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INTRODUCTION

The pathogenic cloatridia are of major importance
in form animale and human beings as primery causes of
@isesses They are all potent producers of exotoxins
upon whieh their pathogemecity depende., Clogtridium
perfringens type A is an enterotoxin elaborating
enteropathogen which produces food poisoning in humen
beings characterized by dierrhoes and abdominal pain,
In snimels it is less significent as an enteropathogen
although mortality due to enterotoxaemia coused by it
has been reported, In ligated ileal loop of rabbit,
it causes fluid accumulation, 3

Pathogenic straine of Cl. perfringens type A are
conmonly prescnt in goil rich in humuse They are also
found in the intestinal contents of normal enimale and
cause disease only in special eircumstances. The
ubiguitous gharacter of this organiem mekes eraddc-tion
of the diccase virtually iwpossible and necessitetes
control by prophylasctic measuress This can be achieved
by identifying the weakest link which can be manipulated
in the course of events leading to dlsease, The study
of mechanism of action of this enteric bacterium may
rwé&l such points where manipulation might be possible
to thwart its attempt to harm the hosts In case of cholers,



for example the possibilities of preventing disease by
blocking the toxin receptor sites with choleragenoid
are being explored,

In general, three caotegories of basterial diarrhoes
are regogniged:

In the first, the =0 called toxigenie diarrhoes in
whieh enterotoxin is elsborated by the bdacteria in the
lumen of emall intestine evoking f£luid gecretion by the
intestinal epithelium. This type is bect examplified dy
the dlscase caused by noneinveding Yibrio gholerge end

some streins of Lggherichis goli. Enterotoxin action on
the intestine is belioved %o de mediated via the

stimulation of mucosal adenyl eyeluse cycliec adenoeine
monow=phosphate (AHP) gystem,

In the second category, invasive organiems sueh as
Shigellae, Salmonallas and pome E. goli provoke acute
disrrhoca and there is no clear evidence of enterotoxin
mediation, These organimms invade end multiply in the
intestinal mucosa, causing ite damage and fluid lose,

In the third poseible sategory, diarrhces is ecaused
by en orgeniem which may be both invasive ag well as
enterotoxin elaborating, Cle perfringens type A and
Salmonella are likely to fall in this eategory.

While progress in elucidating the mechaniem of
intestinal filuid loss in toxigeniec diarrhoea has been
substantial, little 1= known of the mechanism of excess
fluld seeretion into bowel caused by Cl. perfringens

A |



type As The present study was performed to gain eome

ineight into the mechaniem of Cl. parfringens type A

enteropathy with the follewing objectives:

1. To study the site of localization of Cl. perfringens
and its enterotoxing in the intectine and thelir
poseible assoelation with the physiopathology of
intestinal £1ula losse '

2, To study the histochemical and histopathological
changes teking pluce in the infected intestine,
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REVIEW OF LITERATURS

€leostridiuy perfringens as enteropathogen

Cl. perfringens is an enteropathogen which causes
food polsoning and poesibly enteritis in man, ehcracterized
by dierrhoea end abdominal pain (MeClung, 12465 Zelissler
and Rassfeld-Stornberg, 10403 lobbs ¢t ale, 1863
Egerton and Valkery 1064)e Of the aix toxigenlc Uypes
(A=F) of gl perfringeng type 4 1s the most common
human enteropathogen, However, types C (Egerton and
Walker, 1964) and type D (Kohn and Waerrack, 1885) have
also deen reported, but rarely. The causative agent
of "Enteritisenecroticans®, Cl. perfringeong type ¥
(zedssler and RassfeldeSternberg, 1848) has been merged
with type C (Brooks gk 8ley 1967)s Skjelkvale and
puncen (1875) reported that certein straing of Cl.
perfringeng type C produced enterotoxin 1identical
with those produced by type A

Claseieal streins of Gl. perfringens type &
causing gasegengrene produce abundant alpha, theta
and kappe toxins and heat sgensitive spores. In
gontrast, the straine causing food poisoning produce
heat resistant gpores, little quentity of alpha toxin
and vorisble amount of kappe toxin but do not produce
theta toxin (Hobbs, 1965), Studies conducted by
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Hawechlld end Thatcher (1067, 1968), Hausohild gt gle
(1967) and Chekrebarty (1977) indicated that there wos
no eclear differcnce between the straine of Cl. perfringens
type A ceusing food poleoning and the ones cauvelng
gas gangrene,

€l. porfringens type A has been freguently
ineriminated ae the cause of human food poisoning in
UsKey UsS.A, and other parts of the world (McClung,
18453 Osterling, 185625 Yobbs gt gle, 18833 Nikodemuez
and Pelixfne, 10603 Helgel &t 2lsy 10614 Damelikkelsen
et gl., 1062 Sutton and Hobbe, 1068; Woodward gt al.,
15703 and Hobbs, 1973, 1974). In Indla, Gupte and
Gulatl (1974), Chakrabarty gt al. (1977) and Prasad
et als (1277) observed Cl. perfringens associated with
buman diarrhoea, There are evidences that Indian

isolates of Cl. perfrinzens type A are both heat sensitive
and heat resistont,

Clogtridium perfringeng type 4 enteropathy

Literatureson bacterial enteropethy in gencral snd
i type 4 in perticular are

revieved as undérs

(1) Site of localizetion of eclls and enterotoxin,
(11) Histopathological changes.

(111) Alterations in vascular permeability.

(iv) Hisctochemical end ensymic elterations.



Durdng the lact decede it has been esteblished that
the pathogencsis of food poisoning cauweed by §l. perfringens
type A is dependent on an enterotoxin elaborated by the
orgenism at the time of sporulation (Hauschild gt gley
1971)« The locus of sttuchment of the enterotoxin and
the colls in the intestinel tiseue might provide informetdon
relevant to their mode of zection, There appesrs to be

no eariier atteupt made to trace the localization of

¢l. perfringens type A and ite enterotoxin in the infeoted
intestine, although similar studies with ¥, gholersg
have been made., Peterson gt al. (1972) with the help

of fluorescein and horseraddish peroxidase labelled
antitoxin antibodies, attempted to follow the ¢holera
toxin into intestinal tissuce of adult mice injected
intraluminallys The cholersgen waes speeificelly and
gselectively absorbed uniformly to the entire mucosal
surface of villi and erypt areas. In a recent study,
GCordon and Verwvay (1976) demonstr:sted cholera organism

in normal end immunized animals by staining the frozen
section with specific fluorescent gnttbody. Study of
tissue sections showed that the fluid accumulation was
goneomittent with the establishment of large masses

of orgeniem in the interviliue spaces of the intestine,

L. gholers orgenisms, thus, localized in the musous gone



of intestine, multiplied there and claborated enterotoxin
(Peterson gt al., 1972), 1In Cl. perfringeng infection,
enterotoxin was synthesized in the intestine and was
released along with mature spores, The organisms have
not been reported to be seen in the villus epithelium,
The site of locelization of Cl. perfrinzeng end ite

enterotoxin in lumen or in the intestinsl tissues is
not known,

Harlier studies revealed cellular siteration in the
intestinal tiseues of $l, perfringens infected eninals
accounting for the nassive loss of £luld amd elegtrolytes,
Thue the symptoms of food poisoning coused by Sleperfringens
appear to be the result of architestural damage to the
intestine, Duncan gt als (1968) firet reported damage

of ileal epithelium of rabbite exhibiting diarrhoes

induced by cells of enteropathogenic strains of

&ie pexfringengs Nille (1973) reported partial loss of
epithelium with a ¢ell free extrasct of sporulating cells
given intravenous to ecalves and sloughing of ileal
eplthelial cells when administered in the ligated loops,
The ssme was observed in ligated ileal loops of rabbits

by Chaturvedd and Narayan (1874), HeDonel and Duncan

(1878) found that unlike the action of V. gholeras
enterotoxing Cl. zerfringens type 4 enterotoxin caused
danage at the tip of ileal epithelium within a conecentration



essential to induce fluid accumulation in ligated ileal
loop of rebbit, They also observed thet the degree of
damage woe dose dependent, These studies indicated a
eytoeidsl effect of enterotoxin, A direct evidence

of the cytotoxic effect of enterotoxin has come fyom
studies in cell line (Keussh and Donta, 1078)s Studles

by MeDonel (1874), McDonel end Assno (1975) and MeDonel

and Duncen (1975) attempted to associate the funetional
disturbance brought about by enterotoxin, However, it
remained unresolved whether the fluld accumulation in
ligated loops of rabbits was due to eytoecidel effect of
enterotoxin or not,

ilteratione of vasGuler RErRCoD-Lie)

_ A mothod for demonstrating vescular leskage
utilising eolloldel iron.dextran, was applied by Keusch
gt al. (1067) in the study of experimental eholera

in infent rebbits. #An increase of vascular permeability
in choleragen infected raebbit ileum was observed. Its
onset and duration were eonsigtent with the elinieal
eourse of cholera, It is considered to be & major factor
in experimental choleraie ddsrrhoes, Norris and Majno
(1968), however, observed no increase in the permeability
of the ileal vecsels when studied by intravencus markers
i.04 Evan's blue and seccharated iron oxide,.

tochenical and engymic GEre L LN
Recent informetione suggestod thaet many enterie
pathogens produced protein esotoxins capable of stinulating
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secretion of intestinal fluld end electrolytes and these
eonsiderably influenced the conceptes of pathogencsis of
bacterisl adarrhocas (Orady and Keusch, 1671)s Mueh
efforte have been directed towards specific investigation
on the role of exotoxin of Y+ gholersg (echoleragen) in
experdmental end human cholers (Plerece gi gley 19713
Kimberg o ale, 10713 Sherp and Hynie, 1071), These
studies have shown that ite moleeular mechanism of action
almost certainly involved the adenyl cyelase- C'AMP
pathway. Stimulation of sdenylecyclase activity by
¢l. perfringeng type A enterotoxin was also suggested by
observing its effect on thyroid hormone production,
g cyclic-AMP medlated process (Maschia gt gle, 1067).
However, this could not be substantiated with a stuldy
on the effect of Cl. perfringens enterotoxin on Ye1
adrenal cell culture, rather a cytotoxie effect on Hela
eell was observed (Keusch and Dontay 1976),

Studies on the physicpathology of ileum exposed to
Cl. perfringeng type A enterotoxin showed that it caused
fiuid and electrolyte ssercuion and inhibition of glucose
upbake in rat ileum (lieDonel, 1974; MeDonel and Asano,
iWﬁ)- Experiments done with enterotoxin treated everted
rat 1leal sacs showed decrease in oxygen consumption with
no effect on laetete production (McDonel and Duncan, 1875),
Furthermore, MeDonel end Duncen (1977) observed 26 to 41
per cent reduction in the rate of oxygen consumption by
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pat liver mitochondrie infected with Cl. pexfringens
enterotoxin when verious trisarboxylic acid eycle
intermedictes wore wsed as substrate, WHowever, oxidative
phosphorylation ratio were unaltered.

The existence of an emergy dependent mechaniem for
the transport of Wa' and K' in many enimal tissues has
been esteblished beyond doubt and reviewed by Bouting
(1970)e Skou (1967) identified a membrane bound enzyme
prepered from eifb nerve as transport adenosine triphosphatase
or Na' oK' pump, This ATPasge requires H:"’", Ne' and £
for maximm sctivity and is inhibited by ouabaln, Any
procese involving this transport, theroforc, must he
associated with a Kg“' dependent (ia*ek") activoted and
ousbain sensitive ATPase, Glannella gt al. (1976)
ohgorved that ma“‘...x") ATPage sctivity was unchanged by
elther salmonclla or cholera toxin. They suggested that
the net secrctory changes obperved in these enteropathie
infections probably do not arise from reduction of
(a*-K') ATPase mediated absorption of Ne' and water, The
role of this enzyme in gl. perfringens type 4 enteropathy
has not been reported, However, reversal of net
transport of Na' from mucosa to serosa in rat ileum
treated with Gl. perfringeng type A enterotoxin has been
observed by Melomel (1974) and MeDonel and Asano (1976)e
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MATERIALS AND METHODS

Bacterial Streins used

smam mm.mu tw A, Hobbe serotype 111
(FH/8588/66) 15 & hest sensitive spore forming strain
4eolated from food poisoning outbreak in England and
Waless It had been earlier obtained from Dr;B.C.Bobba
of the Food Hygleme Labor:tory of the Centrel Public
Health Leboratory, Colindsle, London eand maintained
in Public Health Laboratory of the depertment, This
strain was tested by Chakrabarty (1977) and found to

be enterotoxic,

PO 1 laborastory identificetion number of an

isolate of Cl. perfringeng from poultry feed (Hafed,

Rohtak) .
Biochemical, blological and serologlcal characters

of the sbove two strains were studied as per the methods
deseribed by Chakrabarty (1877).
Librio gholerag

Yibric gholeras, Inabe 6602 is a choleragen
produeing stroin obtained from the Centrel Reseerch

Institute, Kaﬂu-llii



Preparation of cell free extract of
lgomlstin colls (CE) and antieerum
° ﬁ%; mﬂ;mmu type 4, Hobbs
geroiype .

gell free extragt

Clostridium perfringeng type A Hobbe serotype 111
wae grown for eight hours in DS medium (Duncan end
Strong, 1868), Sporulating celle from 50040 ml of
culture were harvested by centrifugation at 1700 rpo
for 45 minutes st 4C, Harvested cell mass was vashed
thrice with gold saline by eentrifugation and finally
suspended in 30 ml of 0,086 ¥ tris-HCl buffer (pH 8.0).
The suspension was ineubated at 37C for one hour iaomro
sonication, The cclls were sonicated for 40 minutes in
the ultrasonie sonicator (Vibvrionde Pvh. Ltd., Bowmbay).
The sonie:tes were centrifuged at 1700 rpn for 46 minutes
at 40, The clear supernatant thus obtained was streaked
on lactose egg yolk eger and incubated anaerobleally.
If grovth was observed further sonication vas carried
outs The cell free supernatent was dlalysed against
20,0 per cent solution of polyethylene glyeol (MW 6000)
at 4C until 80 to PO per cent eoncentration was obtained,
The concentrate (CBE) thus obtained was kept in gterile
vials at 4C for future nse, Froedom of CE from
lecithinase and any viable cell or epore was tested dy
spotting CE 4n one half end the respective eulture on the
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other helf (positive eontrol) of egg yolk sgar medla end
incubating the plate snaerobiecslly at 87C for 24 to 48
houre. Sufficient quentity of CE so as to last for the
entire study wae raised in e single bateh eliminsting
chance of any verdebility on this ascount, Protein
content of CE wae determined dy the method of Lowry
gt gl. (1981) with erystaline bovine gerum albumin as
standard .
Antigeruy

It vas reised ae per the method deseribed by
Cheakrabarty (1977)s It conelsted of injeeting equal
volume of the CE and Freund's complete adjuvant (Difeo)
intrapuseularly to each of the two adult rebbits ot
three deys intervel., The amount of CE protelin Injected
was 440y 1640y 3240 and 32,0 microgramme on eseh occasion.
After 30 days of the lest injeetion, the aningle were
challenged with o massive dose of 160 mierogramme of
CE protein, Bleeding was done seven days post challenge,
Serun was harvested, heated at 56C for 30 minutes and
then tested for the presence of antibody by immuno-
diffusion test using homologous entigen. The snticerum
woe obsordbed with the sonieated extrect of the
vegetative cells of the Hodbe serotype 111 to eliminate
non-enterotoxin antibodies. Thus enterotoxin specifie
sorum wes prepared whish gave single preeipitin bend
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with CE of homologous strain and no preeipitin dand
with vegetative cell extract, Thiomersalate in 1:10,000
wae sdded to the absorbed serum which was stored at 4C,
Pr ation of spore entigen and
aniloerm of Q; ertrinsinn iy 4

Spore antigen

Spore antipen of Hobbs serotype III was raised by
the method described by Chakrsbarty (1977)s The stock
spore suspension in 0,88 per cent saline was matched
with Brown's opacity tube No,Bs The apore suspension
wae then sutoclaved at 121C for 15 minutes and stored
at 4C in tightly seeled vialse, Autoolaving was done to
prevent possible germimation of epores in yiyo with
gonsequent production of antibedy ageinst vegetative
gells (Walker, 1963),
dnbiserug

Method deseribed by Walker (1963) was followed for
raising entigers ageinst Hobbe serotype Iil, Two
adult rabbite welghing 1.6 to 2.0 kg were used,
Preiomunizetion antispore entibody titre of the sera
of these animels were determined. Sers from these
animals 414 not show any antibody against spore, Such
gers were pﬂuﬂd at 4C for use as ¢ontrols in
subsequent tests, Suspension of killed spore antigen



were injected intravencusly to each animal at three
deye intervels. The first three injcotions wore 0.8,
140 and 1.6 ml, respectively while the subsequent
five injections were of 240 ml ecch, Test bleeding
vas done on the 38th day. When the entibody titre
vas satisfactory then large quantity of blood was
drawn through cardiopuncture. The serum vas separated,
heated at 56C for 30 minutes ond then preserved with
13104000 thiomersalate and stored at 4C, Spore
agglutinption test was done us descridved by Lamenna
and Bigler (1960) with slight modificstion suggested by
Lemenna and Jonesy (1961)e

Preoperztion of somatie antigen and

an mmutm.!sﬂwtypta

Hobbs serotype 111,
Somatic antigen

somotic sntigens were prepared by using Hobbs
gerotype 111 as per the method of Henderson (1840),
Vegetative cells were raised in VF broth (Fredette,
1066) se deseribed by Chekrsbarty (1977). The
veget-tive coll stock was suspended in esline and
matehed with opacity tube No,8, It was steamed for
one hour on three successive deys and stored at 4C,
Aptise:
A pair of rabbits welghing 1.5 to 240 kg was uged

for reising antisers against Hobbe serotype ILIL,
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Preimounization somatic antidedy tiire of sera of

rebbits wae determined.

Esgh rabbit received six

successive increcsing doses of cell suspension at an

interval of three days.

0 th day
4th day
8th day
12th day
16th day
20th day

06 ml
140 ml
1.5 ml
240 ml
268 ml
340 ml

24th day
28th day
32nd day
36th day
44th day

The doses were sdminictered
intravenously ae per the following schedule:

3,0 m1
340 ml
340 ml
3¢0 ml

Test bleeding
by venipuncture,

Serum was mparatéd,muivam, preserved and stored
at 4C, The entibody titre (agglutinins) was determined

ageinst homologous eomatic antigen,

Somatic cell

agglutination test was carried vut according to the
method deseribed by Hobbe gf gls (1863)s Vhen the
desired titre was achieved the animels were finally dled

to collect large quantity of blood by cardiopuncture,

Preparation of robbit antiglobulin serum
for indirect fluorescent antibody technigque

The procedure regommended by Proom (1843) was
followed, 285 ml of the normal rabhit serum was diluted

by adding 80 ml of distilled water.

To this 90 ml of

a 10 per cent solution of ptassium alum in water was
added (Aluminium Potaseiun sulfate, Alg (504).2Ha0 M,\e



94847)s The mixture wus centrifuged after sdjusting
the pH to 6.6 with § ¥ NeOH, The preeipitote was
vashed twice using 200 ml of saline containing 1:10,000
" thiomersalate for esch washing, The final proeipitate,
thus obteined was dissolved in 1:104000 thiomersalate
saline thet gave & volume of 100 ml, Ten ml of this
suspension wes equivalent to 2.6 ml of original serum.
A healthy goat of sbout 20 kg body weight was selected.
The above antigen (20 ml) was injected intremuscularly
into each hind leg of the goat, Subsequently, two
more injeetions were given after 15 deys of interval,
The trial bleeding wes made on the 15th day of the last
injection., When the titre was found to be satlsfactory,
fool wos withheld for 24 hours and the gozt was bled
for the regquired guantity,. |

The clecr serum from the gout was inaetivated at
8§6C for 30 ninutes and preserved by additionéf 1:10,000
thiomergalate and stored at 4C,

Latery globulin was obtained with ammonium sulphate,
preedpitotion, end conjugated with fluorescein isothioe
eyanate (Appenddx A) for the indireet fluorescent antibody

techniques.
Localizotion of enterotoxin
gells and sporaa%%m .

AT ARSI

Frozen sectione of the infected and control loops
were eut at &5 f14 The sootions were transferred on %o



the slidés ﬂmﬁ with methenol for 6 minutes and
washed in phosphate buffer saline (PBS), pH 7eBe
Few drope of the imune serum diluted to 1380 (antie

18

somatic end antispore) and undiluted anti enterotoxin were

applisd, and the slideswere incubated ot 37C for 30
minutes in a bhumid chamber, For control, the Irozen
goctions were treated in the same manner except that
0485 per cent saline (MSS) was applied in place of
antiserum, After incubation the slides were washed
twice for 15 minutes each in PBS, pH 7,6 Two

three drope of FITC labelled globulin diluted to 1416

or 1:82 with PBS, pH 7.6 were applied, incubated for the
same period, Slides vere waghed with PBS twice, mounted

in buffered glycerol, pH 9,8 and examined under
fivorescent microscope (Fluorolume, American Optical
Cos, exeitor filter 702).
dcridine orange gteiniog

The method of Kronwall end Myhre (1977) wes
followed,

Pirty mg of esridine orgene (BUH) was dissolved
in one liter of 0,156 ¥ scetate buffer, pi 4,0, Thise
wase used for steining.

The sections or smears were fixed in methanol for
two minutes and washed in tap water thoroughlys These
were steined in troughs containing about 100 ml of the




staining solution, washed in Sap water, dried, and examined
under flmmaoent mieroscope, The basterda gave & strong
opange fluorescence snd the epithelisl cells, green to
yellow fluorescence,

28 _BOCUNACHE LOL 380 e LA 2i SO A8

~ The procedure deserided by ILdllle (1985) was followed,
The pareffin sections wepe token to waber se L
 usuales Orystsl violet was applied for two to three minutes.
After washing the slides were flooded with Grams iodine
and which was left tor‘m m:ﬁhrw‘ minutes on sglides,
The geations vore then decolourized with scetone ond
stained with one per comt aguous eolution of meutral red,
rinsed rapidly in distilled water, blot dried and rapidly
glezred in aniline.xylene and xylene and mounted with DPX,

The control and test loops of ileum were prodessed
after fixotion in buffered formaline, embedded in peraffin,
and stained with haemutoxylin and eosin,

The seme slides were aleo used for histopathological
atudies,.

Vasgular Permecbility Studies

in order to gather evidences whether Clostridiug

perfringeng type A causes on alteration of vascular
permesbility in the intestinal villi of rebbits, this
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test wee oonducted with vegetative cells suspended in
gporulation meddum end enterotoxin of this orgenimm,
For this, the method of Keuseh gt al. (1967) vas followed,
The rabbits were prepared as usual, and a& single
dose of imferon (Ralifes Indda Limited) at the rate of
1.25 mg iron per 100 gm body wedght and Evan's blue
or trypan blue st the »ate of 30 mg per kg body welght
were injected intravencusly through eer vein one hour
before the animale were sacrificed, The abdominal wall
was opened end 2 to 3 ems length of intestine was romoved,
openod lengthwise and pinned out on paroffin under
formaline (10 per cent), After 24 hours of fixatlon,
viild were cerapped off with a sealpel blade and fixed
to glass slides with Mayer's egg albumin, The intestinal
loop content wes also visuelly exomined for colonration,
The remaining 2 to 8 em length of the loop was processed
for poraffin section, The serepinge and paraffin
sections were stained for iron cb Gomerd teehnique
(Appendixp ) and examined under transmitted 1light.

Histochemical Studies

GO0,

Natro Silue
(Nachlas et aley 3%

Method for demonstretion of sucelnie dehydrogenase
4s based on the principle that eolourless, soluble
tetrezolium compounds (Nitro BT) are converted by the
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addition of hydrogen into water insoluble, deeply
soloured pigments, called formazenss In tissues, thie 1s
agcomplished by enzyme system,

Frozen sections of fresh tisesue were incubated in the
substrate (econteining 0.2 M sodium succinatey Nitre BI
in Oe2 ¥ phosphete buffery, pH 7.6) at 37 for 16 minutes,
These were wushed in saline for 10 minutee and then fixed
in 10 per cent formal saline for the same period.
sectione were ringed in distilled water after washing for
-10 ninutes in 16 per cent aleohol, Finally these were
mounted in glyecerine janjr and exemined under light
microscope. Sites of enzymic sotivity were located by
obgerving blue deposits,

Cytoghrome oxidase (Person and Fine, 1061)

The demonstration of this engyme ie buced on the
fact that eytoohrome oxldase acts as & eatalyat for
oxidation reaction between alpha nephthol end dimethylepe
phenyleminedismine hydrochloride to form indophenocl
biue (Nadierecetion),

Frozen scetions of the fresh and unfixed tiscuecs
were out and incubated in Nadl reaogent (041 per cent
alpha naphthol, 0,12 per cent dimethylepephenylamines
diemine hydrochloride in phosphate buffer, pH 7,6) for
one hour at 37C, The seetions were transferred to
normal seline, floated on to slides drained and mounted
in 20 per eent potassiun acetate and then looked for



A
)i
(s !—-‘:

blue viclet colour under light microscope,

Engynic Assay

m*-m ) ATPage auﬂﬂtna were meagured by the

method of Charney gt ale (1974).

1s - Mucosal eorapings f£rom test and coniml fleal loope
were teken in solution A conteining 130 mM NaCl,
& mM disodium, EDTA, 30 mM imidazole, and 2.4 m
sodium deoxycholate,

2+ Centrifuged at 770 g for 10 minutes,

3. Supernstent was teken #nd centrifuged at 10,000 g
for 10 minutes,

4. Pellets were taken in imidazole buffer, This
constituted the enzyme homogencte. Protein estimation

of this was done by method of Lowry gt gl. (1951),
The engyme homogenate was further processed ss followss

T lutions

R -

B{gg!g)mdﬂp‘lo Oe3 o2 Ca3 043 043 0,3
Solution B * Del = Osl = Osl =
solution ¢ ** B el Dol = 0l
ATP (3346 mit) Oul Osl Dal 041 041 041
Enzyme homogenate Dol Dol Oal D0p) o -

Incuboted at 37 C for 15 minutcs
36 per cent
!rhholotomatu acid 0.2 Oo_ﬂ OQB D2 D2 042

‘m‘ uwl nm‘ KO ¢ imie
#600m NoCly 20m4 inidazole, 3.6 mK “lcla




blue viciet eolour under light mieroscope,

Engynmic Assay

(Na*sk') aTPace activities were measured by the

method of Charney gt ale (1974). |

1s - Mucosal eerapings from test and sontrol ileal loope
were teken in solution A contoining 130 mM NaCl,
6 wM disodiumy EDTA, 30 mM imidazole, and 2,4 uM
godium deoxycholate.

2+ Centrifuged at 770 g for 10 minutes,

3« Supernatant was taken dnd centrifuged at 10,000 g
for 10 minutes,

4., Pollets were taken in Imidazole duffer, This

constituted the enzyme homogencte. Protein estimation

of this was done by method of Lowry gk gl. (1961),
The enzyme homogenate was further processed ps follows:

B{gtorg)muup'le Oa3 a2 Ca3 D3 043 0,3
Solution B ¥ Del - Ul = Oel =
Solution ¢ ** - Dol Ol = el
ATP (3346 mit) Osl Osl O8] 0Oel 041 04
Enzyme homogenate Oel Cel DOal DOp)l = -

Incuboted at 37 C for 15 ninutcg
36 per eent
!rhhnlomu-th acdd 0.2 ﬂ.g Ouf D2 042 0,2

*wﬁil ulﬂl 120m e Inia e ;
*+600u! HaCly 20m mamm 3346 . “lcle
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ifter terminating the resction with 36 per eont
trichloroacetic ccid, the inorganie vhosphate liberated
wap measured by the method of Chen gt gl. (1866).
Progedure to obtain a standard curve of inorganie
phosphorus 1s appended (&ppono‘.x Cle

To Os1 ml of the reaction mixture, 2.8 ml of the
working solution (1 part of 10 per cent ascorbie acid
and G parts of 0,42 per eent amwonium molybdate in
1.0 § gulpburic acid) was added and inoubated for 20
minutes at 45C, This was read at 820 mu in Spectronic.20,
The velues were extrapolated from stenderd curve (Figel),

Ma'eK') ATPase sctivity wee defined as the difference
between the inorganic phosphate released in presence and
absence of potassium, Resulte were expressed as micromoles
of inorganie phosphate liberated per mg of protein per
fifteen minutes,

Rabbit ileal loop test

Rabbite of 80O to 1800 g body welght were selected,
Under ether angsesthesia, laprotomy was performed end
gonstricting ligatures were applied %o the ileun g0 as to
gegment it into a serdes of closed loops, § em in length,
Care was tak;n not to compromise any of the va&um
arecdes, Between adjacent tect loops a 4 om segment
of blank ileunm wes interposed., Control loops reccived
0«8 ml NS5, Rach test loop was inoeulated with a totel
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yolume of 0.8 ml containing 2.2 mg of crude enterotoxin

of HSIII or 0,8 ml containing 1 x 10°% cells of both the
streins of Cl, perfringens, 3 x 10% cells of Y. gholerae
or 1468 mz of erude cholera toxin (Appendix D and E).
After eight hours of inoculetion, the enimale were sacrificed,
£luld secretion messured and mucosal homogenatee assayed
for (Ma'=K*) iTPese and protein concentrations. ZTissues
of all the experivental and control loops were processed
and the microsections used for different histopathological,
histochemical snd immunohistochemical studies, For
histopathédogieal studies, the tiseues were fixed in 10
per cent buffered formaline cnd stained by HE, seridine
orange and OGrams tiscue staing, For immunohistochemical
studies 1iguid nitrogen fixed frozen seetions were out
(Appendix B) and stoined by IFAT and seridine orange to
troce out the localizotion of dacterial eells, spores

and enterotoxin, For histochemical studles similer
soetions (frogen) wer: used to demonstrate suceinie
dehydrogenase end cytoohrome oxidase activities,
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RESULIS

Localization of enterotoxin of
R s e
The site of localization of enterotoxin in ligated

fleal loop exposed to oruvde enterotoxin (GE) wes tresed
by employing indirect fluorescent antibody teshnique (IFAT).
In 2ll, five different rabbits were used., In eaoh, two
ileal loops were inoculated with ¢t, Frozen sections
of the loop showing fluid aecumulation (Fig.2) were
examined for enterotoxin specific flucrescences. Plgure
3 a, b 1liustrate the brilliant gpecifie fluoresecence
of toxin antizen at the surface of integtinal epithelium,
Seotion from the same ileal segment treated with normal
ealine solution (NSS) insteed of entitoxin showed no
specific fluoreseence. The resulte were also negative
when section of ilesl loop inoculated with NSS was
stained for enterotoxin specific fivorescente (Figed).
The enterotoxin appesrs to have absorbed to the surface
of villi. lNo speeific fluoroseence for presence of

enterotexin ecould be detecteble in any other layer of
intestine,

Logalization of ¢ells and res of
CLrAngong Wg. ﬁ, Eﬂm
: robbit ileun

c‘ 'Y

To logate the celis and spores in the ileal loop
exposed to HSIII gells suspended in sporulation medium,
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Fige2e Cl.perfringens type A HSIII GE inoculated
segments 3,5 and cells inoculated segment
9 showing fluid accumulation, Segments

inoculated with DSM(6,10), NSS5(2,4,8)
and CE of a non-enterotoxigenic strain(?)

showingno fluid accumulation, Segment 1
uninoculated.

Fige.3a, A number of ileal villi showing localization
of Cl.perfringens type A HSIII enterotoxin
detected by IFAT in frozen section. 15x%40,
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Fige2, Cle.perfringens type A HSIII GE inoculated
segments 3,5 and cells inoculated segment
9 showing #1uid accumulation. Segments
inoculated with DSM(6,10), NSS(2,4,8)
and CE of a non-enterotoxigenic strain(7)

showingno fluid accumulation, Segment 1
uninoculated,

Fig.3a, A number of ileal villi showing localization
of Cl.perfringens type A HSIII enterotoxin
detected by IFAT in frozen section. 15x40,

2



Single villus of ileum showing localization of

Cl.perfringens type A HSIII enterotoxin
EEtEEEEE-Ey_?FAT in frogen section. 15x40.

Villi of ileum exposed to normal saline
stained with anti-enterotoxin serum showing
no fluorescence by IFAT in frozen section,
15x40,

8



Fig.5.

a1

Smear of content of loop exposed to
Cle ?rfringegg type A HSIIL cells
showing fiuorescing bacilli. (Acridine
orange stain 15x20§. '



the seme number of loops and rebbits were employed

as in the case of enterotoxin, To locate these, IFAT,
Grems, hzemotoxyline eosin snd acridine orange stalning
procedures were employed in both the frozen and peraffin
sections, In pareffin sectione nmo orgeniems were detectable
by sny of the staining procedures, although emears of

the loop content when steined by aeridine orvange (Fig.5)
showed briliiant orange fluorescence, For eompardson,

a smear of the culture of the same strain was elso exsmined,
Besides, the smesr of the gontents of ileal loop inceulated
with W8S wae stained with seridine orange and 1% was

found to be negetive. In frozen gections, the organiems
eould be demonstrated by IFAT and acridine orange staining
progedures. The gectlions were stained for all the three
antigens i.e. cells, spores and enterotoxin by IFiT, It
was found that the enterotoxin loealized at the surface

of the villus epithelium, as had elso been observed when
loops were exposed to enterotoxin and stained for it,

When steined with anti-gomatic end antlespore sers, the
respective antigens were found o be loceted in the lumen
and the adjoining vilii (Table 1). With seridine

orange staining aleo, a brilliant orange fluorescence

of the cells in the lumen of the bovel and the adjoining
villi wae obgerved (Pig.6)., Wo orgenism was detectable

in any other layer of the intestine with either of the
gtaining procedures, Similarly, in frozen sections of
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Fige6., Lleum exposed to Cleperfringens type A
HSIII cells: Frozen section showing the
brilliant fluorescence of cells in the
1umen of bowel and adjoining villus.
(Acridine orange stain 15x20)e

Fige7s Ileum: Frozen section of NSS inoculated loop

izow?ng nNo organism in the lumen of villi
¢ridine orange stain, 15x20), .
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HeS inoculated loops, organisms could mot be demonstrated
(Fige7)e

A summary of the obgervetions on locelization of
€l. perfringeng type A Hobbs serotype III cells and
spores in different layers of intestine is presented in
table 2. This tedble reflecte that no organisms were
detectable in any layer of intestine starting from lumen
upto musculeris end seroeal leyer in pareffin sections
stained by seridine orange, hmematoxyline-cosin end Gram's
staining methods, In the case of frozen sestion, however,
it wee possidle to losate the cells and spores of
€1+ perfringeng in the lumen of ileum and edjacent to
villus epithelium when stained by IFAT and acridine orange.

Date shown in tables 1 and 2 elearly indleate that
¢l. perfringens type & Hobbs serotype III cells are
noneinvasive and fluisd accumulation may de aseribed %o
the enterotoxin alone whieh gete absorbed o the villus
epithelium,

Loty tias Shinh ok PR,

Ag ghown in Sable 3, PP0y is a noneenterotoxin
producing poultry fecd isolate conforming to the charscters
of Cl. perfringensg. :

The eite of loecalization of this orgenism was

determined by employing aeridine orenge, Ursms and HE
stainas Both the peraffin and frozen sections of ileum



NeS inoculated loope, organiems eould not be demonstrated
(Fize7) s
A summary of the observetions on locelization of
€l. perfringeng type A Hobbs serotype 1II cells and
spores in different layers of intestine is presented in
table 2. This todle vreflectes that no organisms were
detectable in any layer of intestine gtarting from lumen
upto musculeris and seroeal leyer in pareffin sections
stained by seridine orange, haematoxylineecosin and Grem's
staining mothods. In the case of frozen section, hovever,
it wae possible to locate the cells and spores of
g1+ perfringeng in the lumen of ileun and adjaeent to
vilius epitheliuvm when stained by IFAT and asridine orange.
Date shown in tables 1 and 2 clearly indicate that
Cle perfringens type 4 Hobbs serotype ILI cells are
poneiovasive end £luid accumulation may be aseribed %o
the enterotoxin alone which gets absorbed to the willus
epithelium,

Localization of cells of m-ugﬂﬁ!,
poultry feed isclate (m&lin ra $leum
Ag ghown in table 3, PFOy is a noneenterotoxin
producing poultry fecd isolete conforming to the characters
of Gl. perfriggeng. .
The site of loecalization of this orguniem was

deternined by employing soridine orange, Grems and HE
staings Both the peraffin end frozen sectione of ileum
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Iable d
BMNnaal, bhhghalagzh.:mh ml gharscters of
Charasters studied Ho?ﬁhg fﬁ?*ﬁ' i:ﬁ:g f(;;g)
s ——————_—— S ——
Source Food poisoning P.mlkm feed
lorphology | fod Rod
Grem's stuining + +
lecithinase produation on * +*
egg yolk agar
Specific inhibition of % +
lecithinase by antialpha
toxin
rotility - -
Hitrate reduction + +
Fermentation of:
Glucose ¥ *
Hannitol - P
ttareh + -
Suerose + %
Lactose + *
Kaltose * *
Reffinose * *
Sallein * -
Inogitol % *
Meliblose + “
Celloblose 4 ®

contdeey
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Aumtlnaunn with antiserun + -
il gells
Agglutination with antiserum + -
ﬁo HSIII apores
Golediffusion with antiserum + -
%o enterotoxin of HslIl
Blologleal test in 1ligated * ¥
ilewn of rabhite with ceolls |
With eell extrect . @
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Auluunauon with antiserum + -
i cells
Agglutinetion with antiserum + -
to HSIII spores
Gel-diffusion with antiserum 5 : -
to enterotoxin of HSIII
Blologieal test in ligated * *
ilemm of rabbite with cells .
With cell extreet Lo -
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Ileum infepted with gl.geffn, 45 BFO cells:
Innumerable bacilli, erythrocytey and
desquamated ¢ells in the lumeti. fiAE 7x4)e

Fig.go

Fig.%, Ileum exposed to Cl.perfringans PFO eellss
Paralfin sections showing orange fluorescing
2§€aniams in the inter villus space sng core

villus, (Acridine orange stain 16x%40),



Flg.8. Ileum infested with Cl.perfringes
Innumerable baeilli, erythrocytes and
desquamated cells 4n the lumeti. ﬁﬁ&5|?;4).

Fige¥s, Ilsum exposed to Cl.perfringzens PFO ecellss
Paraffin sections showing orange fluoreécin
organisms in the inter villus space and o ;
of villus, (Acridine orange stain 15x40)~0P9

T :
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FigelDs Ileum infiected with Cl. pergitdn ms PFO cells:
Single bacillus at the slde o e villus.

(H& 7 x 405,

.Jr’p]l\\\\ N

i

k‘l\l

Fig.,11, Ileum infected with Cl.perfringens PFO cellss
Single bacillus approacbing towards the blood
vessels in the villus core. (H&E 7x100).’




FlgelSe

Fig.lS.

Ileum infectod with Q;.gerﬁringené PE) cellss
4 gingle bagillug iu the submueoset layer of
ileum, (H&E 7x40). ‘

Ileum inocylated with NSS: Cross section
showing normal histological structure,

(HEE Tx1C0),
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Histopathological Studies

The enteropathy of Cl. perfringens in rabbit
fleel segment was studded, The test segments consisted
of loops incculated vith cells and CE of Gl.pexfrinzens
type A, Hobbs serotype III and the cells of Sl.perfringens
PP, Choleragen inmoculsted loops served as positive
gontrol while ¥SS inoculated onee as negative controls.
Histopathology of ileal segments expogsed to tost and
gontrol materiele was stuiied, Peraffin sections of
& A thickness were steined with heematoxyline and eosin.
Figure 13 is the eross section of eontrol segment

of ilewn showing all the layers i.0, villi, lamine

proprias, erypts, submucoss, muscularis end serosa which
are intect and normal, The histopathology of seetion

of ileal loop exposed to cheleragen end menifesting
21uid scoumuletion was sleo studied, lo arehiteetural
demage to the ileun was detectable (Figes14) and the
histological observations were indistinguishable from
those of NSS exposed loops (Table 5)s On the other hand,
the loops exposed to HSIII enterotoxin showed congestion
and haemorrhage in the lemina propris and submucosa as
shown in figure 18, In the seme section (not shown in
Pig.15) almost all capillaries were found to be haemorrhapie
and the eapilleries of serosa were highly congesteds In
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Pig.14, Ileum inoculatwd with choleragens Stiow ing
no architectural dawage, (HIE 7x10).

Fige15, Ileum infected with Ci.perfringeng type A
HSIII enferotoxin: Showing severe congestion
haemorshage and oedema in submucosa. (HEE 7x1gy




Pig,16. Lleun infected with Cl.per/ringens type 4
HSILI1 enterotoxins Showing lwenorrhagse,
plasma fluld and Fex disictegrazted PN’ s

in bthe lumen, cedfwa and éGialated capillary'

in aubmucosa (HIE '*x10).

Flzel?. Ileum exna
p oesed toCl,.perfringzens t
i e 1€l 8 Lvne
BRI pEitsy G, D yoe A

haemoryy

e '

{he submuce gy Wighily

AgA md oedematones. {Hus ¥X10)
} : 23 -
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Iable 8

Supmary of the histopathological studise on the rabbit ileum infected with
- €l perfrinzens type 4 Hobbe serotype LI, PFO and Le gholerae

: R I TR ST

AR A ST R TR R S ST

gmwg .S\Wmv (0/12) (0/12) (0A12) (0/12) (0/12) (0/12) (0/12) (0/12) (0/12)

Legholorae {0/4) (0/4) (0/4) {0/4) (0/4) (0/4) (0/¢) (0/4) (0/8) {0/4)
Cleperfringens |
HS II1 CB  +(5/12) +Q10/12)+(2/12) +(1712) +(10/212)+(2/12) +(6A12)+(2/12) +(3/12) (0/12)
0S IlI-celle +(3/7) +(&/7) (o/7) +@/7) +W@&/7) (o/7) +@&/7) +(e/m  +/n o7
PFO cells wie(o/2) +ee(/2) w(2/2) v(2/2) +(2/2) +(2/2) (o/2) (o/2) (oe)  (O/2)

: moderate and intense positive alterations in the
: E 2

+y ¥, +v+ indicate mild
respective co

Figures in parentheses indicate number of ileal segments positive over total exaemined.



Figel8e Ileum exposed to Cl.perfringens PFO cellss
Large amount of blood and desquamation of
epithelium in the lumen. (HE&E 7x4).

Fig,19, Ileum exposed to Cle.perfringens PFO cells:
Showing congested villus core.(H&E 7xT0),
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technique weing imferon and Ewarls blue, imforon and
trypan blue and imforon alone as the intravenous markers.
Gross observations of the extravasation of these markers
in the £fluld accunulated in the tesct and control loops
elong with the iron staining in scrapings as well as in
paraffin sections of the same were mode. The gross
observetions revealed extravasation of the markers in
the lumen of intestine as brown coloured content but the
findinge were negative by iron staining procedures
(Tadble 6) when stained for both ferric ss well as ferrous
iron by Gomeri's technique, To check the eorrectness of
the staining technique, spleen sections were stained by
the stme procedure, Spleen normally eontains iren which
can be demonstrated with the above std ning technique,

The spleen sections were found to be positive (Fig.20)
for iron,

Engyme Aseay

Ma*-K') ATPase is an important mucosal ensyme
which ie responsible for the normal maintenance of
electrolyte transport across membrane, Its activity
in mucosal homogenotes was measured as the micromoles
of inorganic phosphate liberated per mg protein per
15 minutes, The results of experiments on five different
rabbite 1s presented in table 7, This table shows the
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RABBIT ILEUM TREATED WITH

Fig.21e. (Na'-K") ATPase activity of mucosa of ileum
exposed to NSS (contml), V. cholerae
(choleragen), PFO cells and three doses of
HSIII enterotoxin,
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Fige23s Ileum exposed to Cl.perfringens type A
HSIII enterotoxin showing succinic
dehydrogenase activity in the crypts
(SDH staining of frozen sectlon 7x10).

Fig.24., Crypts of ileum exposed to Cl rfringens
type A, HSIII enterotoxin show ng SDH activity

at the apiecal region, of epithelial cells
of crypts (SDH stainippg of frozen section 7x40)
L]




Fig 025

Ileum exposed to NSS (econtrol), showing
SDH activity at the villus tip (SDH
staining of frozen section 7x20).
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% nomal, The eytochrome oxidase sctivities were
inhibites by HSILI eells and enterotoxin while &
moderate activity in erypts wes observed in NSS end
L+ gholerag treated loopsy & mild sstivity was observed
in other layers of loop exposed to PFO cellss
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DIsCUSSION

In order to understand the pathogenic mechanism
of Cle perfringeng type A enteropathy a two way approach
was attempted. The role of bacterial cells, spores and
enterotoxin of gl. perfringeng type A and the assogiated
physiopathological and physio-anatomical alterstions
were studled.

The eite of localisstion of cells, spores and
enterotoxin was traced in ligated 1leal loops of rabbit
inoculated with vegetative cells of Cl. perfringens
type & Hobbs serotype LI along with sporulation medium,
similerly, loealizetion of enterotoxin in. loops
inoculated with 4t was aleo studied, The ligated ilesl
loops of rebbite inoculated in either way showed
aceumulation of fluid. In the frozen sections examined
with IFAT and acridine orasnge, bacterial colls and spores
were observed in close proximity of villi, Thege could
not be demonstrated in eny of the layers of 1leun either
with IFAT or with acridine orange, Crem's or haomatoxyline-
eosin staining in frozen and peraffin sections, However,
by IFAT, it was possible %o demonsgtrate enterotoxin
sbeorbed to the villus epithelium, Similarly with ileal
loops which had beenr exposed to enterotoxin, the same
was found by 1IFAT to be localized to the villue eplithelium,
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The demonstration of the enterotoxin absorbed to the
Vilive epithelium of loops exposed to it and to the cells
suspended in eporulation medium suggested t het the
interaetion of enterotoxin with some component of the
Villl wae an importent event in the pathogenesis of

€L+ perfringens enteropathy. As the cells suspended

in the sporulating medium synthesized enterotoxin in gitu,
the fluld eccumulation appears to be enterotoxin mediated.
Farther the histopathological damsge to ileum caused by
enterotoxin sppesrs % be sgimilar to those when cells
suspended in sporulating medium were inoculated into
ligated ileal loopse The enteropathogenie role of cells
and spores of Cle perfringeng type 4 appears to be limited
to the in yivo produetion of enterotoxin only.

The cells of Gl. perfrinceng type A Hobbe serotype III
were noneinvasive as evidenced bys (1) their abesence from
the sites of histopathological alterations observed in ileum
exposed to eells suspended in sporulation medium, (i1)
similarities between the histopathological demage observed
in ileum exposed %o enterotoxin and cells suspended in
sporulating medium, end (i11) si-ulteneous demonstretion
of pethologicel ehanges and enterotoxin absorbed to ileal
vilii but not the bacterial cells.

The present study confirmed the earlior obgervations
made by Chakrebarty and Nareyan (1878) who reported is yiyve



eynthesls of enterotoxin and sporulation by Cl.perfringens
type 4 Hobbs serotype 1II in the ligated lleum of rabdbits.
Their failure to demonstrate the orgeniem in the oross
section of ilewm was aleo substentiated,

The histoputhologicel changes 4n the ileal loop
of rebbits, brought about by the enterotoxin of
Cl. perfringeng type A, Hobbs serotype I11 were mild,
The observations included congestion, ocedema in
submucoea and lamina prepria and rarely hasmorrhage in
lumen of ilews, The cells of this strain suspended in
sporulating mediuwm induced similar histopathologieal
ehanges upon inoeulation in ilenl loops of rabbite.
Others (MoDomel, 1074; MeDonel and Assno, 19875) also
obaserved only slight histological demage to the muceoa
but the animal model used by these workers wae rats
In the rebbite, desquamation of epithellal cells wae
obgerved by Chakrabarty (1877) who used the same strain
(s I11) of gle pepfringeng type &. His obgervatlon,
hovever, wae bazed on & limited mumber of rabbite,

The obesarvation thet enterotoxin of Cl. gerfringens
type &, Hobbs serotype 11I absorbed %o villus epithelium,
to which enteropathy is possibly associated, suggested
inhibition of the activity of some epithelial cell
mepbrene bound enszymes, Of Lhe menbrene bound enzymes
@a'.k") AlPase is known to regulate the electrolyte



absorption and emeretion in the inteetine. In the
present study 4t was found thet with the increasing dose

of enterotoxin and consomittent ineresse in fluld volume

aseunulated per om of ileal loop, the (a*-K") ATPase

activity dcereased. There appeared to be an inverse

relationship between the onzymic aetivity and the dose of
enterctoxin and fluid seeretion, Thie reduced enzymie
activity might be because of reduftlon in the availablility
of ATP whoeh ic the substrate of this ensyme, In other
words, the supply of ATP (i,e. energy), whish is required
by (la%s K*) ATPase to maintein the Wa'«k*) £low acroes
the membrone in the intestine, is reduced under the
influence of enterotoxin, MeDonel (1974) and NeDonel

and Agano (1975) suspected e aoplouon of energy supply
to explain the inhibition of glucose upteke and secretion
of filuld =né elmtrolﬂo by rot ileum treated with
enterotoxin of Cl. perfringeng type 4.

Iin order to reveal the poseibility of depletion of
energy supply under the influence of enterotoxin, the
effect of the latter on the enzymes of the oxidative
metaboliem wae s tudied, In the present study it wae found
ghot in the loops exposed to cells and enterotoxin of
s II11 the ewecinie dehydrogenase (spH) setivity in the
erypts arecs wes enhenced while the cytochrome oxidase {co)
activity was complotely inhibited, Complote inhibition

|
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of cytochrome oxiAdase and & simultancons incresse in
sueeinic dehyarogenase is possible. With the inhibition
of eytoshrome oxidese there is more of reduced ubiquinone
@nd nisotinanide adenine dinucleotide (NADH) which in turn
brought about theiyper activity of suseinic dchydrogenase
tGutman gt gl., 1971), Compisteinhibdition of eytoshrome
oxidase may initiste an sccumulation of metabolic
intermedistes in the oxidative pathway which bring about
a fecd back inhibition of the metebolism and, therefore,
stop generation of energy. The reduced activity of
(la*K") AlPase and slso the earlier observations on
physiopathology cited asbove are thus amply explained.

It appesrs that the enterotoxin exhibited a toxic elfect
on the enzymes of respiratory chain of intestinal
epithelisl celles which lead to the arrest of oxidative
metabolien, This enterotoxin has been reported to dause
& reduction in o:nm consumption by rat ileum (MeDonel
and Assno, 1078) and by rat liver mitochondria (MeDonel
and Duncen, 1077).

Of the many eoncepte which have been propounded %o
exslain the fluid secumulation in enteropethlies, Worris
ond Majno (1968) considered the following to be important:
(a) mucosal invasion, (b) epithelial denudation, (e)
inhibition of sodium pump and (@) alteration of vascular
pormeabllity.
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Studies conducted on gl poxfringeng type A Hobbe
aerot;pe 111, ruled out the possibility of mucosal

invasion and denudotion of epithelium with cells. Wo
concluasive evidence on the alteration of vaseular
permesbility could be brought out, although the staining
technique employed %o demonstrate the iron was satisfactory.
In brief the mechaniem of Cl. gerfringens type A,
Hobbe serotype III enteropathy is enterotoxin mediated.
The enterotoxin appears to have cytotoxie effeet on the
intestinal epithelium, aec lso obrerved by Keusch and
Donta (1975). The present observations suggest that
the eytotoxie effect is directed to depress the enzymes
of vespirstory chain, PossibRy this leads %o a chain
of events in the oxidative metiabolism ultimately leading
to its complete imhibition, The supply of energy is
possibly stopped. Thise ie menifested by the reduction in
the (la'ek') ATPase sctivity. The sodium and potassium
ion pump model of Post (1977) is inhibited, as shown.on
page 67, Lhe meéhaniem of electrolyte transport seross
the membrane of intestinel epithelium is thus completely
lost, Probably this lssds %o uneontroiled fluld seeretion,
The mechaniem of £l. perfriugeng type 4 enteropathy
is similar, in part, to those L. gholerag. Both
orgonisme multiply in the intestinal iumen and elaborate
enterotoxin in gity. The enteropathy is asoribed to
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enterotoxin in both the cases. However, the mechaniem

of setion of the two enterotoxine is different. While
enterotoxin of Cl. perfringens type A is eytotoxis

those of Y. gholerng is eytotonie, Cl. perfringens
enterotoxin inhibite (We'eK') ATPase, choleragen stimulates
sdenylecyelase snd does not affect (Na'ek') ATPase.

The other strain of Cle. perfringens, PFO whieh was
found to be noneenterotoxin producer, caused extensive
aréfiitectural demsge to the ileum, Desquamation of
villue epithelium, haemorrhage in lamina propria and
lumen were observed., The lumen was filled with erythrocytes
and dleintegrated neutrophils, Capillaries in the subnucosa
were congested., Acoompanied with these destruetive changes
the eells of Cl. perfringens PFO straln were also seen,
These were demonstreted in large number dn the haemorrhagic
exudate in the lumen, intervillus space snd lamina propria
by haematoxyline-eosin, Grems and goridine orsnge stalning
gochniquess The eells were found irvading submucosa and
elso some copillardiess This strain was non-enterotoxin
procuser and inveded almost all the layers of intestine
accompanied with severe inflammatory and destructive
chengess This strain, therefore, appesred to be invasive
in nature end the enteropathic manifestation way be
ascribed to invasion only. 1ittle 1e known of the meghaniems

whereby non-enterotoxin elaborating enteropathogens evoke
£ivdd secretion in the amall intestines The pathogenie
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mochaniom of this strain seems %o be similar to those

described for Shigella (ia Brec et al., 1064) and
Salmonells fvohimuyrium, strain THL (Glenella gk aley 1073)e
Whether this invesive strein of Gl. perfringens synthesized
some toxin 1n yivo, was not tested, However, the effect
of PFO infection on the (Na'eK') ATPase, SDH and €O was
not significant, Therefore, till more studies are
conducted with this strein, the enteropathy is eonsidered
%o be brought about dy invasion only.






SUMMARY

The mechaniem of g1, perfringens enteropathy wes
studled in rabbits, Wood polsoning strain FH/8588/66
Pelonging to Hobbs seroype III of Gi. perfringens type A,

& laboratory isol:te of gl. perizingeng from poultry feed,
‘FG ond Y. gholorpe Inaba 868 were used in the study.

g€l. poerfringens type Ay Yiobbs serotype III was
obgerved to be noneinvosive., The enterotoxin was found
to locclize at the epithelial cells of 1lcal villi, whereas
the vegetative sells and spores in the spaces adjoining the
villi and the lumen, WHistologloal demege caused wae
relatively mild, The Gl. perfringens type A enteropathy
appeared to be enterotoxin medisted, The enterotoxin
inhibited the oytochrome oxidsse and simulteneously enhanced
the activity of suceinic dehydrogensse. The (Na'ek*) ATPase
activity w.s inversely related with the dose of enterotoxin
while the amount of fluld accumulated per om 1leal loop
length waes directly related, Inhibition of respiratory
enzymes possibly lead to reduction in the amount of energy
generated and thereby inhibition of the (Na'-K') ATPase astivity,

Another strain of Cl.perfringeng, FFO, was found to be
noneonterotoxin producers but invaeive, It caused severe
destruction of ilecl mucosa. It 414 not have any effect
on the respiratory enzymes snd the (a’ok*) ATPase astivity,

choleragen 414 not produce any hlstologlcal damage to
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the ileum, It 414 not affect the cotivities of
¢ytoehrome oxidase, suceinic dehydrogenase and
Ma'ek") aTPase,

The mechaniem of gJ. gerfringens type A enteropathy
@ppeared to be differcnt from thoee of Y. gholeras.
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APPENDIX A
Eractionstion of serus globulin

The goat entisera reised sgeinet normel rabbit serum
vas fractionated by following the teehnique of Goldmen
(1968),

To 40 ml of antisera 40 nl of saturated ammonium
sulfate (542 gm/liter) was added slowly with eontinuous
etirring in an ice-bateh to achieve globulin precipitation,
This suspension wae then centrifuged at 4C end the
preeipitate obtained wae dissolved in 40 ml of 0,01
phosphate buffer saline (PBS), pH 7.6. Saturated
ammonium sulfate solution was agein added end the process
was repated twisce, Final precipitate was re-dissolved
in 40 ml #28 and dialysed ot 4C against PBS followed by
" normal saline (1SS), The NSS was repentedly changed and
checked for sulfate ions wsing barium ghlorides The
eontente of dlaiyels bag were considered free of ammonium
sulfate when the ddalysate showed no reaction with barium
chloride. The dialysis proccss was eompleted in about
42 hours. The content of the dlalysis bag were
centrifuged and supernatant stored at 4C in suiteble
aliguotes.

Protein content wae e stinated by method of Lowry
gb al.(1961) and was found o be 21.6 mg/mle



Labelling of sorum ‘
fluorescein dothyosyanste ” © o

The procedure for fiuorescein lsbelling was bssically
similar to thot of Clark and Shepard (1963) as described
by Goldman (1068),

Buffered globulin solution obtained above was plaged
in a dlalysis bag and suspended in fluorescein isothyoeysnate
(FIIC) solution. This solution was propared by disesolving
47 mg FITIC 4n 40 ml of 0,6 ¥ carbonate bisarbonate buffer
(pH 945)y, and "BS wasadded to make the final volume of
400 mle The container was covered with aluminium f£oll to
retard evaporation, Dilalysis wue continued for overnight
at 4C with eonstant stirring.

For reducing the nonegpecific steining the fluvorescein
conjugate woe ebsorbed with scetone-precipitated robbit
liver powder (Coons and Kaplan, 1880),

Rabbit liver was homogenized in saline with the
help of & pestle and mortar, filtered through cotton
gauze to remove coarse particles and then washed with
agetone to ;}reaipatau, and later dried, The preeipitated
protein was washed in saline before being dried in
order to remove soluble materials that might otherwise
contaminate the sonjugates during the absorption process,

For sbsorption, the tissue powder, 50 mg/ml of
the eonjugate wos used, incubated two times in succession

for one hour at 37C with oceasional shaking. The



111
Sonjugate was resovered by ecentrifugation at 3000 rpn
for 16 minutes, To avold loss in volume at esch
absorption, the tiesue powder was soaked in PBS before
use,

The final obsorbed fluorescein conjugete wes passed
through a Sephadex Ge26, column to remove excess of
FIIC end curbonates., Blution was done with 0,01 M PBS,
pH 76 and eluate was concentrated by using 20 per cent
polyethylene glycol at 4C, The preparation was
distributed in emall aligquotes end ctored at 4C,
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igue for 4 badndng (Lillle, 1065).
The serappings and sections were flooded for an

hour with potassiun ferrooyanide (KgFe (CN ) g%lg0)
solution in 0,06 ¥ HCL when tested for ferrie iron

and potaseium ferricyanide (xar. (Cli)g) for ferrous

iron. After an hour the slides were vwashed with one

per cent acotic ncld end counter stained for two to

three minutes in 0.8 per cent basie fuchsin in onme

per cent acctic aeld, washed, dehydrated and mounted

in DPX,

Ferrie iron wae demonstroted se dark blue prussien
blue and ferrous iron es derk blue Turnbull blue colour,
As a posltive cont#ol, a section of spleen was aleo
stained along with the intestinal scctions by this method,



Standard stock solution of 10 g /ml of KHgnPUg
QisWe 186) was prepared by dissolving 4,38 mg of it in
100 ml of distilled water, Dilutions af. the stoek
solutions were made starting from 0,56 Ag/ml to 4 Ag/ml
in aistilled water, To this 2.8 ml of working solution
wae aflded mixed well and the tubes were incubated at 480
for 20 minutes, Yellowish blue eolour developed which
was read at 820 mu using red filter with Spectronic-20,
The optical density values were plotted against the
eoncentrations to obtain a standard curve. :
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Vegatative eells of Hobba serotype III raised in
Gooked meat medium for three to four hours were washed
and suspended in WSS, Bacterisl countes per ml of the
suspension wae determined in sulphite iron agar medium
(Marayan and Tskses, 1966)s In the present study
1 x 10° gells were used for the gut loop test, The
vogetative cell stoek conteining 1 x 10% sells were
teken in tect tubes and centrifuged at 770 g for 45
minutes at 4C. The cell mass was pelleted and
supernctent f£iuld wes discerded, The cell mass of
cach tube woe suspended in 048 ml of DS medium and
NsS separately end kept ready at 4C for intraluminal
inoculation,

Lypholised culture of strain of U.ghiolerae
Inaba 5608 wae regenerated end eholeragen prepared
by following the mothod deseribed by Oza and Dutta
(1063)s Incculum per loop consisted of 3 x 1011 gells
of overnight grown culture puspended in 048 ml NSS or
1468 mg of choleragen.
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APPINDIX B

L3 o “'lr b

Intact ileal loops were suspended in aluminiumefoil

8y iinder containing two per cent carboxy methyl cellulose
in 0416 ¥ saline. The tisews and supporting media were
frozen in liguid nitrogen. The frozen loop elong with
the supporting media was removed from the aluminium foil
eyelinder, I8 was placed on the block holder by means

of a foreeep after placing few drops of water on the
block holder and relecsing sarbonedieoxidd gently until
the tissue freezed completely, The tissue was shaved
down %o establish e smooth level surface on which to begin
secticning, Then by a rapid motion of the lmire.,' sections
of five to ten A were cut, The seotions were removed
from the knife with the help of caemel hair brush and
placed in petri-dish containing chilled saline, The
sections so obtained were subjected to different
histochomical and immunohistochemicel procedures.



