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LMTRODUGEION

Since the very inception, humen beings in thedr day to
day existence are facing varlous challenges of nature, out
of which the irony is probebly the greatest threatening
couing t‘m the comunity of nicrobes, But surprisingly
enough negligible members are falling hedpless prey to the
handa of this natural calamity,

This partiality of nature, why some and not one and
all are becoming the viotims, stimulated etemnal inquisitive.
ness of humen mind, Bven in early days people could obgorve
the ability of refractorinese of an individual to a particue
lar infootion, onee experdenced, Later, Jenmer's profound
achiovement, the fmous vardolation, laid down the foundation
of lmmunity, Ever aince, Pasteur, Von Behring, Kitasato etes
have 4lluninated specific immunisation and is bedng practised
in prophylactic measures £o combat various diseases til)
tosday,

But specific imminisation bas not spoken elways a
successful answr in prophylaxis, Iuounologists bave put
thely hoads together to think of seldd fmunity against
virulent pathogens posseseing poor antigenioity e.g, rables
virus, salomonellas Fallure bas been experienced in

ollolting satiafactory dwune mesponse with viruses having



multiplieity in antigenic character Like foote-andsmouth
disease and influenga vinius. Convineing explanation

is still vanted hov egemaglobulinaenic patients develop
resistence against certaln egents, .g measles, pox,
muopss And, indeed, the role of antibody in latent virus
infection 1 perplexing,

These problens, wkere specific imounogen is luang
behind, compelled immunologists to search for an eltemee
tive and the idea of nonegpecific resistance took birth
folloving the historie observation "phagocytosis" by
Elie Metohnikoff (1905)s Gince then, substances unreleted
to specific imnunogen sttracted the attention of workers for
the use of provoking nonegpecific roglstance, Many o subge
tance besides mycobacterisl preparation heve been earmarked
19 nonespecific resiatence dnducors Aunng nycobacterisl
preparation, Mycobaotorium phles (Ms phlel) ves claimed to
be highly effective 4n modifying host resistance to various
infactions (Blosal et aloy 19604 Pox et ad.y 1966y Pilet
and Gorety 1966),

bince very early days, rables virus, boing poorly
immunogenic poses a tough problem, And, though eminent
polentists had left no stone unturned to develop a matise
factory therapeutic or prophylectic meesuye, but so far
unfortunately herdly sny significant schievenent could be



noticod after the epoch making work of Pasteur in this
diseipline, 4 look in the Annuel Raport of the Pasteup
Institute of Southern Indda, Coonoor (1969) eowpiled
from 1907 to 1969 revealed death of 248k persons out of
4784105 fully treated cages epart from encophalitie
reaction dn neny others: Binilarly 919 died out of
1,004031 antirables treated aninmals during the period
from 1923 to 31st Naseh, 1970, |

Keaping in viev the above enomelies, Pendey and
Malldck (1970) initiated the work on nonespecific resise
tance using Y phlel as a tool and noted encouraging
results againet rables virus, Otimdated with the above
finding Brinivasan and Mallick (1971) elaborated the work
furthers

In continuation of the above finding an attempt was
made in this presentation to study the peslstance dnduced
by Mo phled in different specles namely mouse, rat, guinee~
plg and rabbdt, Intremuscular route, the portel for natupsl
Infoction of rables, was selogted as the route of challenge
in this vork unlike previous workers,

Bo, the humble objective of this study is to pave the
way for the possibility of evolving a satisfactory imounige
ing procedure againat rables, poor viral immunogen with
- the production of non.specific resistence,
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EEVIEN OF LITERATURR

The role of non-specific resistence against dissase
is o vell esteblished facts Mo doubt, en extensive work
has been undortaken in this area of imounology, but for
the seke of brevity, only pertinent work are being revieved
here) related to the eubject of study wnder the following
major bmingu

I; A peek on nonespecific resistance.
11 + Nonespecific resistence ageinat viruses,

111, Mechanien of nonespocific resistence againgt
virusea,

W, Gelediffusdon test.

1, Kk w00

It 1o meedless to define "nonempecitic resistance"
89 the save has in nany waye been omemented by various
suthors, But inclusion of o brief sketeh may not be
Loportinent here, |

An inddviduel 1o reststent to Infection nonegpecifi.
cally due to verlous factors, in addition to specific
antibodies, But specific antiboddes which 4s conventionally
active againet o particular infection, appear generally



later in compardaon to the nonegpecific resistance
(MacLeod, 1960),

By end large, nonegpecific resistance is of two
trpent

1y Innate or naturel rosistance,

& Artificlally induced resistance,

1+ Lnnke or naturel woplstance

(1) Genetde or dnhopent factors

The role of genetic or inherent resiotance 1s vell
appreciated by the fact that a particular species is
rfractory to cortaln infections e.g, horse ageinst foots
and-mouth dlseassy cettle againgt svinesfovar, men against

canine distemper,

(11) Hon-moeitis factory

One and every individusl 45 in the possession of
various nonespieific faetors which have Qot a definite
fmportant role in defonding the individual agatnst
infeation (Carpenter, 1965),

(0) Hochuniool bareler~ e fact that skin, mucous
peubrene, various Julces of gastro-intestinel tract
(Lysoy and Treutner, 1967) act as barrier against mierobial

invaders 1¢ well known,



antimicroblel substances in the serum end other body
flulde is & fact beyond doubt and some of the important
factors playing the key role in this phenomena are

Gamplenent

1t 15 a factor present in nomal sorum empowered
with destructive influence on microeorganiems (Nuttal,
1668y Buchnar, 1609 Bordet and Gengu, 1901, etes).
Properdin
| The antimicroblal property of properdin, a high
solecular protedn, was £irst obsorved by Pillemer gf sl
(1054) ond since then meny vorlkers have been emphasising
its nonespeoific defonsive role (Ross gf, gley 1955
Landy and Pillemer, 19564 Nelson, 1958, etes).

Befe-lvgin
Von Bebring (1892) observed & miltizle engyme systen,

betaslystn in cosgulated whole blood having & nonespecific

defensive role,

Lygosyne
The detrimental property to mioreorganisus of

1ysozyme, & mucolytic engyme, found in different body
fluids excopt cerebroespinel fluids, aqueous humor, swoat
and updne, vas firet reported by Fleming (1922),



Tigpue netaboliteq

The haml sctivity ageinst wicro-organisns of e
nunber of substences has been reported 0.4, basie polye
peptides (Bloom et gl 1047), short and long cheln fatty
scide (Vally, 1920 Dubos, 1953)y spemine and gpermidine
(Hirgeh and Dubos, 1952), protemine end histone (Tomestk
and Gueatiolgery 1954), leukin, phagocitin (Metobnikoft,
1905)) lymphokines (Dumonde g% glsy 1969), hematino md
negohematine (Skernes and Watsen, 1957),

Hornonog

The nonespecd fie defensive role of some hormones vas
illunineted by Ayeock (1936), Gprunt end Medoaman (1940),
Wedns (1952) and Cags (1960),

Phagocytes
B4nce Notehnikoff (locseits), phegocytes are pecoge

nieed as a groat tool in nonespeclfic defence mechenimm
and later neny workers have substentiated ity importance
(Wright, 19274 Oregg and Robertson, 19534 Bogers, 1960,0tc4),
Besides these factors, body temperature (Rieh end
MeKee, 1936 Enders end Sheffer, 1936; Linnell and Norden,
1954y Bennett and Nicastrd, 1960) end nutritional factors
(Dubos end Gchaadler, 1956y Seheedler and Dubos, 1959
Gehnedder, 1060) have also heen found to ect in defence

peghanism,



20 drgificially induced regigbance

Tho poasibilities of inducing nonespecific reslotance
artificlally have been explored in the past and have cpeated
| profound interest to meny presenteday vorkers vith the help
of various mieroblal and nonmiorobial substences,

Fopr the sake of convenience, only suitable literature
heg been picked up for this yeview and will be dealt under
the following headingsss

(1) Baprophytic bacterin other then mycobacteris,
(11) Endotoxin and other bacterisl componentes

(114) Mycobacterial preperation,

(h) Mycobacteriun tuberculogly
(B) Saprophytic mycobacteria

(1) Saneoohytic bacterle other than mycobacteris

The reports on bacterial nonespecific regletenee are
fow end far botween,
Kepinov (1924) obeerved nonespecific resistence by

inoeulating the oultures of Vibeio cholerse, Bacillug

prodiogdons ad Baillus proteus agedngt cholers,
In Ppench West Africe, Chaseimeux (1945) experienced

failure in fixing the rebles virus of Benegal. Mo also
noted the loss in #rulence of the fixed virus (Paris
strein) at the fourth pessage level in rebbit. As the



naterisl vas found to be contamineted with Bacillug
gubt1dg he postulated that this contemingting orgenim
prevented the development of expected results Later 1t
vas gupported by experimentel evidence, Aftervard,
Lanfranahi (1942) observed increase in resistance to
Pagteurells septhoa and Belnonelly typhinurdus on inoeulee
tion of B, gubtlig polysaccharides vith glycolipids of
these organisme in mice,

Gryagniva 8t ol (1967) noted augmented pesistence
against Bgcherdohia cold straln Oh and Stmhvipeoccus
aureug Gouren strain, with 1ipopolysaccherides of ectinomye
00te g

Amani (1969) observed resiitance in guineawpig

- ageinst diphtheria toxin when Copvnebactexiun avidum vas
inoculated with Freund's inconplete adjuvent,

(11) Endotorin and other bucterdsl. components
fince Boivin (1933), the use of endotoxin as entibvody

inducer 1s in vogue but later begides these, the ability of
endotoxin in inducing nonespecific registance has been
explored,

(a) Reglatance aeatnst bacteris
Greonberg and Fleming (1947, 1946) marked four«fold

enhancenent of antitoxin production ageinst diphtheria
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toxold when adudinistered subcutanecusly, along vith
Baordetella perfuslg or typhoid=paratpphoid vaocine.

According to Rowley (1956), the 1ipopolysaccharide
frootions of the cell-vall of Grawenegative bacilli wes
responaible for the inoreased resistance, Bubsequently,
various vorkera have further elabopated the yole of lipos
polysaccharides in nonspecific protection to many Gran.
negative, Gran-positive and virel infections (Landy, 1956
8hilo, 1959y Munos, 1064y Prigerdo et al.) 1966;
Gryasnive ot gl loc.odts).

Borger &% ale (1960) used a nenetoxic proteinaceos
aubstmee, protodyne, generally found in the protoplasm of
By gold which 48 quite distinet from lipopolysaccharide,
a8 non-gpecific registence inducer in nice against
Salnonolls fyohimuriun, Eal, fyohoss) Peeudononag
seruginosa, Kebatella pneunondee end Sfrentocooens
nestidin,

(b) Begigtence ageinet viruses

Ihomu in resistance to virel infections e.g,
Columbia-8K encepbalomyelitis and actromam vag reported
by Medor and Eradolfer (1956) and Kyadolfer et gly (1957)
using 1ipopolysaccharides,



Kebatova and Popist) (1967) noted & reduction in the
influenga virup titre by 3 logs by the adwinistration of a
polysaccharide fraction isolated from Candidn glbigans
in 10-day old chick enbryo,

(e) Uode of achion

Ay evidenced by published work, the endotoxdn exerts
its nonegpecific effect in many wayy (Munoz, logeglf)s
Blozsd gt alyy (1955) end Thomas (1959) were of the opinion
that the inereased rosistence 1s due to the effect of endo-
toxin on the reticulosendothelial system, But Bokmen gf pl,
(1950) and Munoz (1961) thought that the inreased effect
vag due to marked changes in the pemmdiebility, whereas
Bgdabl (1959) end Nadel gt gds, (1961) claimed that this
proporty of the endotoxin was due to the effect on the
adrenel gland, Rowley (logscit.) observed the sugnentation
of non-apecific reglstancd in leboratory aninals sgainet
v gold infection 1s due to the increase in properdin level,

(311) Myoobacterial preparation
(A)s Nycobgeteriun tuberculosis, The observation
that tuberculous enimels generelly become resistant to

other microbial infections led a group of workers to
think the utility of mycobacterium as a non-specific

registance inducer,
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(a) Bealstance againat bacteria
A oarly as 1924, Lewis and Loomis noted that Living

virulent tubercle becllli could augment the antibody formee
tion egainst various organisms,

Boquet ot als (193L) observed destruction of anthrax
bacillug when inoculated at the site of tuperoulin reaction,

Nelstieler (1935) came acrogs nonespecific allergie
reaction in tubereulous aninals against staphyloeosed
whoreas against enterobactoria vas observed by Bordet (1936)

Pullinger (1936) hed proved experimentally that brucell
infeotion vas resisted in tubereulous aninals,

Fround and Bonento (1944) claimed that the entigeniolty
of typhoid bacilli could be accentuated with the incorporstic:
of lanolin and killed tubercle baeilld,

- Williame and Dubos (19%9) reckoned non~specific reslse
tance in a group of elbino mice inoculated with different
pethanol extracted fractions of tubercle bacilli againet
s epbylococed,

(b) Heglstance agelnst viruseg

The use of Jygo, tubereulogly es adjuvar}t has also
ereatod dnterest to'virologints.' It has been obgerved
that virus incorporated with mycobacteria have a marked
stimlatory effect on antibody response (Veigle ot gl
19604 Shelpel and Rlugeman, 1963)
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In 1967, Gizatullin gt al., considered &n increased
non-gpéeific immnogenio activity on adeinistration of
Fround's adjuvent prior to or together with foot-andsmouth
dimase vacedne,

Gorhe (1967) noted that multiplication of foot-ands
mouth virup was inhibited by Wex DPH frection of

lreo, tubereulonls,

(¢) Hode of action

Vardous vorkora have triad 0 vork out $he mechuntse
of aetion of }yco, tubereulogle in nonespecific resistance
but still not yet comploetely explored,

White of al, (1956) were of the opinion that the
peptidoglucolipida 48 the key fraction for videspread stis
vulation of immature and mature plagma cells,

Lachuann in the year 1960 congldered that Preund's
adjuvent not only inereased the oireulating antibody but
a180 had a marked effect in the manifestetion of delayed
hypersensitivity,

Wbite gt gls (1964) tried to correlate the adjuvent
offoct with the chenical structure of Wax D of nycobacteriun
and subsequently in the year 1969 Shinogekd ef gls supported
ity
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(B) fapronhytie nycobacteria
Quite a fow workers have exploved the probability

of non-spocific reslstence using saprophyti® mycobacteris
ag inducer, ‘

Freund and Walter (1944) claimed M. phled ss effective
89 killed tubercle bacilll n the fleld of non-gpecific
réglstence,

In 8 comparebive trial of geverdl strains of Mycobace
toris, Blozsl gt alsy (1960) noted a particular strein of
Mo phle to be most effective,

(o) Hestatance aganst bagterin

Fox ot al,) (1966) observed nomespecific resistance
for prolonged peried after administration orelly. op
parenterally a collewall fraction of M. phled in mice and
guimaspigs to experimentel infection of Bal, enteritidis

and in mice to M' aureng.
Pilet end Goret (1966) meported that a state of reglse

tance could be achleved with 1ive or trypsin treated
Mycos gheilonensis end M, phlel by inoeulating into different
routes and in different doses ageinst experimentel brucella
infoution {n rots and moe,

Mishra end Medlddck (1970) end Jana end Mellick (1971)
in a comparative experiment between specific antigen and



1y

Mo pliled ngednst Sal, entoritidis noted o resistance of
considerable degre and clalmed M, phlel to be & better

inducer,

(b) feslatence seanat viruseg

In the field of virology, Pandey end Malliek (1970)
studied the use of Hs phlel as nonespecific reslstance
inducer against rebles infection in comparison to secifie
imunogen, They conducted experiments in wice and cae
across a Mgh degui of resistence at single inoculation
level againet virulent fiwed rabies virus, They elso found
in sore of mice inocuiated with trypeinised o phied
preperation, an enhenced viyus neutralizing activity,

Subsequently, in the following year Srinivasan snd
Wellick (1971) conducted experdment in a siudlar pattem
and confimed the observation of previous workerss In
addition, they obeorved better resistence at multiple
inoculation level in wouse and sheep,

(o) Hode_of sotion

As revieved earlier, the peptidoglycoldpid £raction
of Wax D of Jycobaeterium sps 1 responsible for inducing
reslotances According to White e qls, (1964) this parts-
oular fraction 1s also present in an appreciable quantity

next in order to the human styedn of Myco. fubepeulosis,
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In o histopathologeal study Pox gb als, (1966) noted
hyperplasia of Kuffer end lymphold cells following the
administration of cell-wal) preparation of M. phled,

1+ Hon=gmecdfio Rogtstane Againet Viruses

An outline of the basle coneept of nonespecific resis-
tance against infections has been covered already, Now
specific work related to virug will be dealt with,

Webster (1933, 1937) eateblishod ome streln of mouse
resistant to wouse encephalomyelitis virus and corpelated
1% vith genetic or inherent immunity.

dmll (;936) reported that 79 days old mice are
- nor® supceptible than older mice to infection of fixed
or street virus by any routes

e role of humoral factors in nonespecific resistence
“heve been studied as early as 1936 by Aycock. He observed
inoreased susceptibility to poliomyeditis virus of
ovariectonised monkey and adninistration of cestrogen in
those enimals eugmented the resiatance.

Existence of physlologlcal fectors e.g. diet, heridity
in reslotence vas Llluninated by Chureh (1939).

In an exporinent with vaccinie virus, Bprunt end
HeDoaman (1940) worked out the role of oestrogen in
augnentation of resistance,
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Inthe seme year, Hyffengger obserwed slow develope
ment of veccdnde in cattle experienced with footeands
mouth ddsase and elso noted thet pox vaccinated eattle,
thowed somo resistence to foot~andemouth disease,

Some heat labile substences of sera having the powey
of neutralizing the vaceinia, variole, Rouse sarcona,
Woatem equine encephelomyelitis) mumps, influensa 4 and B,
Nowcastle disease, herpes simplox, dengue and measles, were
observed by several investigators (Muelles, '1931| Morgan,
1945y Geiny 29505 Broddy et ale, 19513 Chuy 19915 MeCarty
and Gomery 1952)s |

Koprowaked (1946) reported inactivation of yellow fever,
Japanese B encephalitis, 8t« Louls and West Nile encephalitis
viruses by o substance found 4n rodents and marsupials,

Casals and O1iteky (1947) found a ipid factor in sera
of wice) homsters, rabbits, and horses which can inactivate
neurotyople viruses nemely Ruseien Far Bast, 6%, Louls and
Japanese D, encephelitis virus,

hgedn 4n 2948 Casals and Olitsky extracted a 1ipdd
factor from mouse brain sd recorded its inactivebing
offoct against Russian Far East virug,

Ubs (1948, 1949) found in serum o lacithin 1ike heat
steble substance having an inhibitory role on Newoastle

digease and influenga viruses,



16

The importance of ago and hormone in resistance was
stropsed by several workers (Kilboume and Horefell, 1051,
bigel, 1992),

The collvalls of mouse stomach and snall intestine
vere found to contain & mucopolysaceharide fraction which
has got en inhibitory action on theilers encephalomyelitis
virug GD VII stradn (Mendel and Racker 19%3a, b),

Wedgowood ¢t al. (1956) elsborated the ability of
properdin to dnactivate viruses, He reported that Neweastle
dlgease virus could be neutralizeds Later Firkelstein gf al.
(1956) found inactivation of influenza A end B end herpes
glmplox virus with properdin, Afterwards more infomation
vas added ahout insotivation of viruses evgs bacterdophage,
nmps, vaceiniay variolay dengue and mogsles with this
substance (Covan, 1958y Mueller Loc.eitss Morgan, locsgits,
Briody et als, m.m-., and MeCarty and Germery loc.glt)s

Hollend and MeLaren (1959) found & substence, lipo~
protein in nature, in primete cells grown in vitro having
inhibitory effect on the infectivity of poliomyelitis vimus,
They also noted that the seme substance coudd not be extrace
ted from noneprinete culture cells,

§nce Magrased (1035), enomous work on interforence
has been undertaken by varlous workers from different parts
of the world (Hyffenggery locsolts) Peacock, 1966y Beard, |
1967y Kagar, 1969),
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In 1057, Insacs and Lindennan came out vith their
renarkable finding “interferon®, G&ince then much elsbo.
rate and extensive work has been conducted on interferon
(Burkde and Isnses, 1956; Button end Tyrrel, 1961; lsaacs,
19624 Baron and Puekler, 1963 Ho, 1964 Gtevart and Bulkin,
1966y Merdgan, 1067; Lemnicsl, 1968y Poyes gt gley 1970).

The mechanisu of non-gpeeific resistance sgelnst viral
dipeases s yot to be known clearly, There are many hypos
themes put forvard by varlous workers,

The fact thet attachment of virion 15 the stert of
infoction, 46 beyond any confusion. Prom the work of Hirst
(10w2) 4t was Lebor known that the mechaniem of attechment
particularly of influenga virus vas duve to the presence of
a receptor, nucopolysareharide in natupe, on the surface
of the eildated epithelium of the respiratopy tract. It vas
further observed that the attached virus get eluted after
gonetimes due to the presence of the receptor destroying
ongyme, neuraninidase, Thus, the host cells belng recep.
torless become registent to further infections (Humphery
and Whitey 1970),



Prancis gf al. (1936) end Straudb (1940) observed in
an experiment in ferrets and mice, desquenation of the
superficial epithelium, following intranasel instilletion
of influengza virus and before regeneration of the ciliated
epithelium o lov traneitional type of cells, resiétent to
virus, sppeared,

The role of phagocyte in viral defence mechanism still
roquires elucidation, fmorodinaev (196%) reported that repid
inactivation of influengza virus into the oytoplasm of leucoe
eytes in the peritonedl exudate of white mice, Gellily ot gl
(1967) remarked that the genetic resistence of mice to the
mouse hepatitis virus 1les in the macrophages.

The poseible mechanien of interference has been studied
in detalls in viral infectigne, By generally three weye the
firet virue interfores vith the propagation of the second
virus (1) destroying receptors on the host cell surface,

(41) produeing changes in the metabolic activities end
(141) stimulating the production of interforon (Pemner, 1960

Diangani gt gl,y log, mo)o

1Vs Jelediffugion Togt
Gelediffusion test has attained o plﬁce of pride in
the array of dlagnostic field since Oudin (1946) and
Ouchterlony (1048)s A good number of papers have been



published by various workers on the use of this test for
fdentification of rables virus or retles immune serum
(Lapine, 1966),

Villemot end Provost (1998a) employed this test with
known hyperimmune rables serun ageinst unknown antigen and
obtained two precipitation lines within 2l to 72 hours, On
 further trlal, they obsorved that rables hyperinmune s run
48 necegsary for conducting this test and elso found no
eross-reaction hotwoen rables virus and cenine distemper
virus (Villemot end Provost, 19500),

In 1960, Theiry confimed the specifioity of this test, -
Ho uged 2 ml of agar gel in microscopic slide end noted
precipitation band vithin 8«12 hours,

Grageet and Atanasiu (1961) emphasiged the use of
concentrated antigen and throughout thelr experiments mostly
100-f0ld concentrated tissue culture rebies virus sntigen
vas employed,

Aanagiu (1963) later reported the appesrance of two
precipitation 1ines with BHK‘,!:LC13 cells infected vith either
gtreet virus or fixed rabies Pasteur strain in the presence
of.hyperimmuna specific sorum,

As i+ phled has been used ag nonespecific immunogen
in this study related work on this test using mycobaoterial
preparation as entigen 1s being reviewed briefly,
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The application of gel-diffusion technique in Myco,
tubepculosds hao been carrled out by varloue workers
(Boyden and Borkdn, 1955 Seibert and Boto-Pgineros,1997;
Lindy 1960)s

In 1962, (duple and Welssfeiler did not cbteln eny
sorological difference between virulent and attonuated
husen and bovine myoobacteriel straing but noted eignificant
difference between this strain end saprophytes,

But no published report 1s avsilable on eross~reaction
between nonespecific dmunogen (M, phlel) and eny specific

fmunogen treated seyun,
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The Paris strain of Rables Fixed Virus vas obteined
fron the Rabies Laboratory, I.V.R.l,, Mukteswars The virus
gtredn was procured by the Leboratory from WoH.0, on st
October, 1057, Bince then regular monthly passage in rebbits
ves bedng done to madntain the viruse The infected brain wes
pregerwed fn 50f glycerinated buffer saline and hept at 4eC
in the refrigerators This vas used as a seed virus for the

preparation of immunising antigen as well as precipiteting

antigen,

The challenge virus straln of rabies virue for the
serun neutrelisation test wao obtedned from the seme lebos
ratory, This strein vas meintained by serdel pessage
intracerebrally 4n Bwiss albino mices A 20§ sugpension in
90f glycorine-buffered seline of infected mouse brain vas
filled in empoules, 1 u) each end stored at «§°C,
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The CVE for intramuseular chellenge in different
ppecies of animels vizs mouse, rat, guinea=plg and rebbit
yore prepared separately by glving four geriel intrpe
muscular passages in reapeotive gpecies except in rabbit
where rat dntremugeular CVO ves useds Here also 20§
suspension in 508 glycerine<buffered seline of respective
infected brain vas filled 4nd ml or § ml aopoules end
stored et «20°C, The mouse OV6 vas used ap seed virus in
case of uouu‘ intranuscular CVE whereas for other two RUV

Pards vas used,

2+ Carboliged entirebie vaceing (59)
This wes obtedned from the Blological Froducts Divieion,
1,7, Lgatnagar (Brev No, 7/70/72).

3+ Homel horge geru
This vas obtained from the Rabies Laboratory at
Hukteswer for the preparation of 2% serum geline solution
for chellenge virue dilution in serum neutrelizetion test.
The nornal horge serum ves inactivated at 56°C for helf an

hours

by Streln of Mycobact 2
properation of non-ape citic mmu_mg_n

4 chronogenio strain of Mycobaeterium phlel vas
obtadned from Bactoriologiet (Chrondc Disesses) at Mukteswar,




Thie etrain vas maintadned in glyoerine eggeyolk slants
in the Laboratory of Professor of Bacteriology, This vas
cultivated in two lots, incubator dried end stored at 4o¢
until preparation of nonespecific immnogen,

9o Areton 113 (1.0.14)

The fluorocarbon vas supplied as a gift seuple by
M/s Inperdal Chemjcal Industries, Lomdons This vas used
for purdfying the rables virus from the dnfected rabbit
brain materiel,

6 dgar Gol
One per cont Toneagar Nos2 (Oxold) incorporeted with
mothylorange end mepthiclate vas employed,

s Laboratory anihals used for oxneriment
(1) Mige.

Healthy Swiss elbino mice of either sex were used
for production of chellenge virus strein of fixed rabies
virue both for serun neutralization as well as intres
musculap challengo tests, For experinents also seme mice
vere used, Hice of 3-8 weeks of age were used and thess
vere cbtadned from the Veterinary Section of the Institute,
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(44) Raks
Mele bealthy albino rats wore obteined from the

Voterinary Bectionof the Institute and used for the
amrimnt ae vell ng for the production of intremupcular
chellenge virus strain for reb and rebbits Rats of 224
nonthe of age were used,

(111) Guineg-pixg

Hoalthy mele guina<pige velghing 3004600 guss obtained
from the Veterinary Section of the Institute were used for
the experiments as well ag for the preparation of intres
nuscular challenge vimue strain of the rebjes fixed virug
‘for gulnea=pigs

(4v) Rabbits
Healthy inddigenous rabbite of either sex woighing

over 600 gms, obtalned from the suell aninal house of the
Inetitute were uged for the experiments and for the prepare.
tion of dmmunising snd precipiteting antigens.

(1) Brepagation of virug inoculu
A portimn of the infected rabbit brain pregerved in

508 glycarine~buffored seline vas woighed end washed in



saldnes It vas thon emuleified with 9 parts of 2§ nomal
horse serun seline and contrifuged at 1000 rup.ns for §
minutes, The supernatent containing 10'1 dilution of

virus wag further diluted to 1.0"2 and' used ag inoculum,

(11) Incculation of rabbiy
Honlthy rebbits weighing over 700 gus, vere taken,

Tventy such rabbits were inoculated intracerebrelly with
0429 ml of the inoculum emchs The inoculation was made
.vith 8 tuberculin syringe and 24 gauge 3/8 inoh needle
efter a puncture ves made on the skull,

(111) Dewedopnont of rables in rebbdts

Inoculated rabblts dying vithin § deys vere discarded
considering these to be nonespecifics A1 the rabbits star-
ted shoving paralytic synptom vithdn 6 to 7 days end comple.
tely paralised by 8th days

(4v) Harvent of brain

The completely paralysed enimels were pacrificed by
{ntrodueing alr through the mergiel ear voin, Then the
braing vere harvested with all sterile precautions after
rongving the skull and lmnedictely kept at »20C,

(v) Epulsdfication of brein
A total of 130 gus, of the above braln materisl vag

homogendsed in a sterilived waring blendor with 520 ml of
physiologicel saline for § minutes to wake 20§ infected



brain emulsion, Btreptomyein sulphate (240 mgnse/nl,) and
200 intemational units (I.V.) of penietllin Gesodium per ml
v added to this emudlsion,

(vi) Yrug fkratdon
A portion of the brain guspension was teken and

centrifuged at 1000 rupsts for § minutes, Tenefold dilute
ions of the supernatent were made serielly up to 10"B with
of sorw galine. Five mice wedghing between 1215 gn. wre
inoculated 0,03 nl fntracerebrally from each dilution of |
10"", 10"9, 10'6, 107 and 10'e regmectively, The mice wre
then observed for 14 days for the developrent of symptows 1ike
rough eoaty tremor, flacld of complete parelysls end finally
death, The wico which died within § deys after inoculstion
ver not taken into sccount, The 50 lethal dose (LD,O) ves
caloulated with the help of Kerber formusl (Roydhowdhurd and
Thonasy 1907), The LD,O titre vas found to be 10"6'5.

(vi1) Tnactivation of the brain emulsion

The 208 brain enulsion was then subjected to 1ight
oontrifugation (1000 ropoms for ¥ winutes) end the iuper-
natent vas inactivated at 56°C fop half an hour in & water
baths The whole dmmunining entigen was then transferred in
ember coloured bottles end kept in deep freeze (»2°0) untdl

'}



Bterdlity end safoty tests were performed and the
matordel vas fownd to bo sterile end e,

Thie 20§ mounising agent was reconstituted with
equel volme of physiological seline before uge to meke
it 104 bredn tlesue sugpension, Durdng single inoculation
experiments 09 nl in mouse, 1,0 nd in pat, 15 nl in
- guinoa<pig and 2 nl dn rabbit were ueed, while 1 ml dedly
in rebbit vas used during multiple inoculstion experiment,

2 um%mw
(4) CheMenge virug strein for seru neutrelizatdon togth
The CVE vas obtedned regularly from the Rebles Laborse

$ory of Muktosvar in sealed 1 nl pouless The Htm of
the OVS vag 20°7*Y7,

(1) e

From Rables Loboratory, Mukteswsr, one ampule of 20§
wouse CV6 wes taken and was reconstituted with ) wl of 2¢
horse sorun seline to glve the dilution of the virus 10"1.
This ves then subjeeted to light centrifugation 2000 Fepan,
for 5 minutes)s Then the gupernatant was diluted to 1 in 20
virus suspension, |

Ton fiviss albino mice weighing about 1214 gone were
inoculated intremuseularly ecach vith 0,06 ul of the 1 4n 20



virus dilution, Theee were then kept under observetion,
Those showing symptons of rables Sth day after inoculation
were oeparated, tholr braing vere hepvested aptieelly 24
houra affer the onset of the symptoms and pressrved in 20
@ycerine buffered seline at §°C,

Fron this infected brain materdal, 1 in 20 dilutdon
of the virus vas prepared after the addition of antibiotics
@ 2,0 gns of streptomyoin aulphate end 200 1,Us of pendell.
1in (egodium per wls This wes then inoculeted to another
ten mice ao aboves  Totel four such passeges were given when
a regular nortality pattern through intramupcular route vas
noted,

Finallyy 60 mles vere inoculated with the Wth passage
1evel virug intramugcularly end thelr braing were harvested
oh hours after the onset of symptome o nentioned elready,
Ismediately after collectlon, the brains were trensferped
ot «20°C |

411 the harvested breins vere vashed in chilled phy-
slologieal saline, Total welght of the brain nateriel was
12,5 gose 4 208 emuledon of the brain materisl vas then
wade in 508 glycerine buffered.seline in m varing blendop
for about § minutes, Aftep the addition of antiblotie 4n
| the proportion mentioned earlier, the brain emulsions were
ampouled in 1 md quantity and properly labelled, It was
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kept ab «20°C, Tvo ampoules were taken and after mixing
titrated for determining mouse !-950 a8 before, The LD5°
per 0,03 ul 4n mice wos 107743,

This V8 was used for intramuseular challenge test
in nice throughout the work, |

(44) Intromuseddar O18 for rat chellonge fagh

For preparing this CVS aleoy 4 dntramuseuler passages
in rat vere glven when a regular mortality pattern vas
noted, The dose was 0,2 ml of 1 4n 20 vipus dilution,

Finally, vith this hth passage level virus, 30 rats:
wore inoculated intrenugoulaxly and 20§ infected brain
onuleion ves prepared in the swe way as mouge CVS and
anpuled 4n 2 nl and § 6l quentities end kept at «20%C,

This CVB vas titreted in mice s before, The I.D5(3 per 0403

ml in niee was found to be 106'7. This OVE was used for

intrauaculay ohallenge tegt 4n rat end rebbits and elso
in treatmont trial in rabbit throughout the work,

(141) Intremesedar GV for guinesepis chollenge tost
The guineesplg OVS wes also prepered in the seme yey

o8 wice and rab OVBs The mlce OV vas given four {ntyes
musculer passages in guineaspigs to get reguler mortelity
thpough this routes The doge was 0,25 ml of 1 1n 20
dilution,
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Ten guinee-pige vere inoculated with Wth passage level
virus and their brains wore harvested in time, Total weight
of the brain was 26,3 gn, Prom this brain material, 204
guineaspig CVE vas prepured and empouled in 2 and § ml
quantities, This vae titrated in wice and the LD50 per
0403 ml was found to be 10"7'3.

Thig OVE was used for intramuscular challenge test
in guinea-pigs,

Tventy<tvo grawoen of infected rabbit brain (RFYV,Pards)
vas hamogoniged in MeIlvaine's buffer with pit 7.4 @ 10 md
per 2 gmé, of brain materied in a waring blendops It was
then centrifuged (1000 rpoms for 5 minutes) and the supemes
tant ves inactivated ot 56°C for half an hours To this whole
materialy 95 ul of Aroton 113 (ICI) wae edded end again
honobenised for 10 minutes at 10000 ropsws This Areton
troated matordal vas pubjected to contrifugation at 2000 ripin.
for 10 minuten when thm sparete luyers having the upper-
no‘st very thin 1nnqlub10 1ipidy the middle aqueous layer
containing vipus and the bottom jelly-like layer containing
non=virel proteins and soluble lipides The middle aqueous
layer vag pipetted out end stored at «20°C t111 use, The
method deseribed by Brindvasan and Mallick (19?1) ves
folloved with sldght moddticetion,
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This precipitating antigen vag used throughout the
work,

by Rrenarabion of bacteriel adfuvant

The method deseribed by Mishra and Mallick (1970)
vas followd vith elight moddification,

A obromogenic strain of Mycohmoterium phled meinteined
in the Profeasor of Bacteriology Laboratory, at Muktesvar ves
used as seed natorial, Twenty Roux ﬂn:ka conteining 120 nl
of J% glycerine (Analer) broth (pH 7:2) each vere Snoculated
with the seed end incubated for 15 days at 37°C, The pig.
mented and luxuriant surface growth vas harvested by titre.
tion through wuslin under sterile precautions and dried 1n
bacteriologieal incubgtor, for econsecutive 10 days, This
dried material vas then powdered in sterile pautle wnd nortir
and kept in the refrigerator t111 trypsinisation,

Procedure for Teypeinigation

Powdered M, phled wes added in the proportion of 30
wgngs per md with 0,15 per cent trypeln (Difeo 21250) solye
tion prepered in veronal buffer with pil 7,2 (Neyer &t gl,,
1948) s The weteriel was then subjected to continuous stirring
for 40 hours on a magnetic stirrer at 37°C: It was then
treated with molat heat (1000%C) for hadf an hour for avoiding
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the offect of trypeln and kept at «20°C after distributing
in eliquots 1n MeCartney bottles, Before use, 1t m
diluted with the veronal buffer solution to got the desired
emount of i, phled powder per nl of the preparation required
for the particular experiment, |

% Brepuration of Gel
The method dopted by Lepine (Logs cite) vas folloved

vith partial nodifications
lonesgat Nou2 (Oxold) = 10 go,

Methyl orenge 8 0,03 g
4 Nerthiolate R 0v2 gy
Digtilled vater s 1000 wl,

ALL the sbove ngredients vore dissolved in running
stean, Then 6 m end 2 ml of tho molten agar were poured
on petrd disbes () ows) and microscople sliden respectively
and kept in the refrigerator (5°0),

he Exporinental, P rocedure
In all six serles of experiments were conducted ag
~desoribed belows
lat Serleg
Three bundred nice of 6+8 woeks of age were used and
divided into 3 groups of 100 mice each, Bach gmuﬁ vas
inoculated as followéye
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(roup I, Fach mouse was inoculated vith 0.5 nd of
heat inactivated 10§ rabbit brain tissue infected with
RFYy Pardss The dnoculation wes given intra-peritoneelly,

Geoup 11, 1In thie group each mouge recedved 0,5 ml
of trypainised M, phled sugpension (3 mgnes of dried
Mo phled povder), intraperitoneslly,

Group I11, Fach mouse of this control group rededved
0,5 nl of veronal buffer intreperitoneally,

1ind fereg
Bixty rats of 224 monthe of age were teken end
divided dnto 3 groups of 20 each, These were inooulated
88 folloves |
Group I, Hach rat of this group vas inoculated with
1 nl of heat dnectivated 0% rabbit brain tissue infected
vith RV, Parle, The inoculetion vas made intreperitoneslly,
Spoup 11, In this group each rat was given 1 ml of
trypainised }o phled suspension conteining 15 mgns. of
dried powder intraperitoneally,

Opoup IIX, This group served ag control, Bach rat
wag gven 1 ml of veronal buffer intreperitoneally,

1i1xd Bereq

In this experimental seyles 21 @1m-p1n were taken
and divided into three groups, Rach group consisted of 7
guinea-pigs,
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Groun I+ Fech guinee<pig of this group vy glven
1,5 nl of hoat Lnactivated 10§ rebbit breln tisewe infoc.
ted vith RPY, Parts, intreperitoneslly, |

Geoup ILs In thie growp each guinea-plg vas nocules
ted with 1 né of teypetndsed Jo phled preperetion contain.
ing 30 ngnes of dried s phled powders The materiel vas
injeeted dntraperitoneally,

Uroup 111+ Bach guinealspig of this control growp was
inoculated intraperditoneally with 1,5 ml of veronal buffer,
1 th Serdeg

In this serles 21 rabbits weighing between 70 to 850

ifmae wore teken and divided into 3 groupa of 7 each, Bach
group vas inoculated ag follovese

Group I, Bach rebbit of this group was inoculated
vith 2 ul of heat inactivated 10§ rabbit brain tissue
infected with RFV Perda, The route of Inoculation was
int raperitoneal ,

Gpoup 11, In this group each rebbit vas given 2 md
of trypeinised preparstion of H. phled contelning 60 mgns,
of drded My phled powder, The material was injected
intreperd toneally,

Group J11. Sech rabbit vas inoculated vith 2 ml of
veronal buffer to serve as control,
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Yth Gerdes.
In this experimentel serles 2 rabbite veighing

between 750 to 850 gnos were teken end ddvided dnto 3
groups of 7 eachs Here multiple {noculation of the
inmuniglng agents were given as follovests

Group I, Hach rabbit of this group was inoculated
vith 1 n) of 104 beat inactivated rabbit brain infected
vith RV, Peris, dedly for 7 days, The imunogen wae
injected intreperitoneally,

Qroup I1, 1In thie group each rabbit received 1 md
of trypsinised Y. philed containing 30 nguos of drded
N philed powder delly for 7 days: The route of dnoculation
 yas intraperitonead.

Group 111, In this control group esch rebbit received
{ntraperitoneally 1 ml of veronel buffer,

Yith Serdos
In this serles 20 rabbits weighing between 750 to 850
gnes wore teken and divided nto 3 groupss ALl the rabbits
vore inoculated intramugoularly with 41,70,000 ‘LD50 of ret
OV8 in the moming, Treatment started from the sme ovening

vith specific and nonegpecifie dumunogen as followss.

Group I, JNach rebbit wag treated with 1 ml of 5§
carbolised antirebie vaceine dally for 7 days, The route
of treatwent vas intraperitoneal,
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Group I, In this group each rabbit vas treated
vith 1 el of trypsindsed |f, phled containing 30 mgma,
of dried [» phled dedly for 7 dayss The injections were
glven intraperitoneally,

Geoup 111, In thim control group,the rabbits were
inoculated daily for 7 days with 1 ml of veronal buffer,
The route of injeetion vas intraperitoneal,

Bofore starting any serles of experiment, preinocules
tion bleeding was done,

(11) Post-inoculatbon bleeding
Lt fortes

Here bleedings were conducted on 10th, 20th end 30th
posteinoculation days.

House bleeding was done by puncturing the yetro.
orbital venous plexus with pasteur pipette, Blood £rom
15 mice vas pooled for collecting sera samples, - The sera
collooted 4n o1 the experuents vere dnactivated at 56°¢
for half an hour and kept at «20°C,
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Lind Serdes
Posteinoculagdon bleedings were done on 10th, 20th

and 30th poat-inoculation days,

Rat bleeding was done by puncturing the retro-orvital
venous plexus with thick pasteur pipette, Blood from 8
rabs vea pooled for collecting sera samples, The sera
pemples vere inactivated and kept as ebove,

LiLed Serfey

Bloedings were done on 10th, 20th and 30th posts
inoculetdon days,

feolod sanples of blood from 2 guinea-pige were used
for colleoting the sera, Bleeding was done directly from
the hearts The sera sauples were inactivated and kept as

usual,

LVth Berleg
Here also, bleedings vere conducted on 10th, 20th

and 30th posteinoculation days,

Intre~cardine bleeding vas made in case of rabbits,
Blood from two rabbitsws pooled for collecting sers
sunples, The sora thus collected was inactivated end
pragerved in the swme way ae described above,

Yth Serden |
In this serdes of nultiple dnoculation bleedings

vore done on 10th, 20th and 30th posteinoculatdon days
after 7th inoculation,



fore vere gporated, inactiveted end preserved ss
already deseribed,

Cv Single dilutdon Gorun Mioutraldzation Tosh

The method folloved here was the same as that des-
eribed by Ralehovdhurd and Thomas (locegdts) with slight
moddfication,

Sorun virug nixuge
The proserved (V6 vee diluted in 2f inactivated

horse semm faline to got 25 Lgy 40 0,03 nl,

Fron two OVO awpoulss each containing 0.8 ml of
tnfected brato mpenston baving L titee 20747, 1
vas takon and mixad vith 3 ul of dfduent. This gave 20°L
dilutdon, To got 29 L% por 0,03 md further dilutions
wre mado as followss

LT

Detadls Tube Hunbe re

1 2 3 b 5

Diluent (Nl) | l‘“ ; ,"'05 ; l‘o5 ) lhs ) 1’:9 ﬂli
Tirus (GVS) )
1031.411%10:1 05) - 0'5; S 08080, 10

Final d{lution ‘
of the vims 300 200 0™ 1% 1y,

Beparate pipettes vere uged vhile transferring vimusg
sugpenglon from one tube to the other durdng dilutdon,
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Tho sera semples from all experiments vere miyed
vith equal emount of 25 LD,O CV8, The seprumevirug mix-
ture will contadn 12,5 Lbgy por 0,03 1, These sanplos
vere then kept in o vater-bath at 37°C for 90 minutes,

At the end of this period, the serumevirus mixture were
kepb on Lcesbath ti11 1ts dnoculation into mioe,

Now, for each serun sauple o group of B mice of 3§
weks old (1215 ges) vere dnooulted intracerebrally with
0,03 md of serun virus wixture, For each sample separate
storilized tuboreulin syringe and 26 gauge needle were uged,

bach group of inoulated nice were kept in separate
golvanised iron cages labelled with the detalls of the
oxperinent and observed for 14 days, Death vithin & days
after inoculatdon vas considered to be nonegpecific and
vas not incorporated in the regults But death of mice
after § days showing symptoms 1ike rough cost, tremor,
complete or flacid parelysis were teken as due to ralles

and recorded,

Do Yirglent challenge

The route of virulent ohallenge for ull series of
oxperiments vas intranugcular in the hind calf musele,
Pre<inoculation challenges were also done before the
inoculation schedule in ocase of all the experiments,
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In the lst sories of experiment a group of 8 mice
ves ohallenged on 20th and 20th post-inoculation day® and
10 nice wore dnooulated on 30th post-inoeulation day vith
mouse intramusculap CVE, The doge of chellenge wag 0,06 md
containing 6,61,000 mouse LDgys The results vere recorded
in the save way e desoribed earlier but here the perdod of
observation vas 21 days,

In the ond Geries of oxperinent a group of 8 rats vas
challenged on 20h end 30h postelnooutation days vith 0,28
ml of rat intremugeular CVB conteining 6,92,000 mouse LD,O.
The rets were obgerved for symptons for 21 days end the
yesults vere recorded as usual,

In the 3rd serdes of experiments 7 guineespige in
ense of groups I end II end § guinea<pigs in case of group
111 were challenged on 30th posteinoculation day with 0,25 nl
of guineasplg intramuscular CVE containing 20,90,000 nouse
LDSO' The results were recorded as uguel,

In the IVth and Vth serdes of experiments 7 rabbits
of each of the three groups were challenged on 30th dey
after 1st dnoculation end 7¢h inoculation respectively
vith 1,5 nl of rat intramuscular CV8 containing 1,70,000
ou8e LDSO' The mulfu wore recorded as ebove,

In Vith series of experiments all the rabbits were
{noculated with 1,5 ml of rat intramuseular V8 containing
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1,,705000 mouge Lnso and then troated with comneycial
entirabic Bemple vaceine as well ag with nonespeoifie
imunogen (N, phled preparation) sepayately for 7 conge.
outiw deyss These rubbita vere obgorved for 21 days end
results were recorded ap abovl.'

By Gelefhtfuston Tegh

On the prepared petrl dighes and slides containing
gol, nentioned earlder, wells were made as per pettern
drawn on paper vith o cork borers The central well vas
gurrounded by 6 and 4 vells in poted dish end slide rege
poctively having b mn dimeter, The distence between the
centpal end the peripheral wells vag kept constant s b m,

Ator proper moeling, the central well vas chasged
with the antigen while with sera, collected at different
dofinite intorvels, in cas of peripheral wlls, The wells
wore rocharged vith respective meterdiel st twelve hours
intorvals for 7 days, ALl the charged plates and lides
ware dnoubated ot 37°C for the firet 6 hours and then et
roon temperature for 15 days. These were observed daily
thrwaﬁout ‘thn perdod for precipitetion band.
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Tor the aseoasment of the nongpecific ralstance,
s1x poriss of experimnte vere conducted, The folloving
dn vitro and in yiye dmmunclogiesl reactions were obser-
wd in the 1st to 5th wries of experiments, while the
6th series deals vith treatment trial,

1+ Serum neutraligation
2 Refractoriness to virulont chellenge
3¢ Oelediffusion

1 Gorum neutralsation Tegt
(1) Ddegt Bordeg

The offeot of upacific and non=specific immunogens at
single inoculation level 4n mouse was measured hem,

The specific dmunising entigen induced & hgh increase
of neutralizing entibody ti11 20th dey and then a slow £l
up to 30th dey vas noted (Table 1, graph Ij,

The nonespecific dmunogen shovs parallel result indue
eing an increase in neutralizing substance on 20th day
followed by slow fall on 30th day (Teble 1, greph 1),

In conbrol group, cont per cent mortality was noted
on O~day and 20th day while 14,35 and 12,5¢ survivils wore
noted on 10th end 30th day (Teble 1, greph I),
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(11) Second Series

The effeet of single inoculation in ret was determined
in this experdzent,

In the spacific lmmunogen group o steady rise of neutres
zing antibody $I11 20th day end then & slow fall en 30th day
vas obsoprved (Tuble 2, graph I1)s In the nonespecific immunce
gen group though the percentage of survivel was less on 10th
day but more on 20th dey and still more on 30th day then
spoeific imunogen (Table 2, greph 1),

In the control group, cent per cent mortality wes ndud
on O-day, while 12,5% survival on 20th and 20th day end 14 3%
purvival on 30th day wap observed (Table 2, graph II),

(441) Thivd Serles
This part contained single inoculation experiment 4n

guinea=pige,

Ag deplcted 4n table 3 and graph 111, the survivel
percentage in both casea of both specific and non-gpecific
immunogon vas exactly identleal, 4 asharp rise in titre vas
noted on 10th dey iteelf which vas maintedned $411 20th day
folloved by s graduel inerense up to 30th day.

The contro) group showed cent per cent mortality on
Owduy and 20h day whereas 12,5% survivel on the 10th and
30th' dayy (Table 3y graph 1II).
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(1v) Rourth Berdey

Tte data presented in Table b, graph IV relates to
single inoculation experiment in rabbit,

After a shgrp rise of entibody titye in specific
dmounogen on 10th day,the maximum was noted on 20th day
which ves nadntained up to 30th dey,

In the nenespecific group a signifloant augnentation
of neutraliging substence wag observed on 10th day followed
by & gloy fall and then & gradual increase on 20th and 30th
days resgpectively,

(ent por cent mortality vas found on Owday while 24.3¢
survival on 10th dey and 12,58 on the last two days of
experiuents in the control group,

(v) FLreh Bexdos

The 6ffect of multiple inoculation in rabbit was
admossad in this experiment.

1t 19 evident from table § and graph V thet with spe.
eifie dwmunogen there was 50§ survivel on 10th day which led
stoadily to 200% on 30th day,

But in case of non-gpecific dmunogen the moxdwm of
survival. pereentage noted was 75 on 20th day starting from
62,5 on 10th day end cawe down to 50/ on 30th day.

In the control growp cent per cént nortelity was noted
on Owday and 20th day Whoereas 14,3% end 12,55 mortality was
noted on 10th day &nd 30th day respectively,
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2v Refractoriness to Virulent Challenge

In order to seo the efficacy in protection level
produced by speeific and non-specific dmmunogens, this
challengd test vas conducted,

(1) Pirst Sories

The results of pingle inoculation in mouse are
tabulated 4n teble 6 and greph VI, ALl the mice wre
ehallenged intranusenlarly with 6,61,000 mouse L050 of
mouge CVE,

The survival percentage with specific immunogen was
noted as 12,5 25, 50 and in case of nonespecific imnuno-
gon 1t vag 25, 37,9 ond 70 on 10th, 20th and 30th days
respoctivelys Gurvivel percentage in control group was
nil o O.day, 10th lmd 20th deys while it was 20 on 30th days

(11) Second Berigs

The results of single inoculation in rat challenged
intranuscularly with 6,92,000 mouse “’50 of rat CVE are
shown in table 7,graph VII,

In specific immunogen group the survivel percentage
remained geme (50%) on 20th end 30th dey while in none
specifile group 50 end 37,5% vas noted on 20th and 30th days
regpectively, The control group showed 12,5% and 25% survi-
| val on 20th and 30th days respectively,
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(444) Thind Series

Table 8 and graph VIII revesl tie effect of single
inoculatdon in guineapigs as a result of intramupeuler
chellenge with 20,90,000 mouse LD5° of guineapiy CVB,

On 30th day the survival percentage noticed was 14,3
and 56.8 with spacific and nonespecific dmunogens regpectively,

No survival vag observed in control group,

(1v) Fourth Series

The effect of single inoculation in rabbit is given in
table 9 and graph IX, The animalg were challenged with
1,70,000 mouse LD,O of rat CV8 intramuscul arly,

With epocific diusunogen the survivel percentege was
42,9 wnd 57,2 vith nenespocific dmounogen on 30th dey, There
There was 1lh 3% survival mmong thw control group,

(v) Fifth Serieg
The effect of multiple inoculation in rabbit is given

here, The animals vere chellenged with the same dogse of CVE
as in bth geries of expariments
On 30th day the survival percentage was 71,5 and 85.§
with specific and non-specific dnmunogens vespectively.
Among the control animals 26,6% survivel was recorded
The results of this serles aye presented in table 10,
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3 Gelediffusion Teat

An attenpt vas made to know whether there i any cross
preeipitating entigenie relationsbip between the rebies virus
and Yo phled, Pour sets of experimonts wore conducted ag
followu-

(1) Eirat st |

In this test spocitie precipitation resotion between
Areton purified rables antigen and heat inmotivated RFV.Paris
infected brein suspension treated sera from sll the first fiw
series of experiments wore studied (Table 12),

The entigen, Arcton purified infeoted brain emulsion,
weg teated with known hyperimmune serum where two precipita.
tion 1ines vere noted (Pg, 1 and Plate I),

No precipitation line was noted vith single inoculation
experimental sera vhereas one line was obeerved in multiple
inoculation experiment on 20th end 30th day (Mg, 2).

(11) Second st
Bpecific precipitation renctions between trypainised

M+ phlel preparation as antigon end this nomegpecific dmmuno-
~gon treated sers from ell the series of exporiments were
gtudded (Table 13), |

Two precipitation lines with mouse end guineaepig sera
and b 14nes vith rat end rebbit sera wvere found (Flg, 3, b, §
and 6) in single dnoewlation experiment,

Sorim from multiple inoculation experment in rebbit

also revenled 4 1ines (Plate I1),
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(111) Third st

Here crons precipitation resction between rables
entigen and M, phlef treated sera from od) series of experie
nents vag dones No 1ine wag obeerved in this test (Teble 14),

JARLE 24

(EL,=DIPFUEIION TEST

Cross precipitation reaction betwen rables
antigen and M, phlei treated sera

-y Bingie Tnoculation [ Hultiple {noeulation
9 experiment
c:{lmm
(1] ‘l'luun Hat Guinea=pig Mbii! Rabbit

10th » . . " P

20th . . . - o

BOth - L L] - -
(1v) Fourth set

gtudy of eross precipitetion reaction with trypsinised
e phlel as entigon end the heat inactivated RFV, Pards,
{nfected brain emulsion treated sera was also vegative
(Tabile 15).
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TARE 15
®L«DIFFUBION TE6T
Cross precipitation reaction between Y.phlel

antigen and beateinaotivated rables infected
brain emuledon treated stra

Dayp of
colleceting
e Mouse Rat (uines~pig Rabbd

I Fingle Thooulatlon TltTpie Thosdatdon
%

Rabbit

106k . - . ;
20th . . - .

30th - . - - -

R N T e Sl e v il




Pige 1 (elediffusion test vith rebies hyperimmune
gerum and Arcton purified virus.
1 Hyperinmune s@rm.
2 & 3. Aroton purified virue,
b & §, 20% pebbit infected brain.
6y lormal rubbit brein,

Fig, 2. Rebles system vith rebbit sra
from multiple inoeulation experiment,

1. Aroton purified virmus,
2 20th day peyum,
3 30th dey serum,
by 20th day econtrel serun,
B¢ 30th day control serum,






Mg ,i' N phled system vith mouse sera

from single inoculation experiment,

1, Trj'pliniﬂd Hl nhl_li antigin.

2y 3 & by 10thy 20th and J0th day
exporimentel sera rempectively,

§y 6 & 7, 10th, 20th end 30th day
control sera respectively.

N gyatem with rat sera from
pingle inoculation experdment,
1 Trypsindeed M. phlei antigen.

exporimentel pera respectively,

6y 6 & 74 10th, 20%h end 30th dey
eontrol sera yespectively,

‘ pyoten with guinee=plg sre
*‘f}m&!’;ﬂa inoculation experdment .
1, Trypeinised M, phled entigen.

2y 3 & b 10th, 20th and 30th day
experimentel ora regpootively,

eontrol sera regpeotively,

M gystem with rabbit pors from
slngle inoculation experiment,

1 Irypainimd i, phled entigen,

2 3 &k 10th, 20th and 30th day
oxporimental pera respoctively,

By 6 & 7, 10th, 20th end 30th day
control sera respe ftively,






Sdxth Sordey

The effeat of treatment vith specific and non-gpecific
imunogene aftor virulent intrasuscular chellenge vith
41,70,000 nouge LD,O of rab CV6 was studied in rabbit
(Table 11, graph XI),

The group trested with specific immunogen shoved 72,59
survival vhile in nonespecific group 97.2% survival was notdced,

Survival in the control group was 28.6 por eont,

LPLE LY,

RESULY OF THEATMENT IN MABBLI(VITH Vacene and Msphiled)
APTER, CRALLBNGE WITH RAT OV

Noo of No. ’

Experimint animely treated qurvived  gurvival
Geoup 1

Bpecific Tvmunogen 7 ] 7249
Qroup 11

Nonespecifio L
Tmmunogen 7 ki 9742
Con trol 7 e 2846

* Doge 41,70,000 mouge LDgq



Kl 'l- I":_‘ .-'-. :. 4 I -l .
" i - . “ |
w e v N0 ﬂiﬁrww L iy Ml ’? |

a&.‘:ﬂ 4 Lngiee el ﬁ; J
o w ».

n‘ﬂﬂl il ‘.# vads peopiglodls of $51 &y tl

-vw'm “ T 1 X ‘—'.’h? FAKS. vl




65

DLECLESION,

The abidity of the substences of microbisl origln in
wodifying host reslstance against heterologous infection is
en ogteblished fact, Endeavours are being made by various
vorkers to explore this phenonenon in the field where
guecessful prophylaxis is lagging behind, And, the disease,
rables is the oné where prophylexis or therapy 15 otill es
cubersone as vas in Fastour's dayss The explanation 1ies in
the faet that the rables virus is e very poor immunogen,

Ag u sequelae to the encouraging results obteined by
Pandey end Malllck (10gs gdts) and Brinivapen end Nelliek
(100 ¢dts) in the use of Js phled 4n provolking non-specific
registance agashet rableg virus, further work bes been
pursued, They studied the effect of single and multiple
inocud.ationa of specific and non~specific dmmunogens in mice
and sheep end gssessed thelr protective efficecy by serum
neutrelization test, couplement flxaticn test and vimdent
introcerebrsl chellenges In the present study en attempt has
been made to determine nonespecific resistence in four spocies
of andnals ¢.¢, mouge, rot, guinepsply end rebbit uwing intrae

peritoncel route for imunipation end intramuecular for

virulent challenge,
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A trypeinised preparation of J, phled has been used
a8 non~gpocifie smaunogen, The dmportanee of this gubse
tante in stimlating resistance has already been reviewed,
Trypednised preperation vas of cholce baceuse on a compares
tive tricl 1t hea beon found to be better then live or
sonicated preparation (P4llet and Goret, 1966),

To study the effect of the nonwgpeeific inmmogen,
- four apecies of laboratory eninals vere gelected, These sugld
animals vere chosen in these preliminapy studies because of
corteln advantages such as 10ss expenaive, easy to handle ete.
over large aninale. Many workers (Fox gt gl 1966y Pandey
and Malliek, locsedt,, Srinivasen and Mellidk, loc,edt.)
employed genérelly mouse and guinea-pig but here rat and
rabbit have also been includeds Horeover, it has been stated
that generelly rabbite produce maximum antibody mich more
quickly than guineaepig (Raffel, 1961)s

The intraperitoneal route was used for imnmunisation
to evaluate over other routes e.g, subcutaneous, intremuscular
which have been tried by Pandey and Mellick (Jogs gife),
Mighea end Mellick (logs gite), Srinivasen aend Halliqk
(Logs cits) and Jana and Mellick (1gge gike)s Furthemmore,
Fox ¢b gl (Lo2egit) also used intreperitoneal route for
nonegpe cific dumnisstion, Jane end Mellick (Log» ghty)
algo found intraperitoneal route to be the best for indueing
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non-specific resistance anong 1l the conventionad routes,

It mey also be pointed out referring to “instructional®
hypotheels thet the intreperitonesl route would be befter for
non=specifie dmmunogen (Javets gt als, 1968).

The experlmental aninals were challenged by intramuseus
lar route, being the naturel route of infection in cese of
rables, 0 the CVS was standardiced by passaging intrllulou-
larly in different species as deseribed in detell in
"Material and Methods",

The neutralizing antibody/substence induced by both
gpecific and nonespecifie immunogens in mouse vas almost
parmel. The nu'im titre 795 attained et & later perdod,
20th day, folloved by slow fall, 50§ in case of nonespecific
and 5?.2% in case of specific on 30th day (Greph X)» The
regult differs to some extent from the findings of the previous
worke pe (P&ndey and Malldok, loc. gifs) whore they obawrved
early eppearance and better resistmnce with nonegpecifie
1onunogen,

The regiatance status induced by single inoculation in
mouse was judged by chellenging with 6,61,000 LD% of intre.
muacuiur mouge CV8, The percentege of survival vith nons
speoific dmmnogen vas found to be more then specifie end
the difference graduslly widens t11l 30th day (Ureph VI).
However, level of protection at different stages with specific
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imiunogen vas in aocord with the findings of tie above workers,
but althrough & better proteetion vag noted vith nonespecifie
inmunogen in the presnt study, The maximum protection vag
found o be on 30%h day which confirng the work of Erinivasen
and Malliek (lae gity)y but differs from the observations of
Pandey end Malllok (log, gits), Pox gf gl (0 ¢its) and
Landy (1956) where the inereased protection vas demonst rated
in tho early staes, Thls better resistence way be dwe fo the
intranuscular route of challenge where the possibility of the
pathogen in faclng the indueed nonwspocific factors g more,
The 208 protection dn the conteol group found on 30th day
seomp $0 b unugual but obher workers using this route of
uhbllonge have similar experience (Gallovay, 193Y) Gribencha
8% alsy 1969y Bondndler, 1961), |

In rat, recelved gingle inoculation, the neutraliping
antibody with specifiec dmmunogen vas found to be highest en
20th day which cane down wery slowly to 50% ed 30th dey,
While the neutralizing substence evoked by non-specific
{muunogen behaved ina different way, On 0th -day the titre
vas comparatively lower which attelned steadily to 62.5% o
20th day and then slowly to 75§ on 30th day (Greph II),
Thie 1o 1n contrast to the result obtained in mouse where
the moftralizing antibody/substence attalned its pok (75)

on 20th day.
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I% vas notiesd on ehallenge tost (6492,000 LD o of
rab CVG) thab the perosntagm of survivel vas exactly the
swe (50f) vith both on 20th day but on 30th day the protecs
tdon with nen-gpoeifle munogen dovered down to 37,54
whereas the percontage with speeifie imunogen renadned conge
tant (Graph VII), This seens to be puculiar thet though the
vitro in 6N test with non-epeeific inmunogen vas veximm on
0th day but showed less protection on chellenge test,

In response to single inoculation in gulnepspig, the
neutral dsing antivody/substance induced by both specifie and
non-gpecific agents ran parallel 4n the same wanner as in
'uouae but differed in soue wpespects, Hore on 10th day, the
titre vas found to be 0% which maintained t111 20%h day and
then slowly reached to 62.5% on 30th day (Graph I1I). Unlike
raty both neutrelieing entibody end substance showed graduel
increase from 20th day onvard, |

Guineespig inoculated with non-speeific lmmunogen on
ehallenge (20,90,000 LD50 of guinesspig CVA) on 30th day
shoved congidersbly higher protection then the specifie one
(Graph VILI), This simulates the result found in mouse but
the resistance glven by nonespecific dmmunogen wes considerebly
higher in this species,

Challenge test was perforned only on 30th day due to
the noneavailability of the required number of guines-pige

and rebbits,
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Rabbit on single inoculation experiment in &Y test
vith non-gpecific agont shoved significant titre, 71.5¢
vhich after a fell (50%) on 20th day went wp to 75% on
30th dey, With speeifie, the titre started with 508 on
10th day) attained its maximum 62,56 on 20th and remeined
stationary t113 30th day (Graph IV), Among all the species,
moximum {mnunologieal response vas noted in rabbit,

On virulent challenge (b1,70,000 Lgq of rat CVE),
rabbit 1ike wouse and guinea-pig revealed better protection
with nenespeeific immunogen on 30th day (Graph IX),

Hultiple inoculation of . phled 4n rebbit ylelded
comparable regult ag achleved in single Lnoculation experi.
ment in 8N test. In both these cases, maximum titre recorded
wag 75%: But vith specific iumunogen a slov ed steady
increase in titre from 50F to 100§ was observed (Greph V),

As nsggsed by chellenge test, the nonespecific immunge
gen on multiple inoculation showed better resistance than
ppecific inmunogens 1t 1s also noted that both specifie and
nonespecific imounogene elielted bettey response at 7th
inoculation devel than that of single inoculetion (Graph X),

Geleddffusion test vas initiated in ordep to study any
antigende relationship between the specific and non-specifie
{mmunogens, To be gure of antigenie poteney of entigen
(Avoton purified rabies virus) tests were set up with
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homalogous hype rimmune pera and two precipitating bends
appeared, This goes with the finding of Villemot end

Provost (1956a), They ueed crude brain preparation as
antigen, This stendardised antigen wes used throughout
against howologous and heterologous experimental sera collace
ted ot different intervelss Only one precipiteting band was
demonstrable with multiple inoculated homelogous sera of 20th
and 30th day, But no line developed with single inoculated
sora, Grapset (1966) suggosted that procipitating 1ines vith
rabies system are not elways demonsbrable elther ﬁnnm they
ar® abeent in certain conditions or they are present in too
amell quantities to be detected, In ease of M. phled eystem,
two bands were noticed with mouse and guines<pig experimentel
gora vhereas four bsnds with ret end rabbit gingle inoculeted
pora, fers from miltiple inoculated rabbit gave four precipi-
tating 1ine s,

No precipiteting lines could he noticed in the heterclo-
gous gystem which indicates that there may not be any preci-
piteting mtigenic relationship between M, phle end rableg
virus. Bo apparently, it seeme that there 13 no correlation
between protection end precipitating entibody/substance.

The possibility of employing nonespecifie immunogen in
troatwent vae attenpted, Pop this, rebbits were exposed with
b1,70,000 LD,O of rat CV8 intramugeulepdy and subsequently
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vere considerably high on 30th day unlike previous workers
(Pandey end Mallieky Joor ghts, Brintvasan end Malliek, Jog. gl

In this study efforts vere mede to undepstand the 110 ¢hile
niem of resistance in rabies dnduced by ), phled and heat
inactivated rebies virus with the help of single inoculation
gerun neutrelization, gel-diffugion and virulent chellenge
tests, Intramusculer route being the natural route of infece
tion was talten for ehallenge unlike previous workers (Pandey
and Mallieky log,gdts, Grinivasen and Malldck, logs gits),
Exact ageay of the serum neutralizing entibpdy/substance by
conventional multiple serum dilution neutraligation test
could not be done due to obvious reasons expleined in the
text,

The mechanisn of resiatence to rabies infection avelts
eluckdation, Though Koprovekd (1967) has cletoed copredatden
betwen neutralizing antibody and proteetion, it is known that
thie 48 not the only factor, It is also observed by Lubke
(1966) 4n mice againgt footepndemouth digense virus infection
that nonespeeific substance induced by heterologous spleen
extract inoculation and low speoific sepun newtrelising
antibody act synergisticelly in proteotion

The exact role of mterﬁron in the procens of protec.
tion fn rables is not assessed clearly but judging on the
structure of the virus, Turner (logs gits) firaly believed



T

that Anterferon or interference wight have same rols, Payeg
gk gle (1970) expledned tho protection of rebbite aghinst
rebies as a result of interference produced by pre-inoculation
of parainfluensa 3 virus, wodiated probably by interferon,
Gorbe ot gle (1968) suggested stimulation of dnterferon whon
an appropriate adjuwent Myeo, tuberewlosis, vas tnoculated in
an exporinent vith footandemouth disease virus in mice, 8o
the possible role of interferen in protection induced by non=
specific dmmunogen (Ns phled) in the present study cainot be
oluply ruled outs But a systematie study 4n this direction
eould not be taken up dwe to ldmited faeilities,

Tompkins gt al. (1970) inddoated thet both lymphocyts
and maerophages participate in cellular imunity to viruses,
1% wap reported thet non.specifie fmmunogen elicited lymphold
hyperplesia of gpleen and Kuffer colls proliferation in liver
(Fox gt als loce ghts) and an increase in polymerphoenuclear
leucoayten in blood pieture (Bandyopadhyay and Malliek, 1670).
Mallick of gl. (1970) found inerense in betaglobulin (trans-
ferdn) 4n nice which according to them might have some role in
nonwspecific resistance, Dotailed studies on these aspocta
could throy some light 4n the process of non-specific resistancd

1t may be enphasisd from the present preliminary inves-
tigation that the nonespecific dumunogen efforded better
regiotance agalnst rables in majordty of the spocies under
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sbudy in contrast to that of spectfic Ammunogen,

Henea, further studies on the folloving aspects may
be extendeds

1y Bxact aveay of neutralising antibody/substance
by multiple sorum dilution test,
2 To pinepoint the fraction of non.specifie lumurogen
responsitle for the pesistance,
3» Characterigation of the nonepecific substance(s).
B The role of interforon in the reststance, if any,
5 Correlation between cellulsr changes and protection,
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BUMMARY

The present study bas been conducted to find out the
efficacy of a non~gpecific dumunogen against rbles virus
in mousey raty gulnon-pig end rabbitl with the help of
serum noutrelization, virvlent challenge end gol=-diffusion
tests, '

The non-gpecific Lmmunogen used in this study was
trypsinized [, phlel preparation,

The Paris straln of rables fixzed virus vas employed in
this investigation, as specific lmmunogens Por serum neutras
1izatdon test, mouse OVE wag used, But for intremuscular
challenge test, CVG was stendardised in different species of
endmale by glving four soriel passages in mouge, rat and

guinesspigs In rabbit, ret intramuscular CV6 vas used,

Throughout the work intreperitoneal route was used for
{mounization while intranuscular for challenge.

In gorum neutrelisation test, both specific and nen.
specific dmmunogens dnduced considersble antibpdy/substance
in all the species, But non-specific immunogen afforded
better resistance in ret and rebbit wherees the effect ls
parallel and 1ittle less in guines-plg and mouse yespece
tively than specific immunogen,

In challenge teat better protection vas observed with
nonespecific immunogen in mouse, guineaspig and rabbit while
rat exhibited almost parallel protection in comparison to

epeeific immunogen,



"

Though serun neutralization titre with specific dmmuno-
gen vas slightly blgher in some cuses, 4t was interesting to
note that aluost alvays a better resdstance was recopded with
non-speeific one in intranuscular challenge tests

With midtiple dnoewlation experiment in rabbit, none
specific immunogen yielded compareble meutraliging substance
1] neh;iéid in alngle inocuwlation experiment in serum neutres
1igation test, But specific imeunogen showed higher level of
neutraliping entibody then that of single inoculetion test.

Chedlenge test in multiple inoculation expepiment 4in
rabbit also revecled better protoction with nonespecific immuno
gon ag o_bumd in single dnoculation tests

In gel=diffusion test vith homologous rables system, one
precipitating 1ine was noted in mdtiple inoeulation experiment

“{n rabbit, Whide with s phled aystem two bands in nouse end
guinee~pig and four bande in rat snd rabbit were observed in
gingle inoculetion experiment, Appearance of four bunds was
also noted in multiple inoculation in rebbit, No precipitating
antigende relatdonshdp could be detected botween specific and
nenespecific munogens, |

In s comarative trestnent triel n pabblt botter pro-
teotion was elieited with antirabie veccine (5 comoreiel

Semple vaceine)s Hovever, nonespecific imunogen algo showed

encouraging results
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Plate I CGelodiffusion test with rabies
hyporimmune sérum and Avoton purified virus,

1. lyporimnune serum.

2k
3, Arvoton purified virus,

b4 | ‘
5 20f rabbit infected brain,

6. Nomal rabbit brein,

Plate I1 Mo phled syetem with pabbit seya from
mltiple inoculation experiment,
1, Trypeinised M, phlel antigen,
2 10th dey eerum,
30 20th dey sorum,
by 30th dey serum,
B Control sorun,






uﬁ_m_ Houge No.1y showing no symptoms, It was
inveulated vith 3 ngnes of Mo phled end
subsequently resiated the intremugcular

ohellenge with 6,461,000 LD50 of mouse CVB,

Houge lio,2 of control group showing peralytic
symptoms on challenge with 6,61,000 LD50 of

mouge OV,
\

r_'. }

Pate IV  Rab No.l showing mo mptom.' 1% vas inocue

lated with 15 mgnes of M. phled end subsequently
repisted the intramagculer challenge with
6,92,000 LD50 of rat CV6,

Rat No.2 of control growp showing paredytiec

oynpton on challenge with 6,92,000 LI150 of
rat CV8,






Dlate Vo Ouinpeplg No.1 shoving no symptoms, It was
inoculated with 30 mgna, of Y phlel end
subsequently resisted the intrenvsculer challenge

vith 20,904,000 LD;0 of guinea-pig CVS,

Ouineasphg llos2 of control group shoving
paralytée symptons on challenge with
20,490,000 U’so of guineasplg OV,

inoculated vith 60 ngnge of Y phled and
subsequently resisted the intremuscular
challenge with ,70,000 LD’D of rat CVE,

plate VI Rabbit No,1 shoving no symptoms, It was

Rabbit No,2 of control group shoving

D 0 e

paralytic symptons on challenge with 41,70,000
LD,0 of rat CVE,








