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ABSTRACT 

S i x  d i f feren t med ia  ( T 199 med ium , T199 + 10% foe tal  cal f 

serum , T8 med i um ,  TB + 10% foetal calf serum , RPMI med i um and 

RPMI + 1 0% f oe tal calf serum ) were tes ted for the i r  abi l i ty t o  

mai n t a i n  foe tal lamb intes t ine in  organ cul ture . T 1 9 9  med i um + 

10% foe t al calf serum was chosen because i t  gave more con s i s tent  

resul t s  in  mai n t a i ning the  foe tal  in tes t ine for  a per i od o f  s i x  

days i n  cul t ure . 

T wo groups o f  foe tal lamb i n t e s t ine were cul t ured , a con t ro l  

group and a group in fec ted wi th Campylobac ter j ejuni . The e f fec t s  

o f  the m i croorgan i sms on the in tes t i nal cul ture were assessed a t  6 

hours , 1 3  hours and 15 hours pos t - culture . 

L i gh t , Transm i s s i on and Scann ing Elect ron M i croscopy were 

used t o  s tudy the pa thogen i c i ty o f  C . j ej uni at  the cellular leve l . 

Light m i c roscop i c  s tud ies showed that  C . j ej un i  were a t tached and 

colon i s ed t he t i ps of the v i l l i  and the crypt epi thel i um of the 

in tes t i nal cul tures a t  6 hours , 13  hours and 15 hours . The 

epi the l i a l  cells showed marked necros i s  at  the t i ps of  the v i l l i . 

The m i c roorgani sms also invaded the cy toplasm of  epi thel i al cells  

o f  the v i l l i  and the  in tes t i nal crypt . 

Transmi s s i on Elect ron Mi cros copy revealed degenera t i on o f  the 

mi crovi ll i  in the infec ted cu l t ures . The m icroorgan i sms were 

found a t tached to the t i ps of the mi crov i l l i  of the v i l lous 

epi thel ial  cells by p i lus - l i ke s t ructure . M i croorgani sms were 

present  wi thin  phagolysosomes of macrophages in the lami na 

propr i a .  Vari ous cytoplasmic  changes were observed a t  6 ,  1 3  and 

15 hours pos t - i nfect ion . 

S cann i ng Elec t ron Mi cros copy con f i rmed the d i fferen t changes 

in t he morphology of the i n fec ted epi the l i al cells . The 

m icroorgani sms were observed adhering to the surface  o f  the 

epi t he l i al cells  a t  6 , 1 3  and 15  hours pos t -cul ture . 
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3 . 22 .  Foetal  lamb in tes t i ne cul tured in  T199  med ium + 46 

10% foetal  cal f serum , infected  wi th approx ima t ely 

106 CFU/ml of  C . j ej un i , showing changes tha t have 

occur red 15 hours pos t in fec t i on . Severe necros i s  

and exfol ia t i on o f  t he epi t he l i al cells ( C) can be 

seen at the t i ps of  the v i l l i . Sp i ral 

m i croorgani sms ( MO) appear t o  be colonis i ng the 

ex t e rnal sur face o f  t he cells . ( Warthin  S t arry 

S t ain  X200 ) . 

3 . 23 .  Foe tal  lamb i n tes t ine cul t ured in  T199  med ium + 46 

10% foe t al calf  serum , i nfec t ed w i t h  approxima tely 

106 CFU/ml o f  C .jejuni , show i ng changes that  have 
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3 . 24 .  

occurred 15  hours pos t infect ion 

cells ( C) have marked cy toplasm i c  

The infected 

vacuola t i on 

(arrow) .  Severe exfol i a t i on of  t he necro t i c  cells 

(NC) can be seen . (Warthin  S tarry S t a i n  X200). 

Con t rol  foe tal lamb in tes t ine af t er 6 hou rs 

cul ture i n  T199  med ium + 10% foe t a l  cal f serum , 

showing the brush border of  the  in tes t inal 

ep i thel ial  cells . The normal s t ruc ture of the 

m i c rov i l l i  ( MV) can be observed and the fuzzy coa t 

o f  t he glycocalyx i s  clear ( arrow). ( TEM X48 , 600) .  

( xv i i i ) 
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46 

3 . 25 .  Con t rol  foetal  lamb in tes t ine a f ter 6 hours 46 

cul ture in  T199 med ium + 10% foe t al calf serum , 

showi ng wel l  preserved epi t he l i al cells ( C), nuclei  

(N) ,  m i c rovi ll i  ( MV), t e rminal web  ( TW) , junct i onal 

complex ( JC) ,  dense supranuclear m i t ochondria ( M), 

rough endoplasmi c  re t i culum ( ER) and occas i onal 

golgi appara tus ( G). ( TEM X 1 1 , 200). 

3 . 26 .  Ul t ras t ruc ture micrograph of  con t rol foe tal lamb 46 

in tes t ine cultured for 6 hours in  T199 med ium + 10% 

foe t al calf serum showing an occas i onal 

m i c roves i cle  ( MV) unde r  the t erm inal web and large 

d i ges t ive vacuoles ( DV). A few dense lysosomes ( L )  

a re p resen t .  (TEM X1 1 , 200). 

3 . 27 .  Con t ro l  foe tal lamb i n t e s t i ne af t er 13 hours 46 

cul ture i n  T199 med ium + 10% foe tal  cal f serum . 

The ep i thelial  cells show a wel l  preserved brush 

border ( arrow), prominen t lysosomal organelles ( L )  

i n  the  ap ical  cy toplasm and mul t i focal aggrega t i ons 

of glycogen granules (Gl) .  ( TEM X1 3 , 500). 
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3 . 28 .  Ul t ras t ructure micrograph of con t rol  foetal  lamb 46 

i n t es t i ne af ter  13 hours cul t ure in  T199  med ium + 

10% foe t a l  cal f serum . The m icrov i l l i  ( MV) are 

un i form i n  leng th  and well p reserved . The t erminal 

webs ( TW) and mi tochond ri a ( M) can be observed . 

( TEM X31 , 800).  

3 . 29 .  Con t ro l  fo�tal lamb i n t e s t i ne a f t er 15 hours 47 

cul ture in  T199  med ium + 10% foe tal  calf serum . 

The m i c rovi l l i  ( MV) are more numerous and clos e ly 

packed than af ter 6 hours and 1 3  hours cul ture .  

Occas i onal lysosomal-l i ke s t ruc tures ( L) a re 

presen t in  t he api cal and supranuclear cy toplasm . 

Modera te numbers of  microvesi cles ( Mv)  a re presen t .  

Many glycogen granule aggrega t i ons ( Gl)  can be 

observed . ( TEM X21 , 200).  

3 . 30 .  H i gher magni f i ca t i on o f  F igure 3 . 2 9 showing the 47 

m i c rovi llous coat ( glycocalyx) ( Gx) .  Free 

ri bosomes (R )  are presen t in the a p i cal port i on o f  

t he cy toplasm . The mi tochond ri a ( M) are large , 

wel l  p reserved and loca t ed in  the supranuclear 

reg i on . ( TEM X72 , 100). 

3 . 3 1 .  Organ cul ture of foetal  lamb i n t es t ine in T199  47 

med i um + 10% foe t al calf  serum , infected  w i t h  

approxi ma tely 106 CFU/ml of  C . j ejuni , 6 hours 

pos t i nfect i on , show i ng one m i c roorganism ( MO) in  

close  p rox i m i ty to  the  brush border.  The brush 

border is i n tact  and i rregular in shape . F ree 

ribosomes ( R) are p resen t in t he ap ical cy toplasm 

o f  t he abso rp t ive cells . (TEM X3 1 , 800). 
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3 . 32 .  H igher magni f i ca t i on of F igure 3 . 3 1 showing the 47 

3 . 33 .  

3 . 34 .  

a t tachme n t  of  the m icroorganism ( MO) to  the  t i p of 

the m i c rovi l lus ( MV) by a blur red p i lus-like 

s t ructure ( ar row). The m i crov i l lus  is d i rected 

t owards the m i croorganism . 

( F) and the fuzzy coa t 

X72 , 100). 

The f i lamen t ous core 

are obscured . (TEM 

Ul t ras t ruc ture micrograph of foe tal lamb 

in tes t ine cul tured in  T199  med i um + 10% foetal cal f 

s erum , i nfec t ed wi th approx i ma tely 106 CFU/ml o f  

C .jejuni , 6 hours pos t i nfec t i on ,  showing a 

macrophage i n  the lam i na propr i a .  The macrophage 

has two phagolysosomal vacuoles con ta in ing 

degenera t ed oval and s p i ral-shaped mi croorgan i sms 

( MO).  (TEM X2 1 , 300). 

Organ cul ture of foe t al lamb in t es t ine in T 1 99 

med i um + 10% foetal calf serum , in fec ted wi th  

approxima t ely 106 CFU/ml o f  C . j ej uni , showing the 

changes that  have occurred 13 hours pos t infec t i on . 

The mi crov i ll i  ( MV) are i rregularly d i s t ri bu t ed and 

are bo t h  shor tened and elongated . Numerous 

vacuoles ( arrow) are presen t in the api cal 

cy t oplasm . ( TEM X15 , 300). 

48 

48 

3 . 35 .  H i gher magn i f i ca t i on o f  F igure 3 . 34 showing an 48 

e longa t i on o f  the m i crov i l l i  ( MV). An occasi onal 

d i la t i on of the endoplasmi c re t i culum ( ER) can be 

observed . Free r i bosomes (R)  are d i s t r i bu t ed in  

t he ap i cal cy toplasm . ( TEM X31 , 800). 
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3 . 36 .  Foe tal  lamb i n tes t ine cul tured in T199  med ium + 48 

10% foe tal  calf serum , infec t ed wi th  approx ima tely 

106 CFU/ml of C . j ej uni , showing the changes that 

have occurred 1 3  hours pos t i nfec t i on .  The api ces 

of the absorp t i ve cells can be observed w i t h  

ves i cula t i on ( V) of  the mi crov i l l i . Some o f  the 

mi crov i l l i  have degenerated and sloughed (arrow) .  

(TEM X15 , 300). 

3 . 37 .  Organ cul t ure of  foe tal  lamb i n t e s t i ne in T199  48 

3 . 38 .  

med i um + 10% foetal calf  se rum , infec ted wi th 

approxi ma t ely 106 CFU/ml of C . j ej uni , showing t he 

changes tha t  have occur red 1 3  hours  pos t i nfec t i on .  

Curved m icroorgani sms ( MO) can be seen i n  close 

assoc i a t ion w i th the mi crov i ll i . The nucle i (N) of 

t he epi thel ial cel ls  show margina t i on of  the 

nuclear chroma t i n (arrow). (TEM X21 , 200) 

Foe tal lamb in tes t i ne cul tured in T199 med i um + 

10% foetal  calf serum , infec t ed wi th  approx i ma t ely 

106 o f  C . j ej uni , showing changes that have occurred 

13 hours pos t infec t i on .  Swol len mi tochond r i a  ( M )  

a r e  seen wi th  a los s o f  c r i s t ae in  the m i d  por t i on 

o f  a v i llous epi t hel ial ce ll . Free r i bosomal 

granules ( R) and med ium s i zed phagocy t i c  vacuoles 

( V) can be observed . (TEM X15 , 300) .  

3 . 39 .  Api cal por t i on o f  v i l lous epi thel i al cell  

cytoplasm of  foe t al lamb i n t e s t ine cul tured in T199  

med i um + 10% foe t al calf  serum , infe c t ed w i t h  

approxi mately 106 CFU/ml o f  C . j ej uni , 1 3  hours 

pos t i nfec t i on ,  show i ng f ree r i bosomes (R) w i t h  a 

48 

48 
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modera t e  number of  endoplasm i c  re t i cu l i  ( ER )  and an 

occas i onal golgi appara tus  ( G) .  Var i able-s i zed 

cy t oplasmi c  phagocy t i c  vacuoles (V)  are present . 

(TEM X7 , 800 ) . 
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3 . 40 .  Organ cul ture of foetal lamb i n t e s t ine in T199  48 

med i um + 10% foe tal calf s erum , infected wi th  

appro x i ma t ely 106 CFU/ml of  C . j ejuni , showing 

changes that  have occurred 1 3  hours pos t i nfec t i on .  

The v i l lous epi thel ial cells ( C )  are d i sorgan i s ed . 

The m i crov i l l i  ( MV)  are degene rated and an 

occas i onal epi thel ial cell shows an ex trusion o f  

cy t oplasm , ( arrow ) . Margina t i on of  the nuclear 

chroma t i n  ( long arrow ) and a var i a t i on in nuc lear 

shape (N) can be observed . (TEM X7, 800) . 

3 . 41 .  O rgan cu lture of  foe tal lamb i n t es t ine in T 1 99 48 

med ium + 10% foetal cal f serum , infec ted w i t h  

approx i ma tely 106 CFU/ml o f  C . j ej uni , show i ng 

changes t hat  have occurred 1 3  hours pos t infec t i on . 

The absorp t ive cells ( C )  show cy toplasmic  budding 

( arrow ) and degenera t i on o f  t he mi crov i l l i  ( MV ) . A 

large i n t racy toplasm ic  au t o phageal vacuole ( V )  can 

be s een , con tai ning d i s rup ted organelles and 

und i f feren t i a t ed debr i s . Mos t  of  the mi tochond r i a  

( M )  have accumula t ed near the apex . (TEM X1 1 , 200 ) .  

3 . 42 .  Organ cul ture of  foe tal  lamb in tes t ine i n  T 199  49 

med i um + 10% foe t al cal f serum , infec t ed w i t h  

approxi ma tely 106 CFU/ml of  C . j ejuni , show i ng 

changes t ha t  have occurred 15  hours pos t infec t ion . 

Numerous m i c roorgani sms varyi ng i n  shape , ( curved 

( c ) , s p i ral  ( s ) ,  and round ( r ) )  are prese n t  on t he 

luminal surface . Some o f  the  m i croorgani sms are in  
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close con tact  wi th  the mi crov i l l i  ( ar row ) . The 

m icrov i l l i  are shorter  than those in the con t rol 

cul tures . (TEM X2 1 , 200 ) 

3 . 43 .  Organ cul ture o f  foe tal  lamb in tes t ine in  T199  49 

med i um + 10% foetal cal f  serum , in fec t ed w i t h  

approx i ma tely 106 CFU/ml o f  C . j ejuni , showi ng 

changes that have occurred 15 hours pos t infec t i on . 

A marked sho r t ening of  the mi crov i l l i  ( MV )  can be 

seen . Occas ional lysosome- l i ke s t ruc tures ( L) are 

presen t in  the mid por t i on of  t he epi thel i al 

cytoplasm . ( TEM X15 , 300 ) .  

3 . 44. H igher magni f icat i o i n  of  a por t i on o f  Figure 3 . 42 49 

show i ng a t t achmen t of  the m i c roorgan i sms ( M O) t o  

t h e  t i p  o f  a mi crovi llus by a plaque-l ike s t ruc ture 

( arrow) . The mi crov i l l i  are d i rec ted towards the 

m i c roorgan i s m .  The f i lamen t ous core ( F )  and 

terminal web (T\J ) are obscured . (TEM X48 , 600 ) .  

3 . 45 .  Organ cul ture o f  foe t al lamb i n t es t ine i n  T199 49 

med ium + 10% foe tal  calf se rum , infected w i t h  

approx i ma tely 106 CFU/ml of  C . j ej uni , showi ng 

changes that  have occurred 15  hours pos t in fec t i on . 

The exf o l i a t i on o f  a v i l lous epi thel ial cell  ( C )  

can b e  observed , wi t h  d i srup t i on and loss  o f  t he 

sur face coat . The cell  a t  t he lower lef t margin  

( arrowed a )  is  in  t he process  o f  being ex t ruded . 

I t  has los t m i crov i l l i  ( MV )  and con tains mul t i ple 

aggrega t i ons o f  glycogen par t i cles ( Gl ) . The 

epi thelial cell  i n  t he upper par t  of  the m icrograph 

( arrowed b) appears to be comple tely det ached from 

the epi t hel ium . The cy t oplasm con t ains dark 

amorphous ma t er i al ( arrow ) and a l imi ted number of 
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cyt oplasm ic  vacuoles ( V ) . ( TEM X7 , 800 ) . 

3 . 46 .  Organ cul ture o f  foe tal lamb in t es t ine in T199  49 

med ium + 10% foe tal cal f serum , i n fec ted w i t h  

approx i mately 106 CFU/ml of  C . j ej uni , showing 

changes that  have occurred 15 hours pos t i nfec t i on .  

An oval-shaped mi croorgan ism  ( MO )  can be seen ly i ng 

f ree i n  the in ters t i t i um o f  t he submucosal layer.  

(TEM X2 1 , 200 ) . 

3 . 47 .  Scann ing elec tron m i c rograph ( SE M )  of  the mucosal 50 

surface of con t rol foe tal  lamb i n t es t ine af ter  6 

hours cul ture in T199  med ium + 10% foe tal cal f 

serum . The epi thelial  cells  ( C )  a re polygonal i n  

shape and are regularly arranged .  The ou t l i ne o f  

each c e l l  i s  de fined by e i ther a shal low furrow ( x )  

o r  a deep depres s i on ( d ) . ( SEM X4620 ) .  

3 . 48 .  H igher magni f i ca t i on o f  t he ep i thelial cells o f  50 

F i gure 3 . 47 .  Heavi ly packed , rod-shaped m i c rov i l l i  

( MV )  can b e  seen covering t he polygonal- shaped 

e p i the l i al cells . The ave rage d i s t ance be tween 

each m i c rovillus i s  0 . 1 -0 . 2  urn. Mucus blanke t s  are 

n o t  apparent . ( SEM X 1 4000 ) . 

3 . 49 .  SEM of  t he t i ps o f  the  v i l l i  of  con t ro l  foe tal  50 

lamb i n t es t i ne a f t e r  13 hours culture in T199  

med ium + 10% foe t al calf  serum . The surface i s  

d i v i ded i nt o  polygonal uni t s  ( ep i thelial cells ) and 

i s  well def ined by furrows . A goblet cell  p i t ( G )  

can be observed a s  a n  oval hole , surrounded by 

abso rp t i ve cells . The ap i ces  of the ep i t hel i a l  

cells  are covered b y  smal l , densely packed nodules 



( xxv ) 

F i gure Page 

3 . 50 .  

3 .  51 . 

represen t ing the t i ps of t he mi crov i ll i  ( MV ) . ( SEM 

X3080 ) . 

SEM showing the surface of the i n t e s t i nal v i l l i  

of  con t rol  foetal lamb i n t es t ine a f t er 15 hours 

cul ture in T 1 9 9  med ium + 10% foe tal  calf serum . 

The sur face i s  d ivi ded i n t o  polygonal uni t s ,  

separated  by furrows ( f ) .  Nodular-shaped 

mi crov i l l i  ( MV) cover the t i ps o f  the v i ll i . A 

goblet  cell  ( G) can be seen sur rounded by 

abso r p t i ve cells . ( SEM X3300 ) . 

H i gher magni ficat ion of  an  absorp t i ve cell of 

con t rol  foetal lamb i n t e s t ine af ter 15 hours 

cul ture in  T 1 9 9  med i um + 10% foe t al calf serum . 

The absorp t ive cell ( C )  i s  covered wi th densely 

packed , rod shaped m i crovi l l i  ( MV ) . ( SEM X1 6 , 500 ) . 

so 

so 

3 . 52 .  SEM o f  the epi the l i al cells of  an organ cul ture 51 

of foe tal  lamb i n t e s t ine in  T 1 9 9  med ium + 10% 

foe tal  calf serum , in fec t ed wi th approximat ely 106 

CFU/ml o f  C . j ej un i , showing changes tha t  have 

o ccurred 6 hours pos t i nfec t i on .  The epi thel ial 

cell  sur faces ( C ) , have a coarse appearance and 

appear d i sorgan i sed  when compared wi th the s ix hour 

con t rol  ( F igure 3 . 38 ) . Some of the absor p t ive 

cells  show e i ther  a modera t e  loss of mi crovi l l i  

( small  arrow )  or a severe denuda t i on ( large arrow) 

and some of them are exf o l i a ted  ( Ex ) . ( SEM X3080 ) . 

3 . 53 .  H i gher magn i f i ca t i on of  the epi thelial  cells o f  5 1  

F i gure  3 . 52 .  The epi thelial  cells ( C )  are covered 

unevenly by mi crov i l l i  ( MV) . Some o f  t he 
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epi thelial  cells show a modera t e  loss  o f  mi c rovi l l i  

( arrow ) . ( SEM X48 40) . 
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3 . 54. Organ cul ture of foetal lamb i n t e s t ine in T199 5 1  

med i um + 10% foetal calf seru m, infec t ed wi th 

approxi ma tely 106 CFU/ml of C . j ej un i ,  showi ng 

changes tha t  have occurred 6 hours pos t  infec t ion . 

A f i la men t -shaped mi croorgani s m  can be observed 

a t t ached to the t i ps of the epi thel i al cel ls . The 

infec t ed epi thelial  cells ( C )  s how a severe loss o f  

mi crov i ll i . ( SEM X8 , 250 ) . 

3 . 55 .  Organ cul ture o f  foe tal lamb i n t es t ine in  T199  5 1  

med i u m + 10% foe tal  calf serum, infec ted wi th 

approxi ma t ely 106 CFU/ ml of  C . jejuni , showing 

changes tha t  have occurred 1 3  hours pos t i nfec t ion . 

The infec t ed epi t hel ial cells ( C )  are d i sorgan i sed 

and have los t the i r  normal po lygonal pa t tern and 

the i r  mi crov i l l i  when compared wi th  t he 13 hour 

con t rol  culture ( F i gure 3 . 49 ) . One normal 

epi thelial  cell ( arrow ) rema i ns covered wi t h  

densely packed rod-shaped mi c rov i l l i  ( MV) .  ( SEM 

X7 , 700 ) . 

3 . 56 .  Organ culture o f  foe tal  lamb i n t es t ine in  T 199  5 1  

med ium + 10% foetal calf  serum, infected w i t h  

approxi mately 106 CFU/ml o f  C . j ej un i ,  show i ng 

changes tha t  have occurred 1 3  hours pos t i nfec t i on .  

The infec ted epi the l i al cells  ( C )  are swol len and 

pro t rude towards  the lumi nal  surface . A layer o f  

t h i ck whi t e  mucus ( mu )  c a n  b e  observed coveri ng t he 

surface of t he infec t ed cells . 

presen t  ( a rrow )  and represent  

Occas i onal s p i ral-shaped ( s )  

P i t s  and holes are 

goblet cells ( G) .  

t o  rod-shaped ( r) 
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m i c roorgan i sms can be  s een wi thin  the  mucus . ( SEM 

X12 , 100 ) . 
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3.57 . Organ cul ture of foe tal  lamb in t es t ine in T199  51  

med i um + 10% foe tal calf  serum , i n fected w i th  

approximately 106 CFU/ml o f  C . j ej uni , show i ng 

changes that  have occurred 13 hours pos t i nfec t i on . 

The surface of  the vi llous epi the l i um i s  roughened 

and i rregular and covered wi th t h i ck mucus (arrow ) . 

The epi thel ial cells ( C )  show a sever loss o f  

m i crovi l l i  . Spi ral ( s ) ,  f i lamen tous ( f ) and 

r i ng-shaped ( r )  m icroorgani sms can be observed 

a t t ached to  the sur face of t he in fec ted epi the l i al 

cells . ( SEM X6600 ) 

3 . 58 .  H i gher magn i f icat ion of  Figure 3 . 5 7 The 51  

infec ted epi thel ial cells ( C )  are  swollen and 

pro t rude i n t o  the luminal surface . They show a 

severe loss  o f  mi crov i l l i  and are cove red w i th  

thi ck , wh i t e s t rands of  mucu s . ( SEM X12,100 ) . 

3 . 59 .  Organ cul t ure of  foe tal lamb i n t es t ine in T199  52  

med ium + 10% foe tal cal f serum , infec ted wi th  

approxima tely 106 CFU/ml o f  C . j ej uni , showi ng 

changes that  have occurred 1 5  hours pos t i nfec t i on .  

The epi the l i al cells ( C )  are severely d i sorgani sed , 

round to e longa te  in  shape ( arrow ) and some show a 

severe loss  o f  microvi l l i  ( MV ) . A few are 

ex fol i a ted ( Ex ) . The ex t ernal sur face of  t he 

epi thelial  cells i s  roughened  and covered w i t h  

t h i ck s t rands and plugs of  wh i te mucus ( M ) . 

Occas i onal s p i ral-shaped m i croorgan i sms (MO)  are 

a t t ached t o  the sur face o f  the  epi t hel ial cel ls . 

( SEM X2640 ) . 
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3 . 60 .  H i gher magn i f i ca t i on of F igure 3 . 59 showing t he 52  

i r regular , r idged sur face of  the absorp t i ve 

epi t hel i a l  cells  ( arrow ) . A severe loss 

m i crovi l l i  can also be observed . ( SEM X9 , 900). 

o f  

3 . 6 1 .  Organ cul ture of  foe tal  lamb i n t es t ine i n  T199  52  

med i um + 10% foetal  calf serum , infec ted wi th  

approxima t e ly 106 CFU/ml o f  C . jejuni , showing 

changes that  have occurred 15 hours pos t i nfec t i on . 

Necro s i s  and exfo l i a t i on of  s ome o f  the epi the l i al 

cells  can be observed a t  the t i ps o f  the v i l l i  

( arrow) . The lamina propria ( L )  i s  exposed and 

pro t rudes above the remaining epi thel ial cells (c). 
Some o f  the in tac t  epi t hel ial  cells  show a 

d i sorgan i sed pa t tern ( long arrow ) when compared t o  

the 15 hour con t rol  cul ture ( Figure 3 .  50). 

Occas ional shreds and plugs of  mucus ( MU )  cover the 

des quama ted  cells ( small  arrow ) . ( SEM X6050). 

3 . 6 2 .  H i s t ogram compar ing the means of ep i the l i a l  

v i l lus he igh t s  in foe t al lamb in tes t inal organ 

cul tures i nfec ted wi th  C . jej uni , and con t rols , a t  

6 , 1 3 and 1 5  hours pos t -infec t i on .  

52 

3 . 63 .  H i s t ogram comparing the means o f  epi thelial  cell  53  

w i d ths i n  foe t al lamb in tes t inal organ cul tures 

i n fec ted wi th C . j ejun i , and con t rols , a t  6 , 1 3 and 

15 hours pos t - i nfec t i on . 

3 . 6 4. H i s t ogram comparing the means o f  epi thel ial  cell  53  

heigh t s  in  foe t al lamb i n t es t i nal organ cul tures  

i nfec t ed wi th  C . j ej uni , and con t rols , a t  6 , 1 3 and 

15  hours pos t- infe c t i on .  
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INTRODUCTION 

The f i r s t  repor ts  on the Campylobac ters were pub l i shed abou t 

7 4  years ago ( McFadyean and S tockman , 1913). However t he i r  

ass oc i a t i on w i t h  ani mal and human d i seases has only been 

apprec i a t ed recen t ly .  I t  i s  now recogni sed that  t hey cause 

d iarrhoea in  man ( Bu t z ler and Ski rrow , 1979) and d iarrhoea and 

abor t i on in a wide range of an i mal species  [ Moon e t  al . , 1 9 74; 

Hoorens e t  al . ,  197 7 ; Smi ber t , 1978 ; Vandenberghe and Hoorens , 

1 980 ; F i eld e t  al . , 198 1 ; F i rehammer and Myers , 1981 ; Lomax e t  

al . ,  1 982 ; Pearson e t  al . , 1982 ; S t ephens , 198 3 ; S t ephens e t  

a l . ,  1984 ;  Vandenberghe e t  al . ,  1985 ] .  

There has been a renewed i n teres t in the genus Campylobac ter  

i n  t he pas t decade , and i mprovemen t s  in the i sola t ion  and 

i d en t i f i ca t i on of  the organi sms , toge ther wi th changes in the 

t axonomy o f  the genus have led to  a be t t er unders t and i ng of the 

ep idemiology o f  Campylobac ter i nfec t i ons in humans and animals  

( Veron and Cha t elon , 197 3 ; Smi ber t , 1974 ,  1984) .  

Early research was car r i ed ou t independent ly by  workers i n  

t he med i cal , ve terinary and b i ologi cal f i elds whi ch led t o  a lo t 

o f  i n forma t i on being ga thered abou t the organisms and the d i s eases 

t hey caused . However ,  th i s has changed , and the var i ous aspec t s  

o f  Campylobac ter  infec t ions , such as pa thogenes i s , pa thogen i c i ty , 

serology , ep i demi ology , molecular b i ology , b io typing ,  t axonomy , 

growt h  requ i remen t s , and hos t res i s tance fac tors  are now be t t er  

unders tood . More emphas i s  w ill  be  pu t in  th is  s tudy on  aspe c t s  of  

the  pa thogene s i s  and pa thogen i ci ty o f  the Campylobac t ers . 

Curren t inves t iga t i ons look a t  t he nature , developmen t and 

mechan isms of Campylobac ter  infec t i ons . Areas o f  i nves t igat i on  

whi ch have been covered 

i nfec t i ons and the use 

pa thogeni c  mechanism( s )  

i nfec t i ons . 

are natural infec t i ons , exper i men t a l  

o f ' i n  v i vo '  models t o  elu c i d a t e  the  

and pathogenesis  o f  Campylobac t e r  
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Many repor ts  of nat ural i nfec t i on are present  i n  the 

l i t e ra t ure and refer t o  a range of hos t  animals : man ( B utzler  and 

Ski rr ow ,  197 9 ;  Duffy e t  al . ,  1980 ; Manninen e t  al . ' 1982 ) ;  

and m i ce ( F i eld e t  al . '  1 98 1 ;  Newell  and Pears on , 

Vandenberghe e t  al . ' 1985) ; lambs ( H oorens e t  al . '  

Vandenberghe and Hoorens , 1980 ; Fi rehammer and Myers , 1981 ) ; 

ra t s  

1 984 ; 

1 9 7 7 ; 

p igs 

1982 ) ; 

M i nk ( Hun ter  e t  al . , 1986 ) ;  ca t t le ( F i rehammer and Myers , 1 98 1 ; 

Taylor , 1982 ) ; rabb i t s  ( Moon e t  al . ,  197 4 ) ; dogs ( Prescot t e t  

a l . ,  1 981 ; F ox e t  al . , 1 985) ; monkeys ( Bryan t e t  al . , 1 983  ) .  

( S taley e t  al . '  1969 ; Love and Love , 1979 ;  Lomax e t  al . ' 

The ubi q ui t ous nat ure of Campylobac ter  infec t i ons  mus t  be 

poi n t ed out . The compara t i ve aspec ts  of these infec t i ons have not 

been de termi ned ye t ,  but Campyl obac ter  in fec t i ons are  us ual ly 

a s s oc i a ted wi th en teric  d i sease . The s ign i f i cance of mul t i ple  

infec t i ons i n  Campylobac ter en ter i t i s  i s  s t i l l  unclear . 

A numbe r of animals have been in fec ted exper imen tally wi th  

Campylobac t e r  spec ies :  calves (Al-Mashat  and Taylor , 1980 ; 

F i rehammer and Myers , 1 981 ) ; lambs ( F i rehammer and Myers , 1981 ) ;  

m i nk ( Hun ter  e t  al . ,  1 986 ) ; pigs (Taylor , 1982 ) ; d ogs ( Macar tney 

e t  al . ,  1982) ;  mice  ( Merrell et al . ,  1982 ; Field  et al . ,  1981 ) ;  

rhesus monkeys ( F i t zgeorge e t  al . ,  1 982 ) ; hams ters  ( H umphrey e t  

a l . , 1 985 , 1986 ) ; chi ckens ( Velkos , 1 984 ) . The res ul t s  ob tained 

have var i ed cons iderably . Generally there i s  a c ol on i sa t i on of 

the gas troi n tes t i nal t rac t , however t he 

i n fec t i on are qui te  confl i c t i ng .  

repor t ed s i tes  of 

Gnot ob i ot i cally reared animals have been used f or the s t udy 

of Campyl obac ter  species including d ogs , pigs , and chi ckens 

( Pres cot t e t  al . , 1981 ) .  There are no published repor ts on the 

use of organ cul t ure or foe tal organ cul t ure to s t udy the 

i n terac t i on be tween t he hos t t i s s ue and the m icroorgan i sms . I t  

can be argued that s uch models would provide advan tages s uch as  

the absence of an  immune sys tem , hormonal fac t ors and  nut ri t i onal 

fac t ors . Foe tal organ c ul t ures would have t he add i t i onal 

advantage of a c omplete  absence of c ommensal bac ter i a .  



3 

I t  i s  clear from a rev i ew of the l i tera t ure on Campylobacter  

i n fec t i ons that  the pathogen i c i ty of Campylobac t e r  species  i s  

s t i l l  unc lear . Several hypotheses s ugges t tha t 

c ol on i s a t i on , a t tachmen t ,  pene t rat i on and the produc t i on of t oxins  

are  pos s i ble  mechanisms of  pa thogenes i s  ( But z ler and Ski rrow , 1979 ; 

F i rehammer and Myers , 1 981 ;  Prescot t e t  al . , 1981 ) .  F ur ther 

use f ul s t ud i e s  would be the relat i onship  between the a t tachment of 

the  m i croorgani sms to the cel l , invas i on and cy tot ox i c i ty . There  

is  evi dence to  sugges t that Campylobac ter species i nvade the cells  

but the mechan i sm of en t ry has  not been repor ted ye t .  

The a i m  of the present  s t udy was t o  i nves t iga te  the  

p os s i bi l i ty of us ing ov ine foe tal intes t inal organ cul t ure as a 

model  for the s t udy of Campzlobacter  infec t i ons , w i t h  emphas i s  on 

the pathogenes i s  and pathogenic i ty of Cam2ylobac t e r  jejuni . The 

reas ons f or us ing foe tal i n t es t i nal organ cul t ure are d i s c ussed i n  

the text . The s t udy covered two aspec t s ,  whi ch are t h ough t  t o  be 

clos e ly rela ted to the s ucces s f ul use of in tes t inal organ cul t ure . 

I n  the f i r s t  experiment , several media  were used , w i th or wi thout 

serum ,  and the vi abi li ty of the f oetal in tes t inal t i s s ues in these 

medi a  was assessed over  t i me .  Light  M icroscopy Transm i ss i on 

Elec t r on M i croscopy and Scanning Ele c t r on Micros c opy t echnique s  

were used t o  assess t h e  changes in  the archi tec t ure of t h e  t i s s ue s  

over  t ime . The med i um wh i ch gave the mos t  sat i s fac t ory resul t s , 

based on the above c r i t e r i a ,  was chosen ( T199 med i um + 10% foe t al 

cal f serum ) and used in  Experiment II . 

In a second experimen t , ovine f oe tal t i ssues  were i nfec t ed 

w i t h  Campyl obac ter j ej uni  and the changes observed a t  6 ,  1 3  and  1 5  

h ours pos t - infec t i on .  The changes were s t ud i ed a t  the cellular  

level , us i ng the three m i c r oscop i c  techniques des c r i bed above , and 

c ompared wi th cont rol t i s s ues at correspond ing t imes . An a t t emp t 

was made t o  s t udy the pathogenes is  of the m icroorgani sms on the 

f oe tal ovi ne intes t i nes  and the pos s i ble pathogen i c  mechani sm ( s ) . 
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CHAPTER 1 

REVIEV OF THE LITERATURE 

1 . 1  ORGAN CULTURE 

The term organ cul ture has been defined as the maintenance or 

growth of tis s ues , organ primordia , or the whole or parts of an 

organ in vitr o, in a way that allows d ifferentiation and 

preservation of the architecture and / or the function of that 

organ ( Federof f ,  1 967 ;  Sharp , 1977 ;  Scha f fer , 1 979 ) . 

Alth ough cell divis ion takes place , the s tudy of growth , in the 

s ense of cell  mul tiplication , is seldom the primary obj ect of the 

technique ; rather , the method is designed to provide an 

envir onment which permits d if ferentiated tiss ues to exercise  the ir 

n ormal f unctions under the closely control led c onditions 

obtainable . Once this has been achieved for a given tis s ue ,  many 

experiments become pos s ible , which could not be undertaken in viv o  

( Fell  1976 ) . 

Harris on ( 1907) demons trated f or the fir s t  time the 

p os s ibil ity of growing tis s ue s  outs ide the body . He observed that 

embryonic tiss ue of the f r og ,  when transplanted into c oagulable 

lymph , developed normally . In another experiment ,  he f ound tha t  

the central nervous system o f  a frog embryo, when immersed in fluid 

f r om the lymph sac of an adult frog ,  produced l ong nerve f ibres . 

Carrel and Burrows ( 1 9 1 1 ) ; Thomson ( 1 9 14 )  and Maximow ( 1925 ) 

f ur ther developed the techniq ue , d istinguish ing between 

unc ontrolled( unorganized or his tiotypic )  and control led ( organis ed 

or s omatic ) growth . The general characteris tics of the f ormer 

resemble the processes of wound heal ing in the b ody . Amoeboid 

cells  11wander 11from the cut edges of the explant into the cul ture 

medium , where they d ivide actively , f orming a broad halo of new 

tiss ue ar ound the original f ragment. The histological s tr uc ture 

of the unorganised growth is s impl if ied in the z one of outgr owth , 

which c on s is ts of 11 de-d if ferentiated 11 cells . The unorganised 
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growth  takes place a t  the margin of the original fragmen t .  Th i s  

phenomenon can only take place from inj ured s urfaces where there 

is  no basemen t membrane . Organised , con t r ol led grow t h  c orresponds 

m ore  c losely t o  normal growth  in  the body , wi th the t i s s ue 

enlarging as a whole . The normal h i s t ologi cal s t r uc t ure of the 

t i s s ue is  preserved and if  the explan t i s  at  an early s t age of 

deve l opmen t  i t  us ually con t i nues t o  d i f feren t i a t e  h i s t ol og i cally 

and s ome t i mes ana t omically also .  Organ i sed ( con t rol led ) grow t h  

f requent ly occurs in t h e  i n t e r i or of an explant . 

A maj or advance occurred in the his t ory of organ cul t ure i n  

1 92 6 ,  when S t rangeways and h i s  colleagues began a ser ies of 

experime n t s  whi ch showed that  many embryonic  organs could be 

cul t ured and be seen to develop normally in v i t r o ( Fell , 1 940 ) . 

T r owe ll ( 19 6 1 )  publi shed a method for cul t uring a ma t ure organ i n  

a syn the t i c  med i um whi ch has provided t h e  bas i s  f or nearly a l l  

s ubsequen t work in  this  f i eld . He successfully preserved many 

ad ul t  t i s s ues  from ra t s  up t o  ten days of age but he d i d  not 

a t tempt  t o  cul ture in tes t inal  t i ssue because he c onsidered the 

problem of aseps i s  would be t oo great . H owever , Brown ing and 

T r i e r ( 1969 ) ,  successfuly appl ied Trowel l ' s  techn i q ue f or organ 

c ul t ure t o  adul t  human small in tes t i nal mucosa . The i r  resul t s  

encouraged other workers t o  use organ cul t ure of the human small  

i n t e s t ine t o  s t udy normal and  abnormal s t ruc t ures and func t i ons of 

the gas t r oi n test inal t rac t . 

1 . 1 . 1  Types of Organ Cul t ure 

Organ cul t ure can be s ubd ivided i n t o  two mai n  types , name ly :  

embryon i c  and ma t ure organs .  

1 . 1 . 1 . 1  Cul t ure of Ma t ure Di fferen t ia t ed Organs 

The cul t ure of ma t ure d i f feren t i a ted organs provides  a use f ul 

t echni q ue f or a wide range of nut r i t i onal , me tabol i c ,  f unc t i onal 

and pa thol ogi cal s t ud i es ( Moscona et al . , 1965) . Such c ul t ures 

have a s teady me tabol i c  s ta t e  whi ch makes i t  pos s i ble  to mai n t a i n  



a c ul t ure f or several 

undergoi ng s ubs tant ial 

6 

days , ins t ead of a few hours , wi th out i t  

morphologi cal change . In c on t ras t t o  

embryon i c  cul t ures , mat ure organ cul t ures ob tain mos t of th ier 

energy by res p i ra t i on ,  and adeq uate  oxygen s upply i s  essen t i al f or 

t he i r  s urvival . For this  reas on they mus t always be c ul t ured on 

the  s ur face of the med i um ( Mos c ona e t  al . ,  1 965) . To mai n t a i n  the 

organ c ul t ure s i ze a t  1 . 5-2mm wi thout cen t ral necros i s , i t  i s  

e s s en t i al ,  wi th  mos t t i s s ues , t o  use an oxygen-gas- phase ( T r owel! , 

1 9 59 , 1961 , 1 962 ) . An excep t i on t o  th is  i s  the ret ina whi ch i s  

p oi s oned by oxygen concen t ra t i ons of 60% or more ( Lucas  and 

Trowell , 1 958 ) . Small cul t ures can be main t ained in a i r ,  wi th  a 

l i m i t i ng s i ze of approxima tely 0 . 5-1 . 0  mm d iame t e r , al though 

s pheri cal organs cul t ured in  a i r  can be about 2mm i n  d i ame ter . 

En t i re organs from young ra ts , ad ul t  mice or ad ul t  ba t s  s uch as the 

ovary , adrenal , pi t ui tary , pineal , thyroi d , pros t a t e , seminal  

ves i cle , sp inal  gangl i a ,  and lymph nodes can be  cul t ured . In  

add i t i on ,  l ong narrow t ubular 

d e ferens , b i le duc t  and ar teries 

organs s uch as the ut erus , d uc t us 

can be cul t ured in  inf in i t e  

length , and thin  shee t s  such a s  the r e t i na ,  ski n ,  d iaphragm and 

mesent ery in inf ini te wid ths . For s ome organs whi ch are t oo large 

t o  be cul t ured , e . g : the l i ver , ki dney , lung , and t hymus , i t i s  

necessary t o  cut them i n t o  small pieces . Accord i ng t o  Trowel !  

( 19 59 ) , cut p i eces of organs us ually s urvive a s  w e l l  as whole 

organs . 

1 . 1 . 1 . 2  Cul t ure of Embryon i c  Organs 

The embryon i c  rud i men t s  s uch as limbs , bones , tee th , eyes , 

gonads and var i ous glands are us ually cul t ured in  en t i re ty .  The 

organ enlarges as a whole wi t hout d i f fus e  spread i ng of the t i s s ues  

and  develops as  an  in tac t  organ . In add i t i on embryon i c  t i s s ues  are 

more res i s tant  than ma t ure t i s s ues to anoxic  c ond i t i ons  as they 

ob tain  mos t of the i r  energy by glyc olys i s  ( Mos c ona , Trowel! and 

Coi llmer , 1 965) . 
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1 . 1 . 2  Techn i cal Development of Organ Cul t ure 

The maj or h i s t or i cal devel opmen ts  in organ cul t ure techn i q ues  

may be s ummari zed as  follows : 

1 . 1 . 2 . 1  The Hanging Drop Me thod ( Harri s on ,  1907 ) 

In th is  me thod ,  small  p i eces of t i s s ue are embedded i n  

c l ot ted plasma to  wh i ch has been added embryonic  ex t rac t  from an 

1 1  day old f owl . I t  ls unsa t i s fac t ory f or most  organ sys tems , 

because  the t i ssues d iges t the clot ted plasma and s l owly s ink i n t o  

a p ool of l iquef ied plasma whi ch even t ually impa i r s  the oxygen 

s upply . 

Chemically def ined med ia  cannot be used in  thi s sys tem and 

the med i um cannot be changed wi thout t rans plan t i ng the cul t ures . 

The med i um cannot be removed for analys i s ,  dur i ng the cul t ure 

pe r i od and i n  add i t i on ,  there is  a high r i sk of c on tamina t i on .  

1 . 1 . 2 . 2  Maximow ' s  Double Cover S l i p  Method ( Max imow ,  1925) 

I n  thi s me thod the cul t ure i s  explan ted on t o  a small  round 

c over s l i p . Thi s  is then a t tached t o  the cen tre of a large square 

c over s l i p  by means of the s urface tens i on exe r t ed by a drop of 

s t e r i le sal i ne s olut i on spread be tween the two. Both cover s l i ps 

are  i nver ted  over the cav i ty in  a depres s i on sl ide , and the edges 

of the large cover s l i p  are sealed on to the sl ide  w i th wax . When 

t he c ul t ure  is to be fed , the  large cover s l i p  i s  d e t ached f r om 

the s l ide , and the smaller  one care fully removed . Af ter  the 

med i um has been repleni shed the small cover s l i p  carrying t he 

c ul t ure i s  then rea t tached t o  a fresh , s terile  large c over s l i p .  

I n  t h i s  way , c ontami na t i on i s  avoided , and hangi ng d r op 

p reparat i ons  may , wi th rea s onable care , be mai n t a i ned f or l ong 

per i ods . 
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The advan tage of t h i s  me thod i s  that the c omponen t s  are 

s imple and cheap to ob tain  ( Max imow ,  1925) . The c ul t ures can 

read i ly be examined wi th the l ow power of a microscope . H owever 

the me thod is not sui table f or a de tai led s t udy of the l iving 

cells  a t  a h igher magni f i cat i on .  The d i sadvan tage of t h i s  me thod 

i s  that  the v olume of the med i um i n  the hanging drop is  small and 

mus t be repleni shed frequen t ly . I t i s  therefore t ime-c onsuming t o  

mai n t a i n  more than a few of these cul t ures ( Maximow ,  1 9 2 5) . 

1 . 1 . 2 . 3  Roller  Tube Me thod (Gey , 1933 ) 

This  method was descri bed by Gey in  1933 . Several organ 

explan t s  are arranged in a row on the i nner s urface of a tes t 

t ube , and c overed wi th  a plasma clot . A few mill i l i t res  of l i q ui d  

med i um are then added and the t ube i s  sealed w i th a s t e r i le , non­

t ox i c  rubber s t opper . A number of s uch t ubes are then inse r t ed 

i n t o  a s lowly rota t ing drum ,  wi thin  an incubator main ta ined a t  

3 7 C . As each t ube i s  car r i ed r ound i n  the drum the explan t s  are 

a l ternately immersed i n  the l i quid  med i um and then exposed to the 

a i r  wi thin the t ube . The movement of the l iquid  med i um ens ures 

un i f orm d i s t r ibut i on of i t s c omponen t s . 

A d i s advan tage of th is  method i s  the poor op t i cal  q ual i ty of 

t he c urved t es t - t ube wall , wh i ch makes examina t i on of the cul t ures 

d i f f i cul t .  A r i sk of infec t i on occurs wi th this t echn i q ue when 

the r ubber s t opper is removed to renew the med i um .  The techn i q ue 

can be i mproved by 

s l i p ,  thus allowing 

examinat i on .  The 

a t t aching the explant to a rec t angular c over 

easy removal of the cul t ured t i s s ue f or 

advan tages of th is  me thod are that  i t  i s  a 

c onveni en t  way of mai n taining c onsiderable numbers of explan t s  a t  

a m i nimal cos t  in  t i me and money and that sample med i um can be 

c onvenien t ly al tered . 

1 . 1 . 2 . 4  Wa tch Glass Method ( Fe l l  and Robinson ,  1 929 , Fel l ,  1 9 51 )  
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Thi s  me thod i s  the bas i s  of the techni que i n  general use 

t oday and was used by Fell and Robinson ( 1929 ) and agai n  by 

Fell , ( 19 51 ) . A wa t ch glass wh i ch has the convex sur face painted  

black to  fac i l i ta t e  mi croscop i c  observa t i on , i s  placed  on a layer 

of moi s tened , abs orben t cot t on wool in  a pe t r i  d i sh . The explan t 

i s  then s t uck by a plasma c lot t o  the c oncave sur face and med i um 

added . The cul ture i s  mai n t ained in a humid env i r onmen t ,  

preven t ing the evapora t i on of wa ter  from the culture med i um .  

The d i sadvan tage of t h i s  me thod l i es in the necess i ty t o  

d e t ach the explan ts  and t ransplan t s  t o  a new suppor t i ng plasma 

clot when med ium i s  removed . 

1 . 1 . 2 . 5  Trowell ' s  Method ( 1 9 59 )  

Trowel l  ( 1959 ) , used a square p i ece of f ine w i re gauze , wi th 

the edge bent over t o  form short  legs , and s t ood t h i s  in  a shallow 

glass or plas t i c  d i s h .  A pi ece of very thin,  s of t  t i s sue paper 

was laid on the grid and the cul ture was '' plan ted " on the paper 

wh i ch had been moi s t ened w i th the fluid med i um by cap i llary 

ac t i on .  The d i sh was then placed in a thick-walled Perspex 

( Luc i t e )  chamber of 30 ml capac i ty .  

There are a number of advan tages t o  Trowell ' s  me t h od .  A large 

number of speci mens can be cul tured in each chamber . Samples of 

med i um can be removed f or analys is  and add i t i onal nu t r ients  or 

d rugs can be added a t  any s tage of the experimen t . The med ium can 

be changed and the cul tures can be washed wi thou t  d i s turbing the i r  

p os i t i on .  Re inser t i on of t h e  suppor t i ng ma terial  ( gr i d  and pape r )  

whi ch may re tain  or ads orb  c ons t i tuen ts  of the med i um ,  i s  reduced 

t o  a minimum . Synthe t i c  fluid  med i a  of known chemi cal c ompos i t i on 

can be used , and the gaseous env i r onment is also  under c omple t e  

c on t rol .  
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1 . 1 . 3  The Applica t ion of  Organ cul t ure in Vir ol ogy , M ic r obiol ogy 

and Toxic ol ogy . 

For s t ud ies using organ c ul t ures to  be meaningf ul ,  a t  leas t 

two criteria mus t  be met . F irs t ly ,  the cul t ured hos t  t is s ue mus t  

be able t o  be maint ained in a s t a te  of normal s t r uc t ure and 

f unct ional ac t ivity throughout the d urat ion of the experiment . 

Secondly , the response t o  the infect ious agent by the cul t ured 

t is s ue in vitro  mus t be s ubs tan t ially the same as the  res ponse of 

the targe t t issue in the na t ural d isease in vivo ( Fe l l , 1 976 ) . 

The employmen t of organ cul t ure t o  s t udy the  e f fe c t s  of 

in fec t ious agen ts  on hos t  t is s ue was firs t used in 1957 , when 

Barski, e t  al . ,  ( 19 57 and 1959 ) , used cul t ures of human and s imian 

t is s ues f r om the bronchial and t racheal lining to s t udy t he 

e f fec ts  of pol iovirus and adenovirus on respira t ory c ilia t ed 

epithelium .  Subsequen t ly ,  organ cul t ures have been used t o  

inves t iga te  the in terrelat ionships of viruses , mycoplasma and 

bac teria with their hos t  t is s ues . For example , s ome viruses  

apparen t ly have s t ric t  me tabolic requiremen ts  tha t can  be s upplied 

only by the specif ic cell which is their na t ural hos t  in 

vivo. These  viruses appear unable t o  survive in the environmen t of 

cell  cul t ure . In this s it uat ion organ cul t ure has proved 

invaluable . Human s t rains of corona virus caus ing upper 

respira t ory t ract  d isease were is olated using cul t ures of  human 

embryon ic t rachea and nasal t issue ( Tyrrell and Bynoe , 1965 ;  

Mcint osh  e t  al . , 196 7 ) . I t has also been demons t ra t ed that  s t rains  

of  human rhino vir us , which are d if f icul t  to  is olate  in t is s ue 

cul t ure , can be es tablished in organ cul t ure of human f oe tal  

respira t ory t ract  epithelium ( Dol in e t  al . , 1 9 7 1 ) ;  Clarke e t  

al . , ( 1 9 7 2 )  Higgins e t  a l . , ( 19 7 3 )  is olated parvoviruses f r om 

in tes t inal organ cul t ure . 

Organ cul t ure has also  been used in s t udies  of immunogenes is 

in d if ferent animals . Organ cul t ure me thods have been of value in 

the s t udy of the mechanisms of f ormat ion and I or secre t ion of 

l ocal an t ibody , and f or t he demons t rat ion of latent  v iral 
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in fec t i on . ( Barski e t  al . , 1 957 ; Heuschele and Eas t e rday 1970 ; 

F i nkels t ein  e t  al . ,  1972  and Schmid t  and Maassab 1974 ) . Heus chele 

e t  al . ,  ( 1 970 )  used organ c ul t ure to demons t ra t e  an t i body 

f orma t i on and pers i s tence of virus in the t racheae of chi ckens 

i n f e c t ed wi th Newcas tle  d i sease v i r us (NOV ) a f ter  an aeros ol 

expos ure t o  the infec t i ous agen t . The t racheae of the chi ckens 

( ki lled by cervi cal d i s l oca t i on and exsanguina t i on )  were c ut i n t o  

r i ngs approxi ma tely 1 . 5  mm wide  and cul t ured in  5 m l  T199  

ma i n tenance med i um supplemen ted wi th 3% f oe tal bovine  serum .  I t  

was f ound tha t t racheal organ c ul t ures from ch i ckens a f ter  aeros ol 

expos ure t o  B1  s t rain ( Len t ogen i c  Blasksburg S train )  of NOV were 

prod uc i ng plaque-neut ral i s i ng an t i bod i es and were res i s tant t o  

challenge wi th the GB s t rain  (Velogen i c  Gi lbert - Bony S t ra i n )  of 

NOV . I t  was observed that cul t ures pers i s ten t ly i n fec ted w i t h  B1  

s t ra i n  cons i s ten t ly res i s ted i n fec t i on when inoculated wi th  the  GB 

s t rain . The pers is tence of the NDV vi rus and the prod uc t i on of 

an t i bod i es were shown t o  occur for up t o  120 days a f t er expos ure 

by aeros ol to the B1 and G1 s t rains of NOV . 

Organ cul t ures are wel l  sui t ed t o  h i s t ol ogi cal and 

cy t ol ogical s t ud i es of the pa thological e f fec t s  of v i r uses on 

organ epi the l i um . Thus , Hoorn e t  al . , ( 1 965) and Hoorn e t  al . ,  

( 1969 ) f ound that the en terov i ruses and echovirus I I  mul t i pl i ed i n  

organ cul t ures of human c i l i a ted epi thel i um and rapi d ly des t r oyed 

t he c i li a t ed cel ls . Coll ier and Clyde ( 1 97 1 ) , and But ler , and 

E l laway( 19 7 1 )  s t ud ied the e f fec t of Mycoplasma mycoides var . cap r i  

and Mycoplasma gall i sep t i c um on human and chi cken t racheal organ 

c ul t ures . They observed the des t r uc t i on of the c i l i a t ed epi thel i um 

and a l tera t i on of the t racheal car t i lage , charac t e r i zed by r ounded 

cells  wi th  densely s tained nuclei , and the ma t ri x  whi ch had l os t  

i t s capac i ty t o  retain  the s t ain . 

Flem i ng , Brown and Ball s  ( 1 975) ; Balls e t  al . ,  ( 19 7 5) ; and 

B r own , Pryor and Balls  ( 1 975a , b ) s t ud ied the hepa t ot ox i c  e f fect  of 

parace tamol on cul t ured ad ul t amphi b ian l iver and observed a l os s  

of t ransaminases and lac t a t e  from the t i ssue t o  t he med i um d ur i ng 

the  f i rs t few days i n  c ul t ure , f ollowed by a rap i d  deple t i on of 
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the hepatocyte glycogen s tores . 

1 . 1 . 4  Reas ons  f or the use of Organ Culture 

The aim  of explanti ng ti ssue in  v i tro  is to s tudy the 

behavi our and fate of cells , ti ssues , or organs separated f r om the 

whole  organi sm .  The mai n  reas ons for us i ng organ cul ture are : 

a )  Organ cultures have no ci rculati on and are probably not 

able to react immunol ogi cally to bacteria  or vi ruses ( Reed , 1969 ) . 

b )  The metabol i c  rate of the culture i s  probably s l ower than 

n ormal and many of the res ponses wh i ch normally a f fect  growth of 

organi sms in vivo are absent,  making i t  poss ible to s tudy the 

d i rect  e f fect  of the organi sms on the ti ssue H owever organ 

c ul ture can tell  us l i ttle about the sys temic e f fects of an 

i n fecti ous agent (Tyrrell and Byone , 1965) . 

c )  Cel ls in  organ cultures , s im i lar in  s tructure and f uncti on 

to that of the intact host , may provide a conven i ent exper i menta l  

model for s tudying s ome as pects of the pathogenes i s  of certa i n  

m i croorgan i sms . (Tyrrell and Bynoe 1965) . 
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1 . 2  INTESTINAL ORGAN CULTURE 

The s t udy of explan t cul t ure sys t ems of mammal ian 

gas t rointes t i nal t i ssues  has been l imi ted by the rap i d  necros i s  

and degenera t i on of the muc osal  ep i t helial  cells ( Aut r up ,  1980 ) . 

I t  i s  pos s i ble t o  main tain  open intes t inal segme n t s  or ever ted 

r i ngs and sacs of intes t inal t i ssue in  oxygenated b uf fer s olut i ons  

f or pe r i ods of  two hours or less (�i lson and �i sman , 1954 ;  

Par s on ,  1968 ) , but epi the l i al cell  necros i s  occurs  i f  i ncuba t i on 

of i n t es t i nal t i ssue i s  pr ol onged much beyond t hi s  t i me , ( Browni ng 

e t  a l . ,  1969 ) . Trier , ( 19 7 6 )  cul t ured ma terial  derived from 

b i ops i es of human gas t roin t es t inal t i ssue and demon s t ra t ed marked 

d i f ferences in t he abi l i ty of t he epi t hel ia  at d i f ferent  levels t o  

s us tain  me tabol i c  ac t iv i t ies  i n  v i tro .  He observed that  the  

gas t r i c  fundus degenera ted rapidly , whereas gas t r i c  an t rum ,  smal l  

i n t es t ine , c olon and rec t um were well mai n tained . Th i s  was a l s o  

f ound t o  b e  t he case wi t h  rabbi t gas trointes t inal t rac t . However , 

t he small in tes t inal mucosa  of ra t , mouse  and hams ter  cannot be 

ma i n tai ned under t he same cul t ural c ond i t i ons (Trier , 1 976 ; ( Har ty  

e t  al . ,  1 9 7 7 ) .  

1 . 2 . 1  Research Appl i cat i ons of Intes t inal Organ Cul t ure . 

Intes t inal 

pr inc ipally t o  

organ 

s t udy 

cul t ure techniques  

human gas troin tes t i nal 

have 

t rac t  

been used 

d i s orders . 

C oe l iac d i s eas e ,  ulcera t i ve col i t i s  and cys t i c  f i br os i s  have been 

the mos t widely s t ud i ed of t hese . In add i t i on ,  the mechani sms of 

carcinogenes i s  and v i ral  infec t i on have been examined by the  

t echniques . 

1 . 2 . 1 . 1  Coeliac  Di sease 

The h i s t ogenes i s  of the i n tes t inal les i ons i n  pa t ien ts  w i t h  

c oe l i ac sprue ,  and the l i kely mechani sms by whi ch nox i ous glutens 

may damage t he small  bowel muc osa , have been s t ud i ed by i n t es t i nal  

organ c ul t ure . The t ox i c  glut ens damage the  s ur face absor p t i ve 

cells  of t he intes t i nal  v i l l i  and reduce the l i fes pan of t hese  
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l umen . Tr ier  and Browni ng 
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prema t urely i n t o  the i n t e s t i nal  

( 1 970)  showed that  d i seased c oeliac  

muc osa rever t ed t o  normal a f t e r  only 24 h ours of c ul t ure i n  a 

gluten- free env i r onmen t .  The epi thel ial cell s  became more 

c ol umnar and less vacuolated . Thymid i ne incorpora t i on i n t o  the 

crypt cells demons t rated t hat  un t rea t ed coeliac mucosa had 

enhanced epi thelial  cell prol i fera t i on compared wi th  normal 

t i s s ue .  The excess ive prol i fera t i on was decreased in t i s s ue 

derived f r om pa t i ents  t rea ted wi th  a gluten- free d i e t . Th i s  

f i nd i ng was suppor ted by Falchuk e t  a l  ( 1974 ) , who observed tha t 

the add i t i on of gluten pep t ides t o  the cul t ure med i um preven ted 

the expe c t ed improvement i n  surface cell  morphol ogy . In tes t i nal  

organ cul t ure was als o used by  Trier  and Brown ing ( 1970 ) ; Townly 

et  al . ,  ( 1 97 3 ) ; Falchuck e t  al . ,  ( 1 974 ) ; Jos e t  al . , ( 1 9 7 5) and 

Hauri et al . , ( 1 978 )  to s t udy the effec t s  of s ome t ox i c  agen t s  

s uch a s  t h e  cereal glutens  in  wheat and barley . The absorpt ive  

cells  showed severe degenerat ive changes of the a t t enua t ed 

m icrovi l l i  and the forma t i on of large li pid  vacuoles in  the 

cy t oplasm of the undamaged ep i thelial  cells . 

1 . 2 . 1 . 2  Ulcera t ive Col i t i s 

Organ cul t ures of rec tal muc osa from pa t i en t s  wi th  act i ve 

ulcerat i ve coli t i s  have been shown t o  c onver t  increased amoun t s  of 

labelled gluc osamine i n t o  glycoprot e i n  and t o  secrete  labelled 

glycoprote ins more rapi d ly than those of heal thy con t r ols . By 

us i ng t h i s  techn ique Rachmi lewi t z  e t  al . ,  ( 1 978 ) and Hawkey e t  

al . , ( 1 981 ) , f ound that the inf lamed rec tal mucosa from pa t i en t s  

w i t h  ulcera t i ve c ol i t i s produced increased amoun t s  of 

pros tagland in  E2 . 

1 . 2 . 1 . 3  Cys t i c  F i bros i s  

In tes t inal organ cul t ure has been used to  s t udy i n  vi t ro the  

phy s i ol ogical ac t i v i t ies  and mucus s ecre t i on of  n ormal in tes t i nal  

and  rectal  mucosa  f r om pat i en t s  wi th cys t i c  f i b r os i s  

( J ohansen , e t . al . , 1968 ) . He demon s t rated an i mbalance be tween 
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i ons  and wa ter  i n  t he glycoprot e i n  secre ted from t he in tes t i nal 

e p i t hel ial cells in  cys t i c  f i b r os i s . In addi t i on t he v i s cos i ty of 

m uc us s ecre t i on was increased i n  t he lumen at  t he s i te of t he 

goble t  cells and t he in tes t i na l  cryp t s . I t  appears t ha t  t hi s  i s  

d ue t o  inhi b i t i on of t he movement of wa ter  acros s  t he secre t ory 

ep i t he l ial cells resul t i ng in i ncreased levels of s od i um and 

c hl or i de i ons  and a decreased level of b i carbonate i ons . The i ons  

have been examined in  i n tes t inal organ cul t ure by Neut ra e t  al . ,  

( 1 97 7 ) . He observed t hat  t he goblet  cells in cys t i c  f i bros i s  were 

more prominen t t han normal and t hat t he cryp t l umens of ten 

appeared d i s tended . Thi s  was taken as evi dence of hypersecre t i on 

of muc us ( Parkins e t  al . ,  1 963 ) .  Neut ra e t  al . , ( 1 97 7 )  s ugges ted 

t ha t  t he c ond i t i on was e i t her due t o  a de fec t in t he i n t racellular 

regul a t i on of secre t i on or to high levels of glycosy l t rans ferase 

ac t iv i ty .  In  add i t i on ,  t he epi t helial  cells from cys t i c  f i bros i s  

pa t i en t s  were s hown t o  accumulate  l ip id  and glycogen i n  organ 

c ul t ure , whereas con t r ols  d i d  not ( Neut ra e t . al . ,  1978  ) .  

1 . 2 . 1 . 4  S t udies  of Carcinogenes i s  

The t echnique of in tes t i nal organ cul t ure was used in  t he 

s t udy of t he e f fec ts  of carcinogens on cul t ured mammal i an 

c ol on ( Aut r up , 1980 ) . I t  was found t hat cul t ured human and r a t  

c ol ons were able t o  manufac t ure procarc inogens from vari ous 

c lasses of chemi cals ,  s uch  as  polynuclear aroma t i c  hydrocarbons , 

N-n i t rosamines , d ialkylhdraz ine , and afla t oxin B 1 . Aut rup , ( 1 98 0 )  

a l s o  demons t rated t hat  t he mean level of bind ing of aflatoxin  B 1  

and 1 , 2-d ime t hylhydraz i ne ( DMH ) induced col on neoplas i a  in ra t s  a t  

a higher  r a t e  t han in  man . H e  s ugge s t ed t ha t  t he abi l i ty of 

c ol on i c  t i ssue to  me tabol i z e  benzo  [ a ] pyrene ( BP )  i n t o  ul t ima te  

carcinogen i c  forms could ind i cate  an  individual ' s  s us cep t i b i l i ty 

t o  col on i c  carcinoma caused by BP . When t he e ffec t s  of two 

d i f ferent carcinogens , BP and DMH , were compared in  c ul t ured 

c ol on i c  t i ssue from t he same pa t i ent , a pos i t ive c orrela t i on was 

obs erved . Thi s  ind i cated t ha t  t he same ac t i va t i on sys tem was 

i nvolved in carcinogens of d i f ferent chemi cal clas ses . 
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1 . 2 . 1 . 5  Vir uses 

I n tes t inal organ cul t ure has been used to cul t ivate  viruses 

s uch as  parvovirus which cannot grow in other t is s ue c ul t ure or 

cell  c ul t ure sys tems ( Dolin e t  al . , 1971 ) .  Dolin e t  al . ,  ( 19 71 ) 

and Clark e t  al . , ( 1 972 ) ,  used in tes t inal organ cul t ure t o  is olate  

the  N orwalk agen t which causes acute , infec t ious , non-bac terial  

gas t r oen t e r it is in humans . Dol in e t  al . , ( 19 70 )  noted  tha t 

in tes t inal organ cul t ure was a more sensit ive sys tem than 

c onvent ional t is s ue cul t ure f or the is ola t ion of an occ ul t  vir us 

( for example Parvovirus ) having the in tes t ine as the targe t organ . 

Dol in e t  al . ,  ( 1972 )  f ound that  in tes t inal organ cul t ure could 

s upport  the growth  of virus es s uch as Herpes Simplex Virus , 

Newcas t le d isease virus , and Epidemic Diarrhoea of Infant Mice  

( E . D . I . M ) up to  t iters comparable t o  those  ob tained by  other 

e s tablished t is s ue cul t ure techniq ues . 

The E . D . I . M .  virus has not been grown in vit ro ,  b ut 

in t e s t inal organ cul t ure infected with virus deve l oped acute 

degenera t ive changes in the in tes t inal epithelium and the vir us 

par t icles were seen in the cy t oplasm of the cells (Rubens tein e t  

al . , 1 971 ) . Adams and Kra f t  ( 1967) , and Banf ield , Kasnic and 

Blackwe ll , ( 1968 ) observed tha t  mucosal sec tions from in tes t inal 

organ cul t ure infec ted with E . D . I . M .  showed progres s ive 

f la t tening of the villi ,  with the even t ual replacemen t of the 

s ingle c olumnar cell pa t te rn by pseud os t ra t ified muc os a ,  leav ing 

only small  is lands of epithelial cells . 

H uman f oe tal in tes t inal organ cul t ure was used in the search 

f or viral agen ts  involved in gas trointes t inal d iseases ( Mit us e t  

al . ,  1 970 ;  S tenhous , 1970 ;  Dolin e t  al . , 1972 , . Uya t t  e t  al . ,  

1 9 74 cul t ivated a virus-l ike agen t from gas t roenterit is in inf an t s  

and children . They f ound that  vir us par t icles infected  s ome of 

t he ep i thelial cells lin ing the v i l l i  of the i n t es t inal 

explan t , while the res t of the epithelial cells  were n ot 

s usce p t ible t o  the vir us infec t ion . In addit ion ,  Dol i n  e t  al . ,  

( 197 2 )  f ound that human foe tal  in tes t inal organ cul t ures infec ted 
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w i t h  Herpes S i mplex Vi rus showed reduced numbers o f  v i l l i  and 

denud i ng of the epi thel ium . They also observed that  the changes 

in t he cy t oarchi tec ture of human foetal in tes t inal organ cul ture 

caused by Herpes S implex Vi rus began in  the epi the l i al cells and 

s pread to the lamina propria and submucosa . 

1 . 2 . 2  Techniques Used for I n t es t inal Organ Cul tures 

Numerous techn iques have been used to  ma intain  i n t e s t i ne i n  

organ cul t ure . Di f ferent med i a  ( bo th  solid  and l i q u i d )  have been 

used to explant intes t i nal organs . Many mod i f i ca t i on s  have been 

made to the techniques . The mos t commonly used me thod a t  presen t 

i s  the Trowell  modi f i ed techn ique ( 1 954 , 1959 )  and that  the obv i ous  

advan tages o f  this  me thod have con t r ibu ted to  i t s ex tens ive use  

( See sec t i on 1 . 1 . 2 . 5) .  �ol f  ( 1952 )  used agar j elly bo th as a 

med i um and as a suppo r t  for an in tes t inal explant . Trowell  ( 1 9 53 )  

cul tured the intes t i ne on the surface o f  cot ton wool soaked i n  

f lu i d  cul ture med ium . Fel l  and Mar t inovi tch ( 1 953 )  used a 

d i f ferent t echn ique by cul tur i ng the organs on the sur face o f  a 

s o l i d  med i um ,  namely a plasma clo t . The solid  med i um cons t i t u t ed 

bo th the solid  subs t rate  carrying the explanted t i ssue , and the 

nu t r ient  med ium .  A syn the t i c  l iquid med ium was used by Trowell  

( 1 9 54 , 1 9 59 )  and by  Barker e t . al . , ( 1964 ) . The i n t e s t i nal f ragmen t 

was mai n t ained in the med ium on the sur face o f  s t ainless s t eel  

mes h .  Manax e t . al . , ( 1965) and Momose e t . al . , ( 1 968 ) cul tured 

large s egmen ts  of canine  d i s tal i leum by us ing a vas cular 

per fus ion technique . Immedia tely a f ter removal  of  the i leal 

segment  by abdominal laparot omy , i t  was perfused through the 

ar ter ial  s tump wi th cold ( 5C-8C ) 5% dex t ran i n  a balanced sal t  

s o lut i on ,  buf fered to  a pH  o f  7 . 4  (wi th b i carbona te  and 

t rome- thamine ) .  Per fus i on con t inued wi th wa t e r  unt i l  the 

e f f luence from the vein was clear . After per fus i on ,  the i leal 

s egment  was placed in  a p recooled bath ( 0-4 C ) wi thin  a small 

hyperbari c  chamber ( 1- 3  a t mosphe r i c  oxygen tens i on ) . The 

in tes t i nal  segmen t was success fully s tored for up to 72 hours 

under these cond i t ions . One ser ious l i m i t a t i on of th is  t echnique 

is the need for large s egmen t s  o f  fresh t i s sue . Folkman and 



18  

French ( 1968 ) used three d i f fe ren t techniques t o  cul t ure the  small  

i n tes t i ne f r om germ- free ra t s ,  t o  evaluate  the viab i l i ty of the 

Peyer ' s  pa t ches in  order to use these t o  s t udy large organi z ed 

p opula t i ons of lymphocy tes in v i t r o. Included were , the R ocker 

t ube ' Spinner flask and Per f us i on chamber me thods . By us i ng 

t hese techn i q ues i t  was observed that the Peyer ' s  pa tches 

remained v i able throughout the per i od of cul t ure . Brown ing and 

Tr ier  ( 1969 ) used a technique s imi lar to t i ssue cul t ure techn i q ue 

by immers i ng the in tes t ine in  a t i s s ue cul t ure med i um c ons i s t i ng 

of Eagle ' s  bas i c  sal t s olut i on The l iquid med i um was kep t  

oxygena ted by agi ta t ing i t  i n  a me tabol i c  shaker a f t e r  gas s i ng i t  

w i th  95% 02 and 5% C02 . 

Table 1 . 1  shows other techniques used by other workers f or 

i n t e s t inal organ cul t ure , t he types of med i um used , the per i od of 

s urvival , and the type of species  inves t iga ted . 



Table 1 . 1  Other techniques that have been used for intestinal organ culture. 

Species Technique Medium Survival Period 

Mouse Stationary; membrane Waymouth 's  MB 752/ 1 several  weeks 

f i lter on grid FCS + 1 0% 

Hamster Stationary;  fibrin Leibovitz ' s  L - 1 5  up to 3 weeks 

(foetal}  foam Waymou t h ' s  MB 7 52/ 1 

+ 1 0% FCS 

Rat Rocking C M R L  1 066 + 5% BSA up to 4 weeks 

Rat Rocking C M R L  1 066 + 1 0% FCS up to 9 weeks 

Rabbit Stationary ;  steel grid Trowe l l ' s  T-8 + 1 0% up to 3 days 

FCS 

Human Stationary; steel grid Trowe l l ' s  T -8 + 1 0% up to 2 4  hours 

FCS 

Human Rocking; gelatin C M R L  1 066 + 5% BSA up to 2 2  days 

sponge 

Source Autrup, H. ( 1 980)  

Reference 

Defries and Frank 

( 1 977)  

Schiff ,  ( 1 97 5 )  

Autrup et a l .  ( 1 978)  

Shamsuddin et a l . ,  

( 1 978)  

Mak and Chang ( 1 978)  

O ' Gorman and L a  Mont 

( 1 978) 

Autrup et al . ,  ( 1 978a) 

_. 

"" 
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1 . 2 . 3  Reas ons f or us i ng Foe tal  Lamb Intes t inal Organ Cul ture 

Much of t he publ i s hed work on in tes t i nal  organ culture has 

been performed on human t i ssues us i ng both normal ( Browni ng � 
al . , 1 969 ; James e t  al . ,  1971 ; Beeken e t  al . ,  1974 and Falchuk e t  

al . , 1974 ;  ) and d i seased human in tes t ines ( Crof t e t  al . , 1 965 ; 

Ked inger e t  al . ,  1974 and Jos e t  al . , 1975 )  Ot her researchers  

have used rabbi t s , mi ce , ra ts  and hams ters ( Erchholz , 1967  ; 

Schl egel e t  al . , 1972 ; B i l l i ng t on e t  al . ,  1975 ,  1976 ;  and 

Schi f f , 1975 ) bu t t here are no repor t s  of t hese techniques being 

used t o  s tudy t he d i rec t  e f fec t  of microorgani sms on t he s heep 

i n t es t ine in  v i t ro .  

The obj ect  of  t he s tudy repor t ed in t hi s  thes i s  was to  s tudy 

t he e f fect  of C . j ejun i on t he mucosa of f oe tal  lamb in tes t inal 

organ cul ture . The advan tage of using an in  v i tro  sys tem i s  t ha t  

t he environmen t of t he t i s sues under s tudy can be c on t rolled more 

preci sely t han when in vivo models are used . Fac t ors  such as 

i n t e s t inal con t ent , c i rcula t i ng humoral fac t ors  and neurogen i c  

s t i muli  a r e  el iminated . I t  i s  poss ible t o  s tudy t he e f f e c t s  of 

m icroorgan i sms on t he cells  and t i ssues and t o  be t t er  de termine 

t he role of  t he ind i v i dual ' s  de fence reac t i ons  (Trier , 1 9 76 ) . 
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1 . 3  CAMPYLOBACTERIOSIS 

Campylobac t er spec i es have l ong been recogni sed as pat h ogens 

in animals . J ones et al . ,  ( 1 931 ) repor t ed that the organi s m  V i b r i o  

j ej un i  ( the or iginal name of C . j ej un i )  caused j ej uni t i s i n  calves 

and dysen tery in  cat tle . Recogni t i on of the i mp or tance of 

C . j ej uni  as a maj or cause of d iarrhoea and en ter i t i s  i n  both 

ani mals and humans has only occur red wi thin  the las t few years . 

Infec t i on has been repor ted in  calves ( Sm i ber t , 1974 ;  F i rehammer 

and Myers , 198 1 ;  Prescot t , e t . al . , 1 981 ) ;  lambs and adul t  sheep 

( R ussell , 19 55 ;  Hoorens et al . , 1 977 ;  Jopp and Orr 1980 ; 

Vandenbe rghe e t . al . , 1 980 ; F i rehammer and Myers , 198 1 ; Prescot t ,  

e t  al . , 1981 ; S t ephens , 1983 , 1984 ) ; chi ckens (Rui z-Palac i os e t  

al . ,  198 1 ) ; rabbi ts  ( M oon e t  a l  1974 ) ; d ogs and c a t s  ( B r uce , 

1 980 ; Coll ins and Li bal , 1 983 ) ;  p igs ( Roland and Laws on , 1974 ) ; 

Lomax e t  al . , 1982 ) ,  and humans ( But zler  and Ski rr ow ,  1 9 79 ;  

Karmali  and Fleming , 1979 ;  Mann i nen e t  al . ,  1 98 2 ) .  

A review of the l i tera t ure reveals tha t the pa thogenes i s  of 

C . j ej un i  infe c t i ons is s t i l l  unc lear . However ,  several hypot heses 

have been made , based on c l i n i cal observa t i ons , regard ing the 

c ol on i s a t i on , at tachmen t and invas i veness of the m i c r oorgani sms 

( Butzler  and Ski rrow ,  1979 ;  Fi rehammer and Myers , 1981 ; Prescot t 

e t  al . , 1981 ) .  

The work conducted up t o  now has promp ted the need t o  f i nd a 

s ui table an imal model in  wh i ch C . j ej uni  occurs na t urally and i n  

whi ch i t  can be produced experimen tally . Several animals  have 

been used as  models : mink ( H un ter e t  al . ,  1986 ) ; calves 

( Al-mashat and Taylor , 1980 ; F i rehammer and Myers , 1 98 1 ) ;  lambs 

( F i rehammer and Myers , 1981 ) ;  gnot ob i ot i c  d ogs ( Presc ot t e t  al . ,  

1 98 1 ) ;  chi ckens (Rui z-Palac i os e t  al . ,  1981 ) ;  and m i ce ( Welkos , 

1 982 ) . 

There are n o  repor t s  in  

valid i ty of  in tes t inal 

the li tera t ure regard ing the use or 

organ cul t ure as a model f or s t udying the 

pathogen i c  mechani sms of C .jej uni . 
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1 . 3 . 1 S ign i f i cance of C . j ej uni  infec t i on i n  s heep in  New Zealand 

Sporad i c  cases of C . j ej un i  enter i t i s have been repor t ed in s heep 

i n  New Zealand (Russell , 1955; Jopp and Orr , 1980 ) . A m or b id i ty 

rate of 10% and a mor t ali ty rate of approximat ely 5% have been 

recorded ( J opp and Orr , 1980 ) . No ind i cat i on was given on t he 

pos s i ble  s ource of infec t i on .  Jopp and Orr ,  ( 1980 ) repor t ed t ha t  

t he mos t cons i s ten t  gas troenter ic  les i on was a d i s tens i on of muc us 

glands , occuring a t  all levels of t he in tes t inal t rac t . 

1 . 3 . 2  Pat hogenes i s  of Campylobacter  spec i es Infec t i ons 

The resul t s  repor t ed in t hi s  sec t i on were derived f r om e i t her  

na t ural or exper i mental en ter i c  i n fec t i ons wi t h  Campyl obac ter  

spec i e s . I t  s hould be noted t ha t  t here are  con f l i c t i ng op i n i ons  

in  t he li tera t ure regard ing t he l oca t i on of t he les i ons in  

infec ted an imals . 

Table 1 . 2  Shows t he associat i on of vari ous Campyl obacter s pe c i es 

wi t h  c l i n i cal symptoms in  d i f feren t animal species . 

1 . 3 . 2 . 1  Sheep 

C . j ej un i  i s  capable of caus i ng pa t hol ogi cal changes i n  t he 

in tes t inal t ract  of lambs . F i rehammer and Myers , ( 1981 ) f ound 

in termi t tent flecks of bl ood and muc us produc t i on i n  t he faeces of 

lambs a f t er oral admins t ra t i on of C . j ej un i , but fai led t o  obs erve 

any d i arrhoea .  S tans f i eld et al . ,  ( 1 986 )  repor ted t ha t  C .jej un i  

type 1 was res p onsi ble f or a s udden out break of gas t r oen t er i t i s  i n  

fat ten i ng lambs . The abomasal mucos a  s howed small haemorr hages ,  

in tense conges t i on and hyperaemia  and t he abomasal c on tents  were 

flui d . The mos t severe les i ons were seen in  t he caecum and to a 

lesser extent  t he col on .  S tephens e t  al . ,  ( 1984 ) repor ted t ha t  

30% of s heep d i ed i n  a na t urally occurring outbreak caused by 

C .jej un i , c harac ter i sed by s of t  f l uid faeces . There was a marked 

i ncrease in  t he flui d i ty of t he col on con t en t s . M i cr os c op i c  

les i ons were c onf ined t o  t he large intes t ine .  The inoc ul a t i on of 



Table 1 .2. 

Host 

Hum an 

Human 

Pig 

Pig 

Pig 

Cattle 

Sheep 

Sheep 

Sheep 

Association of various Campylobacter species w i th d ifferent animal  species, the c l in ical symptoms and s i te o f  i n fect i on .  

Campylobacter species Cl inical symptoms and I References 
site of infection 

C. jejuni Enter i t i s  and d iarrhoea Veron and C h a t e l a i n  ( 1 9 n) 
( je junum and i leum) a n d  Sk i r row ( 1 9 77 )  

C.  c o l i  a n d  C.  fetus-subsp fetus Ente r i t i s  and d iar rhoea S m i be r t ( 1 97 R ) 
( jejunum) 

C .  sputorum subsp m ucosa l i s  Pro l i ferative enter i t is  
(sma l l  i ntestine) 

Lomax e t  a l .  ( 1 98 2 )  

C. col i  E n t e r i t i s ,  Col i t i s  Tay lor ,  ( 1 9R2 )  
( i leum and colon) 

C. hyointest inal is  Pro l i ferative i l e i t i s  Gebha r t ,  e t  e1 l .  ( 1 n�)  
( i leu m) 

C .  fecal i s  and C .  jejun i  Enter i t i s ,  diarrhoea and Jones,  e t  al. ( 1 9 3 1 )  and 
dysentery A l - m a s h a t ,  e t  a l . ( 1 980) 

( je junum and i leum) 

C.  jejun i  Enter it is  and  d iarrhoea I R u sse l l ,  ( 1 9 5 5) and 
( jejunum and i leum) I F i reh a m m e r ,  et a l .  ( 1 98 1 )  

C.  sputorum Pro l i ferative regi ona l i l e i t i s  l Hoorcns e t  a l . ( 1 977 )  and 
( i leum) V a n denbe rghe , e t  al .  ( 1 g80)  

C.  jejuni  and C.  intest inal is  Col i t is and Nephrosis Jopp and Orr  ( 1 980 )  
(colon and  k idney) I 

I I 1\> 
\.J.J 
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Dog C. jejun i  and  C .  co l i  Enter i t is Macartney et a l .  ( 1 982)  
( j e junum and i le u m )  

Cat C. jejuni  Ente r i t is Bruce et a l .  ( 1 98n)  
(sm a l l  intestine) 

Foa l s  C.  jejun i  and  C.  col i  Enter i t i s , d iar rhoea, Col ic A therton,  et  a I .  ( 1 980)  
and t ympany 

(sm a l l  i n test ine and caecu m )  

Patas Monkeys C.  jejun i  Chron ic mucohaemorrhaic B r yan t ,  e t  a l .  ( 1 9�D )  
diarrhoea 

( j ej unum and i leum)  

R abbi t  C .  jejun i  Acute Typh l i t i s  Moon, et  a l .  ( 1 97h )  
(colon) 

Pou l t ry  C .  jejun i  Enter i t i s  and  d iarrhoea Prescot t ,  et  a l .  ( 1 98 1 )  anci 

(caecum) R u i z -pa l a c i os C' t  a l .  ( 1 98 1 )  
I 

Turkey, domestic C .  jejuni  Enter i t i s  and d i ar rhoea 

I 
Bu tz le r ,  e t  a l .  ( 1 979 )  

and wi ld  birds (caecum) 
--------------------- --·--------------



24  

C . j ej uni  i s olated from cl in ical cases i n t o  exper imen t al sheep 

res ul ted in  d i arrhoea Focal necros i s  of  the col on i c  muc osa  and 

the presence of numerous d i la t ed glands f i lled wi th  necrot i c  

debr i s  were noted . 

Campyl obac ter-l ike bac teria  were demons t rated by elect r on 

m i c r oscopy in  the epi thel ial cells of lambs showing c l i n i cal  s igns 

of terminal i le i t i s ( Hoorens e t  al . , 1977) and reg i onal en t er i t i s  

( Vandenberghe and Hoorens , 1980 ) . C . j ej un i  and C . i n tes t inal i s  

were i s olated from sheep showing combined coli t i s  and nephros i s  

( J opp  and Orr ,  1 980 ) . Russell , ( 1955) claimed that  V i br i o  s pec i es 

were assoc ia t ed wi th d i arrhoea and high mor tali ty in  sheep in  New 

Zealand However ,  Reid , ( 1976 ) , sugge s t ed tha t Campylobac t er 

s pec ies are not a c ommon cause  of d i arrh oea in sheep . A s t ra i n  of 

Campylobac ter  ( C . f e t us s ubsp . j ej uni ) was rec overed f r om an 

out break of ov ine abor t i on ( Duf fell and Ski rrow ,  1978 ) . The s t i l l  

b orn f oe t uses showed cholangi t i s  and lymph ore t i cular hyperplas i a  

( Shaw and Ans f i eld , 1982 ) . 

1 . 3 . 2 . 2  Calves 

Al-Masha t and Taylor , ( 1 980 ) , produced d i arrhoea and 

dysentery experimen tally in calves by oral admini s t ra t i on of 

C . j ej uni  and f ound both  macroscop i c  and microscop i c  changes . 

En ter i t i s  var i ed from d i f fus e  catarrhal t o  severe haemorrhagi c .  

I n  add i t i on t hey observed hyperaemia and thi cken ing of the muc os a  

o f  the j ej un um and the i leum ,  and swelling of the mesen ter ic  lymph 

n odes d ue t o  oedema . Necros i s  of t he supe r f i c ial l um i na l  

e p i the l i um ,  s t un t i ng and fus i on of v i l l i , d i lat i on of t h e  cryp t s , 

and thi ckeni ng of the lamina propria  wi th oedema and conges t i on 

were all  noted . F i rehammer and Myers ( 198 1 )  c oncluded that  

C . j ej uni  i s  well  adap ted t o  the i n tes t i nal t rac t of the cal f ,  

caus i ng en t er i t i s , and that the severi ty of the infec t i on i s  more 

acute in  c ol os t rum-depr ived animals . 



1 . 3 . 2 . 3  Pigs 

C . j ej un i  and C . co l i  have 

na t urally infec ted p iglets  

1 982 ) . Roland and Lawson , 

been i sola t ed from t he 

s uffering from d iarrhoea 

( 1 974 )  and Lomax e t  al . ,  

2 5  

i lea o f  

(Taylor , 

( 1 982 ) 

i sola ted C . sputorum s ubs pec i es mucosal i s  f rom the i leal mucosa o f  

p igs suffer i ng from pro l i fera t ive en teri t i s . The gross les i ons 

associa ted w i t h  t he infect ion included t hi ckening and ery t hema o f  

t he mucosa , par t i cularly in  t he d i s tal par t  o f  t he i leum ,  and 

enlargemen t of t he mesen teric  lymph nodes . 

H i s tological changes whi ch  have been observed include : 

s t unt ing of  t he v i ll i , accumula t i on of  plasma cells and  polymorph  

n uclear cells  in  t he lamina propria , crypt abs cesses and mas s i ve 

hypert rophy o f  t he s ubmucosal lymphoid  t i s s ue .  All t hese change s  

were assoc i a ted wi t h  high numbers o f  Campylobac ters . 

1 . 3 . 2 . 4  Dogs 

In dogs , a modera t e ,  s upe r f i c ial eros ive col i t i s  was caused  

by s t rains o f  C . j ej uni  of  bo t h  human and can ine origin  ( Presco t t  

e t  al . , ( 1981 ) .  However ,  t he pat hological  p i c t ure o f  t he d i s ease  

i n  dogs appears mi lder t han i t s human count erpart , be ing l im i t e d  

t o  t he caecum and colon ( Presco t t  e t  al . , ( 1981 ) .  

Gross les i ons whi ch have been found include : pa t c hy 

conges t i on o f  t he colon i c  mucosa wi t h  oedema o f  t he v i l l i , 

t hi ckening , corruga t i on and s l ight conge s t ion of t he mucosa , and 

conges t ion o f  t he colon i c  lymph nodes . 

H i s tologi cal f ind i ngs were l im i ted t o  t he caecum and colon . 

The s upe r f i c i al ep i t he l i um become cubo idal or low columnar wi t h  

domed supe r f i cial  cell  margins . M i ld oedema , haemorrhage , 

conges t i on and neut rophi l in f i l t ra t i on of  t he lamina  propri a  and 

s ubmucosa were observed . There was a decrease in t he numbers  o f  

goble t cells  in  the intes t inal glands and moderate hyperplas i a  o f  

t he local lymph nodes , wi t h  s l ightly ac t i ve germinal  cen t re s . 
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C ry p t  abscesses  were not presen t .  

1 . 3 . 2 . 5  H umans 

C . j ej un i  i s  recogn i sed as a s ign i f i can t cause of enter i t i s  i n  

h umans ( Sk irrow ,  1 9 7 7 ;  Prescot t and Munro,  198 2 ) . The pr inc i pal  

s i tes of  infec t i on i n  humans appear t o  be  the j ej unum and  i le um 

( Lamber t ,  e t  al . ,  1979 ) . Evans and Dadswe l l  ( 1 967 ) and Duf fy e t  

a l . , ( 1 980 ) repor t ed that C . j ej uni  was respons i ble f or f ocal 

necros i s  and ulcera t i on of the mucosal sur face of the i leum 

t ogether wi th  conges t i on of the caecum . Presc ot t ,  et al . , ( 1 98 1 )  

observed a general i sed oedema of the lami na propr i a  w i th  

neutrophi ls i n  the  cryp t wall of  the in fected  in tes t ine . There 

was also a decrease in the number of goble t cells and i n t es t i na l  

glands . 

1 . 3 . 3  Pa thogeni c i ty of Campylobac ter  spec i es 

There are several ways in  wh i ch en t e r opa thogen i c  bac t e r i a  may 

cause  d i sease includ ing a t tachmen t and c olon i sa t i on ,  t ox i n  

produc t i on and invas i on .  D i f ferent animal models have been used 

to s t udy the pathogenes i s  of acute  en ter i t i s caused by C . j ej un i . 

M i croscop i c  and b i ochemical s tud ies  have been per f ormed on the 

i n fec ted t i s s ues and appear t o  ind i ca t e  that a t t achment  and 

pene t ra t i on of C . j ej uni  i n t o  the e p i thel ial cells  and the 

prod uc t i on of t ox i ns by the m i croorgan i sms are pos s i ble  v i rulence 

fac t ors  I t  is well  recogni sed tha t the es tab l i shmen t of an 

en ter i c  infec t i on involves c omplex in terac t i ons be tween h os t  and 

paras i te .  The in terac t i on involves vari ous hos t  fac t ors , whi ch 

f unc t i on t o  preven t bac ter ial colon i sa t i on and var i ous bac t e r i al 

v i rulence fac t ors 

Li t t le is  known 

C . j ej uni . 

wh i ch f unc t i on t o  overcome the hos t ' s  defence s . 

about the hos t  defence mechan i sms aga i ns t 
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1 . 3 . 3 . 1  A t t achment and col on i sat i on 

Elec t r on micros copi c  s t ud i es have shown that  the 

Campylobacters  col on i se and a t tach t o  the microv i ll i  of the 

infec t ed i n t es t inal epi thelial cells ( Vandenberghe , e t . al . , 1980 ; 

Blaser e t  al . , 1982 ; Me B r i de and Newe l l , 1983 ; Naess ,  e t  al . ,  

1983 ; Newel l  e t  al . , 1 983 ; Velkos , 198 2 ;  S tephens , e t  al . ,  

1 984 ; and Humphrey , e t al . , 1 986 ) . 

Newel l  e t  al . , ( 1983 ) and Newell  e t  al . , ( 1 985) repor t ed tha t 

an aflagellate  variant  of C . j ej uni  c oloni sed the gut poorly , and 

c oncluded that  the presence of flagel lae may be necessary f or 

pathogen i c i ty .  In con t ras t ,  Mcbride and Newell , ( 1 98 3 )  f ound that  

the aflagellate  s t rain of C . j ej uni  a t tached s igni f i can t ly be t t e r  

t o  epi the l i al cells than the flagellate  s t rain and pos t ulated the 

presence of adhes ins on the a f lagellate  s t rains . Th i s  theory i s  

s uppor t ed by Las t ov i ca , ( 1983 ) ,  who des cribed the presence of 

s everal d i f ferent adhes ins in the cell wall of C . j ej uni . 

Elec t r on microscopic  s t ud i es have shown Campyl obacter- l i ke 

bac teria  adhering t o  the c ol on i c  epi thel i um of s heep s uf fe r i ng 

from col i t i s  ( S tephens , e t  a l . , 1984 ) . Naess  e t  al . ,  ( 1983 ) ,  

us ing s canni ng ele c t r on micros copy , also  showed that  C .jej uni  had 

c ol oni sed the brush b orders of p igs intes t i ne .  Lee e t  al . ,  ( 1983 )  

reported  that s canning ele c t r on micrographs of infec ted m i ce 

revealed sheets  of C . j ej un i  on the col onic  s urface . Thi s  led t o  

the s ugges t i on by the authors  that C . j ej uni  i s  a muc osa-assoc i a ted 

bac teri um ,  spec i f i cally adapted  t o  the mucus env i r onment of the 

i n t es t i nal s urface , and that  the col onisat i on of muc us is  an 

essent ial  s tep in the pa thogenes i s  of Campylobac ter  infec t i on .  

1 . 3 . 3 . 2  Toxins 

Several inves t igat ors have recen t ly a t temp t e d  t o  es tabl i sh 

the pos s i b i l i ty of c las s i cal  en terot ox i n  and/ or cy t ot ox in-me d i a t ed 

d iarrhoea (Guerrant e t  a l . ,  1978  Prescot t e t  al . , 1981  ; 

Rui z-palac i os e t  al . ,  1 98 1 ; J ohnson and L ior ,  ( 1983 ) ; Mccardell 
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et  al . ,  ( 1 983 ) ;  and Newell , ( 1984 ) . 

1 . 3 . 3 . 2 . 1  Endotoxins 

Campylobac ters , l ike o t her gram nega t ive bac ter i a ,  possess a 

l i popo lysaccharide in t he cell  wall ( L . P . S )  wi t h  endo tox i c  

proper t i es , ( Blazer e t  a l . , 1981 ) .  Endo toxin- induced anaphylac t i c  

s hock has been produced i n  ca t t le by t he in t ravenous inoculat i on 

o f  bro t h  cul t ures of  Campylobacter  j ej un i  and s uperna tant  

( Osbourne et  al . , 1962 ) . V in ter ( 1966 ) found t ha t  t he 

l i popolysaccharide ( L . P . S ) of  Campylobac ters had a le t hal e f fec t  

on m ice , and prod uced a b iphas i c  febr i le res ponse and a 

general i zed Shwart zman reac t i on in  rabbi ts . Fumarola e t  al . , 

( 1 982 ) ,  observed t hat  s uspens i ons of  hea t-ki lled s t rains  o f  

Campylobacter spec ies  were highly react ive in  t he Limul us clo t t i ng 

assay , t he suspens ion producing a Limulus ac t i vi ty equi valen t t o  

16-3 2  ug/ml endo toxin  compared w i t h  1 2 8  ug/ml endo toxin  by an 

E . co l i  s uspens ion . Table  1 . 3  s hows t he endo toxin  concen t ra t i ons 

found i n  sus pens ions of  Campylobacter  spec i es and E . coli  us i ng t he 

Li mul us gela t in assay . 
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Table 1 . 3  Limulus gela t in as say and endot ox in con cen t rat ion in 

s us pens ions of Campylobacter  species  and E . coli .  

Organism : Bacteria/ml Species Limulus : End ot oxin ug/ml  

assay 

- - - - - - - - - - - - - : - - - - - - - - - - - - : - - - - - - - - - - - - : - - - - - - - - : - - - - - - - - - - - - - -

C . sput orum 1 X 109 sheep + 1 6  

C . j ej un i  1 1 X 109 human + 3 2  

C .  jej uni 2 1 X 109 human + 16 

C . col i  1 X 109 human + 32  

C . col i  1 X 109 sheep + 32  

E . c ol i  1 X 109 human + 128  

S ource Fumarola et  a l . , ( 1982) 
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1 . 3 . 3 . 2 . 2  En terot oxins 

The frequent occurrence of prof use wat ery s t ools i n  many 

cases of campyl obac teri os i s  s ugges ted that  enterot oxin  was also  

i nvolved i n  the  pa thogenes i s  ( � . H . O . Repor t ,  1984 ) . G ub i nas e t  

al . ,  ( 1 982 )  f ound that a hea t -lab i le enterot ox i n  i s olated from 

three s t rains of C . fe tus s ubspecies  fe tus and two s t rains  of 

C .j ej un i  recovered from t h e  cerebrospinal flui d  of pa t i en t s  wi th 

men ing i t i s , caused morphol ogi cal changes in  cul t ures of mouse 

adrenal cells , s imi lar t o  those caused by E . col i . However , no 

heat- lab i le nor heat -s t able enterot ox i c  ac t iv i ty was demons t rated 

by other s c i ent i s t s , in Y-I ,  INT407 , MRC-5,  or CHO cel l  cul t ure 

sys tems , ( Newell ,  1984 ; Campbell  et al . ,  1 982 ) ;  in the s uckl i ng 

mous e  tes t ( Fi rehammer e t  al . ,  1982 ) ; or i n  the i n t es t i nal l oops 

of p igs ( Manninen e t  al . ,  1982 ) ; lambs , ( F i rehammer e t  al . ,  

1 98 2 ) ;  calves ( Mann inen , e t  al . ,  1 98 2 )  or rabbi ts  (Guerrant e t  

al . , 1978 ) . 

1 . 3 . 3 . 2 . 3  Cy t ot oxin . 

Cy t ot oxin  damage t o  vero cells has been demon s t rat ed us i ng 

f i l tered cul t ure s upernatants  from more than 60% of C . j ej uni  

s t rains grown in  a b i phas i c  med i um . Th i s  cy t ot oxi c i ty i s  d ue to  a 

heat-lab i le t oxin  ( J ohns on e t  al . ,  1 983 ) .  Drake e t  al . ,  ( 1 98 1 )  

c ould n ot demons t ra t e  any cy t opa t h i c  e f fec t  of C . j ej un i  on human 

cells . Guerran t e t  al . ,  ( 1978 ) de tec ted the cy t ot ox i c  ac t i v i ty of 

f i l t ra tes  by us ing Chinese hams ter ovary cells . Prescot t e t  al . , 

( 198 1 )  and Rui z-Palac i os e t  al . ,  ( 1981 ) s ugge s t ed that  a cy t ot ox i c  

enzyme might  b e  i nvolved i n  the des t r uc t i on of cell  membranes 

allowing pene t ra t i on of the organi sms i n t o  the i n t es t i nal muc os a . 

However ,  the s ign i f i cance of cy t ot ox i c  ac t i v i ty in  the 

inva s iveness  of C . j ej un i  requi res clar i f i ca t i on .  

1 . 3 . 3 . 3  Invas i on 

I t  has been pos tulated that an i mpor tant fac t or in  t he 

pat h ogen i c i ty of Campylobac ter  j ej un i  is  the  d i rec t  invas i on of 
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the muc osa  of the gas t r ointes t inal t ract  ( Duf fy e t  al . , 1980 ) . 

Al though the mechanism of pene trat i on of t he mucosa  in  

Campyl obac t er i n fec t i ons remai ns unc lear , i t  i s  curren t ly accep ted 

that invas i on i s  the princ i pal pa thogeni c  mechan i sm i nvolved i n  

Campyl obac ter  gas t roenter i t i s  (Tomi ta e t  al . , 1968 and Jacoby e t  

al . , 1 975) . 

There are many repor t s  in  the l i terature t o  sugges t t ha t  

Campylobac ter  species invade the infected cells  ( Hamp t on and 

Rosari o, ( 1965) ; Re imann , ( 1965) ; S tal ey et al . , ( 1969 ) ; M oon 

e t  al . ,  ( 1974 ) ; Butzler and Ski rrow ,  ( 197 9 ) ; Love and Love , 

( 1 979 ) ; Duf fy e t  al . , ( 1 980 ) ; Vandenberghe and Hoorens , ( 1 980 ) ; 

F i eld e t  al . ,  ( 1 981 ) ;  F i rehammer and Myers , ( 1981 ) ; Tayl or , 

( 1982 ) ;  Lomax et  al . ,  ( 1 982 ) ;  Mann inen e t  al . ,  ( 1 982 ) ;  Newel l  

and Pearson ( 1 984 ) ; S t ephens e t  al . ,  ( 1 984 ) ; Vandenberghe � 
al . ,  ( 198 5) and Hunter  e t  al . ,  ( 1986 ) . Duf fy et  al . , ( 1980 ) 

repor t ed a case of Campyl obac ter  en t e r i t i s  in humans wi th 

ulcerat ive col i t i s and crypt abscesses seen in  a rec tal  b i opsy , 

and s ugge s t ed that the pathogenes i s  of Campyl obac ter  enter i t i s 

i nvolved d i re c t  mucosal invas i on .  Vandenberghe e t  al . , ( 1 985) 

f ound Campylobac t er-l i ke organi sms lying free in the cy t oplasm of 

adenomat ous epi thel ial  cells in colon i c  prol i fera t i ve and 

neoplas t i c  changes in ra t s . Welkos , ( 1 984 ) repor ted that  

Campyl obac ter-like microorgan i sms had  invaded the i n t e s t i nal  

epi thel i um and lamina-propria  of ch i ckens experimen tally infec ted 

wi th Campylobacter  j ej uni . H umphrey e t  al . ,  ( 1 985, 198 6 )  s imi larly 

observed the presence of Campylobac ter-l i ke organ i sms in  the 

epi the l i al cells and the lamina-pr opria  of the small  i n t es t i ne and 

caecum of hams ters . H owever , Pres c ot t et al . ,  ( 198 1 )  repor ted 

tha t  there was no invas i on of the mucosa  of puppies  by C . j ej un i . 

Fox e t  al . , ( 1985) fai led t o  observe any invas i on of the 

ep i the l i al cells of ad ul t  beagles , wi th C . j ej uni  only adher i ng t o  

the s ur face of the cells . Merrell  e t  al . ,  ( 198 1 )  observed a 

f i broi d  meshwork s urround i ng C . f e t us s ubspec i es j ej un i , and 

s ugges ted that th is  might represent a pene t ra t i on mechan i s m .  Thus 

c on t r oversy s t i ll exi s t s  as t o  whe ther Campylobacter  spec i es are  

i nvas ive organi sms and ne i ther t he mechani sms i nvolved n or the  
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por t a l  of en t ry have y e t  been determined . 
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CHAPTER I I  

MATERIALS AND METHODS 

2 . 1  COLLECTION OF FOETUSES 

Lamb foetuses  were obtained from l ocal abattoi rs . Each 

f oetus , s ti l l  ins ide the placental membrane , was brought to the 

laboratory w i th i n  an hour of the slaughter  of i ts dam . F oe tuses  

obtained were of  29  cm  to 30  cm  crown-rump length and  aged 

approximately 98 days (Evans and Sack , 1 973 ) .  

2 . 2  RECOVERY OF FOETAL LAMB INTESTINE FOR ORGAN CULTURE 

Explants f or intestinal  organ cul ture were prepared w i th i n  

one hour of removal from the ewe . The f oe tuses were placed on a 

s te r i le plas ti c  tray and the placental membranes were swabbed w i th 

70% alcohol be f ore removal of the foetus us i ng ste r i le techn i q ues . 

A f ive to ten cm inc i s i on was made m idl ine in  the f oetal abdom inal 

wall and approximate ly nine cm of the small  intestine was removed 

w i th f i ne f orceps and s ci ss ors . The intestine was then placed 

into a s te r i l i zed plas tic  petr i d i sh ( 90x15mm )*  c on ta i n i ng 

phosphate buf fered saline ( PBS )  ( Figure 2 . 1 ) at r oom temperature , 

( pH 7 . 4 )  and trans ferred to a class 2 b i ohazard cabinet.  

2 . 3  CULTURE MEDIA 

Preliminary work c ompared mod i f i ed T199  , RPM 1 1640** ( w i th out 

L-glutamine ) and Trowell ' s (TB ) (wi thout L-gl utamine ) *** ma intenance 

med ia  f or the e f fective culture of f oetal  lamb intes ti ne . 

* Laboratory Serv i ces , Auckland 

** Flow laboratories , W oodcock Hi l l ,  Haref i eld Rd . ,  Ri ckmansworth , 

Herts WD3 I PQ ,  England 

*** G ibco  Laboratories , 2392 i nd us trial  St. , B url ington , Ontar i o  

L7 P 1AS , Canada . 



Figure 2 . 1  

S ter i li sed plas t i c  pe t ri d i sh ( 90 X 1 5  mm ) w i th phosphate  buf fered 

s a l ine ( PBS )  ( pH 7 . 4 )  a t  room tempera t ure , con tai ning pieces of 

f oetal  lamb i n tes t i ne prepared f or organ c ul t ure . 

F igure 2 . 2  

Organ cul t ure d i sh ( 60 X 1 5  mm ) wi th a p i ece of f oe t al lamb 

in tes t ine . 
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Each med ium was used with or withou t  t he add it ion of 10% f oe tal  

calf  serum . The mod ified T199 medium con t ained Earle ' s  sal t s  with 

L-glu tamine , withou t  NaHC03 , and was used withou t  an t ibiot ics , bu t 

with fungiz one ( 5  ug/ml ) ( Squibb ) .  T 199  med ium was selec t ed f or 

fur ther work on t he bas is of the survival of the organ cul t ure  

( Chap ter  I I I ) .  

2 . 4  SELECTI ON OF CULTURE CONDITIONS AND MEDIA 

Pieces of f oe t al lamb in tes tine ( approxima tely 5 mm l ong ) 

were s l it lengthwise using s t erilised Wol f ir is scis s ors and f ine 

f orceps , and the mucosal side was gen t ly washed wit h phos pha t e  

buf fered saline ( pH 7 . 4 )  ( PBS ) , and t hen with T 1 9 9  medium , t o  

remove mec onium and other debris . Small  p ieces of in tes t ine were 

examined under a dissec t ing microscope t o  ensure tha t the mucosal  

sur faces were facing up . Each piece was t hen placed on a small  

piece of t riangular fil t er paper covering a fan-shaped s t ainless  

s t eel grid , lying over the cen t ral wel l  of  an  organ cul ture  d ish  

( 60x15 mm ) *  as shown in Figu re 2 . 2 .  

Six groups of f oe t al lamb in t es t ine were prepared , ( 2 

per group)  and pu t in t o  six separa t e  cu l ture dishes . 

cul ture med ia t o  be tes ted (T199 , T199  + 10% foet al calf 

p ieces 

The s ix 

s erum 

Trowel l ' s  medium , Trowel l ' s  medium + 10% f oe t al cal f serum , RPM 1 , 

and RPM1 + 10% f oetal  cal f serum) were added t o  the cen t ral  we l l ' s  

of t he cul t ure dishes ( one medium per d ish)  until a thin layer of 

the med ium was d rawn over the villous  s u rface by capillary ac t ion . 

The cen t ral well was surrounded by an ou ter  well  c on t aining a 

cot t on pad s a tura t ed with 0 . 9% NaCl s olu t ion . The d ishes were 

covered , placed in a modular incuba t or chamber ( Figure 2 . 3 ) and 

gassed with 5% C02 and 95% 02 for two minu t es . They were t hen 

main t ained at 37 C to de termine op t imal cul ture cond it ions . The 

cul ture med ia were renewed every day and cul tures were regass ed . 

The viability  of the cul tures was also  checked daily under  a 

d is sec t ing microscope , being verified by observing the rhy thm ical 

c on t rac t ion of the smooth muscle . Cul tures main tained in 

serumless media were removed from the dishes af ter  3 days and the 



Figure 2 . 3  

Modular i ncuba t o r  chamber  showing organ cul ture  d i sh conta in ing 

p i e ces  o f  foe tal  lamb i n tes t i ne in  T 19 9  med iu m  + 10% foetal  cal f  

s e ru m .  





cul t ures main tained in  med ia  wi th serum 

d i shes after  6 days . The reas on f or 

d i f ferent t i mes was that i t  had been 
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were removed f r om t he 

removing the groups a t  

observed in  pre l im inary 

exper iments  that the organ cul t ures could be maintained f or 3 days 

in serumless mai n tenance med ia  and f or a maximum of 6 days i n  

mai n t enance med i a  wi th serum .  On removal they were immersed  f or 

two hours in  Bouin ' s  s olut i on (Append i x  I I ) and then t rans ferred 

t o  70% e thanol f or 48 h ours . Transverse sec t i ons of f oe t a l  lamb 

in tes t ine were embedded in paraff in  wax and s ec t i ons of S um were 

cut and s tai ned w i th haemat oxyl in and eos i n ,  f or l igh t m i c r os c op i c  

exam i na t i on .  

2 . 5  PREPARATION OF THE TEST ORGANI SM CAMPYLOBACTER JEJUNI 

An ov ine i n tes t inal i solate  of Campylobac ter  j ej uni  was 

ob t a i ned from the M i crob i ol ogy Laborat ory , Depar tmen t of Ve ter i nary 

Pa t h ol ogy and Publ i c  Heal th,  Mas sey Un ivers i ty ,  and cul t ured on 

Vi b r i o  Selec t i ve Agar ( VSA ) (Append ix  1 ) . Af ter 48 h primary 

cul t ure , ind iv idual col onies were s ubcul t ured on t o  bl ood agar 

pla tes  ( Di fco Col ombia-blood agar base wi th 7% sheep bl ood and 1 

ml of 0 . 05% s olut i on of ferrous s ulphate , s od i um me tabi s ulph i te and 

s od i um pyruvate s upplemen t per 50 ml of agar ) .  They were 

incuba ted at  42 C f or 48 hours . Organ isms were subcul t ured three  

t i me s  to  ens ure puri ty . One t o  two col on i es from a pure cul t ure 

we re s uspended i n  heart  infus i on broth in  a s t er ile bij ou bot t le . 

A f ter  overnight  growth the bac terial  sus pens i on was s e r i al ly 

d i l uted 1 in 10 w i th T199  med i um .  Bac terial  c ounts  were made f or 

each of the d i lut i ons us ing the M i les and M i s ra ( 1938 )  t echnique .  

The d i l ut i on used f or i nfec t ing the cul t ures was found t o  c on t a i n  

1 . 1 5 X 106 bac ter ia  in  1 . 2 5 ml , the amoun t t o  be inoculated i n t o  

each i n fected cul t ure med i um .  

2 . 6  INTERACTION OF C . JEJUNI WITH FOETAL LAMB INTESTINAL ORGAN 

CULTURE 
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The i ntesti nes of two foe tuses were prepared f or organ 

Secti ons 2 . 1 ,  2 . 2  and 2 . 4 .  The ti s s ues  

the Control and Infected treatment 

c ul ture as descr ibed i n  

were all ocated rand omly to 

groups . S i x  

infected wi th 

experi mental groups 

C .jejun i  ( Infected 

were establi shed , 

treatment) and 

3 groups 

3 groups 

c ontain i ng uninfected ti s s ue s , acting as the Control . Each of the 

Con tr ol and Infected groups c ons i s ted of 3 p i eces of f oe tal  

i ntes tine ( meas uring 4-5 mm ) in an  organ ti s s ue cul ture d i sh ( 60 X 

1 5  mm ) .  The d i shes were placed i n  a mod ular incubator chamber ,  as  

shown i n  Figure 2 . 3 .  1 . 25 ml  of the d i luted bacte r i al culture , 

c ontaining approximately 1 . 1 5 X 106 microorgani sms , was used to 

i nfect the organ cultures .  

One of the Control and one of the Infected cul ture d i shes 

were removed from the mod ular incubator chamber a t  6 ,  1 3  and 1 5  

hours pos t- i nfecti on and prepared for mi croscop i c  examinati on as 

des c r i bed be low . The med i um in  the remaining two cul ture d i shes i n  

each of the Control and Infected groups was aspi rated and replaced 

by f reshly prepared med i um as  descr ibed in secti on 2 . 4 ,  and the 

c ul tures returned to the incubator and gassed as be f ore . The 

ti s s ues c ol lected were treated as follows : ti s s ues  f or 

transmi s s i on and scanni ng electron microscopy were i mmers i on f i xed 

i n  modi f i ed Karnovsky ' s  s oluti on (Append ix  I I I )  and ti s s ues f or 

Light m icroscopy were immers i on fi xed w i th Bouin ' s  s oluti on f or 

two hours . 

2 . 6 . 1  Light M icroscopy ( LM )  

I n  add i ti on to routi ne H & E s ta i ning of ti s s ue secti ons , 

selected secti ons were s tained by the Varthin  S tarry techn i q ue 

( Young , 1969 ) in  order to demons trate the m icroorgani sms . Seven 

v i l l i  f r om each secti on were chosen at rand om and the height and 

w i d th of the epi thel i al cells  of the v i ll i  were meas ured . The 

heights of ten rand omly s elected v i l l i  were meas ured . Res ul ts 

were analysed s tati s ti cally by app l i cati on on the Reg . Program 

( G i lmour , 1985) and Duncan ' s  Mul ti ple Range Test ( S teel and T orri e ,  

1 98 1 ) .  
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2 . 6 . 2  Scanni ng Elec t ron M i croscopy ( SEM ) 

Specimens cu t in to  4x4 mm p ieces were f i xed wi th  mod i f ied  

Karnovsky ' s solut ion overnigh t . Af t er several washings i n  two 

changes of 0 . 1M PBS ( pH 7 . 2 )  a t  4C for one hour , the specimens were 

dehyd rat ed by consecut ive i mmers i on in  graded e thanol s o lu t i ons  o f  

25% , 50% , 70% , 90% and twi ce in  100% e thanol a t  room t empera t ure , 

for 20 minu t es each . The dehyd ra ted t i ssues were 

cri t i cal d rying appara tus* . All the t i ssue s amples 

d r i ed in a 

were moun t ed 

on a lumi nium s t ubs w i t h  s i lver conduc t ing paint , s pu t t e r  coa ted 

wi t h  200A gold by rout i ne me thods and examined under a 

Cwi ks can/ 100 f i eld emi ss ion s cann i ng elec t ron mi croscope . 

2 . 6 . 3  Transmi s s i on Elect ron M i croscopy ( TEM ) 

Specimens for Transmi s s i on Elect ron M i croscopy were washed 

and f ixed in  a s imi lar manner as for Scanning Elect ron M i croscopy 

, then were cut  into  1 mm cubes and pos t f i xed i n  1%  osmium 

t e t roxide (Append ix  IV) in 0 . 1M PBS ( pH 7 . 2 ) for one hour at 4 C .  

A f t e r  washing and dehydrat ing i n  alcohol in the same way as for  

SEM , the t i s sues were immersed in  propylene oxide  for  20 minutes  

and placed overnight in propylene oxide  wi th  25% epoxy res in** , on  

a s t i rrer . The next day the  t i s sues were embedded i n  freshly 

prepared 100% epoxy res i n  and lef t for 48-72h , a t  60 C t o  

polymerise . Sect ions of  one to  two mi cron th i cknes s  were c u t  from 

each block and pi cked dry o f f  the glas s kn i fe wi th  an eyelash . 

They were t rans ferred on to  a d rop o f  wa ter  on a glass s l ide  and 

then hea ted on a ho t pla te at 80 C un t i l  the wa ter  evaporated . 

The t h i ck sec t i ons were immed i a tely covered wi th a d rop o f  1%  

toluid ine blue and hea ted on a ho t plate  a t  80 C un t i l  the drop  of  

s ta i n  evaporated  at  the  edges . The samples were then  washed 

thoroughly wi th  d i s t i l led wa ter , dried , and moun ted in DPX 

* Polaron E3000/ series  2 .  

** Durcupan Fluka 
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( D i s t rene , D i butyl ph thalat e  and Xylene ) .  A f ter  the 

hea t i ng , washing , and drying the thi ck sect i ons were exami ned under 

a l igh t m i croscope , both to  evalua te  the h i s t ologi cal features  of 

normal s t ruc tures and to determine areas of  i n tere s t for e le c t ron 

m icroscopy . Following th i s , the block face was t r i mmed down t o  an 

area of  i n teres t for ul t ra- thin  sec t i oning .  Thin sec t i ons were 

cut on an LKB 1 1 1  ul t rami crot ome , s tained w i th saturated 

uranylac e t a t e  ( Appendix V )  in  50% e thanol and lead c i t ra t e  

( Append i x  VI ) for 6 minutes  each , and examined on a Phi l i ps EM201C 

t ransmi s s i on elect ron microscope . 

2 . 7  STATI STICAL METHODS 

The data  was analysed using a General i zed Linear Models 

Compu t ing Package (REG ) , Gi lmour ( 1 985 ) . 

des cr ibe the data  was : 

where 

The model  assumed to 

Y i j k  is the kth observa t i on in  the i th t i me and j th 

t reatmen t .  

u the general mean 

A . = the e f fect  of the i th t ime 1 

Levels o f  s igni f i cance are deno ted throughout by the l e t ters  

ass igned t o  means on  the bas i s  of  Duncan ' s  mul t i ple range tes t ; 

means wi th  le t ters not  in  common are s igni f i cantly d i f feren t and 

the level of s igni f i cance is gi ven in  the tex t . 

The following abbreviat i ons are used to deno te the level s  o f  

s t a t i s t i cal  s i gn i f i cance used i n  the analy s i s  of  var i ance tables : 



NS No t s igni f i can t or P > 0 . 05 

* p < 0 . 05 

** p < 0 . 01 

B .  the e f fec t  of  the j th t rea tmen t J 
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ei j k = the effec t  o f  random res idual as sumed to  be  normally 

and independen t ly d i s t r i buted wi th mean z ero and variance . 
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CHAPTER Ill  

RESULTS 

3 . 1  SELECTION OF SUITABLE MEDIUM FOR OVINE INTESTINAL ORGAN 

CULTURE 

The experimen t was designed to evaluate  the e f fec t s  o f  

d i f ferent  med i a ,  w i th o r  wi thout serum , o n  the survival and grow th  

o f  foe tal  lamb i n t e s t i ne i n  organ cul ture . The aim o f  t he 

exper i ment was to  select  a sui table med i um for the ma in tenance o f  

v iable ovi ne foe tal in tes t inal organ cul ture , t o  s tudy the 

pathogen i c i ty of  Campylobac ter  jej uni . 

The med i a  tes t ed were T199  med ium ,  T199 wi th  10% foe tal cal f 

s erum , Trowell ' s  med ium (TB ) ,  Trowell ' s  med i um wi th 10% foe tal  

cal f s erum , RPMI med ium and RPMI wi th 10% foe tal  cal f serum . 

3 . 1 . 1  The Effects  of  Di fferent Med i a  on the Morpho logy of  P r i mary 

Intes t i nal Organ Culture . 

3 . 1 . 1 . 1  T199 

Organ culture was main t ained in  this med ium for three days . 

The mucosal cells were v i able but changes were seen i n  the 

morphology of  the epi theli al l in ing cells . The abso rpt ive cells 

were cubo idal and the i r  nuclei were round to  ovo id  in shape and 

were s i tuated e i ther cen t rally or basally ( Figure 3 . 1 ) .  However ,  

some o f  the epi t helial cells were squamous and had elongated  

nuclei occupying mos t of  the cell  ( Figure 3 . 2 ) .  

The morphology o f  t he v i l l i  changed from normal elonga t ed t o  

dome-shaped ( Figure 3 . 1 ) .  The cryp ts  were sho r t er and wider  than 

normal ( Figure 3 . 2 ) . 



F i gure 3 . 1  

Foe tal  lamb i n t e s t ine a f ter  3 days cul ture in T199  med i um The 

v i l l i  ( v )  are  dome-shaped and are l ined by cuboi dal ep i thelial  

cells  ( C ) . The i r  nuclei  (N )  are oval to  round and occupy t he base 

of the cel l s . ( H&E X200 ) . 

F i gure 3 . 2  

Foe tal  lamb i n t e s t ine a f t e r  3 days cul ture in T199  med i um The 

e p i the l i al l i ni ng cells  are squamous in appearance ( C ) . The i r  

nuclei  a r e  elongated  t o  ovoid  in  shape and occupy mos t  o f  the 

cy t oplasm . (H & E X200 ) . 
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3 . 1 . 1 . 2  T199  wi th 10% Foe tal Calf Serum 

In  th is  med i um ,  the archi t ec ture and t he cel lular compos i t i on 

o f  the mucosa were cons i s ten t ly well preserved dur ing the s ix days  

o f  cul ture ( F igure 3 . 3 ) .  Mos t  o f  the epi thelial cells  were 

columnar wi th  oval nuclei wh i ch occupied the base o f  the cells . 

The i n t es t inal cryp ts  were well  developed . No goble t cells  were 

s een ( Figure 3 . 3 ) .  

3 . 1 . 1 . 3  Trowel l ' s  Med ium (TB )  

The cul ture was main tained in t h i s  med ium for three days 

The v i l l i  were shor ter  and wider than normal and had a dome-shaped 

appearance . The en terocy t es were more cubo idal towards the ap i cal 

par t  of  the v i l l i  ( F igure 3 . 4 ) . The nuclei were oval in  shape and 

large in  rela t i on to the amount of cy t oplasm ( Figure 3 . 4 ) . Goblet  

cells  could not  be def ined . The in tes t i nal cryp ts were smaller  

when compared wi th uncul tured t i s sue . 

3 . 1 . 1 . 4  Trowell ' s  Med ium wi th 10% Foe tal  Calf Serum 

The cul ture was main ta ined for s i x  days in  Trowell ' s  med i um 

enri ched wi th 10% foe t al calf serum ( Figure 3 . 5 ) . The v i l l i  on 

the ep i thel ial  sur face showed an uneven appearance and some o f  the 

v i l l i  were severely reduced in heigh t . Cryp ts  of Li eberkuhn were 

no t well  developed . The enterocytes  were cuboidal to  round i n  

shape , wi th  rounded to oval nuclei  ( F igure 3 . 5 ) . Mos t  o f  the 

nuclei occupied the cen t ral part  of  the cells and few of them 

occupied the basal por t i on .  Some o f  the absor b t i ve cells showed 

vacuola t i on of the api cal cy toplasm . Goblet  cells were s carce . 

3 . 1 . 1 . 5  RPMI 

Cul tures were main ta ined for three days in RPMI . The v i l l i  

were t h i n  and tall wi th  a n  i rregular mucosal surface ( Figure 3 . 6 ) . 

The ep i thel ial  l i ning cells o f  the v i l l i  were squamous . The 

nucle i were e i ther round or elonga te  and occupied  mos t of t he 



Figure 3 . 3  

Foe tal  l amb i n tes t ine a f ter  6 days cul ture i n  T199 med i um + 10% 

foe t al calf  s erum . The epi thel ial l ining cells ( C )  are well  

preserved . The absorpt i ve cells  ( C )  are columnar wi th oval-shaped 

nuclei  o c cupy i ng the bas e .  The i n t es t inal cryp t s  ( C r )  seen here 

are well  developed . ( H  & E X200 ) . 





F igure 3 . 4  

Foe tal  lamb i n t e s t ine a f t er 3 days culture in Trowell ' s  med i um 

( T8 ) . The v i ll i  ( V )  are shor ter  and wider than normal and have a 

dome-shaped appearance . The enterocy tes ( C )  are more cuboidal  

t owards the  api cal par t o f  the v i l l i . The in tes t inal cryp t s  ( C r )  

are s maller  t han in  uncu l tured i n t es t inal t i ssue . ( H  & E X200 ) . 

Figure 3 . 5  

Foe tal  lamb i n t e s t ine af ter  6 days cul ture in  Trowell ' s  med ium 

(T8 ) + 10% foetal  cal f serum . The v i ll i  ( V )  have an uneven 

sur face and are  reduced in heigh t . The enterocy t es ( C )  are 

cubo idal  t o  round i n  shape and show a number  of  vacuoles ( smal l  

arrow ) in the  ap i cal par t o f  t h e  cy toplasm . ( H  & E X200) . 
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cell ' s  cy toplasm . Goblet  cells  were not  observed . The  i n t es t inal  

c ryp t s  were shallow , narrow and not  well  developed . 

3 . 1 . 1 . 6  RPMI wi th 10% Foe tal Cal f  Serum 

In th is  medi um foe tal i n t es t inal organ cul ture was main t a i ned 

for  s i x  days . The vi lli  were severely reduced in  he ight and 

showed a dome-shaped appearance ( Figure 3 . 7 ) . The ep i the l i al 

l i ni ng cells were round and i r regularly arranged . The cy toplasm 

bulged towards the luminal surface ( F igure 3 . 7 ) . The nuclei were 

round in  shape and occupi ed mos t of  the cy toplasm o f  t he 

e p i thelial l in i ng cells . Mos t of the absorb ing cells  showed 

supranuclear vacuolat ion ( Figure 3 . 7 ) .  

On the bas i s  of  the resul ts  ob tained , T199  med i um enr i ched 

wi th  10% foetal cal f serum was chosen , because i t  gave more 

cons i s t en t  resul t s  in  main taining foe tal i n t e s t i nal explan t s  for a 

per i od of s i x  days in  cul ture . Thi s  med ium was subsequen t ly used 

for  ovine foetal i n tes t inal organ cul ture for the s t udy of the  

pat hogenic i ty o f  Campylobac ter  j ej uni  

3 . 2  STUDIES  OF SOME ASPECTS OF THE PATHOGENESIS AND PATHOGENICITY 

OF C . JEJUNI USING OVINE FOETAL INTESTINAL ORGAN CULTURE AS A MODEL 

Three mi croscop i c  techn iques ( Light M i croscopy , Transmi s s i on 

and Scanni ng Elect ron M icros copy ) were used to s tudy the  

pa thogenes i s  and  pathogeni c i ty o f  Campylobacter j ej uni  on foe t al 

lamb intes t inal 

w i t h  10% foe tal  

i nfec ted and the  

organ cul tures maintained i n  T199 med i um enr i ched 

cal f serum . The t i s sues were exper i men tally 

morphological changes s tud i ed a t  6 , 1 3 and 15  

hours pos t-infec t ion . The changes observed were compared wi th  

con t rol  uni nfec t ed cul ture t i ssues a t  6 , 1 3  and 15 hours . 

3 . 2 . 1  Light M i croscopy 



Figure 3 . 6  

Foe tal  lamb in tes t i ne a f t e r  3 days cul ture in  RPMl . The v i l l i  ( V )  

a r e  t a l l  and t h i n  wi th  a n  i rregular surface ( arrow ) . The 

e p i t he l i al cells  ( C )  are squamous wi th small round nuclei  

occupying mos t of  the cytoplasm . The intes t i nal  cryp ts  ( Cr )  are  

shallower and  narrower than normal . ( H  & E X200 ) . 

F i gure 3 . 7  

Foe tal  lamb i n t e s t i ne af t e r  6 days cul ture in  RPMl + 10% foe tal  

calf  s erum . The v i l l i  (V )  are  severely s t un ted and have a 

dome-shaped appearance . The absorp t i ve cells ( C )  are round wi th 

uneven sur faces . The i r  nucl e i  (N)  are round and occupy the en t i re 

cy toplas m .  ( H  & E X200 ) . 
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3 . 2 . 1 . 1  Con t rol 

3 . 2 . 1 . 1 . 1  Zero Time 

Thi s  t i s sue provided the normal appearance of  t he i n t e s t i nal  

epi the l i um f rom wh i ch compara t ive assessmen t s  were mad e ( F i gure  

3 . 8 ) . 

The l in ing e p i thel ial cells o f  the uncul tured foe tal  

i n t es t i ne cons i s ted  o f  s imple columnar cells . The nuclei  of  these  

cells  were  ovoid  to  elonga te  in  shape and occupied the basal par t  

o f  the cells . Chroma t in con t ent  o f  the nuclei  var i ed f rom dense 

to  l igh t . The ep i thel ial cells showed no vacuola t i on .  The 

cy toplasm of the e p i thel ial cells  was homogeneous and basoph i l i c  

in  charac ter . 

The m i c rovi l l i  o f  the epi thelial  l ining cells were prominen t .  

The ep i the l i al cel l s  had an even s t r i a ted border . The v i l l i  were 

tall and prominen t ,  wi th tape r i ng ends . The bases  o f  the v i l l i  

appeared densely cellular ( Figure 3 . 8 ) .  

The i n t e s t inal  glands were prominen t and li ned by s i mple  

columnar cells ( F igure 3 . 9 ) . The nuclei  o f  the  l in ing cells  were 

ovo id  i n  shape and located a t  the basal part o f  the epi the l i al 

cells o f  the ap i cal por t ion o f  the gland . A few goblet  cells  were 

presen t at the m i d  and d is tal par t s  of  the v i l l i . The ep i thel ial  

cells o f  bo t h  the  v i ll i  and the  in tes t i nal cryp t s  were no t  

vacuolated . The i n t es t inal cryp t s  were l ined wi th s imple columnar 

epi the l i al cells ( Figure 3 . 8 ) . 

3 . 2 . 1 . 1 . 2  S i x  hours 

The cellular morphology of the epi thel ium of uninocula t ed , 

con trol  foe t al i n t e s t inal organ cul tures was essen t ia l ly s imi lar  

to  tha t of  t he uncu l tured i n t es t i ne ( Figure 3 . 10 ) . The  i n t e s t i nal 

cryp t s , al though well developed , were shor ter  and wider  than t he 

con t rols  a t  zero t ime ( F igure 3 . 10 and 3 . 1 1 ) .  The i n t es t i nal  

' 1  



F igure 3 . 8  

Uncul tured foetal  lamb i n t es t ine from a 98 day old  foe tus . The 

v i l l i  ( V )  are tall  and poin ted w i t h  prominen t mi crov i l l i  ( MV ) . 

The e p i theli al l in ing cells  ( C )  are columnar wi t h  an even s t ri ated 

borde r , and oval elongat ed nuclei  ( N )  occupying thei r bases . ( H  & 

E X400 ) . 

F igure 3 . 9  

Mor phology o f  an in tes t inal gland f rom uncultured 

t i s sue . The i n t es t inal glands (Gl ) are heal t hy 

s i mple columnar cells ( C ) . ( H  & E X400 ) .  

foe tal lamb 

and l ined by 





Figure 3 . 10 

Con t ro l  foe tal  lamb i n t e s t ine a f t er 6 hours cul ture i n  T199 med i um 

+ 1 0% foe tal cal f s erum . The morphology o f  the intes t inal v i l l i  

( V )  i s  well preserved . The epi thelial l i n i ng cells ( C )  are 

columnar w i th  round to  elonga te  nuclei  (N ) . The intes t inal cryp t s  

( C r )  are wel l  mai n t a i ned and l i ned wi th s i mple columnar cells . ( H  

& E X200 ) . 

Figure 3 . 1 1 

Cross  s e c t i on o f  con t rol  foetal  lamb in t es t i ne af ter  6 hours 

cul t ure in T199  med i um + 10% foe t al cal f serum .  The v i l lous 

e p i t he l i um ( V )  is well preserved . The abso r p t i ve l in ing cells ( C )  

a r e  s i mple  columnar i n  shape , w i th round t o  elongate  nuclei  ( N ) . 

( H  & E X400 ) . 
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glands were preserved , a l though the shapes of  the e p i t he l ial  

l i n i ng cells ranged from low columnar to  cuboidal in  appearance , 

w i t h  rounded nuclei ( Figure 3 . 10 and 3 . 1 2 ) . No goblet  cells  were 

seen . 

3 . 2 . 1 . 1 . 3  Thi r t een hours 

A l t hough the epi thelium of the mucosa remained i n tac t , the 

cells  were columnar to cubo idal  in appearance ( F igure 3 . 13 ) . Some 

of the e p i t he l ial l ining cells  were vacuola ted ( F igure 3 . 1 3 ) . 

The i n t es t inal cryp t s  were normal . Some o f  the epi the l i al 

cells  had degenerated and had sloughed . No goblet  cells were 

seen . 

3 . 2 . 1 . 1 . 4 F i f teen hours 

The mucosal morphology of the un inoculated con t ro l  a f ter  15 

hours cul ture was h i s tologi cally s i milar to the 13 hours con t rol  

cul ture , except  that  the  v i l l i  were thinner ( Figure 3 . 14 ) . 

3 . 2 . 1 . 2  Infec ted 

3 . 2 . 1 . 2 . 1  Six  hours 

Foe t al intes t inal organ cul ture , mai n tained in T199 med i um 

enri ched wi th 10% foe tal  cal f serum , was i n fec ted wi th  

approxima te ly 106 

Campy lobac ter  j ej uni  

colony forming uni ts /ml ( CFU/ml ) o f  

The morphologi cal changes appeared to  b e  l i m i ted t o  t he 

ex t reme t i ps of  the v i l l i  ( Figures 3 . 15 , 3 . 16 and 3 . 1 7 ) . The 

changes included s l igh t vacuolat i on of  the cy toplasm of  the  cel l , 

between the nucleus and t he s t r ia ted border ( Figures 3 . 16 and 

3 . 1 7 ) .  The nuclei of af fec t ed cells were rela t i ve ly normal i n  

appearance ( Figure 3 . 16 ) .  There was a s l ight  shedd i ng o f  

ep i t hel ial  cells from the v i llous t i p  and the desquamat ed cells  



Figure 3 . 1 2 

Con t rol  foe tal  lamb i n t es t ine af ter  6 hours cul ture in T 199  med ium 

+ 1 0% foe tal  calf  serum .  The i n t es t inal glands (Gl )  are well  

mai n t ai ned  and  l ined by  s i mple columnar epi thelium ( C ) . ( H  & E 

X400 ) . 





F igure 3 . 1 3 

Con t ro l  f oe t al lamb i n t es t ine af ter  13  hours culture  in T199 

med i um + 10% foe tal calf  serum .  The v illous epi thelial  cells ( C )  

a r e  i n t ac t  and well  preserved . The ep i thel ial l i n ing cells ( C )  

a r e  columnar t o  cubo i dal i n  shape w i t h  round to elonga te  nuclei  

( N ) . Some o f  the absorp t ive  cells (C )  have cy toplasmic  vacuoles 

( ar r ow ) . (H & E X400 ) . 





F i gure 3 . 14 

Con t ro l  foe tal  lamb i n t e s t ine a f t e r  

med i um + 10% foe tal  calf serum . 

preserved . ( H  & E X200 ) . 

15 hours culture in  T199 

The mucosal ep i the l i um i s  well 
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F i gure 3 . 15 

Foe tal  lamb i n t es t i ne cul tured in T 1 99 medi um + 10% foe t al cal f 

serum , infec t ed wi th approxi mate ly 106 CFU/ml o f  Campylobac ter  

jej uni , showing changes that have occurred 6 hours pos t infect i on 

M i ld necros i s  ( arrow) can be seen a t  the t i ps o f  the v i l l i , w i th a 

s l igh t shed d i ng o f  epi thel ial cells . The microorgani sms ( MO )  are 

a t t ached to the surface o f  the v i l lous and c rypt  epi thel i a  ( long 

arrow ) . ( Var th in  S t ar ry S ta in  X200 ) . 

F igure 3 . 1 6 

Foe tal  lamb i n t e s t ine cul tured in  T199  med i um + 10% foe tal calf  

s erum , i n fe c t ed wi th  approxima t ely 106 CFU/ml o f  C .jej un i , showing 

changes t ha t  have occurred 6 hours pos t infec t i on . The epi thel ial 

cells  a t  the t i ps o f  the v i l l i  are d i sorgani sed ( arrow) and s how 

exfo l i a t i on .  Some also  show cy toplasmic  vacuolat ion ( small 

arrow ) . ( H  & E + Var thin  S tarry S tain  X200 ) . 



i 



Figure 3 . 1 7 

Foetal  lamb i n tes t i ne cul tured in  T199 med ium + 10% foe tal  cal f 

s erum , i n f e c t ed w i th approx ima t e ly 106 CFU/ml of  C . j ej un i , showing 

changes that  have occurred 6 hours pos t in fec t ion . The epi thelial  

cells  ( C )  at  the t i ps o f  the v i l l i  are sligh t ly damaged .  A few o f  

the ep i thel ial  cells  ( C )  show cy toplasmic  vacuolat i on 

nuclear swe l l i ng ( NS ) , and chromat i n  margina t i on (CM ) .  

Var th i n  S t arry S t a i n  X200 ) . 

( ar row) , 

( H  & E + 
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were round i n  shape ( Figures 3 . 15 ,  3 . 16 and 3 . 1 7 ) . There was an 

increased eos i noph i l i a  o f  the cy t oplasm ( Figure 3 . 1 7 ) .  

M i croorgani sms were demons t rated a t tached to the surface o f  t he 

v i l lous and cryp t ep i thel ial cells in  s i lver s tained s e c t i ons  

( Figure 3 . 15 ) . Mos t organ i sms were a t t ached in  the reg i on o f  t he 

t i ps of  the v i l l i . Some mi croorgani sms had invaded the epi t hel i a l  

cells . 

3 . 2 . 1 . 2 . 2  Thi r t een hours 

Th i r teen hours af ter inocula t i on the i n tes t inal mucosa showed 

increased necros i s  at the t i ps of the v i l l i  ( Figures 3 . 18 and 

3 . 1 9 ) . Th i s  was charac teri sed by a loss of epi thel i um ( Figures  

3 . 18 and 3 . 19 ) . 

The desquama ted cells were round in  s hape and the nuclei  

showed prominent  per i pheral lumpi ng o f  chroma t in ( Figure 3 . 19 ) . 

The infec ted v i l lous epi thelial  cel ls  showed nuclear swe l l i ng wi th  

cy toplasmic eos i noph i l i a  and marked vacuolat ion ( Figures 3 . 20 and 

3 . 2 1 ) .  

The epi the l i al cells of  the cryp ts , f rom the base t o  t he 

mid-por t ion o f  the v i l l i , were rela t i ve ly normal i n  appearance  

( Figure 3 . 1 9 ) . S tained s i lver sec t i ons revealed rod- and 

s p i ral-shaped mi croorgan i sms a t tached to the surface and wi t h i n  

t h e  epi thelial  c e l l s  ( F igures 3 . 18 ,  3 . 20 and 3 . 2 1 ) . The 

m i croorgan i sms var ied  in length  be tween 2 . 5-5 mi c rons The 

i n te s t inal cryp t s  were also invaded by the mi croorgani sms ( Figure  

3 . 18 ) . 

3 . 2 . 1 . 2 . 3  F i f teen  hours 

There was s evere damage to the epi thel ial  cells at the t i ps 

o f  the v i ll i  ( Figures 3 . 2 2 and 3 . 2 3 )  in  i n t e s t inal t i s sue 15  hours 

pos t i nfec t i on . Ep i thelial cells were commonly exfo l i a t ed and had 

p rominen t vacuolat i on o f  the i r  cy toplasm ( Figures 3 . 22 and 3 . 23 ) .  



Figure 3 . 18 

Foetal  lamb i n tes t ine cul tured i n  T199 med i um + 10% foetal cal f  

s erum , i nf e c t ed wi t h  approximately 106 CFU/ml o f  C .jej uni , showing 

changes that have occurred 1 3  hours pos t i nfec t i on . The cells at  

the  t i ps o f  the v i l l i  show a moderate necros i s .  Spi ral to  

rod-shaped organ i sms  ( MO )  can be seen a t tached to  the v i l lous 

e p i the l ial  sur face . A few organi sms can also  be seen wi thin  the 

e p i thel ial  cells  ( th i n  arrow ) . ( Warthin S t arry S tain  X200 ) . 





Figure 3 . 1 9 

Foe tal  lamb i n t e s t i ne cul tured in  T199  med ium + 10% foe tal cal f 

serum , i n fec t ed w i t h  approximately 106 CFU/ml o f  C . j ej uni , showing 

changes that  have occurred 1 3  hours  pos t i nfec t ion . The necro t i c  

ep i thelial  cells  ( C )  are being shed f rom the t i ps of  the v i l l i . 

The i nfec ted cells  are round w i t h  swollen nuclei  (N ) . The 

un i n fe c t ed ep i the l i a l  l i n i ng cells ( small arrow )  appear unchanged . 

( H  & E + War t h i n  S t arry S ta in  X200 ) . 





Figure 3 . 20 

Foe tal  lamb i n tes t i ne cul tured in  T 1 99 medium + 10% foe tal calf 

s erum , i n fe c t ed w i th approxi ma tely 106 CFU/ml of C .jejun i , showing 

changes that  have occurred 1 3  hours pos t infec t ion .  The i n fec ted 

epi thel ial  cells  show moderate  vacuola t i on ( arrow ) and nuclear 

swe l l i ng ( N S ) . The m icroorgani sms ( MO )  are at tached to  the 

ex ternal sur face of  the v i l l i  and the crypt  epi thelium . ( �ar thin  

S tarry Stain  X200 ) . 





Figure 3 . 2 1 

Higher  magn i f i ca t i on of  F igure 3 . 20 ,  showing the mor phology o f  the 

e p i t h e l i a l  cells 13 hours pos t in fec t ion . The absorp t i ve cells ( C )  

show cy t o plasmi c vacuolat i on ( V )  and necros is  a t  the t i ps o f  the 

v i l l i . M i croorgan i sms ( MO) can be observed a t tached to the 

epi the l i a l  cells . ( Warthin  S t arry S t ain  X400 ) . 
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Sec t ions s tained wi th War thin  s t ar ry showed tha t some 

s p i ral-shaped m icroorgani sms were a t t ached to the ex ternal surface 

o f  the v i llous ep i thelial  cells . O ther m i croorgani sms were f ound 

adhering to the s loughed necro t i c  cells ( F igures 3 . 2 2 and 3 . 23 ) .  

3 . 2 . 2  Transmi s s i on Elec t ron M i croscopy 

3 . 2 . 2 . 1  Con t rol 

3 . 2 . 2 . 1 . 1  S ix  hours 

The absorp t i ve cel ls had wel l  preserved regular mi crov i l l i  

and were covered b y  a well developed glycocalyx ( Figure 3 . 24 ) . 

They had mai n t ai ned the i r  normal morphologi cal shape and 

o r i enta t i on and had oval-shaped basal nuclei  ( F igure 3 . 25 ) . The 

cy t oplasm was compa c t  and contained f r ee ribosomes . The 

cyt oplasmic  organe lles , includ ing mi tochond r i a ,  elemen t s  o f  

endoplasmi c re t i culum and golgi appara tus , were normal i n  

appearance and d i s t r i bu t i on ( F igure 3 . 25 ) . Occa s i onal 

mi crovesi cles were observed a t  the 

cytoplasm ,  j us t  under 

d iges t ive vacuole was 

absorpt ive cells . 

the terminal 

observed in 

3 . 2 . 2 . 1 . 2  Thi r teen hours 

ap i ca l  por t i on 

web ( Figure 3 . 26 ) . 

the cytoplasm o f  

of  the  

A large 

a f ew 

The i n t es t i nal epi thelial cells showed well  preserved brush 

borders wi th mi crov i l l i  of  uni form length . The api cal cy toplasm 

of  the absorp t ive cells con tai ned prominent lysosomal organelles  

containing mul t i focal aggrega t i ons of  glycogen granules ( Figure  

3 . 27 ) .  The mi t ochond r i a ,  golgi appara tus and endoplasmi c  

re t i culum , were normal i n  morphology and d i s t r i bu t i on .  The 

u l t ras t ructural  fea t ures of  the cells were essent ially s imi lar  t o  

those seen a f t e r  s i x  hours cul ture , however  there was an increase 

i n  the number of  api cal ves i cles . ( F igures 3 . 2 7 and 3 . 28 ) . 



F i gure 3 . 22 

Foe tal  l amb i n t es t ine cul tured in  T199 med ium + 10% foetal cal f  

s erum , i n f e c t ed w i t h  approxi ma tely 106 CFU/ml o f  C . j ej uni , showi ng 

changes tha t have occurred 15  hours pos t i nfec t i on .  Severe 

necro s i s  and exfo l i a t i on o f  the epi thelial cells ( C )  can be seen 

a t  the  t i ps of the  v i ll i . Spi ral mi croorgan i sms (MO )  appear to be 

colon i s i ng t he external sur face of the cells . ( War thin S tar ry 

S t a i n  X200 ) . 



, 



Figure 3 . 2 3 

Foe tal  lamb in tes t i ne cul tured in  T199  med ium + 10% foe t al cal f 

serum , i n fec ted w i t h  approxima tely 106 CFU/ml o f  C . j ej uni , showing 

changes tha t have occurred 15 hours pos t infec t ion . The infected  

cells  ( C )  have marked cy toplasmic vacuolat ion ( arrow) . Severe 

exfol i a t ion  of the necro t i c  cell s  (NC )  can be seen . ( Warthin  

S t arry S tain  X200 ) . 





Figure 3 . 24 

Con t ro l  foe tal  lamb i n t e s t ine a f t er 6 hours cul ture in  T199  med i um 

+ 10% foe tal  cal f s erum , showing the brush border of the 

i n t e s t i nal  e p i t he l i a! cells . The normal s t ructure of  the 

m i c rov i l l i  ( MV )  can be observed and the fuzzy coat of the 

glycocalyx is c lear ( ar row) . (TEM X48 , 600 ) . 

F igure 3 . 25 

Con t rol  foetal  lamb i n t es t i ne a f t er 6 hours cul ture in T199  med ium 

+ 1 0% foe t al cal f serum , showing well  preserved ep i thel ial cells  

( C ) , nuclei  ( N ) , m i crov i l l i  ( MV ) , t e rminal web ( T� ) , j unc t i onal 

complex ( JC ) , dense supranuclear m i t ochondr i a  ( M ) , rough 

endoplasmi c re t i culum ( ER )  and occas i onal golgi appara tus ( G ) . 

( TEM X l l , 200 ) . 





Figure 3 . 26 

Ul t ras t ru c t ure mi crograph o f  con t rol foe tal lamb i n t es t ine 

cul t ured for 6 hours in  T199 med ium + 10% foe tal  cal f  s erum , 

show i ng an occas i onal mi croves i c le ( MV )  under  the terminal web and 

large d i ge s t i ve vacuoles ( DV ) . A Few dense lysosomes ( L )  are 

presen t . ( TEM X1 1 , 200) . 





F i gure 3 . 27 

Con t rol  foe t al lamb i n t e s t ine a f t e r  13 hours  cul ture in  T199 

med i um + 10% foe tal calf  serum . The epi thel i al cells  show a well  

preserved brush  border ( arrow ) , p rominent lysosomal organel les  ( L )  

i n  the api cal cy toplasm and mul t i focal aggregat i ons of  glycogen 

granules ( Gl ) . (TEM X 1 3 , 500 ) . 

F igure 3 . 28 

Ul t ras t ruc ture m i crograph of  con t rol foe tal lamb i n t es t ine 

13 hours cul ture in T199  med i um + 10% foe tal  calf serum . 

m i c rovi l l i  ( MV )  are uni form in  leng t h  and wel l  preserved . 

t e rm inal webs (TY )  and mi tochondr i a  ( M )  can be observed . 

X3 1 , 800 ) . 
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3 . 2 . 2 . 1 . 3  F i f teen hours  

The u l t ras t ruc ture of  the cells was s imi lar to  the  con t ro l  

cul t ure a t  s i x  hours . However , small changes in  the mi crovi l l i , 

mi to chondr i a  and r i bosomes were seen . The mi crov i l l i  on t he 

luminal surface were more numerous and closely packed . The 

mi tochond r i a  were heav i ly packed , larger in s i ze and loca ted 

predominan t ly in the supranuclear cy toplasm ( Figure 3 . 30 ) . 

Occas ional lysosomal-like s t ructures were present i n  the api cal 

and supranuclear cy t oplasm . The number o f  una t tached r i bosomes 

appeared to  be higher ( Figure 3 . 30 ) . The presence o f  a large 

number of small ves i cles was no ted in the api cal cy t oplasm ( Fi gure 

3 . 29 ) .  

3 . 2 . 2 . 2  Infec ted 

3 . 2 . 2 . 2 . 1 :  S ix  hours 

M i croorgan isms were presen t in close proximi ty to the 

border . The brush border was in tact  ( F igure 3 . 3 1 ) .  

brush 

The 

epi thel ial  cell brush borders were i r regular in shape , shor t ened 

in  leng th  and thi ckened , when compared wi th  the uninocula ted s i x  

hours con t rol . The microv i lli  appeared t o  b e  d i rec ted towards the 

m ic roorgani sms ( F igure 3 . 3 1 ) .  

H igher magn i f i cat i on revealed that one m i croorgan i sm was 

a t t ached to the mi crovi l lus , by a dens e ,  blurred , p i lus - l i ke 

s t ruc ture . The mi croorgan i sm was surrounded by a fuzzy coat 

( Fi gure 3 . 32 ) . An occasi onal mi crovi llus showed degenera t i on . 

The f i lamen tous cores , the fuzzy coat ( glycocalyx ) and the 

t e rminal webs of the m i crov i l l i  close to the m i c roorgani sm were 

obscured ( Figure 3 . 32 ) . 

The morphologi cal changes a t  s i x  hours pos t - i n fe c t i on 

appeared t o  be l im i ted to  the ext reme t i ps o f  the v i l l i . The 

m i tochondr i a  and o t her cy t oplasmi c organelles of af fected cells  

were unchanged , and only occas i onal focal aggrega t i ons o f  glycogen 



F igure 3 . 29 

Con t ro l  foe tal  lamb i n t e s t i ne af ter  15 hours cul ture i n  T199  

med i um + 10% foetal  calf s erum .  The microv i l l i  ( MV )  are more 

numerous and c losely packed t han a f t er 6 hours and 1 3  hours 

cul t ure . Occas i onal lysosomal-l ike s t ructures ( L )  are presen t i n  

t he ap i cal and supranuclear cy toplasm . Moderate  numbers  o f  

m i crove s i cles  ( Mv )  a r e  present . Many glycogen granule 

aggrega t ions ( G l )  can be observed . ( TEM X2 1 , 200 ) . 

Figure 3 . 30 

H i gher  magn i f i ca t i on o f  F igure 3 . 29 showing the mi crov i l lous coa t 

( glycocalyx ) ( Gx ) . Free r i bosomes ( R )  are presen t in  the api cal 

por t i on of the cytoplas m .  The m i tochondria  ( M )  are large , wel l  

preserved and located in  the supranuclear region . (TEM X7 2 , 100 ) . 
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Figure 3 . 3 1 

Organ cul t u re o f  foe t al lamb in tes t i ne in  T199 med ium + 1 0% foe t al 

cal f s erum , i n fe c t ed wi th approxi mately 106 CFU/ml of  C . j ejun i , 6 

hours pos t in f ec t i on , showing one m i croorgani sm ( MO )  i n  close 

prox i m i ty t o  the brush border . The brush border i s  in tac t and 

i rregular i n  shape . Free r i bosomes (R )  are presen t i n  t he api cal 

cy t oplasm o f  the absorpt ive cells . ( TEM X31 , 800 ) . 

F igure 3 . 32 

H igher magn i f i ca t i on o f  Figure 3 . 3 1 showing the at tachmen t o f  the 

m icroorgan i sms  ( MO )  to  the t i p  o f  the m i crovillus ( MV )  by a 

blur red p i lu s - l i ke s t ructure ( arrow ) . The mi crovi llus i s  d i rected 

towards the  m i croorgan i sm . The f i lamen tous core (F)  and the fuzzy 

coat are obscured . ( TEM X72 , 100 ) . 
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were s een ( Figure 3 . 3 1 ) . 

A large macrophage was found i n  the lamina propr i a . Two 

m i croorgani sms ( oval and sp i ral-degenerated in shape ) were 

observed in  the cy toplasm of the macrophage ( F igure 3 . 33 ) .  

3 . 2 . 2 . 2 . 2  Thi r teen hours 

The v i llous epi thel ial  cells were i rregularly arranged when 

compared to the con t rol cul ture ( Figures 3 . 40 and 3 . 4 1 ) . The 

mi crov i l l i  had degenera ted , and were sho r tened ( Figure 3 . 34 ) , 

elonga ted ( Figures 3 . 34 and 3 . 35 )  and ves i culated ( F igure 3 . 36 ) . 

Occas i onal v i llous ep i thel ial cell showed ex trus ion o f  cy toplasm . 

A l arge in t racytoplasmic  aut ophagic  vacuole was observed and 

con tained some of  the d i s rupted organelles and deb r i s  ( Figures 

3 . 40 and 3 . 41 ) .  F i gure 3 . 37 shows the presence o f  curved 

m icroorgan i sms in  close associa t ion wi th  the mi crovi l l i . 

Degenerat ive changes were also noted i n  the u l t ras t ruc ture o f  t he 

cells . The nuclei var i ed in  shape and showed margina t ion of  t he 

nuclear chroma t i n  ( Figures 3 . 37 and 3 . 40 ) . Some of  t he 

mi t ochond ria , located i n  the api cal par t  of  the cy t oplas m ,  were 

swollen ( F igure 3 . 38 ) .  The cr is tae were also observed to  have 

degenera ted . Ocass i onal d i la t i on of the endoplasmi c  re t i culum was 

seen ( Fi gure 3 . 35 ) , t oge ther wi th an increase in the number o f  

cy toplasmic  vacuoles ( Figures 3 . 34 and 3 . 35 ) . Free r i bosomes were 

seen ( F igure 3 . 39 ) . Few lysosomes were presen t ( Figure 3 . 40 ) . 

3 . 2 . 2 . 2 . 3  F i f teen hours 

The degenerat ive changes noted a t  the ul tras t ruc tural level 

at 13 hours pos t-cul t ure were more severe at 15  hours . A modera te  

to  severe loss  o f  mi crov i l l i  could be  seen . The mi crov i l l i  were 

generally shor ter , denuded and fragmen t ed ( Figures 3 . 42 and 3 . 43 ) . 

Curved m i croorgani sms were observed in  close associa t i on wi th  the 

brush border ( F igure 3 . 42 ) . A mi crooganism  was seen a t tached t o  

t he t i p  o f  one mi crov i llus  by a plug-l ike s t ruc ture ( F igure 3 . 44 )  



Figure 3 . 33 

Ul t ras t ructure  m i crograph of  foe tal lamb in tes t i ne cul tured i n  

T 1 99 med ium + 10% foe tal calf serum , infected  w i th approximat ely 

106 CFU/ml o f  C . j ej un i , 6 hours pos t in fec t i on showing a macrophage 

in the l amina propr ia . The macrophage has two phagolysosomal 

vacuoles con t a i n ing degenera ted oval and spi ral-shaped 

mi croorgan i sms  ( MO ) . ( TEM X2 1 , 300 ) . 





F igure 3 . 34 

Organ cul ture o f  foe tal lamb i n tes t i ne in  T199 med ium + 10% foe tal 

cal f  s erum , i n fec ted wi th approximately 106 CFU/ml o f  C .jejun i , 

showing the  changes that  have o ccurred 13  hours pos t infec t i on .  

The m i crov i l l i  ( MV )  are i r regularly d i s t r ibu ted and are both 

shor t ened and e longa t ed . Numerous vacuoles ( arrow) are present in  

the api ca l  cy t o plasm . (TEM X15 , 300 ) . 

Figure 3 . 35 

H i gher magn i f i ca t i on o f  Figure 3 . 34 showing an elonga t i on o f  the 

mi crovi l l i  ( MV ) . An occas ional d i lat ion o f  the endoplasmi c  

re t i culum ( ER )  can b e  observed . Free r i bosomes ( R )  are 

d i s t r i bu t ed in t he api cal cytoplas m .  (TEM X31 , 800 ) . 
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F i gure 3 . 36 

Foe t a l  lamb i n tes t ine cul tured i n  T199  med ium + 10% foe tal  calf 

serum , i n f e c t ed w i t h  approxi ma tely 106 CFU/ml of  C . j ejuni , showing 

the changes that have occurred 1 3  hours pos t infec t i on .  The api ces 

of  the absorp t ive cells can be observed wi th  ves i cula t i on ( V )  of  

the m i c rov i l l i . Some of  the m i crov i l l i  have degenerated and 

s loughed ( ar row) . (TEM X15 , 300 ) 

F igure 3 . 3 7 

Organ cul ture of  foetal lamb i n t e s t i ne in  T199  med ium + 10% foe tal 

calf s erum , i nfec t ed w i t h  approxi mately 106 CFU/ml  of  C .jej uni , 

show i ng t he changes that have occurred 1 3  hours  pos t in fe c t ion . 

Curved m i croorgani sms ( MO )  can be seen in  close assoc i a t i on wi th  

the  m i c rov i l l i . The nuclei  ( N )  o f  the epi t he l ial cells show 

marg i na t i on of the nuclear chroma t in (arrow) . ( TEM 2 1 , 200 ) . 





Figure 3 . 38 

Foe tal  lamb i n t e s t i ne cul t ured in  T199 med i um + 10% foe tal cal f 

s erum , infec ted wi th approxi mately 106 of  C . j ej un i ,  showing 

changes that have occurred 1 3  hours pos t in fec t ion . Swollen 

m i t ochond r i a  ( M )  are seen wi th a loss of  c r i s tae i n  the m i d  

por t i on of  a v i l lous e p i thelial cell F ree r i bosomal granules 

( R )  and med i um s i zed phagocy t i c  vacuoles ( V )  can be observed . 

( TEM X15 , 300 ) 

F igure 3 . 39 

Ap i cal por t i on o f  v i l lous ep i thelial cell cytoplasm of  foe tal lamb 

i n t e s t i ne cul tured i n  T199  med ium + 1 0% foetal cal f serum , 

i n fec ted wi th  approx i mately 106 CFU/ml of  C .jej un i , 1 3  hours  

pos t- i nfec t i on ,  showi ng free  r i bosomes (R)  wi th a moderate  number 

o f  endoplasmic  re t i cu l i  ( ER )  and an occas ional golgi apparatus 

( G ) .  Variable-s i zed cytoplasmic  phagocy t i c  vacuoles (V)  are 

presen t . ( TEM X7 , 800 ) . 
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Figure 3 . 40 

Organ cul ture  o f  foe tal  lamb in tes t ine in T199 med ium + 10% foe tal  

cal f serum ,  i nfec ted w i th approxi ma tely 106 CFU/ml o f  C . j ej un i , 

show i ng changes that  have occurred 1 3  hours pos t in fec t i o n .  The 

v i l lous ep i t he l i al cells  ( C )  are d isorgani sed . The mi c rovi l l i  

( MV )  a r e  d egenera ted and an occas ional epi thelial cell  s hows an 

ex t rus i on o f  cy t oplasm , ( arrow ) . Margina t i on of the nuclear 

chroma t i n  ( long arrow ) and a var i a t i on in nuclear shape (N) can be 

observed . ( TEM X7 , 800 ) . 

Figure 3 . 41 

O rgan cul ture o f  foe tal  lamb in tes t ine in T199 med ium + 10% foetal  

calf  s e rum , i n f e c t ed wi th  approxi ma t e ly 106 CFU/ml of  C . j ejuni , 

showing changes that  have occurred 1 3  hours pos t infec t i on . The 

absorp t ive cel l s  ( C )  show cy toplasmic  budding ( arrow) and 

d egenera t i on o f  the mi crov i l l i  ( MV ) . A large i n t racy toplasmi c 

au tophageal vacuole ( V )  can be seen , con taining d i s rup ted 

o rganelles  and und i f feren t i ated debr i s . Mos t of  the mi t ochond r i a  

( M )  have accumula ted near the apex . ( TEM X 1 1 , 200 ) .  
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and i t  appeared that  the o ther m i crov i l l i  were d i re c t ed t owards 

i t .  The f i lamen tous core , the terminal  web , and the glycocalyx 

were i nd i s t in c t  ( Figures 3 . 42 and 3 . 44 ) .  

Many cy t oplasmi c  vacuoles were observed in  the ap i ca l  par t  o f  

the cy t o plasm ( Figure  3 . 42 ) , wi th an abnormal aggrega t i on o f  

mi tochond r i a . Occas ional lysosomal s t ruc tures were observed 

( Figures 3 . 42 and 3 . 43 ) . Nei ther the endoplasmi c  re t i culum nor 

the golgi appara tus could be s een . 

Af t e r  15 hours pos t infec t i on , some of  the epi thel ial  cells  

were degenera ted and  exfol ia ted ( Figure 3 . 45 ) . The desquama t ed 

ep i thel i a l  cells contained many cytoplasmi c  vacuoles ( F igure 

3 . 45 ) . One oval-shaped microorgan i sm was present ly ing in the 

inters t i t ium of the submucosal layer ( F igure 3 . 46 ) . 

3 . 2 . 3  Scanni ng Electron Microscopy 

3 . 2 . 3 . 1  Con t rol  

3 . 2 . 3 . 1 . 1  S ix  hours 

An examina t i on of  uninfec t ed foe tal in tes t i ne cul tures , 

mai n t a i ned i n  T199  med ium enri ched wi th 10% foe tal cal f  serum for 

6 hours , showed that  the epi the l i al sur face was regularly arranged 

in geome t r i cal pa t t erns , cons i s t i ng of numerous densely packed , 

polygonal ep i the l i al cells . The ou t l ine of  each cell  was wel l  

defined and represented by a shal low furrow o r  depres s i on o f  the 

luminal sur face ( Figure 3 . .  4 7 ) .  

Bo th  f la t  and dome-shaped proj e c t i ons were clearly v i s i ble  a t  the 

apices  o f  t he cells  ( Figure 3 . 47 ) . The polygonal epi thel i al cells 

were densely covered by smal l , nodular , rod-shaped m i c rov i l l i  

( Figure 3 . 47 ) . A t  higher magn i f i ca t i on the polygonal absorp t i ve 

cells showed microvilli , rod-shaped in  s t ructure , separa ted  from 

each o ther by s paces of approx i ma t e ly 0 . 01 to  0 . 02 mi c rons ( Figure 

3 . 48 ) . The d i ameter of  the mi crov i l l i  was be tween 0 . 1  and 0 . 2  



F igure 3 . 42 

Organ cul t ure o f  foe tal  lamb i n t es t i ne in  T199 med ium + 10% foe tal 

cal f s erum , i n fec ted wi th approx i mat ely 106 CFU/ml of C . j ej uni , 

show i ng changes that  have occurred 15  hours pos t in fec t i on .  

Numerous m i croorgani sms varying i n  shape , ( curved ( c ) , s p i ral ( s ) ,  

and round ( r ) )  are present on the luminal surface . Some of  the 

m i c roorgan i sms are i n  close con tac t  w i th the m icrovi l l i  ( arrow ) . 

The m i c rov i ll i  are sho r ter  than those in the con t rol  cul tures . 

( TEM X2 1 , 200 ) 

F igure 3 . 43 

Organ cul ture  o f  foe t al lamb i n t e s t i ne in T199 med i um + 10% foe tal  

cal f s erum , i n fec ted wi th  approximately 106 CFU/ml o f  C .jejun i , 

showing changes that have occurred 15 hours pos t infec t i on . A 

marked s ho r t en i ng of  the m icrov i l l i  ( MV)  can be s een . Occas i onal 

lysos ome - l i ke s t ructures ( L )  are present in the mid por t i on of the 

ep i thel i a l  cy t oplasm . ( TEM X15 , 300 ) . 





F i gure 3 . 44 

H i gher  magn i f i ca t i o i n  o f  a por t i on of F igure 3 . 42 showi ng 

a t tachme n t  o f  the microorgani sms ( MO )  to the t i p  o f  a mi crovi llus 

by a plaque-l ike s t ructure ( arrow ) . The microv i l l i  are d i rec ted 

t owards the microorgan i sm . The f i lamen tous core ( F )  and terminal 

web ( TV )  are obscured . (TEM X48 , 600 ) . 





F igure 3 . 45 

O rgan culture of  foe tal  lamb in tes t ine in  T199  med ium + 10% foe tal  

calf  s erum , infec t ed wi th approximately 106 CFU/ml of  C .jej un i , 

show i ng changes that  have occurred 15 hours pos t infec t i on . The 

exfol ia t i on of a v i l lous ep i thel ial cell ( C )  can be observed , wi th  

d i s ru p t i on and loss  o f  the  surface coat . The cell  a t  the  lower 

l e f t  margin  ( arrowed a )  i s  in  the process  o f  being ext ruded . I t  

has los t m i crovi l l i  ( MV )  and con tains mul t i ple  aggregat i ons o f  

glycogen par t i cles  ( Gl ) . The epi thel ial cell  in  the upper par t o f  

t h e  m i c rograph ( ar rowed b )  appears to  be completely de tached from 

t he ep i thel i um .  The cy toplasm contains dark amorphous ma t e r i al 

( ar row ) and a l im i t ed number of  cy toplasmic  vacuoles ( V ) . (TEM 

X7 , 800 ) . 
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F i gure 3 . 46 

Organ cul ture  o f  foe tal  lamb i n t es t i ne in  T199 med ium + 10% foetal  

calf  serum , infec t ed wi th  approximately 106 CFU/ml of  

C . j ejuni , showing changes tha t have occurred 15 hours  

pos t infec t i on .  An  oval-shaped m icroorgani sm ( MO )  can be  seen 

lying f ree in the i n ters t i t i um o f  the submucosal layer .  (TEM 

X2 1 , 200 ) . 
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mi crons . No mucus blanke t was seen on the surface of the 

epi thel ial  cells ( F igures 3 . 47 and 3 . 48 ) . 

3 . 2 . 3 . 1 . 2  Thi r teen hours 

The cells  were s imi lar to those s een at 6 hours pos t -cul ture , 

excep t for  a grea ter  variat ion in  cell  s i ze ( Figure 3 . 49 ) . 

A c i rcular to  oval hole was seen opening d i rec t ly i n to the 

external s i de of the v i llous sur face , represent i ng an emp ty goble t 

cel l .  No mucus shreds were seen on the sur face o f  the epi thel i al 

cells ( Figure 3 . 49 ) . The cell ap ices showed a sur face granular i ty 

caused by a regular , densely packed pa t tern o f  t i ny nodules 

represen t ing the t i ps of  the mi crov i l l i  ( Figure 3 . 49 ) . 

3 . 2 . 3 . 1 . 3  F i f t een hours 

The topograph i cal morphology of the cells at 15 hours 

pos t-cul ture was essen t i ally s i mi lar to that seen at 6 hours  and 

13 hours . However , i t  was no ted tha t  the absorp t i ve cells  var ied  

i n  s i ze ( F igure 3 . 50 ) . One goble t cell  was intercalated among the  

absor p t i ve cells  ( Figure 3 . 50 ) . 

The e p i the l i al cells covering the v i llous surface were separa t ed 

from t he adj acen t v i llous surface by a deep cle f t  wh i ch con tained 

flecks of mucus debris ( F igures 3 . 50 and 3 . 5 1 ) . 

3 . 2 . 3 . 2  Infected 

3 . 2 . 3 . 2 . 1  S i x  hours 

The ep i the l i al cells had a coarse sur face appearance due to  

i rregular d i s t ri bu t i on of  the  mi crov i l l i  ( Figure 3 . 52 ) . The 

absor p t i ve cells appeared d i sorgan i sed ( F igure 3 . 52 )  when c ompared 

to  the 6 hours con t rol . Mos t of the absorp t i ve cells  rema ined 

i n ta c t  and were covered by unevenly d i s t r i buted microv i l l i  ( Figure 

3 . 53 ) . 



F i gure 3 . 47 

Scann i ng elec t ron mi crograph ( SEM ) o f  the mucosal  sur face of  

con t ro l  foe t al lamb i n tes t i ne a f ter  6 hours cul ture in  T199 med ium 

+ 10% foe tal  cal f serum . The epi thelial  cells ( C )  are polygonal 

in  s hape and are regularly arranged . The ou t l i ne of each cell i s  

d e f i ned by e i ther a shallow furrow ( x )  o r  a deep depres s i on ( d ) . 

( SEM X4620 ) . 





F i gur.e 3 .  48 

H i gher  magn i f i ca t i on of the epi t helial cel l s  of Figure 3 . 47 

. Heav i ly packed , rod- shaped m i crov i ll i  ( MV) can be seen covering 

t he polygonal-shaped epi the l i al cells . The average d i s tance 

be tween each mi crovi l lus is 0 . 1-0 . 2  urn . Mucus blanke t s  are not  

apparen t .  ( SEM X 14000 ) . 





Figure 3 . 49 

SEM o f  the t i ps o f  the v i l l i  of  con t rol foetal lamb in tes t ine  

a f t e r  13  hours  cul ture in  T199 med ium + 10% foetal calf serum . 

The sur face i s  d i v ided i n t o  polygonal uni ts  ( e p i thelial cells ) and 

i s  well de f i ned by furrows . A goble t cel l p i t ( G )  can be observed 

as  an oval hol e ,  surrounded by absorp t ive cells . The api ces o f  

t h e  ep i thel i al cells  are covered by smal l , densely packed nodules 

represen t i ng the t i ps of the m i crov i l l i  ( MV ) . ( SEM X3080 ) . 





Figure 3 . 50 

SEM s howing the sur face of  the in tes t inal v i l l i  of  con t rol foe tal  

lamb in tes t ine  a f ter  15 hours cul ture in  T199 med ium + 10% foe tal  

cal f  serum . The  sur face i s  d i v i ded in to  polygonal uni t s , 

s epara ted by furrows ( f ) . Nodular-shaped mi crov i l l i  ( MV )  cover 

the t i ps of the v i l l i . A goble t cell (G) can be seen surrounded 

by absorp t ive  cells . ( SEM X3300 ) . 

Figure 3 . 51 

H i gher magn i f i ca t i on o f  an absorp t i ve cell of  con t rol  foetal lamb 

i n t e s t i ne a f t e r  15 hours cul ture in  T 1 99 med i um + 10% foe tal cal f 

s erum . The absorp t i ve cell 

rod s haped mi crov i l l i  ( MV ) . 

( C )  i s  covered wi th densely packed , 

( SEM X16 , 500 ) . 
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Some o f  the  absorpt ive cells  showed a moderate  loss  o f  

mi crov i l l i  ( F igure 3 . 53 ) , o thers exh i b i t ed a s evere denuda t i on . 

( Figures 3 . 52 and 3 . 54 ) . Occasi onal s t rands of  mucus were 

observed on the sur face of  the absorp t i ve cells ( F igures 3 . 52 and 

3 . 53 ) . At higher magn i f icat ion long f i lamen t ous Campylobac t e r  

jej uni were observed , ( Figure 3 . 54 ) , a t tached to the ap i ces o f  

epi the l i al cells wh i ch showed a complete  loss of  mi crov i l l i . 

3 . 2 . 3 . 2 . 2  Thi r t een hours 

The absorp t ive epi thel ial cells  were d i sorgani zed , and var i ed 

in  s i ze and shape . The cells had los t their  normal polygonal 

pat tern ( Figure 3 . 55 ) . 

The infected epi thel ial cells were swollen and pro t ruded i n t o  

the luminal  sur face due to a d i s rupt ion of  the cell boundaries  

( Figures  3 . 56 and 3 . 58 ) . 

The sur face o f  the vi llous epi thel ial  cells was roughened and 

i rregular due to an abundan t coa t i ng of  th ick wh i te mucus 

secre t ion containing mi croorgan i sms . Thi s  had accumulated  on and 

be tween the infe c t ed epi thelial cells ( Figures 3 . 56 ,  3 . 57 and 

3 . 58 ) . Many holes and p i t s  were observed on the sur face of the 

vi llous mucosa whi ch may have indi cated the p resence of gobl e t  

cells ( Figure 3 . 56 ) .  The infec t ed epi thelial cells  showed a 

severe loss  of  microvill i  when compared wi th the un infec t ed 

con t ro l  ( Figure 3 . 55 ) . A large number of  organi sms had colon i sed 

the sur face of  the epi thelial  cell s . The microorgan i sms observed 

were s p i ra l , f i lamentous and r i ng-shaped in  appearance ( Figure 

3 . 57 ) . 

3 . 2 . 3 . 2 . 3  F i f t een hours 

The ep i the l i al cells were vari ous in  shape , from round to  

elonga t e , and had a d i sorgan i sed pa t tern ( Figure 3 . 59 ) . The 

prominence of  i ndividual v i l lous epi thel ial  cells caused the 

v i l lous surface to have an i rregular and roughened appearance 



F igure 3 . 52 

SEM o f  t he ep i thelial  cells o f  an organ cul ture o f  foe t al lamb 

i n t e s t i n e  i n  T199  med i um + 10% foetal cal f serum infec t ed wi th 

approxi ma tely 106 CFU/ml o f  C . j ej un i , showing changes that  have 

occurred 6 hours pos t infec t i on .  The epi thelial  cell  surfaces ( C ) , 

have a coarse appearance and appear d i sorgani sed when compared 

w i th the s i x  hour con t rol  ( Figure 3 . 38 ) . Some of the absor p t i ve 

cells  show e i ther a modera t e  loss  o f  mi crovi l l i  ( small  arrow ) or a 

severe d enuda t i on ( large arrow )  and some of  them are exfol i a t ed 

( Ex ) . ( SEM X3080 ) .  





F i gure 3 . 53 

H ighe r  magn i f i cat i on o f  the epi thelial cel ls  o f  F i gure 3 . 52 .  The 

e p i t he l i al cells ( C )  are covered unevenly by mi crovi l l i  ( MV ) . 

Some o f  the epi thel ial cells  show a moderate loss  o f  m icrovill i  

( ar r ow ) . ( SEM X4840 ) . 





Figure 3 . 54 

O rgan cul ture o f  foe tal  lamb i n t e s t ine in  T 1 9 9  med ium + 10% foe tal 

calf s erum , i nfec ted w i th  approximately 106 CFU/ml of  C . j ejuni , 

showing changes tha t have occurred 6 hours pos t infec t i on .  A 

f i lamen t -shaped mi croorgan i sm can be observed a t t ached to  the t i ps 

o f  the epi thelial  cel l s . The i nfec ted ep i t hel ial  cells ( C )  show a 

s evere loss  o f  mi crov i ll i . ( SEM X8 , 250 ) . 





Figure 3 . 55 

Organ cul ture  o f  foetal lamb i n t e s t i ne i n  T199  med ium + 10% foe tal  

calf  s erum , i n fec ted w i th approxima tely 106 CFU/ml o f  C .j ejuni 

show i ng changes tha t have occurred 13  hours pos t infec t i o n .  The 

infec t ed ep i t he l i al cells  ( C )  are d i sorgani sed and have los t  the i r  

normal polygonal pat tern and the i r  mi crov i l l i  when compared wi t h  

t h e  1 3  hour con t rol  cul ture ( Figure 3 . 49 ) . One normal epi the l i al 

cell  ( arrow)  remains  covered wi th  densely packed rod-shaped 

m i c ro v i l l i  ( MV ) . ( SEM X7 , 700 ) . 

F igure 3 . 56 

O rgan cul ture o f  foetal  lamb in tes t i ne in T199  med ium + 10% foe tal  

calf  s erum , in fec t ed w i th  approxi ma t e ly 106 CFU/ml o f  C . j ej un i , 

show i ng changes that  have occurred 1 3  hours pos t infec t i on . The 

i n fe c t ed epi t he l i al cells ( C )  are swol len and pro t rude towards t he 

luminal surface . A layer o f  th ick whi te  mucus ( mu )  can be 

observed cover i ng the surface of  the infec ted cells . P i t s  and 

holes are presen t ( arrow) and represent goble t  cells ( G ) . 

Occas i onal s p i ral-shaped ( s )  to  rod-s haped ( r )  m i c roorgani sms  can 

be seen w i th in  t he mucus . ( SEM X12 , 100 ) .  





F i gure 3 . 57 

Organ cul t ure o f  foe tal  lamb i n t e s t ine in  T199 med ium + 10% foe tal 

calf  s erum , i nfec ted wi th  approximately 1 06 CFU/ml o f  C .jej un i , 

showing changes that have occurred 13  hours pos t in fec t i on .  The 

surface o f  the v i llous epi the l i um i s  roughened and i rregular and 

covered w i t h  th ick mucus ( arrow ) . The ep i thelial  cells  ( C )  show a 

s evere loss  o f  mi crovi l l i . S p i ral ( s ) ,  f i lamen t ous ( f )  and 

r ing-s haped ( r )  m i croorgan i sms can be observed a t tached to the 

sur face o f  the i n fected epi thel i al cells . ( SEM X6600 ) 

Figure  3 . 58 

H i gher magn i f i ca t ion of  F igure 3 . � The i nfec ted epi thel ial 

cells  ( C )  are  swollen and prot rude i n t o  the luminal sur face . They 

s how a s evere  loss  of mi crov i l l i  and are covered w i th t h i ck ,  whi te 

s t rands o f  mucus . ( SEM X12 , 100 ) . 
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( Figure 3 . 60 ) . Some o f  the absorp t ive cells had desquama ted  f rom 

the v i l lous sur face ( Figure 3 . 59 ) . 

The i nfec ted absorpt ive cells showed a moderate t o  severe 

loss of  mi crov i l l i  ( Figures 3 . 60 and 3 . 6 1 ) . Some o f  t he v i l l i  

exhibi t ed necros i s  and exfol i a t i on o f  the ep i thelial cells  from 

the t i ps , expos ing the lamina propr i a  ( F i gure 3 . 6 1 )  In o t her  v i l l i  

the in tac t  epi thelial  cells were d i sorgan i sed ( Figure 3 . 6 1 ) .  

3 . 3  STATI STICAL RESULTS 

Figure 3 . 62 and Table 3 . 1  show t he effec ts  of  Campylobac t e r  

jejuni on the height of  the v i l l i  at 6 hours , 13  hours and 15 

hours pos t - i n fec t i on . 

The ef fect  o f  the med ium on the con trol and infec t ed cultures  

was s ign i f i cant ( P <0 . 0 1 )  at  6 hours , 1 3  hours and 15  hours  

pos t in fe c t i o n .  However there was no s ign i f ican t d i f ference 

( P>0 . 05 )  in  the height  of  the vi l l i , be tween the con t ro l  and 

infe c t ed cul tures a t  6 hours , 1 3  hours and 15 hours pos t in f ec t i on .  



F i gure 3 . 59 

Organ c u l ture o f  foe tal lamb i n t es t i ne in T199 medi um + 10% foe tal  

calf  s erum , i n fec ted w i t h  approxi ma tely 106 CFU/ml o f  C .jejun i , 

showi ng changes that have occurred 15 hours pos t i n fec t i on . The 

ep i t he l i al cells  ( C )  are severely d i sorgani sed , round to elonga te  

i n  shape  ( arrow)  and s ome show a s evere loss  o f  mi crovi l l i  ( MV ) . 

A few are  exfo l i a t ed ( Ex ) . The external sur face of the epi thel ial 

cells  i s  roughened and covered w i th thick s t rands and plugs o f  

whi t e  mucus ( M ) . Occa s ional-s p i ral shaped mi croorgani sms ( MO )  are 

a t tached to the surface of t he epi thelial cells . ( SEM X2640 ) . 

F igure 3 . 60 

H i ghe r magn i f i ca t i on o f  F i gure 3 . 59 showing the i r regular , r i dged 

surface  o f  the absorpt ive epi thelial  cells ( arrow ) . A severe loss 

of mi crov i l l i  can also be observed . ( SEM X9 , 900 ) . 





F igure 3 . 6 1 

O rgan cul ture o f  foetal  lamb in tes t ine in T199 med i um + 10% foetal 

cal f serum , i n fec ted w i th  approxi mately 106 CFU/ml of  C .jejuni , 

showing changes that  have occurred 15  hours pos t infec t i on . 

Necros i s  and exfol i a t i on o f  some o f  the ep i the l i al cells can be 

observed at the t i ps o f  t he v i l l i  ( arrow) . The lamina propria  ( L )  

i s  exposed and pro t rudes above the remaining epi thelial  cells ( C ) . 

Some o f  the i n tac t  ep i thelial  cells show a d i sorgan i sed pa t t ern 

( long arrow ) when compared to the 15 hour cont rol  cul ture ( Figure 

3 . 50 ) . Occas i onal shreds and plugs of mucus ( MU)  cover the 

desquamat ed cells ( smal l arrow ) . ( SEM X6050 ) .  
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Fig . 3 . 6 2 .  His t o g r am c o m p a ring t h e  me a n s  o f  e p i t h e l i a l  villus h e ig l  

in f o e tal lamb int e s ti n a l  organ c ul t u r e s  i n f e c t e d  w i t h  C . j ej u  

a n d  c ontrols , a t  6 ,  1 3  a n d  1 5  h o urs p o s t - in f e c ti o n . 
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Table 3 . 1 :  E f fe c t  of  C . j ej un i  o n  the height o f  v i l l i  ( urn )  ( X  ± 

SEM ) a t  6 hours , 1 3 hours and 15 hours pos t - i nfec t i on . 

T i me Heigh t  of  v i ll i ( um )  Sign i f i cance 

-------------------- I ---------- I ----------- I ------- I ------ 1 ------

Hours I I I I I 

Pos t - Zero # I Con trol  I i nfec t ed I Z . Vs . C I Z . Vs . I I C . Vs . I  

i nfec t i on I I I I I 

--------------------- l ---------- l ----------- l ------- l ------ 1 - -----

06 

1 3  

15 

1 149  ± 14 . 6 1 1 105 ±5 . ss I 076 ±4 . 63 I * * I * * I 

I I I I I I 

1 149  ± 14 . 6 1 1 089 ±4 . 09 071  ±4 . 44 * * 

I I 

1 1 49 ± 14 . 6 1 1 081  ±9 . 6 1 060 ±5 . 00 * * 

* * 

* * 

NS 

NS 

NS 

# Zero ( Z )  : Precul ture of  foe tal  lamb in tes t ine organ cult ure . 

* : S igni f i can t d i f ference ( P<O . OS 

* * : Sign i f i can t d i f ference P<0 . 01 

NS : Non s igni f ican t . 

C Con t rol . 

I Infec t i on .  

X :  Mean 

SEM : S t andard error of  mean 

S t a t i s t i ca l  analys i s  of the data  using Duncan ' s  Mul t i ple-Range 

Tes t fai led to sho� any s igni f i can t d i f ference ( P>O . OS ) be t�een 

the con t ro l  and infected groups at 6 hours , 13 hours and 15 hours  

pos t infec t i on although the i nfec t e d  cul t ures sho�ed a cons i s t en t  

decrease i n  the height o f  the v i l l i  by 20% , 26% and 28% a t  6 

hours , 1 3  hours and 15 hours pos t i nfec t i on respec t ively . 

F igures 3 . 63 ,  3 . 64 and Table 3 . 2  sho� the �idth  and height  o f  

epi the l i al cells o f  the v i l l i  o f  c on t ro l  and i nfec ted t i s sues a t  

zero  hours , 6 hours , 1 3  hours and 1 5  hours pos t infec t i on . 
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Fig . 3 . 6 3 .  Histogram comp aring the m e a n s  of e p it h e l i a l  c e l l  widt h s  

i n  f o e tal  lamb inte s tinal o r g a n  c ul t u r e s  infe c t e d  with C . j ej u n i .  

a n d  c o n t r o l s , a t  6 ,  1 3  a n d  1 5  h o ur s  p o st - in f e c t i o n .  
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Fig . 3 . 64 .  Histogr am c o mp aring t h e  m e an s  o f  ep ithelial c e l l  h e i g h t s  

in f o e t al l amb int e s tinal o r g a n  c ultur e s  inf e c t e d  with C . j ej u n i , 

and c o ntr o l s , a t  6 ,  1 3  a n d  1 5  h o u r s  p o s t - in f e c t i o n .  



Table 3 . 2  Ef fec t of  C . j ej un i  on the w i d th and height o f  

e p i thel ial cells of  v i l l i  ( urn )  (X ± SEM ) .  

T i me Wid th (um )  Heigh t ( um )  

Zero  hours 

6 hr . 

con t r o l  

6 hr . 

i n f e c t ed 

1 3  hr . 

con t r o l  

1 3  hr . 

i n fe c t ed 

1 5  hr . 

con t ro l  

1 5  hr . 

i n fec t ed 

X = Mean 

7 . 7 1 ±0 . 37 S . E . M  

6 . 86 ±0 . 38 S . E . M  

6 . 36 ±0 . 25 S . E . M  

7 . 08 ±0 . 28 S . E . M  

6 . 50 ±0 . 2 3 S . E . M  

7 . 48 ±0 . 28 S . E . M  

6 . 52 ±0 . 1 9 S . E . M  

18 . 16 ±0 . 44 S . E . M  

1 3 . 60 ±0 . 47 S . E . M  

1 2 . 35 ±0 . 49 S . E . M  

1 2 . 51 ±0 . 50 S . E . M  

1 1 . 07 ±0 . 28 S . E . M  

1 0 . 91 ±0 . 50 S . E . M  

9 . 7 1 ±0 . 39 S . E . M  

- - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - -

SEM= S tandard Error of  Mean 
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The wid th and the height of the epi thelial  cells of the v i l l i  

i n  con trol  and infec ted cul tures were measured a f t e r  6 hours , 1 3  

hours and 1 5  hours cul ture . The same measuremen ts  were also made 

on the  v i l l i  at zero hours ( i e  on the pre-culture t i s sues ) , t o  

d e termine the effect  o f  the  med i um on  the  width  and the height of  

t he epi the l ial  cells . 



55 

I t  was found that the med ium d i d  not  s ign i f i can t ly affec t  the 

w i d th  of  the epi thelial  cells of  e i ther the control  or  the 

i nfec ted cul tures af ter  6 hours , 1 3 hours and 15 hours cul t ure ( 

P>0 . 01 ) .  There was also no s ign i f i cant d i f ference ( P> 0 . 01 )  

be t ween the w id th o f  the cell s  o f  the con trol and infec ted 

cul tures , al though the wid th of  the cells of the infec t ed cul tures 

was a lways smaller than the c ont rol : ( a t  6 hours : 7 . 3% reduc t i on 

i n  w i d th , at 1 3  hours : 8 . 2% reduc t i on and a t  15 hours  1 2 . 8% 

reduc t i on ) . 

The med i um seemed to s igni f i can tly affect  ( P<0 . 01 ) the 

he igh t of the epi thel ial cells of  the vi lli  of  bo th the con t rol  

and  t he infec ted t i ssues af t er 6 hours , 1 3  hours and 15 hours 

pos t -cul ture . 

There was no s ign i f i can t d i f ference in height ( P>0 . 01 )  

be tween the con t rol and the i nfec ted epi thelial  cells  o f  the v i l l i  

a f t e r  6 hours , 1 3  hours and 1 5  hours culture . However , i t  was 

observed tha t the infec ted v i ll i  showed epi thelial  cells  reduced 

in he igh t at all three t imes ( a t  6 hours 9 . 2% reduc t ion in 

he igh t ,  a t  1 3  hours : 1 1 . 5% reduc t i on in  he igh t , at 15 hours : 

1 1 . 0% reduc t ion in height ) .  
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CHAPTER IV 

DI SCUSSION AND CONCLUSION 

I t  appears that there i s  no publi shed data  on the use o f  

i n t e s t inal organ cul ture i n  the s tudy o f  t h e  pathogen i c i ty o f  

Campylobacter  j ej uni in  sheep . In add i t ion , there i s  a lo t o f  

con t roversy in  the l i tera ture a t  present o n  t h e  role of  C . j ej un i  

as a cause of  enter i t i s  i n  sheep (Rus sel l , 1 955 , Smi ber t , 1 965 , Jopp 

and Orr , 1980 , Vandenberghe et  al . ,  1980 , S tephens , 1 983 ) . 

The presen t s t udy was car ried out  to  det ermine the 

pathogen i c i ty o f  C .jejun i on foe tal  lamb in tes t i ne . Organ cul t ure 

was used as i t  main tains the arch i t ec ture of  the t i s sues and 

thus o f fers a unique oppor tuni ty to s imulate  " in vivo"  cond i t i ons . 

At  the beginning o f  the experimen t i t  was essent ial  to  choose 

the correc t med ium for the ma in tenance o f  the foetal lamb 

i n t e s t ines . Several med ia  were tes ted for the i r  abi l i ty to main tain  

v i able foe tal intes t inal organ cul tures . T199  w i th 10% foe tal calf  

serum was selec ted and  used  for  reasons desc r i bed previ ously . 

The in terac t i on o f  C . j ej uni  wi th the foetal  lamb in tes t i nes 

in  organ cul ture and the pathogen i c i ty , were then determined a t  

t h e  cellular level u s i ng three microscop i c  me thods , namely Light  

M i c ros copy , Transmi s s i on and Scann ing Elec t ron M i croscopy , a t  s i x ,  

th i r teen and f i f teen hours pos t-cul ture . 

A zero- t ime t reatment  was also used to  assess the e f fec t s  o f  

the  med ium on the cul t ure o f  bo th  the i nfec ted and con t ro l  

t i s sues . Thi s  was essen t i al to  isolate  the e f fe c t s  of  the med i um 

" per  s e "  f rom the ac t i v i ty of  the  mi croorgani sms on the foetal  

lamb i n t e s t ines . .  Only Ligh t M i cros copy was used to d e t e rmine 

these e f fec ts  a t  the  cellular level . 
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4 . 1  SELECTION OF MEDIUM 

Of the s i x  med ia  tes ted , T 199 + 10% foe tal  calf serum was 

found to be the mos t appropria t e ,  wi th the archi tec ture of  the 

cells  being well mai n t ai ned for s i x  days . T 1 99 alone d i d  no t  

appear to  maintain  the  organ cul ture as  e f f i c i ently as  T199  + 10% 

foetal  cal f serum as the organ cul ture was maintained for  only 

t hree days . Changes occured in the epi t he l i al l in ing cells and 

the morphology of the v i ll i  . These changes were probably due t o  

phys i cal factors such a s  tempera ture , pH o f  t h e  cul ture med ium and 

oxygen tens i on ,  or to nu t ri t i onal levels . The  add i t i on of cal f 

s erum t o  the med i a  semed to  improve these cond i t ions . 

RPM 1 wi th 10% foe tal calf serum main ta ined  intes t inal organ 

cul tu re for s i x  days , but  severe morpholog i cal  changes occurred in 

t he t i s sues . RPM 1 alone maintained the i n tes t i nal organ cul ture 

for  only three days . S imilar resu l t s  were o b t ained wi th Trowell ' s  

med i um .  

The resul ts  showed that the add i t i on o f  foetal  cal f serum 

a i ded  explant survival . This agreed wi th the find ings of  Ferland 

and Hugon ( 1979 ) , who repo r t ed that serumless media caused severe 

morphologi cal changes 

hour s . They achi eved 

in adul t  mouse i n t e s t inal culture a f t er 24  

the bes t resul t s  w i th  DMEM-HEPES and 

NCTC- 135  enri ched w i th  10% foetal bov ine serum . Alkass i  ( 1986 ) , 

success fully used T199  med ium enr i ched wi th  10% calf  s erum to  

mai n tain  t racheal organ cul ture and used t h i s  to  s tudy the  e f fe c t s  

o f  d i f ferent m i c roorgani sms associa ted w i th pneumon i a .  T 1 9 9  + 

s erum appears to  mai n t ain both foe tal and adu l t  organ t i s sues i n  

cul t ure . 

Changes in  the cul ture cond i t ions were n o t  measured in  the 

presen t  s t udy . These  changes are more l i kely to  occur a t  the  

phys i cal level ( lower i ng o f  the  pH  due to  lac t i c ac id  produc t i on , 

and a shi f t  i n  the oxygen tens i on )  and a t  the nu t r i ent  level 

( deplet i on o f  glucose and amino acids ) . I t  would  be i n teres t i ng i n  

a further  s tudy t o  de termine changes i n  the cul ture med i um w i t h  
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t ime as this  would  enable improvemen ts  to be made in the l i fespan 

of  the explant t i s sues . 

Calver t  and M i chelet t i  ( 1981 ) ,  evalua ted t he capaci ty of  s ix 

cul ture med i a  t o  ma in tain  foe tal mouse  duodenal cul ture . They 

found that T199 , Trowe ll ' s  (TB ) and Me Coys ' SA ( all  w i th  added 

serum ) main t ained duodenal mucosa in  cul t u re for 72 hours . 

Johansen ( 1 970 ) , also showed that T199 and Trowell ' s  (TB )  w i th 10% 

cal f s erum sat i s fac tor ily maintained human rec tal mucosa in  

cul ture . Med ium T199  w i th 10% foe t al calf serum has been found to 

sus t a i n  human foetal  trachea , monkey adu l t  t rachea , rabb i t  adul t  

t rachea , ferret  adul t t rachea and pig t rachea in  cul ture ( Hoorn 

and Tyrrell , 1969 ) . 

In  a comprehens ive s tudy of  the explan t cul ture o f  human 

colon , Au t rup e t  al . , ( 1978 ) ,  and Au t rup ( 1 980 ) , used d i f feren t 

med i a  and types o f  sera . The mos t cons i s ten t resu l t s  were 

ob ta ined us ing CMRL 1066 wi th foe tal bovi ne s erum ( 5% )  or  foetal  

bovi ne albumin  ( 5% ) . Au t rup e t . al . , ( 1 978 ) ,  and Au t rup ( 1 980 ) , 

s t ressed the impor tance of  sera in extend ing the li fes pan o f  organ 

cul tures . Thi s  agrees wi th the resu l t s  o b t ained in the presen t 

s tudy . 

Trowell ' s  ( TB )  w i th 10% foe tal calf serum has been used 

success fully to cul ture adul t  guinea-pig duodenum , ma in tai ning the 

cul ture for 24 hours ( Ked inger et al . ,  1 9 74 ) . In  the presen t 

s tudy , s igns o f  degenera t ion and necros i s  appeared a f t e r  three 

days  of cul ture in Trowell ' s  (TB )  medi um alone . The add i t i on o f  

10% calf  serum s igni f i can t ly improved the l i fespan of  the explan t 

allowing the cul ture to  be mai n tained for s i x  days . Trowe ll ' s  

( TB )  w i th 10% cal f serum has also been used in the cul ture o f  

human rec t al mucosa (Eas twood and Tr ier , 197 3 ) , human colon i c  

mucosa  ( Mak e t  al . ,  1 9 7 9 )  and human intes t i nal  mucosa 

( Howdle , 1983 ) . The explan ts  were main ta ined for 24  hours w i t hou t 

any change in  t he arch i tec ture of  the t i s sues 
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I t  appears t h a t  af ter  4 8  hours severe degenera t ive changes 

t ake place in  adul t  t i s sues cultured in T rowell ' s  (T8 ) med i um .  

Ked i nger et  al . , ( 1974 )  sugges ted that adul t  t issues may be more 

d i f f i cu l t  to  main ta in  in  cul ture . Th i s  may explain the d i f ference  

in  the  l i fespan o f  the cul ture obtained by  the above authors and 

the presen t s tudy . M i tus et al . , ( 1 970)  repor ted tha t foe tal human 

i n t e s t i ne was main ta ined in cul ture for 14-21  days in Eagle s ' 

med i um wi th 10% cal f serum . Simi larly , Wya t t  e t  al . , ( 1 974 ) , 

cul t ured foetal human in tes t ine for 1 2  days in L-15 ( Le i bovi t z )  

med i um .  

Falchuk e t  al . ,  ( 1 974 ) , used RPM1 , enr i ched wi th 10% foe tal  

cal f  serum , glu tam i ne , glucose and insu l i n  to s tudy the  effec t  o f  

G l i adin  on  in tes t inal  human epi thelial cells . Vari ous an t i b i o t i cs 

( Peni c i l l i n ,  S t reptomyc in  and Neomycin ) were added to the med i um 

wh i ch was also s te r i l i sed us i ng M i l l i pore  f i l t ra t i on ( 0 . 45 urn 

f i l t er ) . The epi thelial  cells main tained the i r  in tegri ty and 

or i entat i on for 48 hours af ter wh ich degenera t i on was seen . RPM1 

w i th  10% foe tal cal f serum maintained human colon mucosa in  organ 

cul ture for 24 hours ( Mak e t  al . , 1 979 ) .  In the present s tudy , 

RPM1 wi t h  10% foetal calf serum sus ta ined the  growth o f  the foe t a l  

lamb in tes t ine f o r  s ix days . 

CONCLUSION 

In the presen t s tudy , T 199 enri ched w i th 10% foe tal calf  

s erum s a t i s factori ly 

i n t e s t ine in  cul ture 

maintained explan t 

for s i x  days . The 

t i ssues of foetal  lamb 

archi tec ture of t he 

t i s sues was well  preserved . I t  appears that  the add i t i on o f  serum 

to the med i um s i gn i f i can t ly increases the l i fespan of  the cul ture . 

Fur ther s tud i es are necessary to improve t he l i fespan o f  t i s sues 

in  organ cul ture and nu t r i t ional and phy s i cal  changes in  the 

med i um over t ime are probably i mpor tant fac t ors . 

4 . 2  PATHOGENICITY OF  C . JEJUNI IN SHEEP 
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This  s t udy clearly demons t ra t es t hat  C .jej uni causes 

morpholog i cal  changes a t  the cellular level in the i nocula t ed 

foetal in tes t i nal organ culture . 

The three m i croscopic  me thods used to s t udy the e f fe c t s  

( LM , TEM , SEM ) con f i rmed these morphologi cal changes . An a t t empt  

was made to  assess the ef fec t s  of  C . j ej un i  on the he ight and w i d t h  

o f  the epi t he l i al cells o f  the 

used revealed the a t tachmen t 

v i llous epi t hel ial cells . The 

v i l l i . The mi cros copi c  me thods  

of  C . j ej un i  to the surface o f  the 

microorganisms were also found 

wi thin the ep i thel ial cells and the lumi nal  cryp t s . 

4 . 2 . 1  Morpholog i cal Changes 

The sever i ty of the infec t i on wi th t i me was s tud ied a f t e r  

s ix ,  thi r t een and f i f teen hours . I n  a p relimi nary t r ial , i t  was 

observed that  the viabi l i ty of the t i s sues was mai n t ai ned un t i l  

f i f teen hours cul ture . After  18 , 2 1 and 2 4  hours cul ture the 

i nfected t i s sues showed a high rat e  o f  autolys i s  making i t  

i mposs i ble to  s tudy the interac t ion of  m i c roorganisms and t i s sues . 

Changes occured from s i x  hours pos t - i n f ec t i on , wi th an inc rease 

in the sever i ty of the infec t i on wi th t ime .  

A number o f  workers have infec ted i n tes t inal organ cul tures  

from o ther an i mal  species wi th C . j ej un i  and observed the follow i ng 

resul ts . Humphrey e t  al . , ( 1 986 )  working wi th adul t hams t e r  

i n tes t i nal t rac t ,  observed cellular abnormal i t i es a f ter  4 8  hours  

pos t- inocula t i on . Velkos ( 1984 ) , observed changes i n  the lower 

gas troin t e s t inal trac t of chi cks 48-72  hours af ter  i nocula t i on . 

Necros i s  o f  the g izzard epi thelium was detected by e l e c t ron 

m icroscopy i n  i n fec ted chi ckens s tudied s ix hours a f t er 

i nocula t i on .  Experimentally i nfec t ed m ink showed a s evere 

necros i s  of  the i leo-coloni c  j unct i on 96 hours pos t - infec t i on 

( Hunter e t  al . ,  1 986 ) . 
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F rom the above resu l t s  i t  can be seen tha t  the model used t o  

s tudy the pa thogenic i ty o f  C . j ej un i  has to  be wel l  def ined as  

experimen t al animals may show a var i able res i s tance to  inocula t i on 

o f  the pathogen [ Robe r t  e t  al . ,  ( 1980 ) ; 

( 198 1 ) ; Humphrey e t  al . ,  ( 1986) ] .  

Ru i z-Palaci os e t  al . , 

Organ cul ture sys tems therefore provide special advan t ages 

when s tudyi ng the e f fects  o f  microorgani sms in v i t ro .  They 

e l i minate  b i ologi cal var i a t i ons be tween i ndivi duals as bo th  the  

con t rol  and tes t t i s sues are  taken from a s i ngle animal . Organ 

cul ture models  do not possess a blood supply and hence there is no 

i n terac t i on of hos t i mmuni ty ,  hormonal fac tors or nu t r i t i onal 

fac tors . I t  can also be argued that foe t al organ cul tures presen t 

a bet ter  model for pa thogen ici ty s tud i e s  by vi rtue o f  a comple t e  

absence of  compe t ing mi croorgani sms . 

I t  appears that  mos t  authors agree on the morphologi ca l  

changes in  t h e  cel lular arch i t ec ture o f  the t i ssues af fec t ed by 

C . j ej un i . Var i ous animals have been s t ud i ed : hams ter  ( Humphrey 

e t  al . ,  1986 ) ; -----'- mink ( Hunter e t  a l . ,  1986 ) ; wi s t er ra t s  

( Vandenberghe and Verheyen 1 985 ) ; ch i cks ( \Jelkos , 1 984 ) ; humans 

( Moon e t  al . '  1983 ) ;  ca t s  and dogs ( Bruce et al . , 1980 and 

Coll ins and Libal , 1983 ) ;  p i gs ( Roland and Laws on 1974  and Lomax 

e t  al . , 1982 ) ;  rabbi t s  ( Moon e t  a l . ,  1974 ) ; and adu l t  sheep 

( Tucker and Robe r ts tad , 1 965 ) . 

The presen t s tudy revealed that  i n fec ted t i s sues showed a 

m i ld necros i s  o f  the epi the l ial cells a t  s i x  hours pos t- infe c t i on ,  

as observed by Ligh t  M icroscopy . The sever i ty o f  the necro s i s  

increased w i th  t ime a s  ind i cated by the changes seen a t  1 3  hours 

and 15 hours  pos t - i nfec t i on . Changes were l imi ted to  the e x t reme 

t i ps o f  the v i l l i . In  add i t ion there was a marked vacuola t i on o f  

t he cy toplasm o f  t h e  af fected abso r p t ive cells . O ther au thors , 

us i ng Ligh t M i c roscopy have repor t ed s im i lar les i ons in  epi t he l ial  

cells  of  the i n t e s t i nal t ract  following infec t i on by  Campylobac t e r  

s pecies : Humphrey e t  al . ,  ( 1986 ) , o n  hams ter ; Vandenberghe and 

Hoorns ( 1980 ) , S tephens ( 1983 ) , on infec ted lambs ; Duf fy e t  
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al . , ( 1 980 ) o n  humans and Moon e t  al . ,  ( 1974)  o n  rabbi t s . There 

have been o t her cases repor ted in the l i tera ture where the les i ons 

were res t ri c ted to  the  t i ps of  the v i l l i , as in the present s tudy . 

Kur t z  e t  al . ' ( 1979 ) showed that the i lea of pigs na turally 

i n fec ted w i th  C . mucosal i s  had v i llous tip eros i ons . Hamp ton and 

Rosari o  ( 1965 ) repor ted that lesi ons were res t r i c ted t o  the 

v i l lous t i p  in  the i nfected i leum o f  the mouse . 

Fur ther observa t i ons o f  the infec ted t i ssues by Trans m i s s i on 

and Scanni ng E lect ron M icroscopy showed that the microv i l l i  were 

i rregular in  shape , d i s tor ted , short ened in length and t h i ckened 

in appearance The observat i ons made by Ligh t M i c roscopy 

correla t ed wel l  wi th  the f indings o f  Transm i s s i on and Scann ing 

Elec t ron m i cros copy Some of t he infec ted epi thel ial  cells  

showed a comple te loss of  mi crov i l l i  These resu l t s  t end to  

sugges t  tha t Campylobac ter  spec ies  have a d i rect  ac t i on on the 

m i crovi l l i  o f  epi thel ial cells . The f ind i ngs o f  o t her authors 

suppor t  the resul ts  of  the presen t s tudy [ Moon e t  al . ( 1974 ) ; 

Kur t z  e t  al . , ( 1 979 ) ; Vandenberghe and Hoorens ( 1980 ) ; F i eld e t  

al . , ( 1 981 ) ;  Rui z-Palac ios  e t  al . ,  ( 1 981 ) ; Lomax e t  al . , ( 1982 ) ; 

Pearson e t  al . , ( 198 2 ) ; S tephens ( 1 98 3 ) , S t ephens e t  al . ,  ( 1 984 ) ; 

Vandenberghe e t  al . , ( 1985 ) ; Humphrey et  al . ,  ( 1 986 ) ; and Hun ter  

e t  al . ,  ( 1986 ) ] .  

S im i lar changes have also been no ted in shigellos i s  and 

following i n t e s t i nal  

d i f f i c i le [ Takeuchi 

invas ion by Es cher i chia col i and Clos t r i d ium 

e t  al . , ( 1 968 ) ; S taley e t  al . ,  -----'- ( 1969 ) j 
Takeuchi ( 1 9 7 1 ) ;  

( 1 979 ) ] .  

Newman e t  al . ,  ( 1977 ) Humphrey e t  al . ,  

Scanni ng Elec t ron M i croscopi c  s t udies  of  the infec ted t i s sues 

s howed that  the vi llous surface was roughened and i rregular . The 

infec ted epi thelial  cells  were swol len and pro t ruded i n t o  the 

lumen of the intes t i ne . These resul t s  agree wi th the f i nd i ngs o f  

Olson e t  al . ,  ( 19 7 3 ) .  
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I t  i s  no t known how Campylobac ter  s pec ies cause a l t era t i ons  

to  the shape and  s i ze of  the m icrov i ll i  although i t  appears tha t 

t h i s  may be due to  produc t i on of  toxic  subs tances i n  the 

i n t es t i nal  lumen . Frederi ck e t  al . , ( 1 984 ) , and Johnson and L ior  

( 1984 ) provided some evidence that C . j ej uni  and C . coli  p roduce 

cy to ton i c  or  cy t o toxic  toxin . Ru i z-Palacios e t  al . , ( 198 3 )  showed 

that  C . j ej un i  produced heat-lab i le en tero tox i n . The ent ero tox in  was 

found to raise  i n t racellular cyc l i c  AMP levels and i nduced 

i n t ra-luminal fluid  secre t i on in  rat  i leal loops . 

The abnormal i t ies  no ted in  the m i crov i l l i  may also be due t o  

an abnormal developmen t o f  ent erocytes although there i s  no 

evidence to  suppor t  thi s .  Elec t ron microscopic s t ud i es also  

revealed morpholog i cal changes in  the nuclei  , mi tochond r i a ,  golgi 

apparatus  and endoplasmi c  re t i culum of the infec ted ep i t hel i al 

cells . These f indings are suppo r t ed by s im i lar observa t i on s  made 

by Humphrey et al . , ( 1 986 ) .  

Quan t i t a t i ve measuremen ts  made by Light M i croscopy on the 

he igh t and w id th  o f  the epi t hel ial cells showed tha t C . j ejuni d id 

not  s i gn i f i cant ly ( P>0 . 0 1 )  affect  e i ther parame t e r .  The heigh t  o f  

t h e  v i l l i  was also 

m icroorgani sms . Taylor 

caused a reduc t i on in 

Unfor tunately there i s  

no t 

and 

the 

no t 

s i gn i f ican t ly affec ted by the 

Olubunmi ( 198 1 )  reported tha t C .  fe tus 

heigh t  o f  the v ill i  i n  p igs . 

much publi shed data in the l i t e ra ture 

on the e f fec ts  of  the microorgani sms on the length and w i d th o f  

the ep i the l i al cells  The changes i n  the morphology migh t  b e  a 

d i rec t  e f fec t o f  the a t tachment o f  the bac teria  to  t he cells . 

Thi s  w i l l  be d i s cussed later . 

The m i c rov i l l i  forming the brush border o f  the i n t e s t i nal 

ep i the l i al cells func t i on ac t ively in absorpt ion and t ranspor t  of 

nu t ri e n t s  and increase the to tal avai lable absorpt ive surface . 

Any les i ons caused by the mi croorgan i sms on the vi llous sur face 

would s e r i ously a f fect  absorp t i on in i nfec ted ani mals  and such 

f ind i ngs appear to charac terise  the pa thogenes i s  o f  Campylobac t e r  

j ej un i . Fur ther research i s  requi red  t o  i nves t iga te  the e f fe c t s  
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o f  Campylobacter  species  on  the surface area and number of  

m i c rov i l l i  per uni t  area on  i n fec ted  in tes t i nal epi thel ial  cells . 

Bo th  Transmi s s ion and Scanni ng Elec tron mi cros copy can be used t o  

inve s t iga t e  these parame ters . 

CONCLUSION 

The combined use o f  Ligh t , Transmiss ion and Scanning Elec t ron 

mi croscopy t echniques gave a more accura te  descr i p t i on of the 

i n t e s t i nal les ions than any s i ngle techni que . The les i ons and 

morphologi cal changes observed by the three me thods correlated 

wel l  and provided a more comple te  p i c ture . The changes in  the 

v i l lous ep i thelial  cell morphology were determi ned more accura tely 

by Light  and Elect ron M icros copy . The three d i mens i onal 

vi sua l i s a t i on of  the v i lli  by Scann ing Elect ron Microscopy made i t  

pos s i ble t o  s tudy the surface o f  the mucosa .  Severe les i ons and 

mod i f i ca t i ons occurred in the i n fec ted cells  and these were 

clearly demons t rat ed by all three mi croscopic  me thods . These 

observa t i ons  were supported by a number of  o ther workers . 

4 . 2 . 2  A t tachment and Pene t ra t ion of  C . j ejuni 

Ep i the l i al Cells  of Foe tal Lamb In t es t i ne 

i n t o  t he 

A t t achment and invas iveness  are  requi s i te vi rulence fac tors  

for the pa thogen i c i ty of  some mi croorgan i sms . Epi the l i al cell  

pene t ra t i on by Campylobac ter spe c i es is  now recogn i sed as an 

essen t i al s tep in the pat hogene s i s  of associ a t ed en ter i t i s . 

The three mi croscopic  techn i q ues used in the presen t s tudy 

clearly demons t rated that m icroorgani sms resembling C .jejuni 

a t t ached to the sur face of  the v i llous epi thelial  cells . The 

m i croorgani sms showed an i n tense colonisat i on of the brush border 

of t he v i l lous epi theli al cells , e specially at the t i ps o f  t he 

vi ll i . 

Ligh t M icroscopy revealed an 

cryp t ep i t helial  cells at 6 , 1 3 

invas i on o f  the v i l lous and 

and 

M i croorgani sms also invaded the luminal 

15 hours pos t i nfec t ion . 

cryp t s . War t h i n  s t ar ry 
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s ta in i ng clearly showed 

Campylobacter  jejuni i n t o  

the a t tachmen t to , and i nvas i on o f ,  

ep i the l i a l  cells . 

Transmiss ion Microscopy 

the in tes t i nal  

fai led  to show the presence o f  

m i croorgani sms wi thin  the cy toplasm o f  the i nfec ted cel l s . Th i s  

m igh t  have been due t o  the weak s tain ing aff in i ty o f  the 

m i croorgani sms wi th lead ci t ra t e  and uranyl acetat e . L ikewi s e  the 

s e c t i ons taken might also have been inappropr ia te . However the 

t echn ique d i d  show that two mi croorgani sms 

phagolysosomes , were engulfed by macrophages in 

ly i ng 

the 

w i th in  

lami na 

propr i a . These  observat ions are suppor ted by the f i nd i ngs o f  

Vandenberghe and Hoorens ( 1980 ) , Rui z-Palac ios  e t  al . , ( 1 98 1 ) , Jubb 

e t  al  . ,  ( 1 985 ) , Vandenberghe et al . , ( 1 985 ) . 

Ep i thel ial cell  a t tachmen t and pene t ra t i on by Campylobacter  

s pec ies  have been demonstrated i n  a number of animal species : 

humans : 

Manninen 

( 1 965 ) ; 

( 1 984 ) j 

( Bu t z ler and Ski rrow ( 19 7 9 )  j Du ffy e t  al . ' 

e t  al . , ( 1982 )  ) j ra ts and m i ce : (Hamp ton  and 

Re imann ( 1 965 ) , Field e t  al . , ( 1 981 ) ;  Newel l  and 

Vandenberghe e t  al . ,  ( 1985 ) ) j lambs : ( Hoorens 

( 1 980 ) j 

Rosario  

Pears on 

et al . ,  

( 1 97 7 ) ; Vandenberghe and Hoorens ( 1 980 ) ; Fi rehammer and Myers  

( 1981 )  and S t ephens e t  al . ,  ( 1 984)  ) ;  mink :  ( Hun t e r  e t  a l  1 986 ) ;  

c h i ckens : ( Rui z-Palacios 1981 ) ;  p igs : ( S taley e t  a l . ,  ( 1969 ) ; 

Love and Love ( 1 979 ) ; Lomax e t  al . , ( 1 982 ) ) ;  ca t t le : ( F i rehammer 

and Myers  ( 198 1 )  ; Taylor ( 1 982 )  ) and rabbi t s : ( Moon et al . ,  

1 9 7 4 ) . 

On the o ther hand , Presco t t  e t  al . ,  ( 1981 ) fai led t o  observe 

any i nvas ion of  the mucosa of puppies  by C . j ej un i . Fox et al . , 

( 1 985 ) repor t ed tha t Campylobac ter a t tached to t he epi thel ial  

cells  o f  adul t beagles but  d id  not  invade them . 

I t  has long been recogn i s ed that a number o f  pathogenic  

bac ter ia  are  capable o f  pene t ra t ing in tes t inal epi thel ial cells . 

S h igella  , E . Coli  and Salmonella organ isms have all  been  repo r t ed 

t o  a t tach and to pene trate  the epi the l ial cel l s  of  i n fec ted 

t i s sues [ Laberec e t  al . ,  ( 1 964 ) ; Takeuchi et  al . , ( 1965 ) ; 

Takeuch i , ( 1 966 ) ; S taley e t  a l . ,  ( 1969 ) ; Vogelwe i d  and Elmore 
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( 1 983 ) ; and Sherwood e t  al . , ( 1 985 ) ] .  

The resu l t s  of  the s t udy s howed that Campylobac t e r  j ej un i  has 

a s t rong s ta i ni ng aff ini ty wi th war thin  s tarry . Thi s  agrees w i t h  , �  

the repo r t s  of Coll ins and C i bal ( 1983 ) ;  and Hun t e r  e t  al . , 

( 1986 ) .  Th i s  f ind i ng made i t  poss i ble to  s tudy the shape o f  the 

mi croorgani sms and , more i mportan t ly , t o 

mechani sm o f  pene t rat ion by the organism . 

detect  a pos s i ble  

War thin  s t ar ry s ta i ni ng 

s ec t i ons  showed that the mi croorgan i sms varied i n  shape , w i t h  rods 

and sp i rals being seen , and Scanning Elec t ron Mi cros copy showed 

tha t the m i croogranisms were also f i lamen tous in shape . H igher 

magn i f i ca t i ons us ing Transm i s s i on Elect ron M i croscopy revealed 

tha t the m i croorgani sms were approx imat ely 0 . 7 7 6  um long and 0 . 3 1  

um . wide . I FA s taining ( Lomax e t  al . , 198 2 )  and crys tal violet  

s ta in i ng ( S t ephens e t  al . , 1 984 ) have also  been used to  iden t i fy 

the  m i c roogan i sms . S tudies  on the morphology of  Campylobacter  

spec ies sugges t  that  the  m i croorgan i sms ex i s t  i n  d i f ferent shapes 

curved , s p i ral , comma-shaped , S-shaped , r ing shaped ( Donu ts ) ,  

cocco i d , d i mple shaped , gull  s haped and f i lamen tous ( Kur t z  e t  

al . ,  1 9 79 Lomax e t  al . ,  1982 ; Pearson e t  al . ,  1982  Col l i ns 

and L i bal , 1983 ; S tephens , 1 98 3 ;  S tephens e t  al . ,  1 984 ; Ng e t  

al . , 1 985 ; and Humphrey e t  al . ,  1986 ) . 

Humphrey e t  al . ,  ( 1 986 ) , suggested the pos s i b i l i ty tha t 

Campylobac t e r  changed i t s s t ruc ture in  d i f ferent envi ronmen t s  or  

dur i ng developmen tal s tages . Ng e t  a l . , ( 1 985 ) , showed that  the  

cells  of a s i ngle colony o f  Campylobacter  are he terogeneous 

depend ing on age and physi ologi cal s ta te . A var i a t ion in  the  

morphology o f  Campylobacter  is  also  supported by  the f i nd ings of  

F i eld e t  al . ,  ( 1981 ) .  

The resul ts  o f  the present s t udy on the length  and w i d t h  o f  

Campylobac t e r  j ej uni a r e  i n  agreemen t wi th  t h e  s tud i e s  o f  Lomax e t  

a l . , ( 1982 ) and S tephens e t  a l . , ( 1984 ) . 
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There appears to  be  no publ i shed data  on  the mechan i sm o f  

pene t rat i on of  Campylobacter  in to  infec ted cells . The Transm i s s i on 

Ele c t ron M i croscopy techni que used in  th i s  s tudy showed that  the 

m icroorgani sms were surrounded by a dense , blur red , pi lus-l i ke 

s t ruc ture ( o r  f i lament ) . These s t ruc tures seemed to  med ia te  the 

a t tachmen t o f  the bac ter ia  to the mi crovi ll i . Al though there i s  

no conclus i ve evi dence to suppo r t  the observa t i on i t  appears that 

the f i lament  might be i nvolved in  the invas ion of  the cells . 

Transmi s s i on Elect ron M i c ros copy d i s played the f i lamen t s  o f  the 

m i croorgan i sms to  be t ter advan tage . Erlandsen and Chase { 19 74 )  

repo r ted a s imi lar spec ial i s ed a t t achmen t segmen t ( "hold fas t "  or  

f i lamen t )  in  Giard i a  spe c i es . Merrel l  e t  al . , ( 1 981 ) fai led to  

observe any p il i  on  C . fetus  subs pec i es j ej uni but  found a f i bro id  

meshwork surround ing the  m i croorgani sms and sugges t ed that  th i s  

migh t represen t an  al terna t i ve a t tachmen t and pene t rat ion 

mechan i s m .  

The exac t por tal of  en t ry of  the m i croorgan ism  has no t yet  

been de termined . 

Conclus ion 

Campylobac ter spec ies at tach to  the surface o f  infected  

cel ls . Colon i sa t i on o f  t he brush border o f  the  epi the l i al cells  

causes i t  to be des t royed . There i s  ample evi d ence from the  

l i t erature and from the present s t udy to  sugges t tha t  the  

m i c roorgan isms invade the i nfec ted cells Informa t i on on  the  

mechani s m  of  en t ry o f  Campylobac ter spec ies into  the infected  

cells  is  not  avai lable . This  f ield deserves more research wi th  a 

v i ew t o  a be t t er under s t and ing o f  the pa thogenes i s  o f  

Campylobacter spec i es . More de ta i led s tudy of  the sequen t i al 

morphologi cal even t s  surround ing a t tachment and invas i on o f  t he 

m i croorganism i s  also req u i red . The three m i croscopy me thods used 

in the presen t s tudy have shown that they complemen t each o t her  

and  correlate well . 
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APPENDICES 

APPENDIX 1 

V i b r i o  Sele c t ive Agar 

( Prepara t i on of the Mod i f ied Pres ton ' s  Med ium , VSA) 

The mod i f ied Pres ton ' s  med ium was prepared i n  a s i m i lar  

manner t o  the mod i f i ed selec t i ve med ium of Ski rrow , bu t wi th the  

add i t i on o f  ant i b i o t i cs recommended by Bol ton and Rober tson ( 1982 ) 

ra ther than Ski rrow ' s an t i b i o t i c  supplemen t .  

A solut ion was prepared containing 3 . 125  mg of  polymyxi n  B* 

d i ssolved in  10 ml o f  d i s t i l led wa ter ( 3 . 1 25 mg/ ml ) . The solu t i on 

was kep t  i n  a universal bo t t le a t  2-3  C ,  and 1 ml was added t o  500 

ml of med i um ( 5 1  ug/ml ) .  

F i f ty (50)  mg o f  r i famp i c i n* was d i ssolved in  10 ml  o f  

d i s t i l led water  ( 5  mg/ml ) .  The solu t i on was kep t  in  a un i versal 

bo t t le  at  2-3 C and 1 ml was added to  500 ml o f  med ium ( 10 ug/ ml ) .  

F i f t y  ( 50 )  mg of  t r i met hoprin* was d i s solved in 10 ml o f  

d i s t i lled wa ter  ( 5  mg/ml ) .  The solu t i on was kept  in  a un i versal 

bo t t le a t  2-3  C and 1 ml was added to 500 ml  of  med ium ( 10 ug/ml ) .  

F i ve hundred ( 500 ) mg o f  ac t i d i one* was d i ssolved in  10  ml o f  

d i s t i l led wa ter  ( 50 mg/ml ) .  The solu t i on was kept  in a uni versal 

bo t t le  a t  2-3  C and 1 ml was added to  500 ml  o f  med i um ( 100 

ug/ml ) .  

* S i gma Chem i cals  Co . ,  Produc t s , Nos P1004 , No . R-3501 , T-7883 

and C-6255 respec t ively , S t . loui s ,  Mo 63178 , USA . 
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APPENDIX I I  

Bou in ' s  Solu t i on 

P i c r i c  acid , s a turated solut i on in  95% alcohol 80 ml 

Formalin  ( 40% ) formaldehyde )  25 ml 

Glacial  ace t i c  acid  5 ml 

APPENDIX III  

Mod i f ied Karnovsky' s Fixa t ive 

Paraformaldehyde 2 . 0  gm 

Gluteraldehyde 1 2  ml 

Na2HP04 . 12H20 2 . 51 gm 

KH2P04 0 . 41 gm 

1 . 0N NaOH 0 . 1 ml 

To make 100 ml : 

A )  Hea t 2 . 0  gm paraformaldehyde in  80 ml d i s t i l led wa t e r  to  60-70  

c .  

B)  1 . 0N NaOH was s lowly added , dropwise  un t i l  the solu t i on 

cleared . 

C )  Add buffer  sal t s  2 . 51 gm Na2 HP04 . 1 2H20 , 0 . 41 gm KH2 P04 . 

Add 1 2  ml o f  25% glu teraldehyde . 
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D )  The solu t i on was made up  to 100 ml and s tored a t  4 C .  

APPENDIX IV 

Osmium Tet roxide 

Osmium t e t roxide was made up as a 1% aqueous solu t i on in  0 . 1M 

phospha te  buf fer and kept  a t  4 C in  a dark bot t l e . 

APPENDIX V 

Uranyl Ace ta te  S ta in  

Add uranyl ace tate  to  SO% e t hanol  unt i l  i t  will  no  longer 

d i ssolve , cen t r i fuge and s tore  superna t ant in  a brown glass 

bot t le . 

APPENDIX VI 

Lead Ci t ra te  S t a i n  

Lead c i t ra te  0 . 25 gm 

Dis t i lled wa ter  10  ml 

1 . 0N NaOH 0 . 1 ml 

Shake vigorous ly unt i l  d i ssolved 


	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118
	10119
	10120
	10121
	10122
	10123
	10124
	10125
	10126
	10127
	10128
	10129
	10130
	10131
	10132
	10133
	10134
	10135
	10136
	10137
	10138
	10139
	10140
	10141
	10142
	10143
	10144
	10145
	10146
	10147
	10148
	10149
	10150
	10151
	10152
	10153
	10154
	10155
	10156
	10157
	10158
	10159
	10160
	10161
	10162
	10163
	10164
	10165
	10166
	10167
	10168
	10169
	10170
	10171
	10172
	10173
	10174
	10175
	10176
	10177
	10178
	10179
	10180
	10181
	10182
	10183
	10184
	10185
	10186
	10187
	10188
	10189
	10190
	10191
	10192
	10193
	10194
	10195
	10196
	10197
	10198
	10199
	10200
	10201
	10202
	10203
	10204
	10205
	10206
	10207
	10208
	10209
	10210
	10211
	10212
	10213
	10214

