurona changes
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arenot usualy prominent, which suggeststhat neurona dysfunction of unknown causeislikely
important in the pathogenesis of rabies. In some paralytic rabies casestherewas extensive
neuronal degeneration and lossintheanterior and posterior hornsof the spinal cordandtoa
lesser extent inthemedulla(Chopraet al., 1980), whereasin otherstherewas marked neurona

centra chromatolys's, but only occasiona or no neuronophagia(sheikh et al., 2005). Inaddition
to chromatolysis, vacuolation of neuronal cytoplasm and degenerative changesin nuclear
chromatin have been reported.

Immuneregulation

A limited natural humanimmuneresponseto rabiesdoesexist. Theimmunological
responseto periphera RV infection includes both innate and adaptive immune responses
(Lafon, 2007). Helper and cytotoxic T cellsareactivated to recognize and clear virusparticles,
respectively, outsdeand ingdeinfected cells, which presumably primesboth cell typesfor any
subsequent responseto infection. However, oncethevirusgains accessto the CNS, the host
adaptiveimmune response may beseverdly limited (Lafon, 2007). Uncontrolled replicationin
brainleadsto disease and ultimately death (Jackson, 2003). The adaptiveimmuneresponse
often developslateintheclinica coursethat failsto control thedisease. However, prophylactic
and post-exposure vacci nation provides effectiveimmune protection through theinduction of
neutralizing antibodies (Hooper, 2005). | n addition to the adaptive immune response, host
defenceagaingt theearly stagesof infection isprovided by theinnateimmuneresponse (Haller
etal., 2006). Highlevelsof IFN are detectablein the serum of miceinoculated with RV by the
peripheral or intracerebral routes (Marcovistz et al., 1994). Inocul ation of the | FN inducer
poly (I: C),immediatdy after RV chdlengereducesmortaity andimprovesRV vaccineefficacy
(Harmonand Janis, 1975). Theseresultsdemondratetheimportanceof innateimmuneresponses
in protection against rabies. In mouse modelsof RV infection, levelsof anumber of gene
transcripts associated with innate defences, including STATZL, IFN-g TNF-a, interleukin 6
(IL-6), IL-1b, T-cell growth factor aand Toll-like receptors (TLRs), have been shownto
increase (Sahaand Rangarajan, 2003; McKimmieet al., 2005).

I nnateimmunity

When neuronsor other CNS cellsbecomeinfected, changesquickly occur toinitiate
protectiveresponses. Rapid production of type Linterferon (IFN) isimportant for host survival.
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IFN-b animmediateearly IFN, whichisproduced by neuronsaswell asglid cells,isthemain
type 1 1FN that isproduced by the CNSand isrequired for efficient induction of IFN-a in
vitro (Erlandsson et al., 1998). Inoculation of RV inmiceresult in progressiveinfectionto
spinal cord and brain and accompanied by the production of inflammatory cytokinesIL-1,
TNF-a and IL-6 aswell aschemokines CCL-5,CXCL 10 (Baloul and lafon,2003). Prehaud
et al. (2005) aso observed inflammatory, chemo-attractiveand antiviral response, including
expressonof antivira IFN-b, Mx-1and2' 5 OASgenesand expression of theinflammatory
TNF-a, IL-6 and chemokines. Inoculation of the IlFN inducer poly (I: C), immediately after
RV challengereduced mortaity andimproved RV vaccineefficacy (Harmon and Janis, 1975).
IFN establish alink between innate immunity and adaptiveimmunity (Le Bon and Tough,
2002). It has been proposed that the phosphoprotein of RV could control type 1 IFN
production by interfering with the phosphorylation of IRF-3 (Brzozkaet al ., 2005).

Adaptiveimmunity

Thenormd brainisreatively deficient inexpresson of MHC molecules, and thesructure
of theblood-brain barrier (BBB) inhibitstheentry of circulating proteinsand cellsfromthe
blood to the brain parenchyma. In acute rabies virus strain infection nervous system is
progressively invaded by T and B lymphocytes. Whilein abortiverabiesvirusinfectionbrainis
protected against virusinvasion by the T cell mediated response which killsinfected neurons.
Asaconsequenceabortiverabiesvirusdoesnot reachthebrainand individual survive. The T
cell-dependent destruction of motor neuronsinducespolio-likeparalysis(Galdli et al., 2000).
In human neurons, rabiesvirusupregul atesthe expression of HLA-G, anon-classical human
MHC class| molecule which may promote tolerance leading to acceptance of the semi-
allogenic fetusand tumor immune escape (Lafon et al., 2005). Rabiesvirus G proteinisthe
mediator of both binding to cellular receptorsand entry into host cells. Theectodomainpartis
involvedintheinduction of virusneutralizing antibody production and protection after pre- and
post- exposure vaccination. Thevirus neutralizing antibodiesinduced against thishighly
immunogenic protein protect againgt rabiesvirusinfection. G proteinasoinducescytotoxic T
—lymphocytes (CTL) and T- helper cells(Th). Infection of adult animalswith [aboratory
adopted attenuated strainscan induceastrong CM I and antibody production, therefore, results
innonletha infection. However, lethd infection of micewith street rabiesvirusresultsin severe
suppression of CMI (Wiktor et al., 1977).
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Cytokinesof innateand adaptiveimmunity

RV induces inflammation of the CNS associated with gliosis and perivascular
lymphocytesinfiltration. In the periphery, an over production of ACTH and glucocorticoides
dueto an dteration of hypothalamo- hypophyseal axis(HPA) hasbeen described (Torres-
Anjel et al., 1988). Thisdysregulation islikely to beresponsiblefor the alteration of the
immune parametersand theimmunosuppression. These effectshavebeenrdated to thecritical
role of cytokines produced in plasmaand brain during viral infection (Hirai et al., 1992).
Cytokinesarekey mediatorsinvolved in the host responseto antigen challenge, but alsoin
braininjury and inthe communication between theimmune systemand CNS. Their expression
inboth systemsisunder atight regulatory control. However, under pathologyica conditions, a
dysregulation may lead to an overproduction of cytokines.

Oneof the cytokinesknownto play animportant rolein the CNSfunctionsand HPA
regulationisthelL-1. During rabiesinfection, IL-1isproduced in brainwhich activatesHPA
axisby stimulation of corticotrophin releasing factors (CRF) and secretion of ACTH leading
to suppression of periphera immuneresponse. Animportant rolefor IL-1inbrain and pituitary
functionsis also suggested by the presence of specific IL-1 receptors (IL-1Rs) in mouse
brain; the anterior cortex, the granular and molecular layers of dentate gyrus (hippocampal

formation), the choroids plexus, themeningesand the anterior pituitary.

Thepossibleroleof cytokinesinrabiespathogenes sinrel ation to the concentration of
IL- 1a, IL-1b and TNF-a and their brain receptors has been evaluated (M arquette.,1996).
Shivasharanappa (2008) demonstrated role of TLR-3 and found upregulation of 1L- 1a, IL-
2, TNF-a and IFN-a and reduced pathology using poly I:Cin CV Sinfected mouse model.
TLR- 3onglia cellsand neuronsdetect dsSRNA generated during replication, andinvolvein
antivira IFN response. Early Sgnding eventsafter TL R-3 stimulationincludethe activation of
NF-kb and the phosphorylation of IRF-3, leading to the production of IFN-b, IL-6, IL-1a,
TNF-a and some chemokines. Madhu (2008) demonstrated role of IL-1 a, IL-1b and
TNF-a inreducing thesaverity of brain pathol ogy usingiNOSinhibitor inmousemodd infected
withCV S, Immunohistochemigtry for I L-1b and TNF-a reved ed expression of thesecytokines
in 96% of casesin microglial cells, macrophages and lymphocyteswith astrong positive

correlation between IL-1b and TNF-a immunopositivity and degree of perivascular and
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parenchymal inflammation. In addition, expression of IL-1b and TNF-a aso correlated
positively with each other. However, therewasno direct correlation of viral antigenload with
grading of cytokine expression. Thesefindingsindicatethat IL-1b and TNF-a together may
play animportant roleto coordinatethe dramatic inflammatory response associated with rabies
vira encephalopathy (Anjdi et al., 2009).

TNF-a and other cytokinessuchaslL-1a, IL-2 and IFN-a mediatetheir protective
activity through different mechanisms, suchas(i) directinhibition of virusreplicationin neurons;
(i) accelerated clearance of RV infection viatheinduction of braininflammatory processes,
which openthe BBB to allow accessof immuneeffectorssuch asRV-neutralizing antibodies
and T cdlstotheinfected neurons; and (iii) enhanced microglid activation, whichlikely contribute
to theimmune defence (Lokensgard et al.,2001).

Toll -likereceptors

TLR' sarean expanding family of receptorsthat recognize unique molecular patterns
characteristics of different typesof pathogens. TLR’ sare expressed on antigen presenting
cellsand phagocytes. TLR 1-9 are expressed in both mice and human. TLR-3 canrecognize
dsRNA. TLR 4, 7, 8 can recognize sSRNA. Thereislittleinformation availableon TLR
expressionfunctionin CNS. TLR 4isinvolvedin therecognition of lipopolysaccharide (LPS)
and viral envelope proteins (Rassaet al., 2002).

TLR3aongwith TLR 7 and 8 isthe member of TLR 9 subfamily whichismainly
concerned with the recognization of nucleic acidsand related structures. TLR3 recognizesthe
dsRNA generated asan intermediatein theviral replication (Alexopoulov et al., 2001). The
recognization of dsSRNA by the TL R 3lead to the secretion of typel interferoni.e, IFN-a andb
and thusrespons blefor inducing potent antiviral response. TLR’ supregulationwascritically
dependent on presence of afunctional IFN a/b system. It hasbeen reported that viral surface
glycoproteinscan activate TLR' s(Boehmeand Compton, 2004). Glid cdlshavebeenidentified
asthemgor producersof TLR-3andinitiatorsof inflammationinthe CNS(Farinaet al., 2005).

Roleof anti-rabiesantibody in virusclearancefrom CNS

Clearance of virusfrom cellsin the brain parenchymaisamultistep process. First,

thereisinhibition of virusspread to new cells, then elimination of cell-freeinfectiousvirus.
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Subseguently, virus-infected cellsmust bediminated or intracel lular virusreplication permanently
suppressed. The most frequently measured parameter of virus clearanceisthe amount of
infectiousvirusthat ispresent in CNStissue. Humora immunity playsanimportant roleinthe
course of rabiesvirusinfection. Immunoglobulin of the Gisotype (I9gGs), but not IgM confer
passive protection against rabiesvirus (Turner, 1978). Antibodies against the N protein can
be detected in human seraafter immunization with inactivated rabiesvaccinesor after natural
infection (Herzog et al., 1992). These antibodiescannot neutralize thevirus. Micelacking B
cells, such as Jhd knock-out mice, devel op aprogressive disease wheninfected intranasaly
with an abortive RABYV and they succumb toinfection (Hooper et al., 1998). Mode of action
of antibody remainsto be determined and could belinked totheir ability toblock virusreplication
insdethecell asobserved invitro after antibodieswereartificidly injected into infected cells
(Lafonand Lafage, 1987). Dietzschold et al. (1992) have reported inhibition of both viral
spread and RNA transcription in vitro as well asin vivo using Mab against rabies vira
glycoprotein, resulting invirusclearancefrom CNSand protection in challenged laboratory
rat. It wasshown that thisparticular antibody mediates complete clearance of RABV fromthe
NS without the help of antibody-dependent cell-mediated cytotoxicity or complement
dependent lysis.

Blood-Brain Barrier and Lipopolysaccharide

Contact between circulating cells and factors and CNS tissues are restricted by
sdectively permesble neurovasculature, collectively referredto astheblood brain barrier (BBB).
BBB congstsof acontinuouslayer of endothelia cellsjoined by tight junctionsat the cerebral
vasculature. It representsaphysca and enzymatic barrier to restrict and regul ate the penetration
of compounds into and out of the brain and maintain the homeostasis of the brain
microenvironment (Davson and Segal, 1995). The BBB isformed by continuouslayer of
endothelial cellsthat are connected to each other through different junctional molecules;
adherensjunctions, gagpjunctionsandtight junctions(TJ). Sofar, occludin, junctional adhesion
molecule (JAM), endothelia-specific adhesion molecule (ESAM), and claudin-1, 3, 5and
12 have been reported to be co-localized at cell-cell bordersof brain capillary endothelial
cells (Nittaet al., 2003; Wolburg et al., 2003 and Dobrogowska and V orbrodt, 2004).

Among these putative TJ proteins, claudinscompriseamultigenefamily, and are believed
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to bemgj or congtituentsof the T.Js, which arevery important in restricting the passage of most
substancesfromtheblood to thebrain extracd lular environment (CSF) to maintain homeostas's,
and in essencefunctionsasamolecular switchboard (Wekder et al., 2005 and Ohtsuki et al.,
2008). Although, theendotheliumisthe principal barrier and communicationinterfaceinthe
BBB, the local microenvironment ismodulated by perivascular cellsincluding neurons,
astrocytes, pericytes, basement membrane and smooth muscle cells (Hawkinsand Davis,
2005). The BBB a so participatesin regular immunesurvelllance of thebrain and respondsto
proinflammatory cytokinesto help mediaterecruitment and transmigration of immunecells.
BBB permeability has been seenin protective CNSimmune responsesin case of infection
with the attenuated strain of the neurotrophic rabiesvirus CV S-F3, where clearance of the
virusfromthemouse CNSfollowsincreased BBB permesability and theinfiltrationof T and B
cellsinto CNStissues (Phareset al., 2006).

Ddlivery of thergpeutic agentsto brain presentsamajor chalengeto treatment of most
brain disorders due to BBB. Inits neuroprotective role, the BBB functionsto hinder the
delivery of many potentially important diagnostic and therapeutic agentstothebrain. Thergpeutic
moleculesand genesthat might otherwise be effectivein diagnosisand therapy do not cross
the BBB in adequate amounts. BBB impermeability can bemodulated in disease conditionsor
by using several chemicals like akyl glycerol, sodium caprate and lipopolysaccharide.
Erdlenbruch et al. (2000) reported enhancement of the BBB permesbility by administration of
alkyl glycerol and effective delivery of the antineoplastic agentscisplatinand MTX and the

antibioticsinbrain.

Lipopolysaccharide (L PS), an endotoxin and the main component of the cell wall of
Gram-negative bacteria, isresponsblefor dterationin BBB permiablility (Olsonet al., 1995).
LPShindsto an LPS-binding proteinin blood and activates monocytes, macrophages and
leukocytesthrough CD14 receptors. Periphera endothelia cells, which do not expressCD14,
areactivated by L PS-soluble CD 14 complex which leadsto the production of proinflammatory
cytokinesinterleukin-1, -6, -8, and tumor necrosi sfactor-a(Bannerman and Gol dblum, 1999
and Rosenberg et al., 2007). Theincreased level of these cytokinesduring sepsisleadstothe
dysfunction of several organs, called multiorgan failure. Part of LPSsignaling ismediated
through Toll-likereceptors (TLR), NFKkB release and genetranscription. Brain endothelia
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cells express LPSreceptors TLR-4, TLR-2 and CD14 (Quan et al., 2002 and Singh and
Jiang, 2004) and mediatethe effects of peripheral LPSinthe CNS (Singh and Jiang, 2004).
LPSincreasesBBB permeability in different anima models, including newborn pigs, ratsand
mice (Temesvari et al., 1993; Veszelkaet al., 2003; Qin et al., 2008 and Christopher et al .,
2008). Rodentsare highly insensitiveto LPS (Redl et al., 1993). In studies using repeated
high doses of LPS, BBB opening wasobservedinmice (Xaoetal., 2001 and Veszelkaet
al., 2003), while 3 h after asinglelower dose of LPSno effect wasseeninrats(De Vrieset
al., 1995). Experimental infection with CV S-F3whichisaless pathogenic variant of CVS
inducesan immune responsethat clearsthe viruswithout sequelae. Thisisdueto antivira
immunity, aninnateimmuneresponseof CNS-resdent cdllsto thevirus, together with enhanced
BBB permeability might have contributed to the CNSinflammatory responsethat hasbeen
associated the clearance of CV S-F3 form CNStissues (Phareset al., 2006). In contrast to
miceinfected with CVS-F3, CNSinflammationisrarely seenin human dying frominfection
with pathogenic strainsof RV (Murphy, 1977) and it has been shown that the BBB integrity
do not changes during experimental pathogenesisof silver Haired Bat rabiesvirusin mice
(Roy etal., 2007).

Diagnosis

Rabiesdiagnosiscontributesto control and prevention of disease. Diagnosisof rabies
based upon clinica presentationisvery difficult, asthere are no pathognomonic symptomsor
signsfor the disease. Although the detection of Negri bodiesusing Sellersstainisarapid, but
there is a fairly high rate of false negatives when compared to antigen detection by
immunofluorescence or virusisolation. Although, hydrophobiaisindicative of thisdiseasein
human but can be confused with Guillain-Barre syndrome, poliomyelitisand encephalitis of
other viral aetiology (Plotkin, 2000). Park et al. (1998) demonstrated the RV antigenin
pyramidal neuronsof the hippocampusand inthe cerebra cortex of miceinoculated withCVS
by immunoperoaxidasetest (IPT) and evidence of oligonucleosomal DNA fragmentationwas
detected insitu usng TUNEL method. Inthisstudy, neuronsof dentate gyrusof hippocampus
demonstrated expression of viral antigen, gpoptotic changesand positive TUNEL staining.
Jackson (2003) demonstrated RV antigenin brainsof CV Sinfected mice by avidin-biotin
complex (ABC) method using monoclona anti-RV immunoglobulin G (1gG). Pamini et al.
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(2005) studied thedistribution of RV antigenin cerebra hemisphere, pyramidal neuronsof the
hippocampusand Purkinje cellsof cerebelum, by avidin-biotin peroxidase complex method,
using mouse monoclond antibodies5DF12in CV Sinfected mice and demondstrated extensive

apoptosisby TUNEL staining method inthese aress.

The preferred diagnostic tests for the detection of rabies arethe FAT and mouse
inoculationtest (MIT) (Hemachudhaand Wacharapl uesadee, 2004). A modified method of
PCR, Reverse transcriptase PCR (RT-PCR) has been used to detect rabies in infected
decomposed brain tissues (Nadin-Davis, 1998). Problems associated with sensitivity of the
FAT and decomposed brain tissues have been overcome with the adaptation of RT-PCR.
Jackson and Wunner (1991) detected rabiesvirad RNA inthe CNS of experimentally infected
mice usinginsitu hybridization with RNA probes, whereasWarner et al. (1997) usedinsitu
hybridizationfor detection of rabiesvirusantigen mMRNA and genomein formalin-fixed tissues

samples.

Sacramentoet al. (1991) used PCR technique asan dternative method for thediagnosis
and molecular epidemiology of RV. Tordo et al. (1994) used PCR technology for Lyssavirus
diagnosis. Heaton et al. (1997) studied hemi nested PCR assay for detection of six genotypes
of rabiesand rabiesrelated viruses. Nadin-Davis (1998) worked on PCR protocolsfor RV
discrimination. Guptaet al. (2001) used singletube non-interrupted RT-PCR for thedetection
of RV inbraintissue. Heaton et al. (1999) and Picard et al. (2004) devel oped ahemi-nested
RT-PCR method for the specific determination of EBL -1 and compared with other diagnostic
methods. In recent yearsgenetic tests, in which aportion of theviral genomeisamplified by
reversetranscription (RT)-PCR followed by sequence characterization of theresulting product
have been applied extensively (Tordo et al., 1994). Recently, in-situ PCR hasbeen used to
detect therabiesvirusRNA bothin cell culture (neuroblastomacells) aswel asinbraintissues
(Jayakumar et al., 2003 and Praveenaet al ., 2007). Boldbaatar et al. (2009) reported rapid
detection of rabiesvirusby reverse Transcriptionloop-mediated i sotherma amplification. This

method israpid, easy and simple compared to other molecular diagnostic methods.

25 25 2
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A. Fetal brain pathology
Collection of brains

A totd of 21 feta brainsof cattle (19 cases) and buffaloes (2 cases) of elther sex were
collected fromthe I ngtitute postmortem facility. Theinformationwith respect to breed of aborting
anima sgestation length, etc. wasrecorded on aproforma(Table 1). Among 19 cattlefetuses,
9wereof aborted type, 7 dystociaand 3 premature births (Table 2).

Fixation of thebrain

Feta brainsarefound mostly soft during post-mortem examination dueto autolysis
and often damaged when removed from the cranium. In cases of maceration, the brain becomes
semi-liquid and cannot be removed intact. Hence, for obtaining intact brainin situ, the head of
thefetuswasdisarticulated from rest of the bodly at atlanto-occipital joint and the scalpwas
reflected. Anterior and posterior fontanelleswere pal pated and nick was made with ascal pel
bladein theanterior fontanelle2to 3mm lateral tothemidline. By using asyringe, the 10%
neutra buffered formalin (NBF) wasinjected into subarachnoid space. The volume depended
onthegestation of thefetus. Fetusesof 16 weeks gestation perfused with 5 ml, whilethose of
term gestation perfused with about 40 ml of 10% NBF. Theinjection was performed until the
fontanelles became taut but not distended. In larger foetuses, the posterior fontanellewas
injectedinasmilar way. Theskinwasreturned to thenormal anatomica position andthefetus
head was|eft overnight inthe 10% NBF formaininatub (Nicholls, 1988). Thefollowing day,
the skull was opened and brain taken out. It was noted that the brain is often abright white

colour instead of theusual light tan colour. After removal, thebrainwas placed in an adequate
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Table2: Distribution of samplesbased on age and specieswise

Category Gestation time Cattlebrain Buffalobrain
Aborted foetuses 0-90 days - -
>90-180 days 4 -
>180 days 5 1
Dystocia Full gestation 7 -
Prematurebirth - 3 1
Totd 19 2




Materials and Methods....

volumeof 10% NBF. Full term brainswere sectioned onceto allow access of thefixativeto
theventricles. Thebrain was stored for three days, washed, and then cut.

Processing of brainsfrom different anatomical sites

After proper fixation, thin corond dices (3 mm) from posterior to anterior side of the
brainwerecut. Then partsof designated sites (cervica spind cord enlargement behind medulla,
medullaoblongataat thethe obex, cerebellum at the caudal peduncle, pons, caudal colliculi,
rostra colliculi, thalamusat thelevel of mammilary body, hippocampuswith pyriformlobeand
cerebrum with caudate nucleus) were taken to ensure examination of a wide range of
neuroanatomical sites as per the method described by De Lahunta (1977) (Fig. 1). The
morphologicd (grossand microscopic) lesonsin braininduced by inherited such asdysraphic
state, neuronal migration disorder (lissencephaly, pachygyria), encephal oclastic defects
(porencephay and hydranencepahly), malformation of the cerebe lum (hypoplasiaand atrophy)
and hydrocephal us, diseases caused by bacteria, chlamydia, viruses(BTV, BVD etc.), fungi,
protozoa (toxoplasma, neospora); nutritional (Cu, Vit-B, Vit-E, Vit-D deficiency; toxicosis
(pesticides, chemicas,drugs); circulatory disturbances, hypomyelination and dysmyeination,

if any, weretaken into account during examination.
Section prepar ation and staining

Theproperly fixed sectionswere processed for making paraffin blocksand to get 5
thick sectionsusing standard procedures. The paraffin sectionsfrom each block were stained

with hematoxylinand eosin (HE) and examined microscopicaly.
Micr oscopic examination

The brain section from designated sites in each case was examined at different
neuroanatomical |ocationsand the microscopic lesionswererecorded (Table 3). Thegross

photographs of designated parts of the coronal sectionswere shot using digital camera. The

microscopic photographsweretaken with digital camerafitted with microscope.
Etiological identification
Gram’sgtaining

Thesmear wasmadefromfetd ssomach content, air dried and fixed by heeting. Gram’s

staining wasdonein the smear to demonstrate bacterial etiology.
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Fig. 1:  Dorsal and ventral view of cattle fetal brain (upper panely. The coronal or part of
coronal sections of fetal brain at different anatomical sites used for lustopathological
studics {lower panel ).



Materials and Methods....

Thefeta tissue/fluid such aslungs, liver, spleen, kidneys, brain and scomach contents
wereasepticaly collected in serilevidsduring post-mortem examination. Thenthe samples
weregot analysed in specific labs (Bacteriology Lab., CADRAD, IVRI; HSADL, Bhopal)
for the presence of any specific etiological agents, affecting fetal brain devel opment.

Table3: Different neuroanatomical sitesof thebovinefoetal brain for examination

of any lesion.

Anatomical Microscopic sites
Sites
Spinal Somatic Visceral Somatic Visceral Intermediate Dorsal Lateral Ventral
cord afferent afferent efferent efferent gray funiculus  funiculus  funiculus
behind neurons neurons neurons neurons column
medulla (8) (Dorsal (Dorsal (Ventral (Ventral

gray gray gray gray

column) column)  matter) matter)
Medulla Hyposglossal Vagus Gracilis Trigeminal Inferiorior Raphe Cuneatus  Formation
oblongat nucleus nucleus nucleus nucleus olivary nucleus reticularis
at the nucleus
obex (8)
Cerebellum  Stratum Purkinje  Stratum Stratum Basal Dentate  Nucleus -
at the moleculare  cell granulosum medullare cerebellar  nucleus globusus
caudal layer (tracts) nuclei
peduncle (7)
Pons (6) Abducent Vestibularar Trigeminal Facial Superior Formation — -

nucleus nucleus nucleus nerve olivary reticularis

nucleus nucleus
Caudal Periaqudactal Red nucleus Oculomotor Substantia — - - -
colliculi area nucleus nigra
(4)
Rostral Periagudactal Red Oculomotor Substantia — - - -
colliculi (4) nucleus nucleus nigra
Thalamus at Habenular ~ Rostral Mamillo Mamillo
the level of nucleus thalamic  thalamic  tegmental - - - -
mammillary nucleus tract tract
body (4) (Formation
reticularis)

Hippocampus Fimbria CA1l CA2 CA3 Dentatus — — —
at the fornicis gyrus
pyriform
lobe (5)
Cerebrum  Gray
with caudate matter White Molecular External External Internal Internal Fusiform
nucleus (Neuropil matter layer molecular pyramidal granular  pyramidal layer
(8) area) layer layer layer layer

B. Experimental study

Referencevirus

ChallengeVirus Standard (CV S- 18) strain of rabiesvirusmaintainedin Biologica
ProductsDivisionof Indian Veterinary Research I ndtitute, | zatnagar (U.P.) wasused for making
inoculms. Thealiquot of titrated virus LD, 1037 per ml stored at -80°C wasdiluted 1in 100

using PBSto make 100 L D,,0.03 ml of inoculumsfor the experiment.
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Glassand plasticware

All the glassware and plasticware were treated with 0.1% DEPC (Diethyl
pyrocarbonate) treated water to remove the RNAse activity for RNA (Ribonucleic acid)
work. Thetreated wareswere a so sterilized by autoclaving/hot air ovento maintain stexility.

Chemicalsand biologicals

All the chemicals and the biol ogical s used in the study were of molecular and cell
culture grade. Rabies antiserum of equine origin (Equirab 1500) from Bharat Serumsand
Vaccineslimited, Ambernath, Indiawasused inrabiesinfected mice. Detail sof other chemicals
used inthe study aregiven, wherever necessary.

Experimental animals

A total of 150 Swissabino miceof either sex, aged approx 4-5weeks, were procured
from Laboratory Animal Research Section (LARS), Indian Veterinary Research Institute,
| zatnagar. The micewerekept in polypropylene cagesand provided feed and water ad libitum.
Themiceweremaintained as per the guidelinesof Animal Ethics Committee of theingtitute.
The experiment in micewas carried out as per the laid down procedures of CPCSEA and

prior approval.
Experimental plan

Out of 150 mice, seventy five micewereinoculated with 100 LD, per 0.03 ml of
CV S-18 strain on day 0into masseter muscleswith theintention to provoke certain degree of
periphera immuneresponse asseenin natural casesof rabiesand designated as CV Sgroup.
TheCV Sgroup wasagaininocul ated with ssme doseintra-cerebraly on 24" day for induction
of clinical signs, since CV S-18ishighly adopted to brain and its periphera inoculation does
not producethe disease. On theday of onset of clinical signs (6™ day), one-third of themice
(25/75) in CV Sgroup wereinocul ated with LPSintra-peritonedly @ 8 ug/ mouseto modul ate
the blood-brain barrier and additional immunity, and designated asCV S+LPSgroup (GL).
Then out of remaining 50 mice of CV S group, 25 mice were inoculated with LPS (8 pg/
mouse) + RIG (Rabiesimmunoglobulin) by intra-peritoned andintra-venousroutes, respectively
and designated asCV S+LPS+RIG group (GT). Theremaining 25 micewere kept aspositive
control and designated as CV Sgroup (Gl).

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @
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In 75/150 un-inocul ated mice, PBSwasinjected in respective routes on respective
daysasdonefor CVSgroup and designated as PBS control (PBS). On day 6%, one-third
(25/75) of the PBS group of micewereinocul ated with LPSintra-peritoneally @ 8 ug/ mouse
and designated as L PS control group (CL). Next one-third of mice (25/75) wereinocul ated
with LPS (8 ug/ mouse) + RI G (Rabiesimmunoglobulin) by intra-peritoneal and intra-venous
routes, respectively and designated as L PS+RIG control group (CT). Theremaining one-third
micewerekept asnegative control and designated asPBS group (GC).
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Flow Chart of theexpeir mental plan in Swissalbino mouse model
[/M: intramuscular; I/C: intracerebral; 1/P: intraperitoneal; 1U: international unit, CVS: challange virus
standard, L PS: lipopolysaccharide, RIG: Rabies | mmunoglobulin, PBS: Phosphate Buffered Saline, LPS
and antibody in control groups were injected at the same day as in infected group.

Parameters studied
BeforeL PStreatment

After thefirst injection of CV S-18 in the masseter muscle, the mice were observed
dally andclinicd sgnsrecordedin mousehigtory card. Theblood sampleswerecollected
ondaysO, 7" and 20" from retro-orbital plexusof both CVSand PBSgroups, after
ether anaesthesia. TheNK cdllsand CD4¢/ CD8* cdllskineticswere donein blood by
Fluorescence Activated Cell Sorter (FACS) analysis and antibody response was
estimated by Rapid fluorescent foca inhibition test (RFFIT) in serum.
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After second injectionin brain (24" day after 1stinjection) inmice, clinica sgnswere
recorded daily. Later, on day 2™ of second inoculation 3 mice each were sacrificed
from groups CV Sand PBS. Brainswere collected and preserved in 10% NBF and
zincfixative (BD Pharmingen, USA) for histopathol ogy and immunohi stochemistry,
respectively. Thebraintissuewascollected in RNA Later (Ambion, USA ) for PCR.

After LPStreatment

Threebrainswere collected from each group on next day of LPSinoculation (i.e. on
7thDPI after intra-cerebral inoculation) for detection of virusby conventional PCR
andreal time PCR. Besides, expression profileof TNF-a, CXCL10, IFN-3, TLR3
and TLR4 mRNA using red-time PCR, histopathol ogy and immunchistochemistry for
detection of lesions, distribution of virusantigen by direct fluorescent antibody test
(dFAT) and 3 catenin expressionin capillary endothelium were conducted in brain
sections.

Threemiceinal thegroups(Gl, GL, GT, CL, CT and GC) were sacrificed by ether
inhalation on 9" and 11" day (DPI tointra-cerebral inoculation). Thirteen miceinall
thegroupswereretainedtill their death for surviva study. Thesampleswerecollected
smilarly asaboveand subjected to above estimations.

Flow Cytometry

Flow cytometry was donefor the evaluation of NK cells, CD4* and CD8 cellsin
bloodinal thegroupsat 0, 7", 20" day inintra-muscularly CV Schallenged micefollowed by
at 2, 7 9hand 11 day inintra-cerebrally CV S challenged micein same group in both
blood and spleen (Fig. 11A and B). Following standard protocol was used to processthe
samplesfor FACSanayss.

50 ul of blood samplewastakenin 1.5 ml micro centrifuge tube and diluted with S0l
of PBS (pH 7.4).

10 pl of rat anti mouse CD4: FITC/CDS8: RPE cocktail antibodies (AbD SeoTec)
and 10 pl of rat anti mouse NKG2A antibody (AbD SeroTec ) were added to each
sampleandincubated a RT for 30 minin dark.
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The cellswerewashed twicewith 1ml of PBS and spinned at 5000 rpm for 5 min.

Supernatant wasremoved and 1 ml of erythrocytelysisbuffer wasadded tothe pell €,
vortexed and incubated for 7-10 minat RT.

Tubeswere spinned at 5000 rpm for 5min.

Supernatant was removed and the pellet was reconstituted with 0.5 ml of PBSand

vortexed.

Finally, thesampleswere subjected for FACSanaysis(BD FACSCdibur Instrument,
USA).

Rapid fluor escent focusinhibition test (RFFIT)

Blood was collected as per above schedul e from mice and serum separated under

aseptic condition in 500 pl of eppendorf tube, and were stored at -20°C. L ater, serumwas
inactivated by keeping in water bath at 56°C for 30 min and used to assess antibodly titer.

Procedure

1.

Serum dilution: 30 pul of 10% GMEM wastakeninarow of 10 wellsina384 well
cdl cultureplate. 30 il of serum samplewasadded inthefirst well and mixed thoroughly
and 30 ul wastransferred to thenext well. Likewise, aseria 2-fold dilutionwasmade
uptothelast well andfinally 30 pl wasdiscarded fromthe 9" well and 10" well have
only media(thismakes 2-fold serum dilution from 1:4 to 1:4096). Similarly, 2-fold
dilution of reference serum was prepared.

Virusdilution: PV grainof rabiesvirus, havingtitreof 1.29x10” FFU/ml, wasdiluted
1:100in chilled 10% GMEM and mixed thoroughly.

30l of diluted viruswasadded to all wellscontaining seridly 2-fold diluted serumand
viruscontrol well. Then, 384 well cell culture platewasincubated at 37°Cfor 1 hr for

virusneutralizationin CO, incubator.

After thevirus neutralization step, 30 pl of BHK-21 cellswasadded in all wellsof
virus-antibody mixture aswell asin reference serum and virus control well, and
incubated at 37°C for 24 hrsin humidified chamber (CO, incubator).

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Materials and Methods....

5. After theincubation period of 24 hrs, the spent medium wasdiscarded completely in
widemouth discard and the cell monolayer waswashed with PBS (pH 7.2).

6. Cellswerefixed with 80% chilled acetone (80/20 in PBS) and Terasaki platewas
kept at -20°C for 30 min.

7. Acetonewas aspirated completely and the platewas air dried in room incubator at
37°Cfor20min.

8. After completedrying, rabiesanti-nucleocapsid antibody conjugated with FITC (1/
20) dilution in phosphate buffer (pH 7.2) wasadded at therate of 10 ul per well to
cover themonolayer entirely and platewas covered with aluminumfaoil.

9. Then, cell culture plate wasincubated at 37°C for 30 min. in humid chamber (CO,

incubator).

10.  Agpirated the conjugate and washed the plateswith PBS. Then 20 pl of mounting fluid
wasadded to all wells(50% Glycerinein PBS, v/v).

11. Patewasobserved under fluorescent microscope and serum neutralization end point

titer interms of FFD50 wasdetermined.

12.  Antibody titer intest serum wascal culated by comparisonwith thereference serumin
[U/ml (300 1U/ml).

Histopathology

Thebrain sampleswere collected in 10% (NBF) and zinc fixativefor histopathol ogy
and Immunochistochemistry, respectively. After proper fixation thesewere processed by paraffin
embedded technique. The paraffin blockswere cut with microtome (Microme GmbH, Germany)
to obtain 5 nmthick paraffin embedded corona sectionsonglassdides. Thecorond sections
of cerebral hemisphereswere selected at 3 levels, namely rostral, mid and caudal . The seria
sectionsat theselevel swere stained by hematoxylin and eosin (H& E) technique (Luna, 1972)
and salected asper amouse stereotaxic atlas (Ref. http//:www.mbl.org). Thelesonsinsdected
sections of the brain were graded by histopathological score (HPS) system (Table4). The
sectionsat these levelswerelooked for various parameters: neuronal degeneration, glios's,

peri-vascular cuffing (PV C) and vascular changes. Theseweregraded onthescaleof 0-3 (0

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Materials and Methods....

=no change, 1 =mild change, 2=moderate change, 3 = severe change). The maximum score
wastaken asthemogt severeinflammatory/immunologica change.
Table4: Histopathological score (HPS) system for evaluation of parametersin

cerebral hemisphere as per mouse ster eotaxic atlas at different intervals
after intra-cerebral inoculation of CVS-18.

Anatomical Parameters 2 DPI 7 DPI 9DPI 11 DPI
sites 1 2 1 2 1 2 1 2

Rostral coronal section of cerebral hemisphere (section 14)
Gray matter Neuronal degeneration
Glioss
PVC
Whitematter Nuclei degeneration
Glioss
PvVC
Meninges Meningitis
Blood vessel s Congestion/Hemorrhage
Total (24)
Mean
Mid coronal section of cerebral hemisphere (section 19)
Gray matter Neuronal degeneration
Glioss
PvVC
Whitematter Nuclei degeneration
Glioss
PVC
Meninges Meningitis
Blood vessels Congestion/Hemorrhage
Total (24)
Mean
Caudal coronal section of cerebral hemisphere (section 21)
Gray matter Neuronal degeneration
Glioss
PVC
Whitematter Nuclei degeneration
Glioss
PvVC
Meninges Meningitis
Blood vessels Congestion/Hemorrhage
Total (24)
Mean
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Each parameter was assigned grade on scale 0-3, i.e. 0=no change, 1=mild change,
2=moderate change, 3=severe change. The score for each mouse at each time point was
aggregated and divided by number of miceto obtain mean value. The higher scorewastaken
asthecriteriafor severe pathological changesover thelower score. The parameterswere

graded for each anatomical siteontotal grade score of 24.

I mmunohistochemistry for 3-catenin
Coating of glassslides:

Immunohistochemistry (IHC) involves prolonged exposure of sectionsto various
solutions, antibodies and heat induced antigen retrieval, therefore, adequate adhesion was
ensured using 3-aminopropyle- triethoxysilane (APES) (SigmaAldrich, USA). Thedides
werewashed in 2% detergent in pre-warmed distilled water (DW) for 30 min. Thedideswere
thoroughly rinsedin DW followed by acetoneand air dried. For coating, dideswereimmersed
in 2% (v/v) APESin acetonefor 30 min. Ultimately the dideswererinsed gently in acetone
theninDW and air dried at 37°C.

b-catenin demonstration in brain capillaries

The paraffin embedded seria sectionsof cerebral hemisphereweretaken ontoamino
propyle ethoxysilane (APES) coated dides. The sectionswere deparaffinized inxyleneand
rehydrated in descending grades of ethyl alcohol (100%, 90%, 80% and 70%) and brought to
distilled water. Endogenous peroxidase activity wasblocked by incubating for 10 minin 3%
H,O, in methanol and then washed thricewith PBS (pH 7.2), 5 min each. Later, theantigen
retrieval wascarried out by heat/boilingin citrate buffer for 15 mininmicrowaveoven. The
sectionswere cooled at room temperature and then incubated with normal goat serum for 20
minto avoid non specific binding. The dideswerewashed thricein PBS and incubated with
primary anti-b catenin polyclonal antibodies (AbD Serotec, UK) at 4°C overnight. After
washing thricewith PBSfor 5 min, dideswere poured with biotinylated secondary anti-rabbit
1gG antibody (Sigma, USA) and kept for 30 min at 37°C in an incubator. Sections were
washed with PBS asabove and i ncubated with avidin-biotin-peroxidase complex for 30 min
(Rabbit ExtrAvidin peroxidasestainig kit, Sigma, USA). The sectionswerewashed thoroughly
with PBSand stained by usng AEC staining kit (Sigma, USA) for 10 min. The sectionswere
thenrinsed briefly in distilled water and counter stained with Meyer’ shematoxylinfor 30 sec.
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The sectionswere washed in water and mounted in agueous mountant. All the stepswere
carried out in humidified chamber and as per theinstruction of manufacturer. Proper negative
and pogitive antibody controlswereasorunin paralle totest dides. Theintensity of positive
signaswas comparatively graded by taking control mouse brain as positive contral.

Direct fluorescent antibody technique (dFAT)

Thebrainimpressionson glass dideswastaken from cerebrum, hippocampusand
cerebellum. Theimpressionswereair dried at room temperatureand thenfixedin coplinjars
containing chilled acetone 2 hrs. After fixation, theimpression areawasand then thedides
immersed in PBS (pH 7.2) for 5 min. The dideswerethen charged with anti-rabiesFITC
conjugate (FDI Fugirebio, USA) in encircled areaand incubated in humidified dark chamber
a 37 °C. Thedideswerewashed thoroughly thricewith PBSin dide holding glasstrough by
cresting current with magnetic stirrer. After washing, dideswere examined under fluorescent
microscope (Laborlux-SLeitz, USA) in 40x objective. The presence of dusty applegreen
fluorescence wastaken as positive signd. During the process, positive and negative controls

wererun dongwithtest dides.
IFN -3 Analysisin serum:

Theblood sampleswerecollected a different timeinterval sasper experiment schedule,
serum was separated and store at -20°C until analysis. ELISA kit (Mouse Interferon Beta
ELISA Kit, PBL Biomedicd Laboratories) wasused intheanays susing the protocol provided
by manufacturer.

Procedure

1 Prepar ation of Wash Buffer: Diluted the 50 ml of 10x wash concentrate (Bottle A)
with 450 ml of distilled water and stored at 4°C.

2. Prepared 1:10 working stock of the Mouse |FN Standard by pipetting 10 pl of the
Mouse | FN-3 Standard (Via B) in 90 pl of samplediluent (Bottle C) and fromthis
working stock, prepared the standard curve using the amountsin the table shown
below:
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TubeNo. Woking S, S, S, S, S, S, S BL
stock

Amount taken fromtube - 0020 05 05 05 05 05 05 -

toleft (ml)

SampleDiluent (ml) - 098 05 05 05 05 05 05 10

Final Conc. (pg/ml) 50000 1000 500 250 125 625 313 156 O

3. Samplesof unknowninterferon concentration to betested werediluted inthesample

10.

11.

diluentsin 1:5dilutions.

Placed 100 pl of theinterferon samples and standard curve prepared in Step 2in
individua wellsof themicrotiter platein duplicate.

Covered the microtiter plate with plastic plate sealer and incubated for 60 minina
closed chamber at 25°C. After incubation, washed threetimeswith wash solutionand
blotted well after thefinal wash.

Added 100 pul of the Antibody Solution to eachwell and covered themicrotiter plate
with plastic plate sealer and incubated for 60 minin aclosed chamber at 25°C. After
incubation, washed threetimeswith wash sol ution and blotted well after thefinal wash.

Added 100 pl of the HRP solution to each well and cover the microtiter platewith
plastic plate sealer and incubated for 60 min in aclosed chamber at 25°C. After
incubation, washed threetimeswith wash sol ution and bl otted well after thefina wash.

Added 100 pl of the TMB Substrate Solution (Bottle G) to each wel and incubated
for 15 mininaclosed chamber at 25°C.

After that added 100 pl of Stop Solution (Bottle H) to each well and mixed gently.

Thenusing amicroplate reader, determined theabsorbance at 450 nmwithin 5 minutes
after the addition of the stop solution.

Unknown sample concentrations determined by extrapol ation off the standard curve.
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FluorojadeB stainingfor degener ated neurons:

Huoro-JadeB ( Millipore) isapolyanionic fluoresceain derivativewhich sengtively and
specificaly bindsto degenerating neurons. Inbrief, thefollowing protocol wasused for paraffin
embedded sections. The paraffin embedded sections were deparaffinized in xylene and
rehydrated in descending grades of ethyl alcohol (100%, 90%, 80% and 70%) and brought to
digtilledwater. Thedideswerethentransferred to asol ution of 0.06% potassium permanganate
for 20min. Thedideswerethenrinsed in distilled water for 2 min. After that dideswerekept
incoplinjar containing working fluoro-jade B solutionfor 15 min. After 15 mininthestaining
solution, the dideswererinsed for oneminutein each of threedistilled water washes. Excess
water wasremoved by briefly (about 15 s) draining thedidesverticaly on apaper towd. The
dideswerethen madeair dry. Thedry dideswerecleared by immersionin xyleneand mounted
by using DPX- anon-agqueous non-fluorescent plastic mounting media. Thedideswerethen

observed under fluorescence microscope.
| solation of total RNA from brain tissue

Total RNA from braintissuewasisolated by RNessy Lipid TissueMini Kit (QIAGEN,
USA). Briefly, ~100 mg of braintissuewastakenin 1 ml of QIAzol lysisreagent and the
contentswere homogenized using Teflon glasshomogenizer. The suspensionwasincubated
for5minat RT. 200 ul of chloroformwas added, mixed vigoroudly for 15 sec and incubated
for 2-3minat RT. Then, the contentswere centrifuged at 13,000 rpmfor 15 minat 4°C. After
centrifugation, the colourlessagueous phasewastransferredinto anew (1.5 ml) microcentrifuge
tube, to that 1 volume of 70% ethanol was added and vortexed. Thesamplewastransferred to
RNeasy mini spin column placed ina2 ml collectiontube, centrifuged for 15 secat 10,000 rpm
and flow-through was discarded. RNeasy columnwaswashed with 700 pl of buffer RW1, and
then the columnsweretreated with 500 ml of buffer RPE twiceby centrifugationfor 15 secat
10,000rpmeechtime. Fndly, theRNA wasd uted with 50 pl of nud eesefreaweter by centrifuging
at 10,000 rpmfor 1 min and the RNA wasstored at -20 °C until further use.

cDNA preparation

TheRNA concentrationin al the sampleswas quantified usng NanoDrop ND-1000
gpectrophotometer (Nanotechnologies, USA) and equa concentration of total RNA wastaken
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inal thegroupsfor cDNA synthesisby using PromegaReverse Transcription Kit, following

the protocol recommended by the manufacturer.

Procedure

1 1 ug of total RNA, weretaken in 0.2 ml microcentrifuge tubesand incubated for 10

minat 70 °C. Then sampleswere spin briefly and placed over ice.

2. 20 pl reaction mixture was prepared by adding following reagentsin order listed:

Reagents Amount
MgCl2, 25mM 4ul
Reversetranscription 10X Buffer 2ul
dNTP Mixture, 10 mM 2ul
Recombinant Rnasin(Ribonucleaseinhibitor) 0.5ul
AMV Reverse Transcriptase 15u
Oligo(dT),, Primer 0.5ug
MRNA 1lug
Nuclease-freewater to afina volume of 20ul

3. Thereaction mixturewasincubated at 42 °C for 15 min and then heated at 95 °C for

5 mintoinactivate reversetranscriptase.
4, cDNA wasthen stored at -20 °C..

Detection of rabiesvirusby RT-PCR

PCRfor N genewascarried out by mixing thefollowing contentsto makefina volume

of 25 pl reactionusing 2.5x master mix (5prime, USA).

Component
2.5x master mix
MgCl,,10mM
Primer Forward
Primer Reverse
TemplatecDNA

Nucleasefreewater

Volume
0u
1.0u
1l

1l

2ul
0ul
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Thetube contentswere mixed and centrifuged briefly to collect the contents. TheN
gene amplification was carried out using thermocycler (Mastercycler persona, Eppendorf,

Germany) by following programme:

Cycles Time Temperature(®° C)
1X 5min 94
35X 1min 94
1min 53
1min 72
1X 10min 72

Gel Electrophoresis

1.5% agarose (Himedia, India) was prepared in 1X TBE buffer with ethidium bromide
(0.5 pg/ml). The PCR product wasrun at 70V for 30 min. The bandswerevisuaizedin gel
documentation system.

Real TimePCR

Cytokines(TNF-a, CXCL 10, IFN-f3, TLR3and TLR4) mRNAsexpressonsin brain
sampleswere carried out by quantitative Real Time PCR (M X 3000 P System, Stratagene,
USA) by using specific primers(Table5). Real Time PCR reaction wasperformedin 96 well
PCR platesusng DyNAmo SY BR Green gPCR kit ( Finnzymes, Finland). Thereaction mix
was prepared by adding following reagents:

10.0 pl of 2X master mix wastakeninrea time PCR tubes.
1.0l of forward primer (10 pM of final concentration).
1.0l of reverseprimer (10 pM of final concentration).

1.0 ul of cDNA (~50ng final concentration).

o > w D

Nucleasefreewater was added to adjust thefinal volumeto 20ul.

Thereagentswere mixed gently without creating bubbles. Thetubeswere placedin

the plate of theinstrument and run on PCR programme as given bel ow:
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Cycles Time Temperature(® C)
1 10min 95

30 sec 9
40 30 sec 56-62

30 sec 72

Analysisof Real TimePCR results

1. Thearithematic mean of Ct values(m Ct) wascal culated.
2. The Ct valueswere normalized using house keeping gene (13- actin).
? Ct=mCt (target gene) - mCt (house keeping gene)
3. The Ct valueswere normalized using control group (GC).
?? Ct=?Ct (Experimental animal) - ? Ct (Control animal)
4, Therdative quantity of target genewas calculated.
Relativequantity =2 (-??Ct)
5. Transformed relative quantity of target genewas expressed in relative percentage of
expresson.
Relative percentage of expression=reative quantity X 100
The dataobtained were analysed by using the 2?7 method (Livak and Schmittgen,
2001). Findly, themean relative expression for each group were satistically anaysed by one
way ANOVA [least Sgnificancedifference (L SD) and Dunccan’ stests] for ‘t’ distribution (P
value) using GraphPad Prism 4 software.

a5 5 S
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Results

A. Spontaneous fetal brain affections

Grossfindingsin brain

Therewereno specific grosslesonsobservedin brainin either of thecases. Thebrain
samples preserved in situ appeared normal, except for different degree of autolysis. The

foetusesweremostly of late gestation period.
Microscopicfindingsin brain sections

Inmicroscopic examination of different anatomica stesof thebrain, thechangeswere
mainly of vascular type. Themicroscopiclesonsin mgority included mild to moderate vascular
engorgement (21/21 cases). However, in 9/12 cases haemorrhageswerea so evident. A few
cases showed focal to diffusegliosis(6/21 cases), mild perivascular cuffing (singlecell) (1/
21case), and ischemic neurons (2/21cases), nestsof normal glia cells(Calgacells) insub-
ependymal region of latera ventricles(2/21 cases) and in dentatefasciaof hippocampus(1/21
case), presence of intact external granular cellslayer in cerebellum (1/21 case) and stray
presence of Purkinjecellsininternal granular layer (3/21 cases), asapart of developmental
process. One case of compactly arranged neuronsin cerebral cortex wasalso observed (Table
6 and 2 A to H.). Thelesion were distributed in cerebellum (15/21 cases), brainstem (9/
21cases), cerebral hemisphere/ caudate nucleus (8/21cases), thalamus (6/21cases),

hippocampus (5/21cases) and in meninges (8/21cases) (Table 7).
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Fig. 2A : Micrograph of fetal brain showing  Fig. 2B : Micrograph of fetal brain showing
vascular engorgement. H&E. X200 haemorrhages. H&E. X200

Fig. 2C : Micrograph of fetal brain showing Fig. 2D : Micrograph of fetal brain showing
focal gliosis in mid brain. H&E. focal gliosis (*) and perivascular
X200 cuffing (arrow). H&E. X200



Fig. 2D Micrograph of Fetal brain showing
nests of glia (Calleja cells in inset)
in sub ventricolar region (arrow ).
H&E. X200

Fig. 2E : Micrograph of fetal brain showing
nests of glia (Calleja cells) (armow)
in dentate region ol hippocampus.
H&E. X200

Fig. 2F : Micrograph of tetal brain showing
presence of intact exiernal granular
laver (arrow b i cerebellum, HE&E.
0D
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Fig. 2H : Micrograph of fetal brain showing
compact neurens in cerchral cortex.
HE&E. X200

Fig. 2 : Micrograph of fetal brain showing
stray presence of Purkinge cells
farrow) 1n granular laver in
cerchellum. HaE. X200

- .'_h._x..__:-.;__.-

i Ao -

Micrograph of fetal kidney showing
eollection of lymphoid cells. H&E
X200




Results....

Microscopicfindingsin visceral organs

In 8/21 cases, lungs, liver, spleen and kidneys did not show any specific changes.
However, inremaining 13 casestherewerevascular engorgement/nhaemorrhagesinliver (7/13
cases), kidneys(6/13 cases) and lungs (6/13 cases), focd infiltration of mononuclear cellsin

four casesinvolved either, kidneys, liver, or lungs(Figs. 21 ).
Etiological identification

Seven out of 21 cases showed bacilli/coccobacilli on Gram’ sstaining in stomach
contents. However, on cultural examination, 4 out of 7 casesyielded E. coli and one case
Candidaspp. None of the sampleswerefound positivefor Brucellaspp. Thebrain samples
(14 cases) screened at HSADL, Bhopal for BV D virus, werefound negativefor the same by
PCR.

B. Experimental study

Clinical signsand survival rate

Themice(75/150) inoculated with 100L D, , CV S-18 strain of rabiesvirusinto masseter
muscledid not show any neurologica signsupto 24 DPI. A few infected micewere sacrificed
to detect the presenceof virusinbrain by dFAT and RT-PCR, which found negativefor the
same. Therefore, on 24 DPI, the samedosewasinjected intra-cerebrally. Theclinical signs
were noticeableby 6" DPI inintra-cerebral infected group (Table8, Fig. 3). Upon appearance
of clinica sgns(i.e. on 6" day), one-third (25/75) of themicewereinjected with LPSby intra-
peritoneal route (GL group). The next one-third micewereinjected with LPS+RIG by both
intra-peritoned andintra-venousroutes, (GT group). Theremaining one-third micewere kept
asCV Spositivecontrol (Gl group). Number of micewhich showed clinica sgnsand mortaity
waslessinthe GT and GL comparedtothe Gl (Table9, Fig.4). Thesurvivorsweremorein
GT group (46%) followed by GL group (38%), ascompared to GI group. IngroupsGT and
GL, theclinical coursewas prolonged. Miceinthecontrol groupsCL (LPS), CT (LPS+RIG)
and GC (PBS) did not show any clinical signs.

Grossand histopathological lesions

Themicesacrificed or died indl the six groupsduring the course of theexperiment did
not show any grosslesions. In GC group, the selected corona sectionsof cerebral hemisphere

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Table8: Mouse clinical history card showing different clinical signs after LPS
inoculation on theday of onset clinical signs.

Clinical parameters Groups No. of days post inoculation (DPI) LPS
1 2 3 4 5 6 7 8 9 10 11
Ruffled fur CVS(Gl) 3 2 5 0 0 0 0 0 0 0 0
CVS+LPS(GL) 1 1 1 0 0 0 0 0 0 0 0
CVS+LPS+RIG(GT) 1 0 1 0 1 0 0 0 0 0 0
LPS(CL) 0 0 0 0 0 0 0 0 0 0 0
LPS+RIG(CT) 0 0 0 0 0 0 0 0 0 0 0
PBS(GC) 0 0 0 0 0 0 0 0 0 0 0
Tremor CVS(Gl) 0 2 1 0 0 0 0 0 0 0 0
CVS+LPS(GL) 0 1 0 1 0 1 0 0 0 0 0
CVS+LPS+RIG(GT) 0 0 0 1 0 0 0 0 0 0 0
LPS(CL) 0 0 0 0 0 0 0 0 0 0 0
LPS+RIG(CT) 0 0 0 0 0 0 0 0 0 0 0
PBS(GC) 0 0 0 0 0 0 0 0 0 0 0
Incordination CVS(Gl) 0 1 3 0 0 0 0 0 0 0 0
CVS+LPS(GL) 0 0 1 0 0 2 0 0 0 0 0
CVS+LPS+RIG(GT) 0 0 0 2 0 0 0 0 0 0 0
LPS(CL) 0 0 0 0 0 0 0 0 0 0 0
LPS+RIG(CT) 0 0 0 0 0 0 0 0 0 0 0
PBS(GC) 0 0 0 0 0 0 0 0 0 0 0
Paralysis CVS(Gl) 0 2 3 0 0 0 0 0 0 0 0
CVS+LPS(GL) 0 1 0 2 0 0 0 0 0 0 0
CVS+LPS+RIG(GT) 0 0 1 0 1 0 0 0 0 0 0
LPS(CL) 0 0 0 0 0 0 0 0 0 0 0
LPS+RIG(CT) 0 0 0 0 0 0 0 0 0 0 0
PBS(GC) 0 0 0 0 0 0 0 0 0 0 0
Prostration CVS(Gl) 0 1 4 0 0 0 0 0 0 0 0
CVS+LPS(GL) 0 0 1 0 2 0 0 0 0 0 0
CVS+LPS+RIG(GT) 0 0 1 0 1 0 0 0 0 0 0
LPS(CL) 0 0 0 0 0 0 0 0 0 0 0
LPS+RIG(CT) 0 0 0 0 0 0 0 0 0 0 0
PBS(GC) 0 0 0 0 0 0 0 0 0 0 0
Death CVS(Gl) 2 1 4 0 0 0 0 0 0 0 0
CVS+LPS(GL)0 0 1 0 1 0 0 0 0 0 0 0
CVS+LPS+RIG(GT) 0 0 0 1 1 0 1 0 0 0 0
LPS(CL) 0 0 0 0 0 0 0 0 0 0 0
LPS+RIG(CT) 0 0 0 0 0 0 0 0 0 0 0
PBS(GC) 0 0 0 0 0 0 0 0 0 0 0




Table9: Survival rate after LPS and LPS+RIG inoculation on the day of onset
clinical signs.

Groups Survival rate after LPS inoculation on the day of
onset of clinical signs (At 6" DPI to CVS-18)
1 2 3 45 6 7 8 9 10111213141 16 17 18 19 0 2

Cvyal) 38 2 00 O0O0O0OO0OO0OO0OO0OO0OO0ODO0OO0O0ODO0ODO0OOQO0OTO
CvSHPYGL) 13 9 7 6 6 6 55 5555555555555
CVSHPSHtRIG 1310 8 8 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
@GN

LPS(CL) 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13

LPS+RIG(CT) 13
PBS(GO) 1313 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
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Ruitled fur Posterior limb paralysis

Circling Chadriplegia

Prostration

Fig. 3 Clinical signs shown by rabies virus (CVS-18) infected Swiss albino mice during the

course of discase.
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Fig. 4 :  Survival rate of CVS-18 infected mice, treated with LPS @ (S8pg/
mouse) (GL group) and LP5+RIG (401U/Kg bowt.) (GT group) on
the day of onset of clinical signs.



Results....

did not show any microscopic lesionsasevident by histo-pathological scores(HPS). Ingroup
Gl on 2 DPI, therewas mild meningitis characterized by meninged vessalsengorgement and
infiltration with mononuclear cells. The neuronsin cerebral hemispherewere scattered and
pyknotic with acidophilic cytoplasm. The hippocampal neurons (both dentate gyrusand CA1
and CA 2) appeared norma (Fig. 5). On 7 DPI, the cerebellar neurons appeared pyknotic
and blood vessalsin white matter were engorged . The extent of neuronal damage wasmore
prominentin CA1and CA2layerswith diffusemicrogliossand mild to moderate perivascul ar
infiltration with mononuclear cdls(Fig. 6,7 & 8). On 9" DPI, asevereneuronal degeneration
incerebra hemisphereandinthe CA1 and CA2 regions, characterized by thedistinct pyknosis
wasobserved. Apoptotic bodieswerea so present in these areas. Mg ority of Purkinjeneurons
showed degenerative changes. The white matter between foliawas|oose with capillaries
engorged with blood d ongwith gpoptotic bodies. Thewhitematter inthethaamic/ hypothaamic
areahad smilar reaction of perivascular cuffing, degenerated neuronsand microgliosis(Fig. 9,
10& 11). TheHPSin cerebral hemisphere showed increasing trend (Glios's, PV C, neuronal
degeneration) from 2™ DPI onwards and reached maximum on 9" DPI. However, in LPS
treated control groups(CL and CT), therewere mild degree of vascular congestionwith little
mononuclear cell infiltration in lepto-meningesand the brain substance. On the contrary, the
groupsGT and GL showed mild pathological changesascompared with Gl group (Table 10-
12, Fig.12).

Kineticsof CD4*, CD8*and NK cdlsin blood after intra-muscular inoculation of CVS-18

The kinetics of CD4+, CD8*and NK cellswas studied at different timeintervals
(Table13-16, Fig. 13-17) in blood samplesby flowcytometry.

Themean % of CD4*, CD8* and NK cellsand ratio of CD4+ and CD8* cellsin blood
remained constant throughout the experiment in group PBS. In case of CV Sgroupthevalue
of CD4* decreased at day 7" and again reveal ed significant increase on day 20™. The same
trend wasa so observed in CD8and NK cellspopulation. Theratio of CD4* and CD8* cells
in CV Sgroup decreased at day 7" and normalized on day 20™.

Kineticsof CD4+, CD8*and NK cdlsin blood after intr a-cer ebral inoculation of CVS-18

After intra-cerebral inoculation of CVS-18 (On 24* day) to the same group the
blood and spleen sampleswere used to study CD4+, CD8*and NK cellskineticsat different

timeintervas.

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Table10: Mean of HPSin adult Swissalbinomicebrain sacrificed at 2, 7t 9t and
11* DPI (intra-cer ebral route). The combined distribution of pathological
lesionsin level 14.

Groups DPI 2 7 9 1
€] 1 20 21 -
GL - 15 155 14
GT - 145 14 14.5
CL - 1 15 1
CT - 1 1 1
GC 0 0 0 0

Table11l: Mean of HPSin adult Swissalbinomicebrain sacrificed at 2, 7, 9t and
11t DPI (intra-cer ebral route). The combined distribution of pathological
lesionsin level 19.

Groups DPI 2 7 9 1n
Gl 10 195 20 -
GL - 14 135 135
GT - 14 13 14
CL - 1 15 1
CT - 1 1 1
GC 0 0 0 0

Table12: Mean of HPSin adult Swissalbinomicebrain sacrificed at 2, 7t 9t and
11* DPI (intra-cer ebral route). The combined distribution of pathological
lesionsin level 21.

Groups DPI 2 7 9 1
Gl 10 20 21 -
GL - 145 135 13
GT - 14 13 135
CL - 1 1 1
CT - 1 1 1
GC 0 0 0 0




Table13: Mean + SD percentage of CD4" cellsin blood of adult Swissalbino mice
after inta-muscular inoculation of CVS$-18 @ 100L D50/ mouseat differ ent
timeintervals.

Groups DPI 0 7 20
CVS 27.65+2.01 14.39+0.93 25.22+0.81
PBS 17.09+1.33 16.62+0.96 17.59+1.05

Tablel4: Mean + SD percentage of CD8" cellsin blood of adult Swiss albino mice
after inta-muscular inoculation of CVS-18 @ 100L D50/ mouseat different
timeintervals.

Groups DPI 0 7 20
CVS 12.95+0.55 9.48+1.05 11.57+0.50
PBS 8.56+0.70 8.49+0.69 8.75+0.50

Table15: Mean £ SD percentage of NK (CD16+ CD56+) cells in blood of adult
Swissalbino miceafter inta-muscular inoculation of CVS-18 @ 100L D50/
mouseat different timeintervals.

Groups/ DPI 0 7 20

CVS 5.72+0.78 10.39+0.77 8.16+0.51

PBS 5.15+0.53 5.71+0.68 4.91+1.21




Table16: Mean + SDratioof CD4": CD8" cellsin blood of adult Swissalbino mice
after intra-muscular inoculation of CVS-18 @ 100L D50/ mouseat different
timeintervals. Blood wasanalysed by FACS, using CD4'FI TC/CD8'RPE
cocktail of monoclonal antibodies.

Groups DPI 0 7 20
CVS 2.12+0.01 1.54+0.02 2.10+0.08
PBS 1.95+0.05 1.93+0.03 1.77+0.24

Table1l7: Mean + SD percentage of CD4’ cellsin blood of adult Swissalbino mice
inoculated intra-muscularly followed by intra-cerebral route CVS-18 @
100L D50/ mouse. Threemicein each group sacrificed and their blood was
analysed by FACS, using CD4'FITC/CD8'RPE cocktail of monoclonal
antibodies. Groupsbearing common super scriptsdo not differ sgnificantly
(P<0.05P). GI (CVS-18, 30pl/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+LPS+RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBS).

Groups DPI 7 9 1

Gl 11.60+0.63 10.01+0.51¢ -

GL 10.25+0.75° 11.77+0.38¢ 9.02+0.47°
GT 12.70+£0.51° 18.77x0.75* 15.07£0.55*
CL 8.20£0.78¢ 17.00£0.45*® 15.78+0.512
CT 9.92+0.64« 15.38+0.96t¢ 10.31+0.76°

GC

15.51+0.502

13.84+0.79°

14.93+0.65*
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X000, GO X T, Gl

X 4o, G X 40, Gl

Fiz, 6 Sections of cerebral hemisphere showing diffuse eliosis (%) in G group (CVS-15.
30plmouse 100LD) at 7" day post infection {intra-cerebral). GC (PBS). H&E.



Fig. 7:  Sections of mice brain showing perivascular infiltration (arow ) and meningitis (anow
head)along with diffise gliosis (*) in GT group (CVS-18, 30ul/mouse 100LD, ) at 7"
day post infection (intra-cerebral). H&E. X 200,




Cortex Dentate gyrus Thalamuns

Fig. 8:  Cercbral henusphere sections of mice brain m different treatment groups al 7% day post
mfection intra-cerchrally, GL group showed less gliosis (%) and PYC (arrows) compared to
Gl eroup. CL group showed only mild mfiltatoen. HEE X 2000 G iOVS-18, 3y lmouse
HHALLY, b GL (CWS-18 + LPS Spgimouse), UL (LPS)




Fig. 9 :  Sections of mice brain (cerebellum gray and white matter) showing pyknotic neurons
with eosinophilic cytoplasm (arrows) in GI group (CVS-18, 30ul/ mousel00LD;, )
at 9" day post infection (intra-cerebral). H&E. X 200,
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Wean HPS of cerebral hemisphere (section rosiral, middle and caudal) of Swiss albino
miee incculated inta-muscularly with CWVS-18 @ 100LDE0, .0 ml mouse Tollowed
by intra-cercbral route with same dose on 24th day, LI'S and LPS + B1G moculated on
onsel of climcal signs (on 6th DP@ ol intm-cerehral ronte), GL and GT groups imdicated
less pathology compared 1o GT group. GEHOVS-1E, 30ulmouse [00LDS0), GLICVS-
18+ LIPS Speimonseh, G (OVS-18 + LPS + Rig 4000 kg bowto ), CL LS CT(LPS
ERIGY GC (PBES).
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Results....

CD4+ cdllsin blood

Themean % of CD4*cellsonday 7" waslower ingroupsGl, GL and GT compared
to group GC and differed significantly. On day 9, group GT showed higher valuethan all
other groupsand differed significantly. Onday 11, group GL showed lower valuethan al
other group and differed significantly, except group CT (Table 17, Fig.18).

CD8cdlsin blood

Themean % of CD8* cdlsonday 7"ingroup GT showed significant differencefrom
all other groups. Groups Gl and GL had amost the samevaue. Group GT had higher value
thantheinitial and differed significantly within thegroupson day 9".On day 11*, group GL
and GC showed amost smilar vauewhile, group GT differed significantly with higher value
(Table18, Fig. 19).

NK cellsin blood

Themean % of NK cellsonday 7" inall groupswasamost same, whileitincreased
from day 7" to day 11" in group GC and decreased in group Gl on day 9. In groups GL,,
GT,CL, and CT, thevauesincreased on day 9" and differed significantly fromgroup GC. On
day 11*, groupsGL and GT had lower va ue than group GC with Sgnificant difference (Table
19, Fig. 20).

Theratio of CD4* and CD8in blood

Theratio of CD4+ and CD8* onday 7" waslower in group Gl than all other groups
with significance difference to groups GC and CT. On day 9" and 11™, the ratio showed
variablevalue, but therewasno significant differencewithin the group at each point of interval
(Table20, Fig. 21).

CD4 cellsin spleen

Themean % of CD4* cellsonday 7" in groupsGl, GL and GT had lower valuethan
group GC with significant difference. Onday 9, group GT hashigher valuethan al other
groupswith sgnificant difference. WhilegroupsGl, GL and GC showed no Sgnificant difference.
On 11" day, group GL showed lower value compared to all other groupswith significance
difference(Table21, Fig. 22).

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Table18: Mean + SD percentage of CD8' cellsin blood of adult Swissalbino mice

inoculated followed by intra-cerebral route CVS-18 @ 100L D50/ mouse.
Threemicein each group sacrificed and their blood wasanalysed by FACS,
using CD4+FITC/CD8+RPE cocktail of monoclonal antibodies. Groups
bearing common super scripts do not differ significantly (P<0.05P). Gl

(CVS-18, 30ul/mouse100L D, ), GL (CVS-18+ L PS8ug/mouse), GT (CVS
18+L PS+RIG 401U/kg b. wt), CL (LPS),CT (LPS+RIG), GC (PBS).

Groups/ DPI 7 9 1

€] 9.72+0.59° 8.53+0.55° -

GL 9.07+0.40° 9.90+0.36% 8.51+0.63

GT 11.84+0.79 16.03+0.452 14.40+0.52=
CL 8.70+0.75° 10.53+0.45° 10.37+0.58°
CT 5.23+0.71° 8.45+0.61° 6.12+0.65¢

GC 7.87+0.85° 6.83+0.75¢ 8.87+0.33

Table19: Mean + SD percentage of NK ( CD16' CD56+) cellsin blood of adult

Swissalbino miceinoculated intra-muscular ly followed by intra-cer ebral
routewith CVS-18 @ 100L D50/ mouse. Threemicein each group sacrificed
and their blood wasanalysed by FACS, usng CD16+ CD56+ monoclonal
antibodies. Groupsbearing common super scriptsdonot differ significantly
(P<0.05P). GI (CVS-18, 30pl/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+ LPS+ RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBS).

Groups DPI 7 9 11

€] 5.13+0.85% 2.93+0.60c -

GL 5.35+0.55% 9.58+0.672 3.95+0.59°
GT 5.45+0.822 9.80+0.707 5.70+£0.52%
CL 5.71+0.38* 9.97+0.75* 5.25+1.13*
CT 5.83+0.65* 6.22+0.60° 5.20+0.53*
GC 5.60+0.607 5.90+£0.70° 6.17+0.807




Table20: Mean + SDratioof CD4: CD8' cellsin blood of adult Swissalbino mice

inoculated intra-muscular ly followed by intra-cer ebral routewith CVS-18
@ 100L D50/ mouse. Threemicein each group sacrificed and their blood
wasanalysed by FACS, using CD4'FI TC/CD8'RPE cocktail of monoclonal
antibodies. Groupsbearing common super scriptsdo not differ sgnificantly
(P<0.05P). GI (CVS-18, 30pl/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+L PS+RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBS).

Groups DPI 7 9 11

€] 1.19+0.10¢ 1.36+0.19° -

GL 1.33+0.200¢ 1.42+0.23: 1.43+0.372
GT 1.21+0.13¢ 1.37+0.20° 1.40+0.352
CL 1.20+0.26* 1.81+0.207 1.72+0.33
CT 2.01+0.112 1.64+0.19° 1.54+0.152
GC 1.71+0.26*® 1.85+0.18° 1.63+0.05°

Table21: Mean + SD per centage of CD4+ cellsin spleen of adult Swissalbino mice

inoculated intra-muscular ly followed by intra-cer ebral routewith CVS-18
@ 100L D50/ mouse. Threemicein each group sacrificed and their blood
wasanalysed by FACS, using CD4FI TC/CD8'RPE cocktail of monoclonal
antibodies. Groupsbearing common super scriptsdonot differ significantly
(P<0.05P). GI (CVS-18, 30pl/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+L PS+RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBS).

Groups/ DPI 7 9 n

Gl 15.66+0.49° 13.02+0.64¢ -

GL 11.57+0.46° 13.40+0.73 11.28+0.75°
GT 15.10+0.66° 22.73+3.812 17.54+1.052
CL 11.94+0.3% 18.67+0.44%* 17.54+0.56°
CT 12.16+0.70° 18.00+0.95 13.79+£1.01°

GC

18.65+1.312

15.44+0.96°«

17.24+0.46*




Fig. 18-21: Percentage of CD4', CD8’, NK cellsand ratio CD4 : CD8' in blood of adult
Swissabino miceinoculated intrasmuscularly followed by intra-cerebral route
CVS-18 @ 100L D50/ mouse. Themicein each group sacrificed and their blood
was analysed by FACS, using CD4'FITC/CD8'RPE cocktail of monoclonal
antibodies.Gl (CV$-18, 30ul/mouse 100LD ), GL (CVS-18+ LPS8ug/mouse),
GT (CVS-18+LPS+RIG 401U/kg b. wt), CL (LPS), CT (LPS + RIG), GC
(PBS).
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Results....

CD8rcéllsin spleen

On 7 day, thegroup GT reved ed higher value ascompared to al other groupswith
ggnificant difference. ThevaueincreasedinthegroupsGL, GT, CL, and CT, whileit decreased
ingroups Gl and GC on 9" day. Onday 11™, group GT significantly showed higher vauethan
all other groups(Table 22, Fig. 23).

NK cellsin spleen

Themean % of NK cellson 7t day significantly higher ingroup GT comparedto al
other groupsand remained higher up to day 11.0On day 9" group Gl revealed significantly
lower valuethan all other groups. On day 11 therewas no significant differencewithinthe
group exceptingroup GT (Table 23, Fig. 24).

Theratioof CD4*and CD8*in spleen

Theratio of CD4+ and CD8* cellsat each point of interval showed no significant
differencewithinthegroups(Table 24, Fig. 25).

| FN-3 assay

On 2 DPI, GI showed higher concentration of 1FN-[3 (1.10E+02+0.71 pg/ml) than
control group GC (60.500.71pg/ml). On 7" day after LPSinoculation, GL (1.07E+02+ 0.57
pg/ml) and GT (1.08E+02+0.72 pg/ml) groups showed higher valuethan Gl (62.75+01.06 pg/ml)
group. Thetrend wassametill theend of experiment with exception of GL group on 11* day
(Table 25, Fig.26).

I mmunohistochemistry for [3-catenin

Thebrain sectionsfromGI, GL, GT, CL, CT and GC groupswere demonstrated for
modul ation of blood brain-barrier (BBB) adhesion molecule(3-catenin. The positivesignals
weredetected asred color intheendothelium lining of blood capillaries. Thegroup Gl showed
positivesignals, whereasgroup GL and GT did not show any signals. The negative control
didesdid not show any signalsinthebrain sections (Fig. 27).

Rabiesvirusdetectionin brain by dFAT

Rabiesvirusinfected GL and GT groups showed lessintensity and distribution of
applegreen fluorescencein comparison to Gl group. The control groups (CL, CT and GC)

did not show any positivesignas(Fig. 28).

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Table22: Mean + SD per centage of CD8' cellsin spleen of adult Swissalbinomice

inoculated intra-muscular ly followed by intra-cer ebral routewith CVS-18
@ 100L D50/ mouse. Threemicein each group sacrificed and their blood
wasanalysed by FACS, using CD4 FITC/CD8 RPE cocktail of monoclonal
antibodies. Groupsbearing common super scriptsdo not differ sgnificantly
(P<0.05P). GI (CVS-18, 30pl/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+L PS+RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBS).

Groups/ DPI 7 9 1

al 10.92+0.34° 9.20+£0.82° -

GL 9.67+0.76t 11.60+0.53 9.21+0.86°

GT 14.10+0.66* 19.53+0.95* 15.78+0.407
CL 9.64+0.41%¢ 13.30+0.75° 11.70+0.75°
CT 7.47£0.47¢ 11.86+£0.81° 7.07+£0.95¢

GC 8.73+0.55« 8.63+0.60° 9.43+0.60°

Table23: Mean £ SD percentage of NK ( CD16 CD56+) cellsin spleen of adult

Swissalbino miceinoculated intra-muscularly followed by intra-cer ebral
routewith CVS-18 @ 100L D50/ mouse. Threemicein each group sacrificed
and their blood wasanalysed by FACS, using CD16 CD56 monoclonal
antibodies. Groupsbearing common super scriptsdo not differ sgnificantly
(P<0.05P). GI (CVS-18, 30pl/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+ LPS+ RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBYS).

Groups DPI 7 9 11

€] 6.39+1.44¢ 4.10+0.60¢ -

GL 8.93+0.60* 11.83+0.65° 5.82+0.65°
GT 10.38+0.712 14.51+0.502 9.58+0.95°
CL 7.62+0.500° 11.98+0.74 6.20+1.36°
CT 6.92+0.66 6.96+0.70° 6.93+0.95°
GC 8.09+0.85%%¢ 7.96+0.95° 5.50+0.50°




Table24: Mean+SDratioof CD4; CD8 cdlsin spleen of adult Swissalbino mice

inoculated intra-muscular ly followed by intra-cer ebral routewith CVS-18
@ 100L D50/ mouse. Threemicein each group sacrificed and their blood
wasanalysed by FACS, usngCD4 FITC/CD8 RPE cocktail of monoclonal
antibodies. Groupsbearing common super scriptsdonot differ significantly
(P<0.05P). GI (CVS-18, 30pl/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+L PS+RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBS).

Groups DPI 7 9 11

Gl 1.39+0.052 1.70+£0.29 -

GL 1.44+0.242 1.39+0.242 1.62+0.39
GT 1.33+0.262 1.47+0.312 1.46+0.35°
CL 1.35+0.112 1.69+0.29 1.75+0.26°
CT 1.72+0.09 1.55+0.03= 1.91+0.042
GC 1.85+0.292 1.89+0.102 1.58+0.242

Table25: Mean+ SD valuesof | FN-3in serum of adult Swissalbinomiceinoculated

intra-muscularly followed by intra-cer ebral routewith CVS-18 @ 100L D50/
mouse followed by intra-cerebral route with same dose on 24t day.L PS
and LPS+RIG inoculated on onset of clinical signs (on 6" DPI of intra-
cerebral route). The Threemicein each group sacrificed and serum was
collected for IFN-I3 assay using ELISA kit. Groups bearing common
super scriptsdonot differ significantly (P<0.05P). Gl (CV S-18, 30ul/mouse
100LD,,), GL (CVS-18+LPS8ug/mouse), GT (CVS-18+ LPS+ RIG 401U/
kgb.wt), CL (LPS),CT (LPS+Rig), GC (PBS).

Groups Gl GL GT CL CT GC
DPI

2 1.10E+02 - - - - 60.50+0.71°

+0.712
7 62.75+1.06° 1.07E+02 1.08E+02 71.49+0.69° 68.78+0.31° 57.67+0.47°
+0.572 +0.722

9 66.89+0.16° 84.11+1.27¢ 80.43+0.81° 70.49+2.10° 60.94+0.09° 63.95+0.08d°
1 - 87.49+0.722 78.77+1.09° 63.11+1.56° 58.67+0.95¢ 57.77+0.33¢




Fig. 22-25: Percentage of CD4", CD8", NK cellsand ratio CD4" : CD8" in spleen of adult
Swissabinomiceinoculated intra-muscularly followed by intra-cerebral route
CVS-18 @ 100L D50/ mouse. The micein each group sacrificed and their blood
was analysed by FACS, using CD4"FITC/CD8'RPE cocktail of monoclonal
antibodies.Gl (CV S-18, 30ul/mouse 100LD ), GL (CVS-18+ LPS8ug/mouse),
GT (CVS-18+LPS+RIG 401U/kg b. wt), CL (LPS), CT (LPS + RIG), GC
(PBS).
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Fig. 26 1 Swiss albino mice inoculated intramuscularly with CVS-18 rabies virus strain
@ 100LTIA0 30l /mouse followed by intracerebral challenge with same dose
o 24ih day. On appearance of clinical sings { 6th day), the mice ol GL, GT,
CL and CT groups wers inoculated with LPS (o) Spe/mouse intraperitonaally.
The mice of GT and CT groups were injected with RIG in addition. The serum
samples collected at different time intervals showed decrease concentration
ol IFN-6 by ELIS A up to $th day. Laier, the concentration of IFM-[ remamed
statie but higher in GL and GT groups than i G group, G IOV S-18, 30l
maouse [O0LDS0), GT (OVS-18 + LIPS Spgmouse ). GT (CVS-18 + T.PS 4
RIG 400U kg bwt), CL (LPS), CT(LPS + RIG), GC (PBS).



-VE Control

Fig. 27 : Sections of brain of Swiss albino mice showing no signals for 3— catenin
in the brain endothelial cells (BBB) of blood capillaries in groups GL
and GT. GI group showed positive signals (arrow). GI (CVS-18, 30ul/
mouse 100LDsg). GL (CVS-18 + LPS 8ug/mouse), GT (CVS-
I8+LPS+RIG 401U/kg bwt). IHC X 200.



-ve control

Fig. 28 :  Swiss albino muce brain impression smears [rom caudal region of the cerebral
hemisphere showing apple green flucrescent signals of rabies antipen. The
GL and OT groups having less number of signals than the GI group on day 9,
GH{OVS-18, 30pl mouse 1001030, GL (CVS-18 + LPS Spg'mousep, GT
(CVS- I8+ LPSHRIG 40U e bwi), GO (PBS). dFAT. X200,

A B CDEF GHLIT J

287 bp

Fig, 29 ;. Demonstration of rabies virus in sacrificed Swiss albino mice by RI-PCR
using ™ gene specific primers, Elecirophoresis was done using 1.5% agarose
pel to visualize 287 bp product. A (-ve), T (DNA marker 100 bp), B.C.T (2
dayh, EFG (7" day b and H, Tand J (9™ day ) bram samples,



Results....

Detection of rabiesviral N geneusing conventional and Real TimePCR

Rabiesvira nucleoprotein (N gene) was detected in brain samplesasearly ason 2
DPI ingroupsGl, GL and GT. The expected PCR amplicon of 287 bp wasobservedin 1.5%
agarosegd asaconfirmatory result (Fig. 29). Thiswasfurther confirmed by Rea Time PCR.
TheN gene amplicon showed Tmvaue82.72+0.42 in dissociation curve (Fig. 30).

FluorojadeB staining for degener ated neurons

Themicebrain sections of groups Gl, GL and GT showed positive (bright green)
signalsfor degenerated neurons. ThesignalswerelessingroupsGL and GT ascompared to
group Gl on 9" DPI (intra-cerebrally). Group GC showed no signals(Fig. 32).

Detection of anti-rabiesantibodiesin peripheral blood

The neutralizing antibodiesagainst rabiesin peripheral blood of CV S-18inoculated
mice by intramuscularly route could be detected in serum on 7t day on wardsand upto 20
DPI (>0.11U).

Expression of cytokinesby Real Time PCR

After each complete reaction in real-time PCR, the data were stored along with
amplification plotsand dissociation curvesfor each cytokines. Therelative quantity of each
cytokinewas cal culated after normalizing with b-actin house keeping gene (Tables 26-30,
Figs. 33-37).

TNF -amRNA

Therdativeexpressonof TNF-awassgnificantly higher upto 9" DFI (Intra-cerebrdly)

ingroup Gl ascompared with uninfected group (GC). Fromtheday of LPSand LPS+ RIG

inoculation, therewas decreased expression of TNF- aintreated groups(GL and GT) upto

the end of experiment. Expression wasmorein GT group than the GL group and control

groups.
CXCL-10mRNA

The relative expression of CXCL-10 was significantly higher up to 9" DPI
(Intracerebrally) ininfected groups (Gl, GL and GT) as compared with uninfected group

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Table26-30: Mean = SD of fold changefor different cytokinesin adult Swissalbino

miceinoculated intra-muscularly with CVS-18 @ 100L D50/ mousefollowed
by intra-cerebral route with same dose on 24t day. LPS and LPS+RIG
inoculated on onset of clinical signs (on 6™ DPI of intra-cerebral route).
The Two micein each group sacrificed on different time pointsand the
brains were processed to study mRNA expression.relative levels of
cytokineswer eassayed by taking 3-actin asinternal control by Real Time
PCR. Groups bearing common superscripts do not differ significantly
(P<0.05P). GI (CVS-18, 30pI/mouse 100LD, ), GL (CVS-18 + LPS 8ug/
mouse), GT (CVS-18+L PS+RIG 401U/kg b. wt), CL (LPS), CT (LPS+
RIG), GC (PBS).

Table 26 : TNF-a

Groups DPI 2 7 9 1

Gl 2.42+0.412 1.39+0.372 3.73£0.272 -

G - 1.46+.507 0.84+0.40¢ 0.40+0.36®
GT - 1.54+0.322 1.21+0.31% 0.80+0.30®
CL - 1.41+0.372 1.95+0.21° 0.17+0.05*®
CT - 1.90+.30° 1.80+0.30 0.45+0.30®
GC 1.00+0.00° 1.00+0.002 1.00+0.00> 1.00+0.002
Table27: CXCL-10

Groups DPI 2 7 9 1

Gl 1.80+.307 98.69+1.76° 38.78+0.467 -

GL - 53.63+0.52¢ 8.62+0.68° 2.04+0.37®
GT - 72.68+0.60>  20.65x+0.66° 1.29+0.38
CL - 0.33+£0.32¢ 0.37+£0.14¢ 0.36%0.35
CT - 1.41+0.42¢ 0.07+0.08¢ 2.96+0.202
GC 1.00+0.00° 1.00+0.00¢ 1.00+0.00¢ 1.00+0.00¢




Table28: IFN-b

Groups/ DPI 2 7 9 1n

€] 6.04+0.222 1.51+0.13¢¢ 0.51+0.07° -

GL - 1.69+0.01» 0.61+0.01° 0.26x0.01¢
GT - 1.82+0.072 0.69+0.07% 0.09+0.01¢
CL - 0.64+0.05° 0.53+0.1%° 0.09+0.01¢
CT - 1.37+0.09° 0.39+0.06° 0.53+0.05°
GC 1+0.00° 1+0.00¢ 1+0.007 1+0.002
Table29: TLR-3

Groups DPI 2 7 9 1n

€] 3.06+£0.03# 12.97+£0.10° 11.22+0.032 -

GL - 14.24+0.03* 2.17+£0.04¢ 0.18+0.03¢
GT - 10.36+0.02¢ 11.11+0.012 0.39+0.03°
CL - 3.06+0.07¢ 4.14+0.02» 0.17+0.03¢
CT - 5.25+0.04¢ 2.07+£0.03¢ 1.12+0.072
GC 1.00+0.00° 1.00+0.00f 1.00+0.00¢ 1.00+0.002
Table30: TLR-4

Groups DPI 2 7 9 1

Gl 3.76x0.272 1.83+0.212 1.14+0.47" -

GL - 1.14+0.06%¢ 3.30+0.28* 0.09+0.05°
GT - 1.39+0.33* 1.74+0.06° 0.42+0.05°
CL - 0.44+0.06° 0.62+0.07° 0.10+0.06°
CT - 0.91+0.27° 0.96x0.15% 1.07+£0.232
GC 1.00+0.00? 1.00+0.00> 1.00+0.00> 1.00+0.002
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Fip. 32 :

Sections of Swiss albino mice brain showing degenerated neurons (bright
green color) in different proups at 9% day poest infection intra-cerebrally.
The signals were less in GL and GT groups than in Gl group, Group GO
showed no signals. Fluorojade B staining. X 200, GI (CYS-18, 30ul/
motse [00LDS0) GL (CYS-18 + LPS Spg/ mouse), GT (CVS-
LE+LPS+RIG 4010 kg bowt. ), GO (PES),

GO
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Fig. 33 :

Dissociation curve

Mice bramn collected on 20, 70 90 & 11" DPL{Intra-cercbral b were assayved for
relative levels of fi-actin and TNF-ot using Real Time PCR. The TNF-¢t mENA
expression was more in CVS ineculated group than control group before LPS
inoeulation. Aller LIS moculation there was shght icrease in THNF-6 mBEN A
expression i GL aml GT growp compared to GI group and on 9% day GI group
showed increased expression levels than GL & G7T group. Dissociation plot
showed melting temperature (Tmp ar 534300030 GI (CVE-15, M l'mouse
LOLDE0), GL {CVS-18 + LPS 8pg/mouse). GT (CVS-18 + LPS + RIG 401U/kg
bwi), CL(LPS). CT (LPS + RIG)L GC (PBS).
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Fig.34 1 Mice brain collected on 2=, 7% 9% & 11" DPLH Intra-cerebral b were assaved for
relative levels of B-actin and CXCLIG vsing Beal Time POR.The OXCLIO
mEMNA expression was more in Gl group than the GL and GT group. Dissociation
plot showed melting temperature (T ot 8387212, GIHICVS-18, 30u 1/ mouse
1OOL D50 GLACYS-T8 + LPS Bpg/moused, GT ICVS-18+ LPS + RIG 401U kg
bwth, CL (LPS), T (LIPS + R1G ), GO (PBS)
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Fig. 35 ¢ Mice brain collected on 2%, 7" 9% & 11" DPI( intra-cerebialp were assayed for
relative levels of B-actin and IFM-G vsing Beal Time PCR. The IFN-B mRNA
expression was more i CVS moculated group than contrel group on 2™ dav, On
74 day onwards, there was reduced in IFN-B mRNA expression a5 disease
progressed in all groups. Dissociation plot showed melting temperature (Tm} at
T, 05, G (OVE-18, 20ulmouse 100LDS0) GL (CVS-18 + LPS Spg/
motse), GT (CVS-18 + LIPS + RIG 400100 ke bowt ), CL(LPS). CT (LPS + RIG),

GO (PBS).
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Fig. 36 : Mice brain collected on 20 7% ah & 11" [P (intra-cerebral ) were assaved for
refative levels of B-actin and TLR3 mRNA expression using Real Time PCR. The
TLE-3 mENA expression was more m CVE ineculated group than control aroup
on 2 day. On T day onwards there was increased in TLR-3 mENA expression
in GT and GT group, Dissociation plot showed melting temperature {Tm) at
T 60003, G {CVS-18, 3pl/movse 100LDS0), GL (CVS-18 + LPS Spg/
mouse), GT {CVS-T8 + LPS + RIG 400U kg bowt ), CLILPS) CT (LPS + RIG),

GC (PBS).
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Fip. 37 : Mice brain collected on 2%, 78 98 & 11" DPI {intra-cerebral) were assayved for
relative levels of B-actin and TLE-4 expression using Feal Time PCR. The TLER--
4 mEMNA expression was more in CVS inoculated group than control group on
2 dav. On ™ dav onwards there was increased in TLR-4 mRN A expression in
GLoand GT group up to 9th day while decreased in Gl group. Dissociation plot
showed melting temperature (Tm) at BLa6E003, GL (OVELR, 300l monse
LHILDS), GL OVSE-18 + LPS Sppmouse), GT{OVS-18 + LPS + RIG 401U ke
bowt b, CTLPSE CTALPS « RIG) GO {FPRS.



Results....

(GC). Fromtheday of LPSand L PS+ RIG inocul ation, there was decreased expression of
CXCL-10intreated groups (GL and GT) uptotheend of experiment. The LPS+RIG treated
group (GT) showed higher expression thanthe L PStreated group (GL) upto 9" DPI. On 11t
day GL group showed higher expression thanthegroup GT but did not differ sgnificantly.

IFN-Z mMRNA

The relative expression of IFN-3 was very high in infected group (GI) than the
uninfected group (GC) on 2™ day. After LPS and LPS+RIG injection on day 6" of CVS
injection (intra-cerebrally), avariation was observed between Gl and treated groups (GL and
GT, respectively). Onday 7*", expression wasmorein groups GL and GT, than the Gl and
control groups. On day 9", expression waslessthan the control group (GC) but ill expression
wasmorein treated group (GL and GT) than infected group (GI). Thereafter, on day 11"

therewasvery lessexpressionin al thegroupsexcept control group (GC).
TLR-3mRNA

Therelative expression of the TLR - 3wasmorein theinfected group (Gl) thanthe
uninfected group (GC) on 2™ day. After LPS and LPS+RIG injection on day 6" of CVS
injection (intra-cerebraly), asgnificant wasvariation observed between Gl and treated groups
(GL and GT, respectively) on 7" DPI. The expression wasmorein group GL thanthegroup
Gl, GT and other respective controls. On day 9, therewas sameexpressionin group Gl and
GT but significantly decreased expression in group GL. On day 11*, therewasvery low
expressioninall groupsexcept group CT than the control group (GC).

TLR -4 mRNA

Therelative expression of the TLR - 4 wasmorein theinfected group (Gl) than the
uninfected group (GC) on 2™ day. After LPS and LPS+RIG injection on day 6" of CVS
injection (intra-cerebraly), no sgnificant variation was observed between Gl and trested groups
(GL and GT, respectively) on 7t" DPI. On day 9, group GL showed significantly higher
expressonthanthegroupsGl and GT. Expression waslessingroup CL thantheother controls.

Therewas|ow expressioninall groupson 11* day except in groups CT and GC.

= &S S
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Discussion

Thestudieson spontaneousfeta brain affectionsin cattleand buffaloesarevery limited

inIndiaand abroad. Therefore, the present study was carried out to generate some amount of
histopathol ogica information on common affectionsof brainsinfetusesof cattleand buffal oes.
Thestudy involved systematic examination of brainsin designated anatomical sitesincluding
spinal cordinafew cases. During the study, the brain specimensof 19/21 fetusesof cattleand
2/2 of buffa oesshowed mostly congestion/hemorrhages, which could have been duetofragile
nature of vasculaturein fetustogether with autol ytic changes and hemodynamic disturbances
during dystocia(Maxieand Y oussef, 2007). Thelesionsof gliosis(focal/multi-focal) infetal
brainsin 6/21 cases could be ascribed dueto viral or toxic etiology asdescribed by Zachary
(2007). However, no etiological basisfor gliosiscould be established. Themild perivascular
cuffingin one case could have been dueto vira infection, but the same could not be verified.
The neuronal degeneration in 2 casesisthought to be dueto ischemic changesasaresult of

hypoxial hypoglycemia(Zachary, 2007).

Thenestsof primordia glial cells(Callgjacells) in sub-ependymal areasof |ateral
ventriclesand in dentate fascia of hippocampus have been described as a part of normal
developmental process. Therelicsof these cellsact asreplacement cellsand are confused
withinflammatory cells (Maxie and Youssef, 2007). Theintact external granular cellsin
cerebellum observed in last trimester of fetusindicate normal developmental process. The
literature saysthat thesecdlsin externd layer of cerebdluminfetusmigratetoformtheinterna
granular layer of the cerebellum and noticed till the birth of calves (Zachary, 2007). The

bovinevird diarrhoea(BV D) virushas preferenceto theexternd granular layer, causesdamage



Discussion....

of these cellsresulting in cerebellar hypoplasia(Zachary, 2007). In our study, the external
granular layer wasfoundintact that findsfurther support from negativelaboratory findingsfor
BVD. Thestray Purkinjecdlsininterna granular layer cellsare supposed to have been dueto
retardationinmigration asdescribed by (Maxieand Youssef, 2007). The presence of compactly
arranged neuronsin cerebral cortex in afetusof 9 months gestation asagainst distinct layers
seenin adult brain might have been dueto retardation in developmental process(Maxieand
Youssef, 2007). The microscopic lesionsoccurred mostly in combinations, with maximum
number in cerebel lum followed by brainstem and cerebral hemi sphere/caudate nucleus. While
other neuron-anatomical sites showed approximately similar number of combinations. The
frequency occurrence of engorgement/ hemorrhagesand gliosisweremorein comparisonto
developmental changes. Inthe present study, no etiological specific findingswererecorded.
Thedistribution of les onswas moreinthe cerebellum and brainstem regionsindicating more

susceptibility of these partsfor different insults. However, thisfact needsvalidation.

Toassesstheroleof secondary infectionsonbrain, fetal viscerd organs, histopathology
wasdonethat showed vascular engorgement/hemorrhagesin different organs, including focal
infiltrationsof mononuclear cellsinkidneys, liver andinlungs. However, these changeswere
not in agreement with theisolation studies. Thisindicated that i solation madein the present
study weresimply contaminants. Moreover, Brucellasp organismscould not be detected in
any of the cases. Thereason for mononuclear cellsinfiltrationin four casesremained unclesr;

however, possibility of other infections can not beruled out.
Experimental study

Rabiesisknownto causeinevitabledeathinclinicaly infected hodts if itisnot protected
properly with post-exposure prophylaxis (PEP). Thereisno validated therapy availableonce
theclinical symptomsappear intheinfected individual. Hemachudha et al. (2003) reported
the use of human RIG therapy along with other supportive drugsto prolong the course of the
disease. Thestudiesof dinica casesreveded minimd or even no detectableamount of antibody
at the end stage of the disease (Kesempimolporn et al., 1991). Once the virus enters the
CNS, itsgpatial spread isvery fast and unchecked by theimmune effector cellsand their
cytokines, which are generated in theterminal stage of the disease. Moreover, peripherally
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generated immune response may not reach the brain dueto blood-brain barrier (BBB). This
observation isconsistent with thefact that rabies PEP (active and passive) failsto protect
individual sfrom the disease, when administered after appearance of clinical signsof rabies.
Roy et al. (2007) demonstrated that failure of opening of BBB causesno clearanceof SHBRV
fromthe CNS. The present study supportsthe hypothesisby demonstrating that modul ating
BBB permeability a ong with anti-rabiesantibody facilitates prevention of clinical disease,
delayed onset of clinical signsand prolongation of survival in CV S-18infected Swissabino
mice after LPS treatment on the day of onset of clinical signs, probably dueto influx of
peripheraly generated immuneresponseand injected antibody from externa source.

The present study reved ed that miceinjected intra-muscularly with 100 LD 50 dose
with CV S-18 in masseter muscledid not develop clinical diseaseby 24t DPI. Thiscould be
dueto requirement of moreviral particlesfor intramuscular route than intra-cerebral route, or
adaption of CVS-18 strainfor neural tissue. CV Sisalaboratory virusand found toresultin
non-fatal abortivedisease. Therestricted infection of CNSon periphera injection of CVSis
characterized by antibody production and action of inflammatory cytokines(Galelli et al .,
2000). Inthepresent study, thefirst injectionwasfound to provoke somedegree of peripherd
immuneresponsein mice asdemonstrated by reduced CD4+/CD8* ratioin FACSanalysis
and virus-neutralizing antibody productionin RFFIT. Theratio of CD4and CD8' cellswas
significantly decreased upto 7" DPI then showed increasing tendency up to 20" DPI. This
indicatesthat periphera cell mediated immunity wasformed after intramuscul ar injection of
CV S-18. The detection of antibodiesby RFFIT in serum on 7" and 20" day after first I/m
inoculation indicated formation of humoral immuneresponsein periphery.

Todeveloptheclinical disease, asecond injection of CVS-18 wasgiven by intra-
cerebral route. After thefirst appearanceof clinical Sgnsinafew mice, themicewereinjected
with LPS and L PS+RIG to cause opening of the BBB and delivery of anti-rabies antibody
generated peripheraly aswell asfrom externa source. Thisresultedinto moresurvivability in
GT group followed by GL group and characterized by reduced number of clinical subjects
and prolongation of clinical state, beforedeath. Inthefirst 2 daysafter LPSinoculation, the
mortaity patternwasamost smilarin Gl, GL and GT groups, Sncetheseanimasweredready
inadvanced stage of infection ontheday of L PSinoculation. Thedifferenceinmortality rate
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was evident from 3¢ day onwardsafter LPSinoculation. Onthe 13" DPI (intra-cerebrally),
thesurvival ratewas46% (6/13) in GT group, 38% (5/13) in GL group and no survivability in
Gl group. Thesimilar study in samelab demonstrated delayed devel opment of clinical signs
and more survivorsin Swissabino micewhen s multaneoudy inoculated with CV S1/Caong
with LPS I/P (Reddy, 2010). Shan, 2010 reported around 42% survivability in CVS-18
infected miceinoculated firgt intrasmuscularly followed by intra-cerebra route after modulation
of BBB permeability by LPS. The above observations could be due to enhanced BBB
permeability asevident by no signalsof [3-catenininbrain capillariesof GL and GT groups.
Thiscould havelead toinflux of peripherally generated immune response along withinjected
antibody in brain. The abovefindingsfound support from increased expression of cytokines
TNF-a, IFN-3 TLR4 and decreased expression of CXCL 10in present study. Similar findings
wererecorded in cell culture studies (Singh and Jiang, 2004; Rosenberg et al., 2007) andin
rat and miceusing LPS (Qin et al., 2008 and Christopher et al., 2008).

Themicroscopiclesionsin CV Sinfected brain sectionsincluded non suppurative
meningitis, encephdlitis, foca to diffusegliosisand neurond degeneration (Iwasaki and Tohbita,
2002). Ingroup GI, meningoencephalitic lesions of non-suppurative natureon 2 DPI itself
were observed, whereas these lesions appeared lessin GL and GT groups as evident by
respective histopathological scores(HPS). Thelesionsin Gl group became moreintenseas
the disease progressed compared to GL and GT groups. InGL and GT groups, the pathologica
ateration waslesscomparedto Gl groupindicating somedegreeof vira clearanceor delayed
vird action asdemonstrated by presenceof lessvirussignalsindFAT. Thiswasasoreflected
inprolonged clinical statein GL and GT groups. Thelesser pathological changesin brain of
GL and GT groupsare corroborated with increased expression of neuroprotective cytokines
including IFN-3. Mononuclear cells, found especidly in and around vessals, meningesandin
neuropil inGl, GL and GT groups, indicated theclearanceof virusby neutralizing antibodies
withthehelp of T helper cellsthat played amajor rolein thisprocessasreported by Jackson
and Wunner (2007). The clearance of virus appeared morein GT group probably dueto
injected anti-rabiesantibody. Dietschold et al. (1992) reported inhibition of both viral spread
and RNA transcription in-vitro aswell asin-vivo using Mab against rabiesvira glycoprotein,

resultinginvirusclearancefrom CNSand protectionin challenged |aboratory rat.
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Cdl mediatedimmunity playsavitd roleinlimiting theintrace lular pathogens, including
viruses. There are many reports stating therole of both CD4+and CD8* T cellsinantivira
immunity against rabiesin brain (Hooper et al., 1998; Marten, 2000). Rabiesvirusinfection
inducesimmune unresponsiveness (Cameloet al., 2001, TorressAnjel etal., 1988), limitsT
cdl infiltration into the brain (Roy and Hooper, 2008) and keepsthe BBB tightly closed (Roy
and Hooper, 2007). It a so promotesthe destruction of migratory CD8* T cellsinthebrain
through the up regulation of immunoevasiveproteinssuchasB7-H1 (Lafonet al., 2008). The
present study revealed more number of CD8* cellsin GL and GT groups compared to Gl
group, indicating vira clearance. Bellur et al. (1981) reported recovery fromrabiesinfection
of the CNSby adoptivetransfer of immunelymphoid cells.

Blood brain barrierisasd ected physical barrier impermeableto most of theantibodies
(Jackson and Wunner, 2007). Itisdemonstrated that functiona immuneresponseisdevel oped
inbat rabiesand fixed virusstrainsand failureto open BBB and ddlivery of immuneeffectors
to CNSleadingtoletha outcome (Roy et al., 2007). Studiesaready proven that induction of
increased blood brain permesbility using immunization against myelin basic proteinincreased
the survivability of rabiesinfected mice (Roy et al., 2007). L PS hasbeen found to increase
BBB permeshility indifferent anima modds, including newborn pigs, ratsand mice (Temesvari
etal., 1993; Veszelkaet al., 2003 and Christopher et al., 2008). L PS activated microglias
inducedysfunction of BBB inmicrovascular endotheia cdllsco-cultured with microglia(Sumi
et al., 2009). L PS aso induces pro-inflammatory cytokines TNF-aand type-1 interferons.
Salkeni et al. (2008) demonstrated that L PSimpairsBBB P- glycoprotein functionin mice
through TNF-a activation. Brain endothelia cellsexpressLPSreceptors TLR-4, TLR-2 and
CD14 (Quan et al., 2002) and mediate the effects of peripheral LPSinthe CNS(Singh and
Jang, 2004). L PS can have many effectson BBB function, including itsdisruption (Watkins
et al., 1995), inducing cytokinerelease (Reyeset al., 1999; Vermaet al ., 2006), altering its
permeability to virus and viral proteins(Bankset al., 1999; Dohgu and Banks 2008),
increasing immunecell adherence and passage (DeVrieset al.,1994;Persdsky et al., 1997),
and atering its transport systems( Nonakaet al., 2005; Bankset al., 2008). TheLPSand
TNF-amodulate P-gp activity, first suppressing it through the endothelin-1B receptor and
later stimulating P-gp expression through an NF-kB pathway (Bauer et al., 2007; Hartz et
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al., 2006). Theincreased survivability of GL and GT groupsin the present study isindicative
of LPS effect on BBB and cytokine production. There was higher expression of TNF-a,
TLR4 and IFN-Rin GL and GT groupsthan control up to7t" DPI. Thisindicatesthat these
cytokinesdefinitely have played roleasantiviral mechanismsin GL and GT groups. Similar
observations have also been reported by earlier workersin rabiesinfected brain using semi-
guantitative RT-PCR (Wareet al., 1996; Bsibs et al., 2002) and quantitativereal timeRT-
PCR (Shivasharanappa, 2008).

Cytokinesarethekey regulatory mediatorsinvolved in the host immuneresponseto
immunologica agents, dsoin braininjury andinthecommunication between theimmunesystem
and CNS. One of the most important cytokines of adaptive and innateimmunity istumor
necrosisfactor apha(TNF-a), aproinflammatory cytokineproduced by T cellsand cells of
the monocyte/macrophagelineage, including microglial cells(Betteet al., 2003). Thereis
evidencethat CNSinflammatory processes contributeto the clearance of virusfromthe CNS
(Morimotoet al., 2001). TNF-ahasdirect cytotoxic and immuno-modul atory effects(Wang
et al., 2002). Inthe present study, the mRNA expression of TNF-a in braintissue, wasmore
ingroup GI before LPSinoculation. Theexpression of TNF- awashigher in GL and GT
groupsthan Gl group after 24 h of L PSinoculation. But on 9" day, expression again shot up
in GI group which might beindicating cytotoxic effect of TNF. LPSinduced therelease of
TNF- awithin 4 h of inoculation (Reimer et al., 2008). TNF isamajor mediator of LPS
pathophysiological sequelaewhichisfoundinhighlevelsintheserumat 1-2 h after LPS
challenge and disappearsat 5h (Zuckerman et al., 1989).

Inthe present study, therewas significant increasein CXCL10 mMRNA expressonon
7" DPI (Intra-cerebrally) in CV S-18infected mice. CXCL 10 anditsreceptor CXCR3 have
been shown to function in host resistanceto virusinfection by regulating the trafficking of
activated inflammatory T cells(Dufour et al., 2002). Theimportant roleof CXCL10inthe
innateimmuneresponsehasa so beenfoundtoinhibit vird replication at early stageof infection
through modulating natural killer (NK) cellstrafficking and the delivery of NK cell-derived
IFN-? (Mahalingam et al., 1999). Theincreased CXCL 10 expression was most likely to
occur inmicroglia, astrocytesand neurons asthese cellsarethe principal respondersto CNS
damageandinfection (Nakamichi et al., 2004). Theexpress onwassgnificantly downregulated

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Discussion....

inGL and GT groupsfromday 9"toend of experiment, indicating role of LPSand anti-rabies
antibody inthesetreated groups. Thismight bedueto decreased vird loadin brain parenchyma
asaresult of neutralizing antibody generated internaly aswell asinjected from externa source.

Theinterferonsaregroup of secreted cytokinesthat dicit distinct antivird effects. The
expression of the |FN-b mRNA wasvery highin GI group on 2 day, indicating generation of
innateimmune response and decreases with progression of disease. After LPSinoculation,
expressonwashighin GL and GT groups. L PSinducesastrong I|FN-mRNA responsewithin
ashort time-frame. The IFN-stimulated genes (1SGs), (1ISG56) and IFN-inducible protein
10, are strongly induced by L PS (Reimer et. al., 2008). These responses are associated with
NF-kB and IRF3 activation. NF-kB contributesto | FN-[3expression (Schafer, et. al., 1998).
I FN-3assay in serum wasin conjunction with thefindingsof mMRNA expressionindifferent
groupsat different timeintervals. In Gl group, initially concentration wasvery high and later
decreased with the progression of disease. After L PSinoculation, concentration of IFN-b
wasmorein GL and GT groupsthan GlI. It might be dueto activation of NF-kB pathway by
LPSleading toinduceatype-1 IFN response aswell astherelease of TNF (Reimer et al .,
2008).

TLRsplay animportant rolein theinnate host defenseagaingt invading microorganisms
by recognizing pathogen- associated molecular patterns (PAMPs). TLR-3 recognizesthe
dsRNA generated asanintermediateintheviral replication (Alexopoulov et al., 2001). TLR-
3 expression study showed marked increasein TLR-3mRNA expressionin Gl, GL and GT
groupsascompared to GC group. Glia cellshave beenidentified asthe mgor producers of
TLR-3andinitiatorsof inflammationinthe CNS (Farinaet al., 2005). Glia cells(microglia)
proliferation wasamajor changein pathology.L PSand dsRNA interactingwith TLR-4, TLR-
3, or Mda-5activate different sgnaling pathways using various adaptor proteinsleading to
subsequent activation of TNFR-associ ated factor family member-associated NF-k B activator-
binding kinase 1 (TBK-1) and IFN regulatory factor 3 (IRF3) for theinduction of type-I IFN
and IFN-stimulated genes (1SGs), such asRANTES, 1 SG56, or IFN-inducible protein 10
(IP-10) (Grandvaux et al., 2002) inturn helpin clearance of virusfrom GL and GT groups.

Cytokinesinduced by L PSmight have protected themicethrough different mechanisms,

suchas(i) direct inhibition of virusreplicationin neurons; (ii) accelerated clearance of RV
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infection viatheinduction of braininflammatory processes, which openthe BBB to allow
access of immune effectorssuch asRV-neutralizing antibodiesand T cellsto theinfected
neurons, and (iii) enhanced microglid activation, whichlikely contributesto theimmunedefense
(Lokensgard et al., 2001; Phareset al., 2006).

The CV S-18 infected mice brain sections (cerebrum, hippocampusand cerebellum)
reved ed positivesgndsfrom 7 day onwardsfor degenerated neuronsin Huorojade-B saining.
Control groupsdid not show any signas. Thedecreased Sgnasin GL and GT groupscompared
to Gl group attributeto virus clearance mediated by L PS and injected anti-rabies antibody.
However, between GL and GT groupsthere was not much differencein positivesignals.
Although, the staining time and dye concentration were reduced, but the method wasasrapid
and reliable asthe recommended staining protocol. The anti-rabiesantibody injected from
external source might have protected the micethrough different mechanisms, suchas(i) direct
neutralization of virus(ii) inhibition of spread of virusfromcell tocell (iii) inhibition of rabies
virus RNA transcription (iv) endocytosis of anti-rabies antibody by virusinfected cells(
Ramakrishnaet al., 2003; Dietzschold et al., 1992).

Thehistopathol ogica changesseeninthetermind stageof thediseaseindicated severe
degeneration of neuronsowing duetothevira replicationin neurons. If thevira replicationis

checked in neurons, the present treatment might enhancethe survival rate.

5 s S
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Thesuccessful parturition in animalsishampered dueto various biotic and abiotic
factorsthat directly or indirectly affect the dam, the placentaor the fetusto cause abortion.
Amongst variousteratogens, viral pathogensat particular stage of gestation are known to
affect specific cell populations of brain to cause congenital malformations. Of late, many
protozoan parasites have a so been incriminated to causefetal brain lesions, resulting into
abortions. Since, theinformation onfetal brain pathology isvery meager inavailableliterature,
therefore, the present study was undertaken to garner someinformation onthe subject. A tota
of 21 fetal brainsof cattle (19) and buffal oes (2) of different gestation length (majority > 6
months) were collected from organized dairy herd. Grosdy, no congenital or devel opmental
anomalieswere observedin any of the cases. However, in microscopic examination vascul ar
engorgement (21/21 cases) and hemorrhages (9/21 cases) were predominantly found, which
could beduetofragilenature of fetal brain, autolysisand hemo- dynamic disturbancesduring
dystocia. Inafew cases, focal to diffusegliosis(6/21 cases), mild perivascular cuffing (1/21
case), ischemic neurons (2/21 case) were al so observed, indicating someviral insult to the
brain. The other observationsincluded nests of gliacells (islands of Callgja) beneath the
ependymaof thelateral ventricles(2/21 cases) and inthe dentate fasciaof the hippocampus
(1/21 case), primordia externd granular cdllslayer in cerebelum (1/21) and stray presence of
Purkinjecdlsininterna granular layer (3/21), asapart of developmental process. No case of
BV D wasdetected in any of the 14 brain samplestested. Thebrainlesonsoccurred mostly in
combination, with maximum number in cerebelum followed by brainstem, cerebora hemisphere/
caudate nucleus, while other neuro-anatomical sitesshowed approximately similar number of

combinations. Thefrequency occurrence of engorgement/ hemorrhagesand gliosisweremore
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incomparisonto primordia cellsof developmental process(7/21 cases). Inthe present study,
no congenital malformations of brain were detected. In visceral organs of thefetuses, the
lesionsweremostly of non specific type (engorgement and hemorrhages), except infew cases
therewereinfiltratesof mononuclear cellseither inlungs, liver, or kidneys. However, inthese

casesno etiology could be established.

Rabiesisamgjor vira zoonosesand causesamost 100% fataity inclinically affected
subjects. Till datethereisno validated therapy availableto prolong thelife of rabiesaffected
subjects, dueto thelow degree of immuneresponses, and if develops, itistoolate. Moreover,
thevirusevades host immune system to cause entry into neurons, replication and disturbance
in neuronal function. Itisfurther known that both innate (type-1 interferons, NK cells) and
adaptive (both cdlular and humora) immuneresponsesgenerated peripherdly remaininadequete,
that a so do not find entry into brainin the early phase of theclinical sgnsduetointact blood-
brainbarrier (BBB). The BBB openslatein clinical course, by that timeirreversibledamage
hasdready done. Therefore, it washypothesized thet if BBB permegbility ismodulated transently
during theearly stage of clinical diseaseusing L PSfollowed by administration of antirabies
antibody of equineorigin, it might helpin prolonging thesurviva of theinfected host by some
degreeof vird clearancethroughinflux of peripheraly generatedimmuneresponseandinjected
anti-rabiesantibody. The use of L PShas been found to modulate BBB permesbility, mediated
throughtoll likereceptor-4 (TLR-4). Besides, L PS a so induces neuro-protective cytokines
(type-1interferons) through IFN-stimulated genes. To provethe hypothesis, atotal of 150
young Swissabino micewereused. Half (75/150) of the micewereinjected with 0.03 ml of
100LD ., per mouseof CV S-18 suspensionintramuscul arly in masseter muscle. Theinfected
mice observed for 24 daysand did not show any clinical signstill 24t day. Hence, asecond
dose wasinoculated intra-cerebrally with same dose. On the 6™ day, afew mice started
showing clinical signs. The sameday, theinfected group wasrandomly divided into three
groups of 25 mice each. One group wasinoculated with 8 ug of L PSintra-peritoneally per
mouse and named asGL (CV S+LPS). Another group inoculated with L PS (8ug/mouse) and
anti-rabiesantibody; andwasdesignated asGT (CV S+LPS+RIG). Theremaining micewere
kept asCV S control and named as GI group. Sametime, the uninfected micewereinocul ated
with LPS(25/75), LPS+RIG (25/75) and PBS (25/75), and were designated asGL, GT and

Combined effect of LPS and rabies immunoglobulin in pathogenesis of rabies in mouse model.... @



Summary and Conclusions....

GC controls. Thirteen micein each group wereleft out for survival study at the end of the
experiment. Themiceinal groupswereobserved for clinical signsand survivability. The
clinical and histopathol ogical scores(sections 14, 19 and 21 as per stereotaxic mousebrain
atlas), kinetics of CD4+, CD8* and NK cellsin blood aswell asin spleen by FACS and
antibody levelsin serum by RFFIT, demonstration of 3-catenin by IHC, detection of virusin
braintissueby dFAT and by conventional and Real Time PCR and expression of TNF-a,
CXCL10, IFN-3, TLR3and TLR4 cytokinesby Real Time PCR werestudied at 2 , 7t 9
and 11* day after intra-cerebral inoculation.

Theanimadswhichwerein advanced sageof clinica Sgnsontheday of LPSinoculation
diedingroupsGl, GL and GT onthe next day itself, without showing any responseto LPS
and anti-rabiesantibody. Thereafter, significant changeswere observed in devel opment of
clinical signsand mortality pattern. Themortality in GL and GT groups of micewas|ess
compared to GI group and clinical stage was prolonged in these groups, as supported by
histopathol ogical scoresusing parameterslike neuronal degeneration, gliosisand vascular
changes. Thesurviva inGT and GL groupswas46% (6/13) and 38% (5/13), respectively, as
compared to GI group. Thesurvivability and prolonged clinical coursebeforedeathin GL and
GT groupscould beduetoinflux of peripherally produced immune moleculesand cdlsinto
brain aong with injected anti-rabiesantibody. Thismight have resulted into some degree of
virusclearance and decreasing itsload and spread in the brain asevident by dFAT signals.
TheLPSmight have contributed to virus clearance through induced expression of |FN-3and
TNF-ainGL and GT groupsover GI group.

Theratio of CD4+to CD8* cellsalmost remained constant throughout the experiment
in GC group, whilein CV S-18inoculated group, theratio was significantly decreased on 7t
DPI and normalized by 24" DPI. The NK cellsrevea ed significant higher value on 7t day
followed by decreased in population on 20" DPI. Thisindicated that peripherd cell mediated
immunity had generated after intramuscular injection of CV S-18. Detection of anti-rabies
antibodiesin serumindicated development of humora immunity in periphery, and might have
played rolein clearance of virusin brain after BBB was made open asevident by 3-catenin
immuno-staining. Theneurona degeneration waslessin GL and GT groupsascompared to
Gl group that might be dueto decreaseviral |oad resulted dueto loosening of BBB and the
effect of ant-rabiesantibody.
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Inthe present study, there has been higher expression of TNF-a, IFN-3, TLR3 and
TLR4in CVSgroupthan PBS group, before LPSinoculation. After LPSinoculation on 6
DPI (intra-cerebrally), GL and GT groupsexhibitedincreased expression of TNF-a, IFN-3
and decreased expression of CXCL 10 compared with Gl group. Thevariability inexpresson
was observed both in TLR-3 and TLR-4 cytokines. The | FN-3assay by ELISA supported
thefindingsof Real Time PCR. Anti-rabiesantibody aongwith LPSmight have protected the
infected micethrough different mechanismsasreported, such as(i) direct inhibition of virus
replicationinneurons; (ii) accelerated clearance of rabiesvirusinfection viatheinduction of
braininflammeatory processes, which opensthe BBB to alow accessof immune effectorssuch
asrabiesvirus-neutralizing antibodiesand T cellsto theinfected neurons; and (iii) enhanced
microglia activation, whichlikely contributesto theimmuneclearance(iv) inhibition of cdlular
gpread of virus(v) uptakeof anti-rabiesantibody by infected cells. Thesurvivability and milder
pathology inmicein GL and GT groupsascompared to Gl group could bedueto modulation
of BBB permeability by L PSand virusclearance by both peripheraly generated and external
source of anti-rabiesantibody and L PS associated cytokines.

However, to completely overcomethevira replication in neuronsand other cells,
thereisnecessity to useSRNA agpproach a ong with abovetreatmentsfor possible prolongation

of surviva of the host by compromising somedegree of neuronological deficit.
Conclusions

a) Thereisaneed to study fetal brainlesionsin more number of aborted casestogether
the correlation of |es onswith etiology using immunohistochemical staining and other

molecular based techniques

b) Inrabiesexperimenta study, it wasfound that antirabiesantibody from externa source
along with modulation of BBB by LPSanditsassociated cytokineshad somerolein
prolongation of clinically affected mousemoded!.

C) Thesurvivability wasmorein GL (38%) and GT (46%) groups compared with Gl

group. Evenin GT group, survivability wasmorethan the GL group.

d) Thepathologica changeson different time pointswerelesser in GL and GT groupsas
compared to GI group.
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Thedecreasngtrendin CD4+/CD8 ratio, increasein NK cellspopul ation and presence
of anti-rabies antibodies in peripherally inoculated CVS-18 mice prior to LPS
inoculation, indicated generation of cell mediated and humora immunity in periphery.

L PSinoculation ontheday of onset of clinica sgnsresulted in opening of blood-brain
barrierinGL and GT groupsasevident by theabsence of sgnalsof 3-catenin compared
to Gl group.

Therewasincreased expression of TNF- aand IFN -3 and decreased expression of
CXCL10inGL and GT groupscompared to Gl group after L PSinoculation.

The IFN -3 concentration was higher in GL and GT groups as compared to Gl
group.

Neural degeneration waslessin GL and GT groups as compared to Gl group, as

evident on Fluorojade-B staining.

&5 25 S
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Mini Abstract

To record the spontaneous fetal brain lesions, atotal of 21 fetuses (19 cattle, 2 buffaloes) of different
gestation length were collected from an organized dairy farm. Grossly, no congenital malformationsin brainswere
observed. However, on microscopic examination vascular engorgement (21/21 cases) and hemorrhages (9/21 cases)
were predominantly found. In afew cases, focal to diffuse gliosis (6/21 cases), mild perivascular cuffing (1/21 case),
ischemic neurons (2/21 case) were observed. The other microscopic observations included: nests of glia cells
beneath the ependymaof the lateral ventricles (2/21 cases) and in the dentate fascia of the hippocampus (1/21 case),
primordial external granular cellslayer in cerebellum (1/21), stray presence of Purkinjecellsininternal granular layer
(3/21), compact neurons in cerebral cortex (1/21 case), as a part of developmental process. No case of BVD was
detected in any of the 14 brain samples tested. The brain lesions occurred mostly in combination, with maximum
number in cerebellum followed by brainstem, cerebral hemisphere/ caudate nucleus, while other neuro-anatomical
sites showed approximately similar number of combinations. The frequency occurrence of engorgement/ hemorrhages
and gliosis were more in comparison to primordial cells (7/21 cases) of brain development. In addition, the lesions
involving visceral organs other than brain were mostly of non specific type, except in few casesthere wereinfiltrates
of mononuclear cellseither inlungs, liver, or kidneys. To study the combined effect of L PS and rabiesimmunoglobulin,
atotal of 150 young Swiss albino mice were used. Half (75/150) of the mice wereinjected with 0.03 ml of 100 LD,
per mouse of CV S-18 suspension intramuscul arly in masseter muscle. Theinfected mice observed for 24 days and
did not show any clinical signstill 24" day. Hence, a second dose was inocul ated intra-cerebrally with same dose.
On the 6" day, afew mice started showing clinical signs. The same day, the infected group was randomly divided
into three groups of 25 mice each. One group was inocul ated with 8 pg of LPS intra-peritoneally per mouse and
named as GL (CVS+LPS). Another group inoculated with LPS (8pg/mouse) and anti-rabies antibody, and was
designated as GT (CV S+LPS+RIG). The remaining mice were kept as CV S control and named as Gl group. Same
time, the uninfected mice wereinoculated with LPS (25/75), LPS+RIG (25/75) and PBS (25/75), and were designated
asGL, GT and GC controls. Thirteen mice in each group were kept for survival study. The micein all groups were
observed for clinical signsand survivability. The clinical and histopathol ogical scores, kinetics of CD4*, CD8* and
NK cellsin blood aswell asin spleen by FACS and antibody levelsin serum by RFFIT, demonstration of 3-catenin
by IHC, detection of virus in brain tissue by dFAT and by conventional and Real Time PCR and expression of
TNF-a, CXCL10, IFN-R, TLR3 and TLR4 cytokines by Real Time PCR were studied at 2@ ,7" 9" and 1t day
after intra-cerebral inoculation. The animals which were in advanced stage of clinical signs on the day of LPS
inoculation died in groups Gl, GL and GT on the next day itself, without showing any response to LPS and anti-
rabies antibody. Thereafter, significant changes were observed in development of clinical signs and mortality
pattern. The mortality in GL and GT groups of mice was less compared to Gl group and clinical stage was
prolonged in these groups. The survival in GT and GL groups was 46% (6/13) and 38% (5/13), respectively, as
compared to Gl group. The survivability and prolonged clinical course before death in GL and GT groups could be
due to influx of peripherally produced immune molecules and cells into brain along with injected anti-rabies
antibody. The LPS might have contributed to virus clearance through induced expression of IFN- and TNF-a as
seen presently in GL and GT groups over Gl group. The ratio of CD4* to CD8" cells almost remained constant
throughout the experiment in GC group, whilein CV S-18 inoculated group; the ratio was significantly decreased on
7" DPI and normalized by 24" DPI. The NK cellsrevealed significant higher value on 7t day followed by decreased
in population on 20" DPI. Thisindicated that peripheral cell mediated immunity had generated after intramuscular
injection of CV S-18. Detection of anti-rabies antibodies in serum indicated development of humoral immunity in
periphery, and might have played rolein clearance of virus after in fluxing thorough modulated blood-brain barrier
(BBB). The neuronal degeneration was lessin GL and GT groups as compared to Gl group that might be due to
decrease viral load. In the present study, there has been higher expression of TNF-a, IFN-R, TLR3 and TLR4 in
CV Sgroup than PBS group, before LPSinoculation. After LPSinoculation on 6" DPI (intra-cerebrally), GL and GT
groups exhibited increased expression of TNF-a, IFN-3 and decreased expression of CXCL 10 compared with Gl
group. The variability in expression was observed both in TLR-3 and TLR-4 cytokines. The survivability and
milder pathology in mice in GL and GT groups as compared to Gl group could be due to modulation of BBB
permeability by LPS and virus clearance by both peripherally generated and external source of anti-rabies antibody
and LPS associated cytokines.

From the above studies, it was concluded that there is a need to study fetal brain lesions involving more
number of aborted casestogether with correlation of lesionswith etiol ogy using immunohistochemical staining and
other molecular based techniques. Further, in rabies pathogenesis, the LPS and RIG have found to show somerole
in viral clearance to the extent that caused prolongation of life of infected mouse model. However, to completely
overcometheviral replicationin neuronsand other cells, thereis necessity to use SiRNA approach along with above
treatments for possible prolongation of life of the host by compromising some degree of neurological deficit.
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Appendix

Ethidium bromidestock solution (10 mg/ml) (10 ml)

Ethidium bromide 100mg
DD H,O
Tomake 10ml

Storeindark, cool place
pH adjust to 7.2 with4 M NaOH
Autoclaveat 15 PS| x 15 minutes

Storeat 4°C
Phosphate Bufferred Saline (PBS) (pH 7.2) (1 litre)
Sodiumchloride (NaCl) 8.0gm
Disodium hydrogen phosphate (Na~2HPO4) 1.16gm
Potassumchloride (KCl) 0.2gm
Potassium dihydrogen phosphate (KH2PO4) 0.2gm
Add doubledistilled water to make 1000ml.
Check pH and adjust to 7.2Sterilized by autoclaving for 15 minutesat 15 ps
Store at room temperature.
0.1% DEPC treated water
DEPC 1mi
DD H20
Tomakellitre
Incubate overnight at room temperature
Autoclaveat 15 ps x 15 minutes
Store at room temperature
Ethidium bromidestaining solution for gels(1litre)
Ethidiumbromide 500 mg
DD H20 100 ml
6 X Gel loading buffer
Bromophenol blue 0.25%
Xylenecyanol FF 0.25%
Sucrosein H20 40% (wWiv)
5X TBE (pH 8.0) (1litre)
Trisbase 549
Boricacid 2759
0.5M EDTA (pH 8.0) 20ml

DD H,Otomake1litre
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