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Thu gaotrointopbingl trocdn of wornelvee sheop end gheep
Wfeeted with she nenotode OgtorSasin civcuncineta vere oxeminod
hiatologloally to debermine whobher p relabionship conld be
domenpbrated bebuwoen porasitic infostobion owd tho prosence of
globule lousocoybon. Flobule levcosybes voere viytually nboentd
from the wmucoea of wormm-Pren ghoop, bul present in high
concontrabions in perasltised aninels, poebiculorly in the aveas
which Qe cirvenmeinctn ia founde These vesmulis indioated that
infaction by mwatoldos is cepable of olivliing & globule leusooyte
TOPHONER

Bateo ware oxperlmontolly infooted with tho gnolleintestine

napatode Hipmostroesylug brosilionsis snd killed at intopvels ovew
the pariod of infections The pasbroinbestinel trocts wore |
oxandned for the pregsence of giobule lovoooybany and the resulis
wore conpared with those feom an wninfeoted control groupe A
mowlwed globule loucoeyte regpongce boctne apparent dn thoe amell
inventine on the dwelfth doy and popsioted unbil the twentieth.
The wooult demonstrated a rolotiongbin betweon globule leucocybesn
ond infontetion by nematodon.

4 fﬂé%h@y fepture ol theso romvlle woo the appar@nt relavionohip o
botaoen the ﬁpﬁﬂﬁrmnﬁa'cf globule lewnooytes and the onpet of the
dwmune romuenoe (selfecure), which reouited in bthe expwlslon of the

adult vorms fvom the smoll lnteoting, ¢ommoncing about. the tenth daye




The posgibility that this volationship wes forduitous could nob
e dissounted since the development of globule léucmaytem mﬁy
hiove been rolated o some earlier event in the life Qyole of
the porasito. However, the timing of sellwoure cen be nltered
by changing thg inmunelogical Gtatuahof'the rate

Rata were rendered hyperimmune'by repea£ed infectiony with
r Be braailiensis and the timing of the globule 1enaocyﬁe-résponap
lté e challenge infection was eompared with that previously Qbsoﬁveﬂ
aumin$ 2} primary'infestatioﬁ.~ The onset of the globule leueocyte
rogponse ogain coinclded with selfwcure despite the fact’that in
hyperimmuﬁe rate this occurred approximetely six days eariliexr
then in a'ﬁrimary infections %his rosult indicated a direct
melmti@néﬁiﬁ botwoen globule leuwcocytes and the immpune response.

Pievco and eo-workers (1962, 1965) hed noted globule léucaayﬁes
in the intestinel tracte cfvfewlﬁ during coocidial imfeutioné.- in
viow of the possibllity thot éther types of parasite aparé‘frOm
nemaltodos slicited a globule leuwcooyte reaponse, sultable materdel
waﬁ expuined, the resulta suggesting thet globule leusocytes ﬁre
also associsted with cestodes and tremstodes.

The possibility that Russell body 0;51113 gnd globule léucocytes
are relabed (Wpite, 1954) was investigeted by compawing, with the
light mi¢ros§ope, the worphology of exporimentally.ﬁrodﬁce&
kuesell body cells ond globule lewcocytes. At o certein stege
oi' dovelopment Bussell body cells wéme found tolbe morphologically

sinilear to globule leucocyteps  The uwltrastructure of globule



leﬁéuggtaa W@ﬂ'éima-deséribed and it was noted that theso dcllb
pOSﬁeaﬂQ&'a aunber of features wuggesting o 61059 reiationghip
40 uho Russail body aoll,
. Tho npture of the immume rerOﬂﬁe to W, hﬂauiliangia hog

Ibwem pavtlolly resolved into entibody end smaphylactie components

by othew workerss Tt bherefore beosme deccssary to investigete
:thé-yolg of»globula levcoeytes in snophylaxis. Obnervations
indlosbed that the globule leucooybe gremde did not contain bhe
bittoohondeal components charncteristic of mé&t cells and that
‘theicellﬁ}gr dieﬁriﬁutiaﬁ.within vha small intestline was dlotinct
imomithaﬁ of nest cells. Globule Louwcocytes dia ﬁot unﬂaégh
d@ﬁranwlntiam guring oxpﬂrimentally xﬂduced snaphylaxis, dnd it
woe eoncmud@d that globule leuoaoyteu are not related 4o masd
eollo nor do shoy have a rolo in snaphylovice

“@k@%@ fﬂgdings provided additiongl indication thatb tbe‘reie

“oiﬁthqulabule'leuaeayﬁe wishs be as on entihody produgers  The
globule iogéqggt@treapanse was . thovefore examined in andmailn which
wore &amummiogieally dmpaired. mhésé'w&ré-ﬁeonaﬁally‘iﬁfeétea
rabe dn %hieh pulf=cure 4ld not boko place, ond adull rets which hed
heen necnahajly thymectomaeed, with ﬁhﬂ conseounn abﬁliﬁion‘mf
, &ﬂlis§u£3¢~ 'ﬁ plieht gl@hﬁ}a.laucooyte reﬁpomma ocounrred in

naﬁﬂéﬁn3fﬁaﬁﬂvﬁf%er infectiaﬂ with W, hraa?ii@nsi hut beovause of

" he laak of euitable sontrols thono findlags could not be

Jntorn:ated oh d gnantitative basis, ﬂbwevaf, in-the neonatelly




thymeotonised r&ta.cmﬁpaximﬂn with a suitable ﬂmnwﬁhyﬁ&ctnmiéaﬁ
gontrol grovp revealed impairment of the giﬁhula-leucocyta
TEIPONSEs

‘Gp the. basip o£ the collected Pindinsgs it vips. concinded that
the globule 1euaoay£é\is a celdl of the 1ymphuraticu1ar aériea
ariaing from o preeﬂrsnx whioh is similar of-identimhl to o
plosng 0ells.  Such cells ere directly welated to the imwune
rasponse towards certain vematodes and erve elmost corteinly

involved in smbibody production sand tronsports



A ptudy of the oytology of the grstrointentingal

oot of some nomwl and partsiticed onimals,

Dignertation o the degree of Doctor of Fhilomophy

by
Poud Vhuay

Tniversity of Glaggow Veteminary Sehool, 1066,



PRERACT

Thip wvorle wos cerwviled owt in The Undveraity of Glosgow Veberinnryy
School, The work prosented in this thesis io oxiginel and whome asnioton
vl recedvod fwom the work of others it is aclmowledped in the bexb
in the weval way. Pevmonnl empiotance by colloaznes in sckuowledged
balouw.

I om indobtod t0 Mr. R.N.Ce Aitkon avd to Professor W. Mullison,
vodern vhoge eupervislon this work was Sarvied oub., I am indobied to
both for sugmesting the oxiginal problen as well &w for thelr coamtont
advice ond veluable swpporh et all stages of thin work., T aw gratefuwl
0o Profoncor GuM. Wybum for molking availeblo the electron microscope
facllitien dun the Depawtment of Awwiony ob this Vndveroity. I aw alse
Indebbed Ho ﬁisé VMaxy Gracio and the technicnl ptefl of the Beporitment
of Iatology ond Bwbryology, Valversity of (lasgow Velberinowy Schooly
Loz thein excellent tochnicel assigbanco.

I elso grotofully ackaowledge the following anmsistanece. Mion
Maxy Gracieo gave btochnienl asmistance in the development of v bechniguoe
0 wocover adult Nippostronoylug brasiliensds from the intestinen
of wwesnod rote, and technical advice in tho seleotion of testo
wed o detormine the himtochemical nature of globvle leucocyte
geaanlen, ond pssintonce in porfowming those tostn. Ve, Ho5. Johuston
vas responsible for the procesuing , ountbing end photography of

hlocky oy olectrou MieROBGOTY.



L.

Lo

GRCTION &«

INTRODUCILON

e g’lObulﬁ j-@ucﬂﬂy‘beewdnnt!iéovo#a-uq#-ina»owloaovtﬂbv‘ou’td& X
Genue OBﬁefﬁ&gi&ptvonvouﬁctnoonnaebaao--ooanuonaouoobwvdeu 10

Mlopogtronaylug brogiliecnaiSesssensssvescsrenssssessensvos L2

Russeld, ‘hUaZ\F GOllBuunpssoveshstconcinasosstsacsncbsnnesevss A0
The a8t Celluossvevonvesisivocosnsuvrsonacoosuvsonecvsvoees o
Tmmane LEHOONGOR in yourys CoTHownoncvionnononvvoncosonopen 28

Neonatal 'bhymectolﬁjﬁ’oousq-peeauonaqul'io;dcvuiu»tbo‘-..t-;a 31

SEOPTON T

MATERIALS AND MEBIHODS

il Q{I@fﬁiﬁi@il‘fﬁ&l @,l'l.li.m&:;agii&aouoauqqwovuaouia‘-_ooqooi‘oiidoo«)e.it :’36

SMioposthonsyivg brenlllensitereenorursososnevnnsssiseanies 41

SEGUION T

THERTENTAY: OBSERVATIONS
Comparison of globule leucosyte concenvimilon in the
ghomaguwn end intogtine of nematode~infected and wornivee
ﬂh@@@aad»cav‘iunnaoiuocaaq-oqdqvomyq-ue.vuau«q-uueaqa¢¢cin 50

e relationship betveon globule levcooybes and infootion
with Wippogtronaylus brapiliensis in the mstrolntestinnl

tracts of none-lmime ond vartially immme YatSescewvicscos DT

Oheevvations wvelating globule lewcocyten to Infection
by cesbodes Bnd trematoleideycosansnsrsnssrnrvesnarersncrne OF



de Globule leucocyte response o hyperimmine rate
infected with Ei_.}gpos '{;300!1@1'1.1{3 '1}339;?3115.@115155; HeRUeIYTRIEI RS 68

5e Morphologleal comparigon with the light micropcope
of globuwle leucocytes and expeowimentally produced

Russéll :JQd}" CellBevnanes -\.aoio'-'na.qnualg-u»tow'unloql;tictﬁcn 75
b Tltbastineture of globule leucooybed in the incora

of the sonll inftesbine of the xat,. prodused. in renponse

T lqi QQOB‘I}EOINQ Tue bhragilienals infoectlofNecessscacesrcrnar 52

Te Mamt coll exd globule lencocyte vesponse bto Nippoghrongylus

brasilicngie infoetion and to induced anepnylatiteesnonane 92

Ba Uistochenical comparigon of mant cell and globule leucocyte
gfﬁ.%nu:‘.()ﬂ in the 3’?&1}--.:-'0;'.3-ononooivw'r‘tiﬁqén;qé;t;noii;--n 100

e Flobule leucocyte rosponse in neonatal vais infected

with Wipposdtoneylus 'tamsil:i,‘mmiﬁ; end in uwninfected

neonatal :l?aa‘bs;t_ﬂnnui.ocallq0'!91"1!!&*30!0“0ip'lttt'lioi'! 106
10, Bffect of neonstal thymectomy on the globule leucoecyte

regponse in the Jejonum of pats Infected with Nippostrongyius
bragiliensis ¢ prelinivary »efullttesensessvcesrsvansosenrs 112

SECPION IV

General dlgcussilon end PUNIAYLY veveeesasssecessnehovrnersve Lol

R O O e n nr o r s d s ot oo anabsoannysnntonnionnonsenssss 3-:‘55

APP@Y&di}{'l (?i?:bli@&tiosflé)cpqu..o-vocotaccannn'ua.oaottaacn 148
Appendlx 2 (Stetistical methods)sseessvassasoserronsessans 149



SECITON 1

INTRODUCTION



Part 1 ¢ The slobule loucooyio

The torm olobile loucoeyte (Keagsbey, 1923) in trenglated from
theo CGeman ”St.ﬁlxb'llenlewaaytan", which wes ‘the name wsed in the
Tiret comprehensive worphological desoniphions of thig cell as
found in the intestingl mucogs of a nutheyr oF tpecien, by Welll
(1919, 1920). Mene desexipbions formed the basis for thelv identificatic
by meny subsaguent euthors, While corisin oslls ave thervofore veadily
recognigable ow globule leuconyten, & procise des‘z‘ihi"bioz'x Of the cell
ig not popsible due b0 the large nmumbers c}f woportp in the litersture
of cells which regemble globulo loucooﬁew o o. groster or loggoer
dogren, bub which do not entively éanﬁ‘om to the oviginal descexdptions.
Fowr the purposes of the vragent investigation the definition
of the globule loucoeyte hag been arbibteenily wostirioted o those
colls which conform falrly closely 40 the owiginal, Qéwrizrhiom
of Weill (1919, 1920). Such cellg ocour inconstantly jn the mucoss
of the gastroinjepiinel tmacots, and possmess cevlein chorvacterigtice
oF nz@i;plzolew snd ddetribution (£ige 1). Reuné; soldophil granvien
of weriable size ond nwiber are present in the cytoplasm, Those
grenvios pre lowgar than thomae of blood gramulocyies snd way weach
soveral miovone in diameter. The eyboplosm in wolwaotory 0 roubino
higlological gtnining technigues. The nucleus has o chvomatin digtributiv:
reﬁem‘bling that of u Iymphocyte (mes Cosmel, 1965) ox plasma coll (see

Sadnte-thnie, 1964). The distribubtion of the eell within the gostro=






s
Fige L

Globule levgoeytes sliunted in an intrecplthelinl popition, in the

gbomngan of & sheep Infocted wivh Ogbtexdards spp. The cell on the

wight ililuntrates ’sh?e c}mc':‘iseri&*i;ic mielevs snd wetained eytoplomm,
The oucleust agmocinted with i:h.é gell on thoe left belongs o en overlying
columnie eplthelial coll, |

Methoorylote sootdon stained with hnematoxylin ond eosin. |

( mag 3 3300 x )



intertingl mucosa I ohaxaetemim%&a jo that o lovge proportion

of ¢lobule Jousecytes ape Jocsted in an intvaapithaelinl position
(Talinforze and Sardom, 1939 3 Dovlotowa, 1998). Yonen (1969),

Wine end Jolmston (1966, Appendix 1) and Caxy (1966) hove etudiod

the wlbesntructucs of thae globule Loucooyde in the foul, »ab ond
noune vespectivelys onebling the morphology of the cell 4o be defined
mope ageurtiely than was possible wlth the light wieveomncope. Toner
(1965) domoriben the chomoteriptic @lobules og homogousoas elootzon
wlenge granules vhich gemetimes contadn vecnolens Mitochondvie

end rovsh endoplesnic meticulwn aro ssavee bub fvee wlbononos awre
plontiful, Cowy (1966} exouined @ﬁﬁﬁﬁﬁii&t@iiﬁ@lﬁ&ions in glohile
lenecooybes from the mucosn. of the lewse intoatine of the mouse.

Thoy wone desoribod o éﬁ@mmmmmdwai wad s with comen angles mespuving
?4“ or walbiplos of thip auwber, ond had longitudinel stelabiong

with o 45 z interapace. b gecond owdore of slriatioa with 2% Z spaeing
ven also appavent,; end o lattice gliruebuve was prodused by crosn
adrintlons connestbing those ruaning longitudinaliy. Cerihin amvephouns
dnclusions showod icolated pmall aress of styidbion,

Cally conforming bo the above desewiplion of globwle leucooybes
have boon whulisd by Hoidenhain (1608), MBiler (1899), Femrais
(1906); Sormonow (1908), Mutlwen (193%), Sohwaws (1914), Veill
(1919, 1920), Corti (1922), Tim (1.922), Hsasboy (192"5); Warimow
(1924), Bohilling (1925)y Clawn (1926), Mlusnojedoff (1926), ibwgon

(219272), lovventiev and Iasovelii (1028), Rogoeina {1928), Tohen



{1929),. B8 (1929), Plenk (1932), Pabzolt (1936), Taliaferzo omd
Soles (1939), Dawaon (1943), Duven-Jonds (;945);, Togovalil (1948),
Groutich (1049), Xent (1949, 1952), i1l (1951), Renb gf ad. (1954,
1956)s Sonmerville (1956). Paviotove (19%50), Gordon and Bricknor
wInxdons (1959}, Gordon (1960), Rootes (1961), Plerce gh sl, (1962),
Imoloy (1963), hnderson gt nl.(1965), Fierce'and Tong (196%), Tonew
(1965), Walalin (1965), v (1965, 1966 nyhyo,d, Appeniiiz 1),
Arvinowe of 8. (1966}, Come (1966), Goplend (1966}, Bobaca (1966),
Maokenzie (1966), Ve end Gracie (19661:) . A\pp@nﬁix 1)y Wavr aud
Johnnbon (1966, Appendix 1), and are the gubjoet of tho prosont
gy /

T4 dn nob dntended to iwply B Gifference hobwesn globule leuvcoaybos
ng Gefined mbove and the many cells which.l haveo gembpin fentures
e sommon wlthy but do noy entir@l? conform o tha dencriptions
of wbill {1919; 1920), znd, whilch ey in faot be idenﬁiaalhor relpted
to gilobule 1§u§§93ﬁ93¢ Those dvcivde cells which have bheen {iffeventisted
solely on the basis that they have been reportied in amgaﬁm other
thmn"-the- saatrointestingl tract. The_zaa inelude ocelle in the urinery
traot (Elrkmen, 1947, 1949, 1950 & Ahlgvist and Kohonen, 19592, b),
tvachon (Kiviman, 1950), soft paleto and mll bleddew (Kemh, 1952),
lung and hille duct (Zipp?r; 1966), aa well as similer cells found
in the fqmaleisenital tract (Asplund end Holugren, 1947 @ Heuperl,
1955 ¢ Wislocki gf al.s 1957 ¢ Kellae, 1961 & Nellow, 1965). Tn
addition, Veriows tffpes of ussoll body oell (Rsmoll, 1090 © Apitz,

'1957; Poarae, 1949 ¢ WBiﬁe, 1954 3 Thiexy, 1956 s Pengle, 1963 !



Munsicl ond Jenoveki, 1963 s Yoshide ot aly, 1964), “grapo® cells
(Blotnlok et al., 19%9) Llyioph node *globule leucocytes" (Tewson, 1927b),
comsetive tlssue basephile (Telieforro end Savles, 1939), atypical
maet colla ccourring in the mastrointestinal tracts of rats (Maximow,
1006 3 Hunb and Huot, 1986} and certain yellow sutoflucrescent

colls (Sainto-Narie, 1965) vay be welated to the globule leucooyte.

he ‘:r.'elmbiomhi;p betwaen globule leucoeytes and certaln of theme oells
in disouvgsed in | the approprints section.

The tegoription of globule leudocyter has in meny opses been the
vopult of obae:&va'bmna Incidental to a wider surveys Thus shoxd
voforences to globule leuwcocytes are froguently found in papers
vhich centre nrownd naematological (Forzata, 1906 & Maximow, 1924)
or gastrointestinal (Dim, 1922) ﬂtﬁﬁies, end move mocently in papera
c:o:nqe:fmm with the pathological aapscts of 'candapamaltm infegtation
(Palinforro and Savles, 1939 @ Pierce gb al., 1962 3 Anderson of
al., 1965 1 Arnour gt als, 1966). |

| Pulor to Eﬂe.lj,é.i‘em and Serles (1939), work on the globule
leucooyte wap restrieted to mwj@halogic;al obgervablions *wifh the
1ight nicroscope. Theorics coneeming the functionnl significance
o% ozrigiﬁ of the globule leucocyte based upon morpheloglcal critoria
have boen advenced in a muber of papord. ‘J?hua', the lisght micvoscope
obsorvabions of DuranwJords (1945) upon globule leucooyies, slthough
not recognised es such gt the dime, led the author t0 conclude that
the cell ig a site of ovyithropoiesis within the gastrointestinel
mucosa; Xeasboy (1925) suggests that gldbule lovcocyles swro linkad



in gomg way to the degeneration of f}‘iﬁa_c-}:{qithelial eapdliarion in

T Bwen, aod thes the charpoterdatic ,g.’i.éa‘bulw pee doelved fron

_;gg.‘e_?yt}hff;f&gjri;e;ng -1;;,1,1_5,;1._@ ¥ont ( 39&2) Hﬁ?é‘éﬁﬁ”ﬁﬁ Thay globule loucocyten

orige ae o wepnvtion to the diffeslon of subsiances of varlove ovigins
i . . :

dnto the mucoun mewbianod.

".f?ai!.i&fé‘e:miﬁza end Sorles {193‘59% in an 5&51:@}::13-13;9 desoripiion of

whe pachology of the rat Jojumin duging lufeotlong with the newnvodo

Wupoateonaylug brasilionais, noted the pzosence of globule leucooybes
gt vorious plogon .a:i;" the infection. However, they do vot aiobe thatb

o walevionhip axisty hetveen the presounce of globule loucocyion

and nenatoden . 'Ié;'iﬁ:nwm {1947) domoribon colls ooovring in on inbtpoe
apdtheliol position in the wrlvnry tuiotn of mobe ivfesbed wilth

the rouwdvorn Feichosopotdes mrasatcoudn. Alihovgh eewiain difforencon

were noted bebtwoen those granular cells and globule loucooyten o

relavlonhin botween the two types of cell; wad then do T, cx¥ssicsudr,

ik tentabively rm@g;e@%&. The difforencon ‘i‘mtwecml The two colla
woro besol vpon tho absoacs of dxony haenoglobin and sidevophiling
o8 praviously deamomm%z;ised In globule leavooyton by histochemical
seomiguen {movres ot quoted ). After furthew rescevoh (Kidkman,
1949, 1950), it weens cectoin hat these cells wewe in ootk globule
Jousooytor, and that the hiptochenienl differonces noted wero due
to the ntbompto of eurlicr awthews (probobly Keeobey, 1923 ond
:ﬂmrﬁﬁﬁw{mt&e&&, 1,9455) o demovdiboate that glohvle levcaoydon contaia

orythronyies or evythrooyie~dogralabion products, Klrkuan's wornls



wne zooeoded by Ahlaviet and Kohonon {19%0a, b))y and o velationship

bebweon globule loucouyton aud H. ovessicoudn was agadn guggeniods

Howover, no oxporiment wag wndortakon in order to teat this hypothepls,.
Sommervilie (1956) medo indopendent obpewwvations vwpon the ocourrense

of globide lovoooyies in nasotinbion #3.1;1& nomptado infentation of

tho ahomasum of ghoop. 02 5% chomaon mmmiﬁzml. 32 contained no globule
levcooybor. With & gingle oxception thoge omgany vore foom shoeop

yhdeolt hod eii:%@m not esporionced infestatlon with holmintls , ow

hoad bosn &.ﬁﬂlé\%"baa for o yeriod of 35 days ox lesss 21 ohombnn feom

phesp which had been infested with halwminthe fow wora than 7% doyw

0ll otmtniwa Mlobule leaucoaywe. On the bogin of these xeoulss,

bogathor wi 'bh' the ohpcevation that the gl obu'i.o ‘Leuuquba LEADONGIO

it nod mcef: 41y locatod in ﬁm awea m?ru vhd. tad b;gr ey peennibo,
the axthon ac:cepi:a tho ponaibility;of x'w ndi :mcb apsoeiatlon botveen
globulo loncooyten and neumtodg.;}m%s“caﬁiomp but otatop that the
ovidence im insufficient to pewlt oxy coneluslon. Woverthelons,
conbination of ‘hose Tindivgy with those of Kixlmom (19475 1949,

195%0) and the provices chsorvntions of Talinforro pnd Sexlen (1L939)

nwongly suggoshn 4 pribility of o woletionship bobwesn the
prooenas of neouatbodes and globulo leusodyton.

T addition to the evidonas oifed nbove, the work of Piowves
ab ol (1'5;-)69;) aod Plorves and Gong (1965) hes indicated that infeubion

of domestic fowls with Bimeria tevod 1&. slgo elieits o globuleo lensooyto

LEHDODC . Long (1965) staton thob birvds din which the olontal huves



bogs been wemoved , and which ave oubsequently fwmvmised against

Bo, bopells wnd eoxposed to infection produse the some glabule lewgocyte

rooponso ag intaeb fowls vhich are aimilexly lnmuniged a:nd Infeoted

although, because of bursectomy, these bieds axo :r:endem;d incayeble

of producing gmmm;@ sntibodion. The effoet of neonatnl poaxrtilal

i:h,yfﬁeotonw (I’ier‘&e and Tovg, 196%) on the glabuie lenaooyto regponse
to Bs_tenolls is not moported.

e origin of the globule leucocyte Lo walmown, Keashey (19235)
a‘m@g}es%;s that the globules contain arythrooyte de@a&atien rroducts;
theraby :Iszzpi;ifing that the pglobule leucoeyte is a plméwytia cell
gindlay to o macmjpm'ga. Yevximow (1506) doenibes the prosence of
Yabyopleal nnel celle" in the omall dntestine of the rat vihich may
he globula louwsvoybeny and indicates that they ave probebly dovived
£rom plaar;m celley Kivkman (1947) stlataa, onl the bagis 6:;£' guining
vepctions applied to fﬂeah_.aﬁﬂ fixed matewial, thet globule leucooytes
ne diﬂ%inct £rom plaém epllo and Ruseelld body cells, but later
(1929) auégaéta 53 péaaibla relotionship $o "aberzant plaomn cellgh,
Tn o more -extensive study (1950), which included 79 histechemieal
peste on weinary globwle leucoeytes thin cuthor gtates thet they
oye digbinet from eopinophilio nwelucyteé,- goginophilic levcocyteu,
ey thrablagts, orythrophages and comnective blssue nast colly, bub
suggests that & close relationsbip oxiste betwoon vlesma cells with
aeidophil grenuies and Bussell bedy colls on the one hond and gz.o‘btileu
loveocoyben on the othey, while ¥hito (1954) indicetes that globule



loucooyten and Buvsell Lody celln may bo identical. Kent (1949,
1952) deneriben the dovelopment of globule :meoe:ft@ﬁ From lynphocytes
in the laming pwoprin of the sheep's intembine. He slubtot, on the evidesnce
of histochenienl teuts, that: the globilen exe not phagocybosed |
ciythzonyben o Hussell bodiew. Toner (1965), in o otvdy with the
electron microsonpe, aupports the theoxy that'@&ubule-lauoocytes
aﬂa,deéiv¢d7frbm lynphocyten.. Yovever, he apearently G1d not obsexvé'
forma Intermedints betwesn the two cell typoss

| A pimiber of okperinentel cbudien havo been wnderteken on the
elobule 10u§0¢yteﬁ'ﬂhnﬁ,g§mg;;. (1954) found thob treaﬁment with
sorticotrophin oﬁ sorbiaone reduces the number of globule levcouybes
in the wrall inteditines of rats, while Rend &iﬁ.ﬁ}..-(‘l%ﬁ) demongtvptod
%hnt:whgla»hmﬂy~xyimradiatidn or selootive irvedistion of sn imolated
loop of infesbine markeldly weduces the nwiber of globule leuvcocytes
pwaa@ﬁﬁ diing the next few doyd. The concentrabioh of colls avbgeguontly
rebuoned o the Initiel level 53 deys aftor ivwediation. In eddibion,
the aunthore demongtrated thet a significant reduwotion in the mumbew
of globuld levsotytes tekes place nfter hyvophysectomy. Gordon aud
Drucknor-lordoss (1959} vompawed the concentrations of globule
Loveooyten in pormfree and conventionbl fowls, and fovnd them %o
be simmificently lower in ﬁhé foreee, Devletove (1958). obuerved that
the gastrointestingl teacts of wnweaned lawbe contained no globule
letcoayton, but that the cells apprcared when the lawbs vere pul

on o fodders thedr eppenvance ab thiia time was soceribed to physiological



diptory footors,
In o roport vhose sppearance postdated the completion of the
experinental work contained in this thesis, Dobson (1966) stimilated

a globule leucocyte response in the colon of abeep by lufecting them

T with Oegsopbagopbomus colwebismum. Rabblit antiogheep globulin conjugnted
with fluoneaceian isothioeyanate wan used to domonmtrate that the
ocytoplasm of globule leucocybes containg condensetiong of globulin,
Mitention was drawn bo various foctorvs suggesting a relationship

between globule leucocytos ond plasma cello.



Poxt 2 ¢ Gomw Onbontesis

Ontertamin spp. hove a diveot life cyole similer to that of
other Trichostrongylidee. They ococnr in the abomasum of ruminanie,
“pod move rarely in the mwall intestine (Impage, 1962) wheore the ldanveo

of Q. optertasi penetrate Drunverts duodemnl glende {(Jubb end Kennedy,

1963 ). Anderson eﬁ'al.(196§) clopgified ficld capes of pearasitio

gasgtroonterdtls in ealves where 0. oniertoci wen the predomlnant

varesite into Type 1, vee-Type 2, and Type 2 phopes of the disouse.
Type 1 occurred in cnlven at grass fon the Llcet tive , and wan
acoonpanied by the olasgiecsl sympioms of slinical gestelbis, Pre=

Type 2 opteriaglasis vas not appevent clinically, but lawge populations
of 0. oa%emtag@-w@ra prezent In the abompsgum, mogtly Intiibited ot the
foveth lovvel stage. The Type £ syndvome vasn charpoterised by loms

of weight and diervhoen. A charaot@riaﬁic part of the puthology

of 0, ogtertasi infections is the presence of ralsed nodules conbaining

fonvth atoze larwe. The larvas enmerpe from the nodules, commencing
about two woeks after axperinental infection(Ross and Dow, 1965a).
Mnergonce of fourth elnge larvae alsmo occuws during the Type 1 phase
of £ield infection, bub theré gre no reporty of globule leuvccoyies
heing oheerved (Andevson ob al., 1965 ¢ Ross and Dow, 1965h). During
the pre-lype 2 vheme of lnhibibtion , Anﬁerﬁon'934§&»(196§) indieaﬁé.
tha wininald seture of the pathologiaél veaction to the darvee embedded

in the glonds, Bowever, in some cases globule levcooyhes were obsenved



oLigla

axound old f’em@rged“ legiong at vhis plege, togethor with inocrcased
'muxﬁmm off iymphoeyten, plasne cells and eosinophil leucocytes.
Acoording to these authors, Type 2 oodertaglasis ig chavacterised
pathelogically by the sequential developaent snd emergence of the
‘peevionsly dnhiblied larvac. During {this phese of the disease globule
Lleucooytbes are -' preseat L high concentrations.

Usteviocsin obp. infoctlon in sheep how not hoen simdlarly

clageilisd inbto phhased, Nevertheless, the phenomenen of o “apring
rige" in the egs count of ewes opcuvs (Taylow, 1935) which hes been
ghown by Crofdbon (1954) bo be nainly aﬁa to an increaged oubpul

of eges by Oatewingld app, aduliés. These sdulis are devived from

a laxvel populntion ingested tmeh eaxlier (Dungnore, 196%). Somerville
{1956) obuerved globule lovcouyten in the shownss of ghoep afber

experimental Infectlon with Q. oivouncinetn, but they only appepred

n mindman of 39 dayn aefter infeotion; They wons algo fownd ln the inbesilo
musenn and the duodansd glands, bub acconding to the euthor there
vag no opsrelablon botweon the pile of vematode lufegtation and the

repdon dn vhich the cells were mont common.,



Port 3 ¢ Nipgosbronsylug brpsiliencio

Nippostvonpyriueg bragiliensis (T:mmmom, 1914),ale0 called
. moels (Beley, 1961), ls o deichontronsylold vern with o dlrect
life history, whose normal host is the xot. The egws hatobh within
84 hodza off belng veided in the feesen (Yologowe, 19223, Mawmimm
hatohlng of egee takes plave ot lemperatiures hotveen 29°¢ and 500(2
(tutbornosen, 1937)» There are theee weparhoidic lavvel svagen,
and two prepprositic moults take place (Ihle'y, 1962), e third etege
larva is Infective, end :wez;:minmv partlally onelosed in 1te owun sheath
vhioh 1& split open ot the antexdior end (Chendier, 1932). The Teavee
are copable of vewbiced ond longiiudingd migvation (Aficn, 1931).
The novaal powtal of éntuy of the infeative thixd gloge lavvae Into
the hont i vie the intnct sihuin (Schwami;ﬁ and Alicots, '3.954)‘ Hovever,
for expamimontol punpopes et way e infeotsd by indeching & lawval
sugpengion subcuteneously into the grodn r@gﬁ.@m The larvne rebch
the 1imga Tia the blood (Yokogava, 1922) ond lymphotic mysben (Ghaxib,
1961 ) approximately 12 to 24 howws lobew (Eihli&femo and Sorled,
1939 3 Twohy, 1956), whove 'i,ho:r grov wapidly (Pwohy, 1956) and faed
on vissne eelis (Molisfervo and Saxlem, 1939) and whole blood (Weinstodn
pod Jonen, 1956). The thind moults takes ploce in the lunge, end
the resulting fourth stoge lavvae ave sexunlly diffovendioted (Volosavn,
1922), Whese larvae migcate up the tuachion, ave sualloved, end begln

o appopr In the mwall ivtesbine 40 to 60 houxs after infootion (Borles



and Taliafervo, 1936 1 Wuohy, 1956), The finald moult ocenrs Iin the
smndl. intertine aboub 100 houvs sftor infoction (Yolospua, 1922),
The iwumeitorve sdults gvow repidly and mtiain sexvel maturity, HO thah
hetwaon 130 and 140 3:161113:3 oiftes infettion nesyly Eﬁii,l the females
contnin ﬁpe:cm’ and Pertile egos (Welnsdein and Joneg, 19%9). Fpgs
ave prosent in the facces from the simth day edter Infeotion. The
adult worras :i..zﬁmbit the ducdenumn fmc? Jejwmm (Bhley, 1962}y end atb
n later period small mwbers spresd i.n'i:ca the iletm (Brawbell, 196% ).
Thare ie one 3?&:-}1393:-"&',' that the adult worns ingest indestinal conients
(Weinstein and Jones, 19%6), bal it is wove genémliy acoepbod thets
the adult worms foed on the hoets bismues (Porbarm, 19355 ¢ Taliafervo
and Sexvdes, 19%0 1 Rogors and Tezarus, 1940 1 Hnley, 1962).

The number of eggs voided in the fooces nises rapldly after
the mixth dey of infection g" ot ovbput then remedng steady for bhebueen.
theae and five doys, and subsequently fallg to near gero 15 o 20
dnys ofter ivfection (A:.’L‘:reim, 1931 s Grahom, 1934). e decline in
egg oubpul io olomely followed by Ithe raplo expeleion of o Jurgs
port of the edult wormn pop vlation (see Neilson, 1965). %his is not true
hovever of neouatally infected mts (Jarvetdt “@“t_.“ Bley 1966 ¢ Koamal
and Alltken, 1966) or where swall infections exe employed. In the latlor
cage there is & gradusl losg of wc):'r.’mé exbending over the next %0
dows (Haley mnd Pavker, 1961). Femmlon aré expslled more Imp:tcily
than males (A;E’n:';!.csa, 1931 ¢ Porlexn, 19_‘5’)515), z;m(i vmz:nirs weipdndog from

old primary Infections are almost ewolusively meles (Sarles end



The elimingbion of the adult worn popudsition is knowm oo sels
oGy And oooury ag o result of ayn dwmmone Tepponme on the axt of
the howt (Muiligon oh nl.s 1965). The meohenion involved in self
wouee b been luveptlgnted by Mullisao ob gl {1965), Urguhaxs el
01.(1965), and Darth gt al.(1966). Hhile humoral entibody wes shown
46 be dmporiont in interfering with the osteblishmend of sn oduld
worm population, protectlve merum had no lumeddotoly letbel offecd

vpon M brosiliensig da vidden (Molligon ob Blay 1965), Conneqnently,

it ves sugpested by thope avihors thot snbtibody moy be protective
besanige of its xole dn cwopbyloxls, rather than by o &lvecd actlon

2 T

pepdnst the worms, Urgubant ot als {1965} inventizntod the vole of

locol ennphylosie in M, brmslilonsis lufeobions and dounongbrated the
prepence oL arveas of Incrvensed chpdilary permeoblllity in the poxd

off the Jelwwm ccoupled by the worms. I weg aloo denonntrobted that

iatrevenons injeotions of extracty of aduls N, bregillensia lnbo wats

pravionsly rendered e , elther by peior expericncs of ¥, bragillonain

or by perun braupfer, produced eavaphyloatic repoblony in the gub
vhioh vore demenstrable wilth Bvans blue dye. Rarth gt ol.(1966)
gludied the effects of nomegpecific apapbylosis and ressive lummumisstion

OPhinedov™y

o an adelt popalntion of N, beosdilovsis Iu wivo. Cvalbunineinduced

pusphyloxin or sdwlnigbreotion of hyperimeune serun aione produced
no sigdficont ochange dn the vorm sopuletion 36 houwrs lober, bub

hypeelomme porun and snapbyloxis combined cnuased n porbiol expulsion



of the wvormm. Thin wes ixrherpréteél ag indicoting that the physicel
chonges assoointed with svapbylaxin foacilitated the possage of puiihody
into the subepithelisl spoces and intesbinsd lunen vhere ito offect
wag spselfienlly diveocted agningt the wormz, Since o lesion apparently
1dentieal to thet ceused by expordmentolly indvead anophylovis lo

aigo pregent in ontueally dufecbed zatey 1% lg peobable that thim
logion plays o pimiler role in the solfwcwre vesotion (Bawbh of 2l

1966).

o

- Oplivie (1965b) mhowed et dmsanity w0 N brasitienois i

goimplated privorily by aduvld worme, This Lmwnlty woacts not only
azainst edult stoges, since lovvas from o chalienge infection are
inhibitod Pron developing o maineity (Sealon and Talinfereo, 19736,
Brambell (1065 ) ﬁ%hmr@d that the percentage of males recovered atb

poms monten Increnses from abowd 507 duedag the Aaodvinl 10 doys

of the infection to neorly 900 after dsy 20, Ogilvie (3.965?0) demonstrosed
thet 100 mzszli,c‘a. wormg Aid not conplsbently stimulate lumunlty, vhereas

Tall watn dnfecied with 10 female wowms became lmmme, snd sugsenbed

thet males sucvive longer becauvpe bthey produce fover protective

onblgens, and ere therefore less affseted by hogt iomunity. Rote
chadleviged two months efter & gingle iufodiion shoved no Jdecline iun
dvraldy, vwhevens at seven months fwmwendty had bsgun bo decline,

but was xepidly vestimlated by a challepge infection (Ogilwle, 196%b),

¥, byogilicusds im generally considered bo be o peraslte of

‘the wpper pars of the swall intesmtine of rats (MTravesmos, 1994 4

Vologorie 1920), present in holh Jejunmm end duodenan (Weley, 1961),



A

T4 hes been' veported that at the height of o primaxry infection the

worng are found in fhe Je Junwa, wak en the inféctiﬁn pgen the worms
that renadin arve found only in the dnodenun (Afriem, 1931 ¢ Chandlex,
1935), Br&ﬁbell (19656) found that wormg wene elmont completely confined
to the anterior part of the Jjejuwawm until the fLivst 10 ov 12 days

of o priwory infostation. Worms wemoining after self-cure were randomiy
digtributed along the vhole of the suwell intestine, but towewrds day

2Q ghowed on incressingly marked bendency to bhe wveabricted ta?the
duodanun, Bé that by dey 30 no worms ware.pr§sen$ in the Jejuntm

ar ileum. The dlstwibution of N, brasiliensis in jomuxe roie is wnlile

that of o primevy infection. The vorms are mons eveniy\aistributod
throughout the length of the smalliinteatine, and. the population mode

' position is slightly anberior to that of a primspy infestetion (Brambell,
1965b ),

Africe (1931) noted thet N. brasilieniis was pethogenie vhen

present in lerge numbers. Very lorge domes of infsotive lariae produced
fotel pnoumonia two days after injection, but yvate stwviving the

pardod of pulmonery migration usually suvvive the intestinoel stage
(Porter, 1935h). Lepions occour in the slin, lungs and intestinal tract
(Portor, 1935b 3 Sarlen and Taliaforzo, 1936 ¢ Taliaferwo and Sexles,
1937, by 1939). The vorny arve enbedded deeply . bebtveen the villi

of the jejumm and couse locnl tigsue demoge. Dowing the eoxly stages
of an infeotion they occur in olunps vhich couse macroscoplenlly

vigible bright wed patches, due to local ongorgement of capillevies



(Porter, 1935h).

Tae ecelluler xeactions to N, bragilionsis have been gtudied

in detadl by Sarles and Tallaferro (1936), and Telloferro end Barlos
(19370, by 1939). I the normal intasﬁine; gloughing of the epithelium
vag mininal and very fow globule loucocytes were obgorved. The laming
propria contelined small numheﬁa of polyblasts (celle of the lymphocyte-
maorvophage series), cosinophll leuccoylen ond comecetive tlosue
bagophils (belicved by the muthors to be atypical mat cells). Cellulex

ropctione o o primpry infection with N, brosilienais were divided

into foury phages t-
1, Betueen 2.5 and 5.5 doye aftor infection therve wos little inflommtory
TOSHONBEC 3
@ Betweon 6 and ¢ deys, during the ege-laying period, lamunity .
begon to devwlqp end inflomuatlon vag inltiated.
3, Botwoen 10 and L6vdnys inflémmation progressively inceensoed duving
the pewled when the worms were being-expalled.
4 Afbor ﬁhe-@xpulsion of ‘tho worms inSlommotion ﬂeeiinedo
The celluler veaction duving the Tivet phose was confined
o Bmoll nonbers of eosinophil and heberophil leuncoaytes, with agranwlocyt
Muedag the sccond phase, cells of the polyblagt seriey iuncreased
markedly in the lamlve proprin, and cellular infiltratlon also stavied
in the svbmicost, scrosy and meseniery. There vap general hypoxacnis
egnd the jJejummun wae macroscopically dilated. In the thivd phose

vepld reploocemnent of villus epithelium by inovensed mitoses at +theé



Lol s

oryrt level becewe npparent. Globule leucocytes were numexous in
the epithelivm, and the loming propeie was heavily infiltrvated with
cells. Lorge maerophages vere predominent al the blps of the villi,
ploens cells ot their neoks, end commecbive tismume basophile et
orypt level. Hosinophil levcosytes and Iynphocytes were algo nNUMETOLE.
nring the fourth phase globule lewcocyten were very plentifful,
and the lomine propria vas packed with cosinophil leucocybes, connective
tissue hagophils, plosme cellp, and & Doy agranulogytes,

Reawtion Lo o challenge infection was @inmilar to phage 4,
excent that globule loucocytes and comnective tigsue basophils were
even nore mmeroud. The inflammetory wesponse wan elicited and pubgided
much move rapidly than in a primayy infection, and waé wore intenso.
Tt affeated the whole length of the aﬁali intogtine and not Justh
the enterior pext. Reinfection of byperinmune rats was osgocloted
with elmost no cellular infiitm'tf.ion,. Houevery globule leucocyies
and convective tisgue bamn:philé wore pi'@sent in even grester vumbers
then before.

Vot oelly eominophil lewvecooybe, amcl histamine concentyation

wezo gtudied by Wolls (1962) in reis infected with N, busgiliensis.

The concentration of higteamine did not cl@nga significantly, while.
~the numbern (I)y';‘ soginophil loucooyben moxe then doubled (itwing'*bhe
Pivet 20 days of the infection. The concentmilon of mast cells was
reporbed o ingrease eightfold t;f'tem the ﬁ‘if‘béen'bh days

Studies on the effect of & single Infoction of N, brasiliensis
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upon the numbers of goblet cells prodnced inconeluslve resulbs,
while no ohenge in numbers vwes observed Lollowlng multiple infoctions

{(Vells, 1963).



Part 4  Buspell body colln

Ruﬁtsell bodies were initielly token to be assocloted with
concer, of which they were conuidered te be the cousal pgont (Hussell,
1890). Thin suggesbtion wae incorveod, but the presence of Rumsell
?Jéaicam in coroinowns, saveoras, and miscellanscous melignont and
benim neoplesns hep heen conilimed (136.1'1@:10, 1963). Russell bodion
gre aleo essoointed with plesm cells. In this esse, the bodics develop
In plem cells whieh have satured beyond the sisge of the typilcally
diffevennintad vell (Morschelko, 1900). It has not been possible
o asmeng the yveletionship bebtwoen the Ruspell bodiles associated
with neoplasms and thoso ocourring in plasme oells (Pig. 2).

Diveras ptimull have Beon meported bto produce Russell bodles
in vanious tiseues. In inflemsatoxy lesions of the centrol newvous
syston plesme cells were ob ;Qex*vécl, o d;tfi‘.‘c-memm%e} Toto "plomon nest
colla", while others uwnderwent "degenemation with the Pformation of
Russell bodics (Wichelscond @lobus, 1929). Ruspeld bodies have alse
been essociated with myelomss. {Apita, 1937) and endocorvionl polyps
(Munnidle and Janovski, 1963), while Zotbengron (1949) ohsorved lavgoe
cuboldnl crystnls inside plesme cells fyom a suwmour thought o have
heen & Ploasnocybomns bub tha velotionghip of these exyotals Lo Rus:a-zéll
bodies could not be miated with certeinty, Waite {1994) produnced
Ruspell bodies in Lymphold tlesue in wesponse o wepeated iﬁj@ﬁtimg

of & number of different ontigens, inoluding Puoitous vulepmis vhooine.










Buenell body cell gitvoted in the laming proprdn of sheed abomgonm,
Yethnowylate seotlon giained with haemavorylin and codlin.

{ mag 2 L300 x )
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The abillity of plasma cells o develop visible Aintraoytoplasmic
inciusions hes boen kmown for o Gonsidermble.time {Itrompecher, 1898 3
Marsoholio, 1900 & Megimow, 1906), Theae inclusions have vedelved
the desigantion of Fussell bodies (Dubveunil and Fovee, 1921). Iarlilew
pugeestions that they consimied of phagooyiored pexrticlos (Michels,
19%5) or were a siem of dogensretbion (Michels end Globus, 1929 4
Miller, 19%1) hove heen diseavded, and it has since heeh demonsivaitod
that Russell bodies ars an inﬁermal product of the cell in wﬁiéh
they ave located (White, 19%4 1 Thiewy, 1958 3.81otniak.g$3§£o,
1959}, This process has been desciribed. fron cbscrvations on living
celln under the phase conibhast mioroﬂbope, aud also with the electron
microscope (Thicwy, 1958). The rough endoploemic rebiceulom of the
matuwe plasna goll congiats of o wéll developed netvorl of double
penbrzeones, Dilatation tekes place so vhal spaces appesr bebueen the
menbrones, and small dense grannles of materinld acoumulote in. the
sigternne, Theso gronules iuncrease In numbher end fuee together o
form globuleg of inoreaming diametew. hiewy (1958) emphesines that
durdng this process the cell wewaing acbive ond motile, and lg not
%hereforelundergoim@ 1) &eg@ner@tivé process. The Russell bodles
consigt of a gvanulay mateix surrovnded by o monbroane dewived Liom
the rough endoplasmic reticulum.

Crystals within pleswe colls heve bedn obsexved by & nmuber
of ewthors (ons, 1917 & Apiiz, 1940 @ Whide, 1954 @ Wollensilel,

2957 ¢ Thieuy, 1958 ¢ Beﬁais,'l961 s Movel and Fernando, 1962),
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Thlexy (1958) deporibed Wo fypes of cryebal 3 the filwet bHeing small,
and so numerous az to Treguently aek the cell, Tthe second very lovge
(vp %0 501 long), orose gtelated, ond avising in the same vay ogy
and ofton in the same cell as Ruasell bodies. The orystels heve also
been deseribed og oylindvdcnl and cross strdated, with o peviodicity
of ppproxiwstely 120 z (Momm*l; and Pormandoy 1962)., The welationshin of thesc
ovyntels bo the homogencous form of Rusecll body ip wodecided (Zobbergren,
1949 3 Moveb and Pemando, 1962), but the %wa,é%fua%urem oppPene
to develop by e very similar proosss{ Thiewy, 19$8 ! Donsle, 1961).

On the basia of highochemical towie Pearse (1949) sgugpested
that the Russell body conslgited of & muco@olysaechariée globule
guevonnded by o begophilic ribonuclecproteln membeane, while White
(1954) indicated that they may consish wholly or pexilly of mucoprotoin
o gﬂyﬁaﬁrot@ina The intracyboplasmic arysiedn of plasma cells give
mialormly ginlder steining weactlons and ere pm@b&bly'compomed of
gimilar vaterinl (Vhite, 1954), Tn eddition to the himbochemicel
evidence for the prepence of protein, the faet thet Russell bodiesn
prlse feom the wrough endoplesmic reticulun ptrongly suggesnts thatb
they ave ot lesst partly protein in nature (Moves and Pernando,
1962 ),

Fluoremeenf antibody becomes sltached 4o the surioce of Ruspell
bodles (Drvesn and Melloza, 1957), presumbly on the surrounding
membrone (Thicey, 1958). White (1984), who also demonsitrated the

pregence of specific entibodies in Ruseell bodies, indicmbes that



the fiuvovenscent anbibody technigue does not npllow a dlsbinchion

0 bo wade se to vhether the Rusmell body i o gollid mogs of antibody
or vhether the antibody is yestrloted to the muxface leyew. The
progence of polyanccheride as well fg protein in Ruesell bodies

does not neceaparily preclude the posgibility of this entibody eppearing
in exyotolline formm (White, 1954), Nogsal (1964) hes indionbed thnt
cerioln plemm celils conteln anbibedy in o vigible coyateldline Foxm,
while aecording to Mumsick ead Jenovali (.L%} ond Thiewy (1960)
there ig a‘c;wi&emble indirect evidence to muggent thot the protein |
fraetion of Rugpell bodiem, as well ap the inbrecytoplasmic o:eyrs*béulra
of plopme cells, connistz of globulin vhich ie en lategrol poxl of

the lamue mechonism.
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Part 5 ¢ The wast cell

There &0 confl&éting raports op to whether ow not mast cells
(Tige 3) ooeur dn vhe small indostine of the xat. Although their
pretence in this oxngan ﬁ&g heen reporved on o wwber of cccanions
(Faedy end Yembrook, 1895 ¢ Hint and Hunt, 1956 @ Lindholm, 1960 3
Wellw, 1962, 1966), Vot g al. (1956b) found that most calls were
practlierdly absent from the ores. Purthermore, when maat celle are
weported to be present iu the small iatestine of the xat they ave
offfen desoribed as being morphologieally atypleal (Maximow, 1906 3
We.:tllp 1920 ¢ Taliaferro end Sorles, 1939 & Buné aud Hwnt, 1956).
This has led o the muggestlon &‘;hai*is meat oelis dn vhe macess of the
gondl dnsestine of the zat ave sssentinlly different Trom those
voowreing in other timoves of the seme epecies (Ti-feiill, 1020). In
eddition to the mowphologlanl pacnlisrlitien vhich have bheon obsexved,
Wegnyo (1928) found thet duwring inanition xivme:mm maet oell grenules
are eliminetod throvgh the dntestingl opithelium of the wat, while Cambel
gggﬁgﬁ(1952) noted the presence of mast oells both in the gtomach
vall and in the gastvio gecrobion of raty, and assumed thet in this
ppeeles mast cells move oub into the gaabrlo searobion by emceboid
motion.

The prouence of mast oells in the Jejunum of xate duving infectlon

with N, branillensis hog been weported (Taliaferro and Sarles,

1939 3 Wells, 1962). Telinforro and Sovies (1939) indicated Ghat
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these Golls were morphologleally atypical, and desigvsted them conmecivive
timsne basophils. Wells (1962) noted a veyy grond inoweope in the
consembration of mast cells on day 1% of a privory infection with

Ne brenilienazis, bubt did not weport eny peculisritiecs of behaviour

or morphology. The possibility that ceridln of the reports of otypicel
meet colls lu the smell inbtestine of the xat vefer to globule leucocytes
hag not beon investigated.

Hh&er the electron microgcope the nucleus of the mast cell
ey be rommd or indended, eand there are usually one or bwo mmeleoll
(Bloonz$§gégk., 1955), The Colgi complex end rough endoplosmic vebiculus
are poorly developed and the mitochondria pre incongplcuous. Srall
oytoplasmic procenses degeribed ag microvilll ave fraguently vieible
at the periphexy of the cell (Gusmek, 1961). The granules of nest cells
pre either homogeneous clectron-dense hodies (Policard et gl., 1960 s
Swith ond Lowis, 3957), filomentous (Rogers, 1956), strinted (Policard
8t al., 1962), or have o charactoristic intornel) structure eonsisibing
of lemellae arrvanged in the form of oylindera ox scrolls (Stoeckeniuvs,
1956 3 Gusek, 1960), These structuves are believed to congist of
Lipoprotein,

The wogt dluportent components of mapt ecells vwe heperivn, histaning
ond Sehydroxyteyptomine (5-HT), together with o grest voriety of
ensINes (Selye, 1965). Heparin ig located within the gvenules and
impaxts the property of metachrompsic, VMagt celln pre probably tho

only gouree of hopevin (Jorpes, 1963). On the other hand, whil



higtoming is present within magt cell gravules,; there may be livtle
or o correletion between higtemine and wost cell concenvratlon

in o portiovlar tispue, eud this lo ospecially mpxlked in the small
intostine of the »at, vhere very lov numbers of mast colls ave coupled
with reletively high concentrations of higtomnine (Mota &b Bley 1956h).
I the norwal tissues of the wat thore exisme good coryelation
betveen moet cell cowts and S5-HT § hovever, even in thic specien

only port of it is located in mast cells (Selye, 1965).

Mogd cells may be ldentified in btissues by o number of technigues
of vwxying degrees of specificity, Stedns whioch san bhe uped Lox
ldentificntion purposes include Pismark brown, Glemee bimsve piain
(Lillic, 1954) end chrysoidin (Hareds, 1957), while obther bechniques
which have high, butb génemlly not absolute specificity can be uped
$0 locate heporin, histomine oy 50T within the gravulen. The presence
of heparin lmporits & sitvong metachromotlic weactlon with toluidine
blue, and according o Jorpes gt 8l.(1948) it moy also be detected
by a atroongly vouitive veootlon with Schiff weagent efter btreatment
with pewviodic acid, indlcating the presence of heparin monosulpburice
acld or some othew form of heparin conieining bwo adjacent hydroxyl
groups, Histonine way bo iocated by preciplictlon with Relneche
salt and svbseguent vipualigatlon uwnder derlk grouwnd illuminstsdon,
or with dinmobised sulphanilic ccid (Schawver mnd Yerie, 19{59) 8

algo with parabromobenzenedinsgonium chiloride niter Croeme-drying
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and fizetion in gapeous fommldehyde (Lagunoff ef Bl., 1960). 5-HT
causes gold-yellow fluorvencence of uwnwinined st cell gronuwles

in vltravicolet light Seom a high intensity (1000 wa;ls's) aource (Rice
and Mitchener, 1961), and ig aleo deboctable aftor treatment viih
Selworl s ferrioynnide solution (Couplaad and Riley, 1960).

Tere in ovidence that the mant cell is Involved in vordlous
hyversensitivity regotiong, including ensphyloxis. This mewifests
itneld in o dischowge of the mast ocell gweumlesn., Howvever, the relstionship
hetveen aupphylexis and west colls is vt obligatowy. YMant celld
degronulation may ocowr without the induction of araphylactic shock
(Tedl ond Cobe, 1950), vhile enpphylexis mey oocur wader ceriain
clrouwmatoncer withoud an scoompenying most coll dipchorvgs (Ydma, 1966).

Anpphylexis can be induced in the anmll intesbines of lmwne xats

injected with antligen prepored from N, bwosilionsls {Tegrnmat et aley

1965}, although the mast cell concentzation may be veuy low in

this ovgen (Mote &t aley 19 56b). The annphylactic relense of nigtonine
in ross is produced hy o particuler type of antibody, Alfferent

from precipiteting entibody,; and desigonted mast cell lybic cubibody
(Selye, 1965}, The impaived imsuae vesponse of neonatel atE, which
anifonss iteelf in suoh weys of pbaevce of pelfecure duving .

bropiliensis infections (Jervelth ob al., 1966 3 Knosadi and ditken,

1966). doos not extend to mosd cell lytic anbibody, since anaphylosis
coen be induced in neonatol robte afbow guliable gsenmpitisation at an
age when ethor lmnune responses, dependent wpon preciplieiting entibody,

are impedred on ladving.
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Part 6 3 Imsune vesponses in youwne rats

In normal cirvoumstanses the body vesponds only to forvelsn
antigens (Miller, 1966). Burnet and Femner (1949) pestvlated thet
all entigens present (uring e certain period of embryogenceis ave
rocogaised o self antigens and nve waeble %o stimnlate an immne
ropponse thereafter, In foct, & ptate of immmological tolevance
tovardd cerltain non-golf antigens con also be induced pogtnatelly
p8 vell ag in immmologically mature snimels (Battisto and Bloom,
1966), It is postulated thot tolevance may be due %o e pupprepsion
of the immvme response thwough & lov grade meachtion to an antigen
(Rowley and fitoh, 1965}, or altermetively by celluler destruction
(Biume'b, 195?) or exhaustlon produced by eglmultencous maturation
of all the stom cella (Sterml, 1966),

The pewviod during vhich tolexance can be induced depends on
the speocles of a.niaﬁa.l and the particular antigen employed (Ingram
ond Smith, 1965), In the came of the &t , adult capacibty is not
achieved until some woeks afber bicth (Millew, 1966), so that nconatos
of this pertioular species way be suliable for stidy wnder conditions
of dreumological incompetence. The poasible effect of pasaively
derived meternal antibody, vhich in the xat ip trunsforred vie the
yolk sae placents and in the colostrum (Miller, 1966), may need
t0 be consgidered, because vhile puch antibody has a proteative role

in young animals, it also causen supprossion of active antibody
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production (Ingrem end Smith, 1965 s Snith end Ingrom, 1965).
Koosal end Adtken (1966) succeppfully induced immmologiend

mvespongiveness Yo o primwy infectlon of N, brosilieosis adwinloterved

to b uoder four weoks of age. Such infections failed, in 60
out of Bl cones, o tewminste by 10 weeks of age, and when the
voty vere chellenged it wap apgavent thed no rvepistonce had developad.
Hovrevoer, suppresaion of the egg, output of primory infoctions in
neonalal rots ococurved even din anlwels herbourding steble femple
wvorm populations. This way hove beon due o some noa-immmologiend
mochanimn (Knsend ond Aitken, 1966). These Pindﬂzzgﬂ are gonfirmed
in the recently publiched experimentn of Jaxvelt gt gl. (1966),
vhere 1% is also vepordted that the courge of subsequent challenge
infectlons in not modified by priwary ivfection during the pawiod |
of irmpunologlonl WIresponsivenens . |

The newborn of e number of specier hove an lmwature Iymphodd
aygten devold of putibodywproducing plagne cells. Animals reoved
in o gomfree envivomsent refoin on Lmnswave lymphold syshtom with
feow plosme celle {Thorheooke, 1959}, wilike convenbionil enimals.
It would theovefore eppoar that antigenic gtimvietion i necemeary
for maturation vo ocour (Millew, 1966), Gondon (1960) repovied
pigniflcaatly lover concentudions of globule leuwcocyten In gommizoe
Fovin vhen compared o conventionally weored bivds, and indicoted

thet thig vas pert of o genevaliped roeductlon in mumboers of oells



belonging to thoe zeticuvlan-lymphold group. The possibility thet
the wesponse of cells i the lymphold pories ip diminished in raty

which are toleront o N bragilionnis hos not been lavemtlgaded.




g

Poxt 7 s Noonathl thymectomy

 The thymus is outeide the path of reci:ceul&‘tioh of immumoclogically
competent cells (mmall lymphocytes), does not show antibody production,
germinnl centres or plasmocytopoiesis in an lmmunised eniwel, and
thug diffaré marlkedly from other lymphoid tissuwes (Miller, 196%5).
Thymeatomy at birth results in a number of physical shuowvialities
including extramedullary haemopoiesis, reticuloendotheliol cell pro-
liferation, and severe deplétibn of lymphocytes in blood and lymphoid
tispues (Millev, 1961, 1962, 1963),

Weonatel thymectomy is nleso associeted wilth significant impairment

of Immuaological capacity. For example, neonstally thymectomised
rodents fall to reject foreigu skin grafts (Miller, 1963), and circulating
entibody levels are depressed after antigenic stimuletion (Roosa
&b al., 1965). Lymphoveticular cells derlved from neonstally thymeotomised
animals are defective with respect to their capacity to produce
-graft~vorsug~host veactions (Yunis et al., 1964), vhile Parrvott
end Fast (1965) state that tho thymus is necessary in very ecanly
1ife for the correct establishment of on imeunological system to
combat the growth of transplanted malignent cells. Impairment of
homogroft reactivityvpersists to some exbent in snimals thymectomised
up to seven doys after birth. Bven in the adult snimal the thymus
retaing part of its potential fto wegulote the deovelopment end responsesn

of the lymphoid tissue {Sherman, 1966).



Thymie l;ymplwcyimpoiqssiﬁs is not affcated by antigenle stimuletion,
suggenting that the j;rol:i,:{‘emi;ive gtimplug ig devived from within
the ongay iLiself (Miller, 1965). 0@11{3 from the spleen ow lymph nodes
of normal adult mice nre capable of restoring the ilmmuue mecheanism
in neonatelly thymectomised reciplents, while thymooytes axe xeported
to be dediclient in this respect (Milla:s:,, 1965)« Bubcutoncous Implantotion
inso neonatelly thymectomised mice, of thymus igolated in o millipore
' chaber from vhich the celle conld not eacepe Jmparied immunologicel
capaalty to 'isheée andmals, suggesbting that the action of the lthynus
in emtablishing nommal imnune copecily is probebly 13195.;11:5'&@(1 bj &
humoral mechanisn (Levey, 1964}, On the othew hand, Yunls gt 6l.
(1964) miate thot irmumological veconmbitution of neonstelly thymectomised

mnice can be echieved by :i.h;ic-:;e'i;iﬁm off igoleted thymooytes. Howevew,

these oboervabions are noy metvally oxelupive since humoral mbimul atlon,
end thymus passage end periphevelisotion of lyunphold precuvrgor cells
may both be operative (Polner and Devajont, 1964 ).

Sincledr (1965) hos empbasised the importonce of mulidple

tegting of inmmological responsen of thymectonlisged snlmals, wince

)
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alao results mey be oblained by teking o slngle mouple. It vos
demonstratod thatl baomolysin titren vore identical in thymectomised
pnd shon thymectomised nice nine days afver lenunlsation, but vere
sigaificantly veduced in the thymectomined group by 20 doys. Sex

differences have also been reporded, A lower incidence of zunting

and lumune depresslon bave heen veporied in nevostelly thynecbomised




female mice asg sompared 4o maless such a dlffevence may be due to
the Inflvence of sex hormones on immune reacbivity (Balnef and Dexajont,
1966 ).,

Some weeks alfber neonntal thymectomy e nuwber of animals aevelop
6 yunt discose myndrome charecterdsedbly wastine and death (Millex,
1965). Tn one series of observebions about 10% of neonatelly thymectomimed
- hemgbers developed ruat disesse (Rooss ot al., 1965). However, there
appears to be no correlation between the resulty of different loboratories
in this vespect, and MeIntyre gt al.(1964) have postulated on the
bagls of experimentel evidence that the pathogenosis of the vasting
gyndrome is duve to an infectious agent which affects neonatally thymec-—
toriged pnivals because of thely diminizhed dlmmunologicrl ocapacity.

The effech of neoratal thymectomy in rats not suffering from
the wosting syndrome at the time of exemination ié to decrense the
proporiion of small lymphoeytes in the blood and lynphoid tissuos.
Reticuloendothelial cell hyperplesis is merked in liver, spleen
end lymph nodes (Fachet et 8l., 19652). In similar rote suffering
freom runt disease theme changen were ngzin noted, accompanied by
o decresne in the tojal vhite cell count of the blood and disgeminasted
neovosia of the liver parenchyma (Fachet gl al., 1965b). Aschkenasy
(1965) showed that the decvensge In totald vhite cell count alten
neonatal thymectomy in the rat was due enbtirely to o veduction in
the totel number of ecivculeting lymphocytons tﬁg nunbers of evythrocytesn,

heterophils and eosinophile were not altered. A sex diffference



was noteds in male rots naluoly lovge and smell Lyaphocyites were
diminighod, vherets in ferales madium ond sepll lymphooyies were
movlediy veduesd and darge lymphocytes were present in only slightly
fower numbers. Depression of sorum y-globulin levels wap nobed in the
majority of thymeotomised woles, but nov in femaleg.

Thoro ore N0 repords conceralng tho effecs of noomatal thynectomy
wpon the gam*imoin'b@é-i:iml ﬁi&c'b, pport Tron ite lymphoid tissue
component, iu syecifieally noawvoabting enimale. Hovever Howd of al.
(1964) neve studied the rothology of intopbinal cxypt lesions in
neonatally thymeotonised hemsbers, and indicoted that there wos
o apparent correlation betwesn !olinicm.l eondition ond enteropathology.
The changen observed were loss of Pancth eoll gronules, disorientotion
of the colunnay opithelium, with oytoplesnic gwelling and loss of
pieining affinity. Ianoreaped crypt nitomes suvggested excessive epitheliod
cell prolifemitlon. In other coses thove wam indlommation ath the
bases of bthe crypis accomponiad by Llettening off the cells lining
the exypts together with minubte evosions aaqd wioro-abacess fommbion,
Tils wes gccompanied by daflamntory cell invza,aién of the adjocent
laning prowzin. leslons were not obaervod in animels under two weckn
O age.

No reports have beon loowied vhich doscribe the offoet of

neopatal hymeotony upon the courvme of W bragillensis infootions

in rats. From the information progented sbove it is possgible that

the immune regpoune bo o primavy infection would be aboliched ox



impaired, There ig gome indirect evidence to support this view,
Thug, injootion of pretiniscolone into newborn voits couses nappive
thymle iovolution accompanied by a nunber of the offects menevally
rasocinted with neonatal thymectomy (Broncend, ané Arnsson, 1966),
vhille tveatment of rats with prednisolone during a primary infection
with N, bresiliensis supressed the initiation of aecquired resistance
oither complotely, or ab on eaxly stage (Ogilvie, 196%a),
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Fart 1 ¢ Dyperimental snimals

Sourcen

Vo terial Seom blackface sheey wap obtained from the Department
of HExperinental Parasitology, Univevsity of (Hasgow Tfe"cerimx',ﬁr
fehool. Colleagues in thin department were rvesponsible fox j:h(e |

vorm=iree veering, infection with Catertegin spp. lozvae, killing

ond post mortenm cxanminotion of these animnis,’

Rabs wused in oxporiments weve oither of the hooded ILigter
or albino Vistar strains. All livestock was obtained as youwng adulis
Lrom Animel Supplievs Lbtd,, London. These aninals wore generally
free frow intestinal helminth porasiten, but some batches were infected

with the panrll intestine tapoworn Hymenolepis nano.  In such coases

the rats were discerded. Neverthelewms, lupane was occapionally:

encovntered ot sutopsy. The large intestivie nematode Byphaeie obvelats

vag also found in stocks madntained in the animal house for any
length of time. Vewbomm »ats, used for neonatsl infection with
N. braglliensis of for neonntal thymeotomy, were bred in the deparimentd

from atook ovbtained from the above supplieps.

Monswemont

Rate were kept in sun animal honge in mazimum groups of 20,
They were housed in wire cages with raleed mesh floors over braye.

The cagew vere pel on racks and seperate racks vexe used for non-



27

ini‘eo'bed shoclk ancl tmima,lﬁ. infectaﬁ wi*h N bmaili@nm .I‘ﬁwmr .

m'a.intemme precluded the }poasibiln.ty o:ﬂ crosa-infectzon or reinféeﬁmon
from foeces. Mated pairs, uwaweaned litbers, ueomtally tla;mec,tomised

rate aud controls from the some lit'%;a:u vere kept so smca'bely in

small plastic cages with raized metal erid floors. ALl vats were ,-Séc’i .
pelleted Diet 41 (from W, Primvose snd Son, Glasaow) ancl tmi;e’w .

agd libitum, except thoat females nursing litievs of neona‘ball;,j]t]mocswmiaei
rate and unoperated controle vero supplied with water to vhich | | |
Petraoyoline syrup (“th;'omycin", Oyenanmid of Great Britain Irbd,) " '
conteining 125 mg tetracycline/5 wi, wes added at the l"tz.‘be o:'f.'x.l ml

$0 1,25 1litres of water, After wveaning these littevs the ﬁeo;;m'bully
thymeotomiaéd rats and their contrel litter motes wére hdixéedf"iri{'ii%riﬁﬁmly

and tetrecyeline eyrup was contirued until the bime of killing,

Kiidtine and Anaesthesgin

Initielly énimaim vere killed by & blow on ‘the head, bocguse
of & veport that snaesthetion affect the himtology of the small
intostine (Vells, 1962), @em&nae of chlo:coi‘omn. was substimt_ed |
end no differences in gut histology were detected. Por single or
infrequent inductions of snmesthemin ether was used, but vhere repeatod
 or prolonged deses of anues thc’uics werg reywlved trichl oz*oethylen@
(Mizilenet, 1.0.I.) vos substituted bechuse of tthe redused doamee .
of pulmonayy irritation end the moro repdily oan‘brolied lovel: o.i“

~engesthésde with this drug.






Tig.4
Seotion through nossle unit of a Eautmarn Automat syringe (1),
modified by drilling out (B) in oxder to increase the dose

accuracy vhen injecting suspensions of N, bresilignais larvae.



Injections into the tail vein of rats were performed using
a tuberculin 1 ml syringe fitted with a no. 19 needle. Prior to injecti
the tail was immepsed in warm water for one mimute and cleaned
with cotton wool.

A 2 ml capacity Rautmann Automat tuberculin syringe (Holborn
Surgical Instrument Co,, London) delivering multiple doses of 0.1 ml
was used for the infection of neonatal rats with N. brasiliensis
larvee. Previous tests on & syringe of similar type had shown it
to be unsuitable for this purpose (Aitken, 1965) because larvae
tended to become clumped at the entrance to the nozzle. Consequently
some doses contained very few larvee while occasional doses contained
very high concentrations. This was overcome by drilling out the
nossle into & tapering cone shape (Fig. 4). Tests on the modified
syring» showed that this alteration reduced the error to acceptable
proportions (Table 1),

Neonatal thymectomy

Inmediately after the birth of a litter, tetracycline syrup
was added to the drinking water. Thymectomy was always performed
within 24 hours of birth, and moat frequently within 12 hours.
The number of thymectomies carried out depended upon the sise of
the litter, and varied between three and six. Operating upon more

than this number greatly increased the chance of animals being
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NO. OF LARVAE / 0.1 ML

&3 B0 209 BT 126
SO 250 R R 5%
P2 285« 28 2%, 24

28 28 28 36 42

MEAN S.D.

27.35 6.4

aile 1
Test series on modified Rautmarm Automat 2 ml capacity eyringe
delivering 0.1 ml doses of larval suspension with a caloulated

concentration of 250 larvame/ml.
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Sterile techniques were employed. The newborn
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2 larger one; the space between the two being filled with &
It vas removed after 20 minutes, and the forelimbs secured |

Instrument Co,, London). The skin was swabbed with methyl “
end & median longitudinal incision, outting the sternum at the
level of the first three ribs, was made through the thorax g
& no, 11 scalpel. The incision was enlarged with corneal
and small forem'wam inserted to aot as retractors. The k
was located visually and removed under suction through & glass (
pipette (Fig. 5). Negative pressure was maintained by a vacwum
pump fitted to a 5 litre deadspace. 3
After the removal of the thyms the wound vas dried and Ep
with Achromycin powder (Cyanamid of Great Britain Ltd.) Two b
8ilk sutures were inserted using a flat bodied half-curved no,
needle. After olosure of the wound it was covered with "New-S
(Barwoods laboratories, lancs.) wound dressing, and when this ¥
hardened the thymectomised animal was returned to the litter.
Mortality using the method described above was approximat

98%, It was impossible to assess how many animals died as a direo

result of the surgical interference because many live neonates f

N5 7.
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Apparatus used for neonatal thymeotomy of mats.



of the female. Most of the mortalities occurred within three
of operation; about 10% of animals surviving this period died b

the completion of experimentation.
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Part 2 '+ Nippostrongylus brasiliensis

The strain of N, bresiliensis used in all experiments was
obtained from Dr. J.T.M. Neilson of the Department of Veterinary
Physioclogy, University of Glasgow, and was maintained by regular
passage through hooded Lister and albino Wistar rats.

Maintenance of culture
Infective larvae were counted by a dilution technigue. 1 ml
was removed from a homogencous larval suspension and diluted to
100 ml. 10 samples of 0.1 ml each were transferred to a Petri dish
using an auto-gero pipette. The larvae in each sample were counted
under a binocular microscope, and the original larval suspension
wag then diluted with water to give the required nmumber of larvee
per ml, which in the case of mata for culture maintenance was 2500/m1.
Rats were lightly ansesthetised with ether, and the larval
suspension was injected suboutansously into the groin region using
8 1 ml syringe fitted with a 20 G x 13" needle. No antibiotics
vere added prior to injection. 24 hour faeces coilections wvere made
between the seventh and tenth days after infection, by placing a
sheet of newspaper beneath the wire grid floor of the cage. Fa-ooal
pellets were sieved free of contaminants using a B.S. 3/16" mesh
sieve. The clean faeces were placed in a 100 ml homogeniser tube

which was then filled to the neck with water, and mixed to a smooth
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Cross section through rigid polythene tray to illustrate the

vet (left) and dry (right) methods of faeces incubation for

the produotion of N, hrmsiliensis larvee. a ¢ partially ensheathed
larvae bt chromatography paper of faeces di ocapillary hole

et wvater f: Perspex platform gt rigid polythene tray
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(1965) where the faeces were mixed to s paste by hand, _
Specially constructed trays were used for the spreadin
faeces (Pig. 6). These were made of rigid polythene and measure
42x22x1.6 om (A. Gallenkamp and Co., London). Three equidistar
platforns of "Perspex” wvere glued longitudinelly aleng the WAl
of the trays, and measured 12jx13x3". The platforms were drille
through at regular intervals with two rows of 1/8" bore capi 5
holes, which commmniceted with a slit at the bage. Chromato
papers measuring 5x36 om (Griffin and George Co., London)
and placed along the slats so that the edge of the paper
at either side, The semifluid faeces was poured in a line
centre of the chromatography reper. Ono day's faeces from el 71:; 
to ten rats could be lﬁlﬁd cn six such trays. Water was pourse
the trays to a depth of 1" and was carried by capillary action
to the chromatography papers, which remained damp, The trays we:
stacked without 11ds in an incubator at 24°C. This method replac
that described by Neilson (1965), where the faeces were plated ot
in small amounts at the centre of a damp filter paper supportel ”
on a wvet foam sponge pad in a covered Petri dish, .
More recently the tray method described above was mod *
vy net filling the Ymys vith vater. A high even heaidity vantil
for thie methodj this wan obtained by bubbling air through & beak






PETRI DISH WET TRAY DRY TRAY

520,800 788,400 579,800

Zable 2
Comparative larval yields from three identical faecces samples

incubated in Petrd dishos, wet trays and dry treys. Ten rats

wvere infected with 2,500 infective larvee each and the faeces were
ocollected on days 8, 9 and 10, Incubation vas at 24°C in &

bhumid oven for 5 to 7 days, depending upon day of collestion.
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of wvater with the aid of an aguarium pump.

A test was carried out to determine whether these modifications,
vhich were designed primarily to reduce the nmumber of hours necessary
for culture maintenance, were seriously affecting the number of
larvae produced. 10 albino female Wistar rats wers each injected
with 2500 infective larvae, and faeces were collected in the usual
way. Faecal samples were divided into three parts of equal weight
which were homogenised separately., The first sample was plated out
on Petri dishes, the second and third were spread on trays using,
respectively, the wet and dry methods described above. Three 24
hour faeces collections were treated in this way and the dishes
and trays were incubeted at 24°C. The infective larvae were harvested
in three groups, using identical procedures. The totel numbers of
larvae produced by each method from identical weights and samples
of faeces was oalculated by the dilution technique previously described.
The results for each group are shown in Table 2, Most larvee were
produced by ;he vet tray method, while Petri dish and dry tray
methods produced uniformly lower yields of larvae. Of the two tray
methods, the dry tray system is preferable for routine use, but the
vet tray system may be substituted at any time should higher larval
yields be required,

The method of harvesting larvae altered with the introduction
of new inocubation techniques. Harvesting from Petri dishes required

the setting out of between 50 and 150 dishes, removal of lids,



£1lling esoh dish to £ilter paper height with water at 37°C, agiw-lmg-;
each dish several times, wemoval, meparation and sgueeming outb Qi‘ |
filter pepors and sponges, and "bhe' pourding of ’t;l.:e contents osﬁ‘ \eacth
dish into o oommon yeoeptacle for £iltrstion. With the wet tmy
Cmethod, water ot 3570(} was poured into the trays which were then
rocked intevmittently., The chrometography papevs were romoved end
the contents of the trays poured into o comuon receptecle for i‘ilfmtion.
Using the dey treys, the originally semifluld fasces becane. hm;dene‘_c‘i"
on1 to the paper atrips, conbling them o be dvopped iunto & buékét
containing wvahor at 3700, from which they were wemoved 10 wminutes
lptow, prior to filteation. |

Inrvae vere noxmally harvested after an iuncubntion perflod‘
of £ive bo eight days. Thé e vator containing the larvae wog
Tiltored through Green's Hyduro 904 filter paper, 18.5 om in disneter,
uging a Blichner fumel atinched %o a vacwuwn pump. The filier paper
war invertod into ev Endecott sieve (mesh 400) over n Baowmann
apvaratup oon%ainizag wetor at 37%« The leavae penetrated the sicve
aud collocted at the bottom of the fummel, from vhere they were
v off into o weapuring cylinder for counting and dilution,

Larvae fLor mhock cultuve were norwally injected into rata
ot the day of havvesting. Wheve lavvae were requived at a later -
dote they were placed in "} RLA 4" molution (Wilson end Dick, 1964)

wvith the following formule e
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The concentzation of lorvae in -aﬁm solation t»ré,a veduced bo lass
than 1000/wl, end the larvel guspebpion was wtoved ath 2400. in
o flagk throvgh which air wan constantly bubbled, Iarvae wvore keopt

in this wey for o maximum period of two wocks.

Faecal egmr counta

Taecal egg counts wore performed o determine the muitebillty
of faeces for :irlquba’ciena A minimom count of 20000 sges/g. of facoes
vad considersd desirable for this purpodse. Fgg counts were algo performed
for ewperimentald purvposes. 1 g« of faecal pellets was token from
a éampla and homogex;l:}.secl in 10 wl of water, The suspension was gently
rubbed through a sieve (mesh no, 50) and the filtrate centrifuged
for five minutes at 1000 r.p.me The superaniant vas poured off
and the precipitaie wes resuspended in seturoted salt solﬁ*bi.cm.
A sample wag trensferved by Papteur pipette to o MoMastor slidey

and the total nunber of eges in both chembers (0.3 ml) was determined
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by examination wnder a binoculaxr microscope. The result was mulbiplied

by 100 4o give the number of epps/g. of faccos.

Jogintion, cpuﬁ'b:?.ﬁg ond saxing of sdull wormg

Methods for the rocovery and counbing of aduli N, bregiliensis

Tron the intesbines of adult raty hove been described by Jemnings

et al. (1963) and Ogilvie (1963). Such methody veed to Be rcourate,

porticularly vhere eatlmationy of the degree of immwmity of the hoe's

are 1o be made on the bagis of such counts, The tebhniqueﬂ described

by these authors have heen used roubinely during experiments on

adult rate and haye proved quite sstisfactory. The method genemllj

ugoed Lor adult vets in the earlier exporviments congisted of dividing

the ;:ama.ll Intestine into suiteble longths which were opened iari'bh

bowel meissorz. The pleoces wore tﬁem a;mp@nded' in gauge in o heélter

of saline, aud incubated for one hour in a waiter bath ot BTDG.

Worms vere collected with a Fasteunr pipelle Lrom the bane of the

beaker and counted in a Potri dish with fthe aid of o Winocular

nicrescope. On application to the recovery oﬁ‘ wormg from the intestines

of neonatal o:r:‘ wnveaned rats & muwber of Alfficuliies were encountered.
Because of their small size end delicate sbructure, opening

.the fvbestines of very young roabts with scissors wan an exbremoly

Aiffionlt progedure and ofton resulted in o significant loss of

vorms. The congeguent spread of infostinel contenis avownd the nite

end on instruments required repeated rinming for the recovery off



vorng, 80 that they vere evenbually collecled together foir comuting
in an axcémsive guantity of fluid, Such wethods were pariicwlarly
unaaﬁimfdc%omy during the early steges of an infection vhen imeatbure
Forms, not visdble to the naked eye, wowve prevent.,. These difficulties
were elim;nated by the developmend of the following method,

The shdonen weas opened and tho pogterior cesophmgna cwb}
the gtomach wos then loosened from ite surrownding sittachuenta
ond the small inteétin@.gently unrevelled, pavbicwiar care being
teken dn the wegion of the poncreas and ohecum, wheve the intestine
g mopt likely to bresk, It wasg then thwended on to a gless wod
of 5 mn dlowetor, one end of which had baen drayin out and the tip
heoted to o ball of puch size thet it comdly entered the lumen of -
the inbemtine, The vhole swell intestine split opon during this
procedure, and it was then transferrved 10 o 1 litre benkor conteining
¥ saline ot BTOC. The gloved fingers of the operator end the gloes
rod were winoed with seline into the same besker uwntil no traces
of intestingld contonts remnined. The eontents of the beaker wore
then drained through & layer of sﬁrgiaal gouze mpread over the Lop
of & second besker so that the intestine vosy retained in the gauze.
The fivat bealer wvas repestedly ringed into the gecond. The gauze
v then caught up on o glass rod go that the intesiine woe suspended
in the saline. The beaker wos left in o water bath at 5700 fox one
houry by whioch tinre the wornms bhad yenetgated the gowee and vere lying

at the bottom of the benker in 500 to 1000 ml of saline. The contents
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of the beaker were Lfilitered throvugh a Blchner .ﬁumel wsing Groents
Hydure 904, 18,5 on diameter filler popor, wvhich hnd been previouvsly
marked off in O wm smquares on a duplicating machine, with repeated
ringing to ensure that all the worms were bronsferved from the

heoker to the Filter paper. By adjusting the flov from the besker

the wormg were spreed evenly over nll but the periphery of tho £ilter
paper.

Tha £ilter payer was removed and, 1f the worma were reguired
only for aounﬁing, wag allowed to dry completely, The worms verve eapily
-yiaible as ved 60113 gdhering clogely to the paper, and were counted
o at s magnification of 12,5 x using o bhinccular miocrogoopo, ﬂhe' '

8 mm squares on the filter paper soted og sonvenient éuidelineé.

¢ the worms were requived alive the filter paper, while etill

waly, vas 1aid.£§r oountihg on o sheet of "Pemspexr" 20 om én diamebor,
Aftarwardé the filtexr peper uas inverted over g 1/16# meéh’aieve

on top of o Liltexr funnai co#%aining ¥ enlive eb 3703, and. fitta& -
with & tap., The worms deseen&ed'ﬁhrbﬁgh the saline end collected

in the narraﬁ sten above the'tap, ffom vhere they were rﬁn off inbo
) étoppered nieasueing eylinder to tho required dilution.

The wotic of males to females lu dh adult popwlation of' .
bregiliensis vas oaleulated by sexing the total worm buvden ox
- 200 wormg pelected at random whér@,the worm buwden wag highér than,
this figure. These were transferred by‘fagteur piye%te»in'émall

groups to o Petwd dish, and exmmnined wder o binoculer micrasoope.'
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The criteria used for differentiating males vere smrll size, pale
colour, presence of burea, and for females larger mize, redder

polour, and the premence of egge in the uterng.



SECTION I11

FXFERIVENTAT, ODSERVATIONS



Pavt 3 ¢ Componigon of globule lewncocyte concentrabion in the anbomnoum

gnd inteptine of nemotodew-infected and worm-free shoen.

THIRODUCTTON

Some awtvhors conslder, op assuue thet the globule leudocyte
is o oonstant fentuve of the gretrolntestinel troot (Wedll, 1920 s

Kengboy, 1923 ¢ Kent, 1952). On the other band, Xivkuen (1947,

1949, 1950) provided evidence that infectlon with Tedchosonoiden

crogpiconds ig asgoviated with lerpe numbers of globule leucocytos

in vt vrineny tract. This Linding ves supported by Ahlgvist end
Kohonen (l959a; b) but without refovence 0 & suiteble control growp.
T eddition, Sommewville {1956) exemined sbommss from infected

ond vorm~free sheop, end found o good cowrelutlon belween the presence
of nematodes end globule loucocytos.

Contraxy to the above evidence, Bootves (1961) stvtes that
globule loucogytes ococur normally in the wells of the alimontery
trach in a number of specless vhllo bavletovm‘(l958), who obsexved
the development of gogtrointestinal globule leucooybes In weaned
lombs put on to fodder, interprets thelr appearsnce in dorms of
changes in physioclogical requirements during digeabtion. Also, Bloom
end Towcelt (1962) do not mentlon any relationship belween globule
levecoceyten end vemabode paraslitos.

On +ho basis of these oboervetiocns it vap decided that the



reolationship of the globule leucocybe to nemmtode infectlion should
he investigated, and for this purpose gagtroinbesiloal tracts from
four worm~free and four parsaitised sheop were subjected bo hisibological

examination,

VATERTALS AND METHODS

Yorm~-Lree sheep (SU 1~4)

Thig group coneigted of Blackface lawbe weared worm-Lree
at Glapgow University Votervinary Field Station. SU/L was a six
monthiold castrate male in apparent good health at the time of death.
Wive plocks were examined from different paris of abomasum, mml‘l.
intestine and caecun. SU/2 van an elght month old male which had
been operated on two weehs previously for weolithiasis, 14 blocks
were cxamined from abomosum gnd emall intestine. BU/3, en entire
male of fiwe months , was suffering from narked oysbtitis, rupbured
bladder with weine in the abdoaninal cevity, and patches of soute
anteritis in the distel half of the small intestine. These findings
indicnted indicated obstrmotive wrolithiasis of the urethwn, 15
‘blocks were exemined from abomegws, swall intestine, ecaecum and rectum,
'SU/4. wag en entire elght month! old mple vhich hoad been injected
with tritiated thymidine prior to death. 22 blocks were taken from
ebomeswy, smell intestine, daccumny colon and mectum,

Paresiticed sheen (8P 1-4)

SP/1-2 weore nine month old Blackfoce sheap reared under the
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some conditions s the womefree group, and infected 63 doys poiox

to slaughter with 28000 lorvae ench of Ostevtagis siveuwmceincla,

Tight blecks vere exemined in eoch cese from abomasun and duodenvm.
SP/%w4, were eight month old farm reeared Blackfoces and clinical
cagon of omtertagiosis, for which they hed boen doged with thiebendamole

tro weeks prior to alaughter. In addition to Ogtertazia spp., both

sheep harboured Maelleris capillaris, while 8U/4 was also infected

vith Dictyocaulng filarin and Fasoiola hopatice. 14 blocke wewo

examined in each cage, from abhomasun end small intostine.

Proparation end exemination of gections

All sheep were killed by captive 'boj.'h and exsanguinstion.
Blocks were fixed in buffered neutrsl forselin, aud the itime between
death and Lixetlion varied between 10 and 90 minuten. The bhlocks were
enbedded in paraffin vex, end routine sections were cubt &t Sy awvd
ghadned with Mossons triel;;:con;.e method, Adequete differentiation
agedingt the Ponceau-acld fuchgin eompoﬁen*b of this stain ensured
that the globulen stood out well appinst o green background aw
bright red. spherules and weve veadily ocoumbed (Flg. 7). 100 ficlde
vere exenined wnder oil using a sguared éyepieoa disec, to give &
totel ares of 2,1 mma'; gtarting et the musouleris mucosae and working
vertleally towards the surface of the mucoma. The number of globule
leucooytes counted was then expressed as the number of cells pox

agunre millimetre of tissue section (GL/mm‘?),






Globule leoucogyte in the mucosn of shoep abowssum, iLllustrating the
appearance of thege cells in sectlous wsed for counbtiuvg.
Seotion mhained with Massonts trlchrome,

( mog & 1300 x )
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Globule leucocytes form only o proportion of the cells found
in an intraepitheliel position ln the gastrointestinel tract. Accoxding
to Tedr ob_al.,(1963) end Gibbs (1964) these other cells ave maialy
groxulocytes of haematogenous orvigin migeating into the lumen of
the digestive tiaet. In additlon, lynphocyites are frequently observed
(Andreew, 1965). However, no @ifficulty was encountered in distinguishing
globule leucooytes from other cells.

Only globule leucocytes in an intracpithelial posiltion were
counted, and pomsdbly related cells in the lamins propeis were
ignorod. Heither celle fouwnd in Brumners glands, vhich contained
globule leucocytes in infected sheep, nor Peyevs patches, vhich did

not, wvere included in counbg.

. RESULTS

Yoprnefree shoep (8U/1-4)

Of the totel 60 blocks exmmined, 58 had o concentration of
0 GL/mma, and two of 1 ('}I,/mma, cormeetod to the nearvest whole number.
The total nuber of globule leucogytes meen in the 60 blocks within

the areas counted was elght cells (Table 3).

Pexasitised shoep (SP/1-4)

42 blocks ware examined, of which 38 conteined globule leucocytbes

n )
(Fig, 8) in concentrations of between 1/mm™ and 5511/mm2. Your of



AREA su/.| su/e {su/s | su/s | sp/1 | se/2 | sB/3 | sB/4

ABOMASUM ¢

omasal junction 0 0 0 0 * 4 14 -6
10 cm from junction 0 - - - - - - -
20 cm from Junction 0 ~- - - - . - -
mid lesser curvature - 0 0 0 153 41 18 7
mid greater curvature - 0 0 0 311 8 18 105
pylorus - 0 C - 22 * 18 8
duodenal junction 0 - - 0 - - 168 123
SMALL INTESTINE

abomasal junction - 0 0 0 103 55 - -
5 em from junction - - - 1 36 60 - -
10 cm from junction 0 0 0 0 23 5 6 6
15 cm from junction - - - 0 0 1 - -
20 -cm from junction 0 ¢} 0 0 - - 1 2
30 cm from junction - 0 - 0 - - - -
4C cm from junction 0 0 - Q - - - -
50 em from junction - 0 0 0 - - 0 4
70 em from junction - 1 - 0 - - - -
100 em from junction - - 0 0 - - o) *
100 cm from ceecum - - 0 0 - - 66 8
S0 cm from caecum - - 0 0 ~ - 4 12
20 em from caecum - ¢) 0 C - - 1 1
10 em from caecum - 0 0 0 - - ~ -
caecal Junction 0 0 - o] - — 0 *
LARGE INTESTINE &

mid caecum 0 - 0 - - - -
nid colon - - - 0 - - - -
mid rectum - - 0 o - - - -
TOTAL BLOCKS EXAMINED 9 14 15 22 8 8 13 13
AVERAGE GL/mm 0 0 0 0 95 | o5 | 24 | 26




Tabla 3

=)

Concentrationg of globule louscoyten in the gostrointostinal broct

of four wormefree (8U/1~4) and four poresitised sheep (8P/1-4).

@
Hobule levcooyten presend, bub coneentration not detomined,



thope sections were not comted (able 3) boceuse of poor fimetion,
obligueness, or large areasn of Iydphold btissue. Four geotions contained
no plobule levcocytes. In genernl the highest counbs occuwrred in

the posierior shompaum and anbterior duodehun, Globule leoucooyibes

vere invariebly present in Broxmens glands in rather low concenbyebions,

bub wore abgent from lymphoid tlssue.

BISCUEELOW

The average value for Gﬁ/hma in the two groups of sheep (Mable
3) cleerly indicaten that o relationchip oxists between the globule
levooeyte end nematode infection of the gaetrointestinal tract,
and that all but an ingignificant number'oﬁ globule leucocyton
can be attributed to thin infection.

The hypothesis of Davletove (1958), relating the presence
of globule leucoocybes in lowmbs to tho sesaimilation ofkfcraign
proteing conteined in plont fodder at the btime of weaning, as well
og o sinilar suggestion by Iavrentiev and lagovekii (1928), is nok
su@por%ad, gince the worn-free sheep in the present ewperiment
vore 2lpo reared on o diet of h&y'ana ooncentrotes but were free
from globule levwcooytes. The appearance of giobule leucocyies in
Davlctovals lambse is cqually well explained by paraeliic infection,
due to the ingeation of larvee on the fodder,

Vhile the significence of the small numbers of globule leucooytes
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Globule leucocyte from the intestine of a parapitised sheepy lying

in an intraepithelinl position.

Vethacrylete section steined with haewatoxylin and eosin,

(mag ¢ 1400 x )
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found in some of the worm~-free sheep vewaing waknown, they way
only indicnte infection by mome nematode with o diveot life ayole
and therefore difficult to eliminate, such as Shxo loides illogus
(lepege, 1962), Altermatively, Rootes (1961) may be correct in
his suggesblon that these celli ocour normally ia a munber of species
but that thelr nurbers are increased by e veriety of dimcese prodesses.
Thia seensy unlikely, hovever, in viev of the large nunmbere of investi-
gatlong caryried out on mnormal and pathologicsl gestrointestinal
mcose vhere globule leucceyten have not apperently been obmerved
(Wood and Taft, 1958 : Fresh ot 8l., 19635 & Greemex, 1964a, b, ¢ @
Gowld et @l., 1964 s Roging eb al,, 1964 : Reid and Drunsew, 1964
Triew, 1964 : Wurth and Musecchia, 1964 3 Andrew, 1965 ;3 Leblond,
1965).

The Tact that the highest counts were, in genewval, iu parasitised
gheep in the posterior abomasum and at the sbomaso-duodenel jJunetion,
indicates that the globule lewcocytes occurred meinly et the slte
of the parasite, zsince this is the aroea iﬁ which Optertarin clrcunoincts
are found. The presence of the cell in Brummers glands wvould also
be expecited, eince lervae of this specien penetrate the nmucosa of
the small inbtestine and become embedded in the glands (Jubb and
Kennedy, 1963).

Tt i therefore coneluded that the ocourrence of inteaepithelial
globule leucooytes observed in the present investigation was due

to the prosence of gestrointestinel nemntodes, end thet the highest
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concentretions ore Ffound in the immedinte vieinity of tho vowns,






RAT NO. PRIMARY CHALLENGE DAY
INFECTION DAY 20 KILLED
1R/1 + - 2
1R/2 + - 4
1R/? + - é
1R/4 + - 8
1R/5 + - 10
1R/6 + - 12
1R/7 + - 14
1R/8 + - 16
iR/9 + - 18
1R/10 + ~ 20
1R/11 + + 22
1R/12 + + 24
1R/13 + + 26
1R/14 + + o8
1R/15 + + 30
1RC/1~2 - e 10
1RG/3-4 - - 20 |
1RC75—6 + - 20
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Botedin of onpovdnontald N beesdliconds dufoebionn pivon o wadn

for the nurnony of stedying tho fobule leoucooyen Peuponng
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Part 2 't The reletionship between globule leucogytes end infestion

with miggoétrdngg}ua bregiliensis in ﬁhe?ggetrointeafiﬂai_;

tracts of von-immune end partielly dumune rate,

TITRODUCUION

o results of the investigation into globule levcocyte
concentbration in the gesbrointestinal tracté of nematodeninfaetedﬁ;
and. worm-free sheep descrdibed in Seotion III (1), together with |
the previous observations of Kirkman (1947, 1949, 1950), AhlqviBtTi_
aad Kohonen (19%9a) and Sommerville (1956), indicete that a relatibnship  _
existe betwoen these ocells snd the presence of nematodes, In nrderi- N
to test this hypothesis it ves consldered necessary to produce o 0
globule laﬁoocyte vegponse bo nemptode infaotian under contrnlléd,#;
gxperinental conditions,

Ehiiéfarro and Berles (1939) obsenved wany globule leucucytéa
in the lungs and amall intestines of rzats after infection with B

Wippostrongylus bragiliensis, vhile nommal smell intestines contaiﬁeﬁ

only & fow oells. This observation suggeats, although the authors -
do not state it directly, that N. brasiliconsis elicits a globule. - .

levcooyte response. It was thevef&es: deoaded to investigate the
. globule leucecyte reaponse in the gastrointestinel traot to & aingle
infection in non-immme worm-free rats, and to reinfection after o

the axpulaion of the primary worm popudetion ai selfwoure.

t






Biga 2

A: Blooks from stomach were telen from oesophageal (1), fundic
(2) and pylorio (3) aveas.

Bs Gauge used for obtaining intestinal blocks, Ares 1l is 5 am

from ares 10 acrose the whole width of the gauge.




MATERTALS AND METHODS

Infected xrats ‘ 154 1-15 !

Adult hooded Lister femnles were used. They had an average
weight of 120 g. and were obtained from nematode-free stocks. 15

rats were infected with with 3500 larvee of N, brasiliensis by

subcutaneous injection (Table 4). 1R/1-10 were killed every other
day between days 2 and 20 after infection. 1R/11-~15 were reinfected
with a further 3500 larvae on day 20 and killed each alternate

day for the next 10 days.

Control rats (1RC/1-6

Two uninfected controls were killed on day 10 and two on
day 20 (1RC/1-2 and 1RC/3-4). Two further controls (1RC/5-6) were
given & single dose of 3500 larvae on the first day, and killed

on day 30. These procedures are summarised in Table 4.

Preparstion and examination of sections
Rats were killed by a blow on the head. Stomach and intestines

vere carefully uncoiled and removed from the abdomen. Sections
of stomach were taken from three areas which corresponded to the
para cardiaca (area 1), pars angularis (area 2) and pars pylorioca
(area 3) of Oehmke (1963) (Pig. 9). The small intestine was placed

on a gauge (Fig. 9), and six equidietant bloocks (areas 4, 6=10)
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way between areas 4 and 6. A further block (area 11) was removed g

¥

from the large intestine about 5 cm below the ileocaecal Junot??'" 3
In the case of 1R/11-15 only areas 4,6,7 and 8 were removed, All 3
tissues were in fixative within three mimutes of death, Buffered 4
neutral formalin was used throughout, and tissues were embedded A
in methaorylate by a modification of the method desoribed by Conk
(1965). A11 smections for cell counts were out at 2u and stained |
with amido black, Cell counts were carried out as described in
Section III (1). |

Worm counts were oarried out as described in Bection II (2) %

RESULTS

Rats dv. e infection (1R/1=-10

The globule leucocyte distribution throughout the gastro:
tract 13 shown in Pigs. 10-12, During the first 10 days of the inf
(1R/1~5) smell numbers of globule leucooytes were present in ﬂw
stomach and large intestine, but there was a virtually complete
absence of these cells from the small intestine (Fig. 10), al
worms were present there in oconsiderable mumbers after the inif
three or four days. This picture changed radically on day 12 (.
(Fig. 11). There were now large numbers of globule leucocytes
the ducdenum and jejunum at the site of the nematode, and the
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oontimod to riso m the mteriaz small intestine until day 1

(1R/9), with secondary peaks arising further down the jejunum
days 16 and 18 (Pigs. 11 and 12). Concentretions in stomech and
large intestine were also higher. By day 20 (1R/10) the high cone
had declined markedly. At no time were globule leucocytes seen
the pars oardiace (avee 1) (Figs. 10-12). Worm counts showed that
all but a small number of worms were expelled from the intest
between days 10 and 12 (Table 5).

eoted control ra : -

Globule leucocyte distribution in these animals is shown m
Fig. 13. There was no signifioant difforence between those killed
on day 10 and those killed on day 20. The distribution of globule
leucocytes was very similar to that seen in rats infected with ‘
N, brasiliensis, between days 2 and 10 of the infection (1R/1-5
i.e. emall concentrations in stomsch and large intestine, with
done in the small intestine, 1

Bocause of the increased spread of N, brasiliensis along
small intestine during a challenge infection (Brambell, 1965b) :
only the site of the worms during the earlier stages of a prin
infection (areas 4,6,7 and 8) were examined from 1R/11-15, to .
examining areas which might in practice be experiencing worms

R -

time. An averege value for GI/m vas obtained for these areas (¥
.
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hase of a single infestion, and.on day 10 of

 infection reached almost deuble the highest concentration reaht
during the course of & single infection., Worm counts were as
| 1R/11 194 '

112 4

1R/13 50

1R/14 1

1R/15. 5

Only the worm site was examined, as indicated above. No
leucocytes were seen in any of the blocks (Fig. 14). No worms wer
present in either rat at autopsy.

By comparing the distribution of globule leucocytes (Pig.
15) in 1R/1-5 with that seen in the uninfected control group 1
(Figs. 10, 13) it becomes evident that né significance can be atts
to the stomech and large inﬁestine,resx;mses during this per:
Further investigation showed that the response in the large intel
night be attributable to the nematode Syphacis ot ; :

e

-
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However, the increased concentrations of globule leueeerm.l’ £ﬁ
the stomach and large intestine from day 12 onwards probably do
represent to some extent the overlap of a response to N, brasil ._
The site of greatest globule leucocyte response after self-oure
11 and 12) coincided closely to that of the nematode before it 'f,
expelled. The cell reaction became more widespread later on,
high concentrations throughout the small intestine, This appumf
to correspond to the redistribution throughout the small intestine
of the residual worm population surviving self-cure, which has be
desoribed by Brambell (1965a). The globule leucooyte distribution
over the whole of this period corresponded closely to the distrit
of N, brasiliensis adults during & primary infection, Nevertheles
there was & fairly marked response to either side of the aet\uI"
site of the parasite, and in the case of the stomach and large
intestine this ocourred outside the area usually associated witl * .
a pathological response to N, brasiliensis., :

The timing of the globule leucocyte response during e px
infection is striking, in that it coincides closely with self-ou
(Table 5). While this provides no definite indication of a direc
link between globule leucocytes and the immune response, &s tha‘
apparent relationship may be fortuitous, such a relationship sh ‘ y

be investigated further. The demonstration of antibody in Russell
body cells, which may be similar to globule leucocytes (White, 1954),

- ‘ a'_ft, ) ‘






DAY Ol /as® WORM
COUNT
2 0 36
4 0 892
6 0 207
8 0 1225
10 0 266
12 29 5
14 53 15
16 146 1
18 150 0
20 38 0

Zable 5
Globule leucoayte response at the worm site (areas 4,6,7,8),

shoving a close oczrelation to self-cure, as indiocated by
vorn oounts. These results sppear in graphical form in Pig, 16,



is added reason for doing so.

The nature of the globule leucocyte response in 1R/11=15
appears to support the suggestion that the immune response, rather :
than the actual duration of the infection, is tho related stimalus,
Reinfection on the twentieth day produced an immediate and massive
globule lewcocyte response, without the time lag noted in a primaxy :
infection. These differences in magnitude and timing betwéen the mwg
in primary and challenge infections may be due to the immne state
of the animal after being exposed to the initial infection, and
demonstrated by the characteristically rapid expulsion of the aaoﬂéw
worm population.

Comparison between reinfected rats 1R/11-15 and their single
infection control group 1RC/5-6 (Fig. 14) shows that the globule
leucocytens resulting from the primery infection had completely
disappeared, and that on day 30 all globule leucocytes at the worm
site were the consequence of the challenge infeotion.

It is concluded that all intrmepithelial globule leucocytes
rresent at the worm site in this experiment were produced in response
to N, brmgiliensis and that these cells only appear when s state of
immunity exists, and probably only during the period of an active
immne response, that is at self-cure or during subsequent infection.
The experiment also showed that the globule leucocyte response
extends beyond the location of the parasite, and that it has subsided
completely within 30 days of a single infection. It also suggests that .
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Globule leucocyte response in the anterior small intestine

during e primary infection (1R 1-10), end after reinfection

on day 20 (1R 11-15)..
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the greater the degree of immunity the larger is the globule leucocyte
response, but a direct relationship between globule leucocytes

and the immine response remains to be demonstrated.
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Globule leucoeytes in the Jejuoal oxypi epitheliuvm, produced In response

40 o gingle infection of I, brasilionsis.

Methrorylate soction atadined with smide bhlaclk.
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Yort 7 @ Ohservations relotine slobule leucocybes to infectlon

by cemtoden end tremotodes.,

INTRO?UQQION

The results reported in Section ILX (1,2) clenrly esteblich
o relationghly between certain nematode lnfechions end the presence
of globule leucosytes in the gastrointestinel mucosa, and indicate
that those 0@113 are almost'completely abaent from poraglte~Lfree
enimel. In addition Plerce gh ol.(1962) ond Plexvce end Long (1965)
have reported that coecidiasl infection in fowls produces a globule
lavcoeyte rogponge,

Becoune of the possibility thet other typen of perpsite sleo
elicit o globule loucooyte wesuponse, available cestode- and tuematode-

infected motexiel bhas been examined fox the presence of this ocell.

MATTRIALS AND METHODS

Tagoiola hepatica

Blocks were obtained from the liver of s nematode-free Blackface
sheep vhich woo suffering from acube fapcioliasis at the time of
killiﬁg. This snimal had previously been fad copper at high levels
For other expevimental puvposes. Blocks were Lixed in bulfored

nowbral formalin and stodned with haenstoxylin and copin,



e NS

yyﬁenolepis nang,

The pastrointeatinal tracts of two vets infected with the
ilgum tapevorn M. npan were exemined for the presence of globuleﬂ
loucooytes. Bloocka wewe taken from the peme erems as before (Section
1T (2) ), one get being Ffixed in Susa end the other in othylene
glycol mononethyl ether. They wewe embeaﬂéd in mathacryiate, pectloned
ot 28 and steined with amido black, The prepence of i, nons ves

confirmed nt anbopsy.
RESULTS

Tapelolo hepation,
Globule Leucocytes, which appeared to be morphologically

identical to those previcvély observed in the gasmtrelutestinal tracts

of sheep infeotod with Qutertegie spp,(Pig. 8) wewe presert in
large numbergiin the bile duet epithelium. In come areas they were

po numexous thet & leyer three cells thiock was formed.

Hymenolenpis nana,

Blocks from gtomnch, anbevior small iuntestine ond large intestine:
contained no globule leunecocytes, but in the.poaterior spall dntestine
& single isolated hléck, aven 8 in cach casc ; contoined high concene
trations of the cell, vhile adjacent arveas (7 and 9) contained

very lov ox zeovo concentrations. The location of this responge



correnponds to the sile of He nana in the xat.
DISCUSSION

The preaenné of globula lencocytes in clome associabtion with
sostodes and trenptoden suggesté thet these elaeses‘of parasite
com couse e globule leucoeyte wesponse in the same way o8 nematodes
and ococeddia, Hovever, these obhpervations mugt de intarpéeted ﬁith
cawtion becouse of the bnall numbers:of @nimal& eramined and the

ahaencg of controls.
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Fert 4 ¢ Globule leucocytbe response dn byporlmmwme ety infected

wilth Nipposbrons

e brasiliensdo,

STLRODUCTION

In Sechlon IIT (1,2) cxporinentel evidehos wap proseanted
vhich denongtreted that cerdaln nemstods lunfectlons elivit e globule
lsucoeyte response in the gasbtroivtestlnsl tracty and confivmed the
obgorvatlons of previous swithorg on this subject (leiahferro oad
Sordlen, 1959 ¢ Kivkmen, 1950 3 Sommorvillo, 1956). It wos nobed

dupdng the couvse of M. broslltlensia iufection in mods thet the

apoenrvence of globule leuvooytes in the mucosa of the small intestine
goinclded with the onget of the lwame wesponse.
Honwimmune wabs were weed in this cxpeviment, end in puch

animale Liwweotlve lewvae of N, beasiliensis become maturve adults

In %he small intestine sbout 5% doye afber injection (Weinmiein
and Jonest, 1980). Five to seven duyw loter cxpulplon of dhis adulb
worm pogpletion from the smdll iundenitine scommavces. The globule
leuoooyte meaponse in guch rats colnolded with the commencoment
of pelf-cure and conbinuned during the perlod vhen expulsion of the
worms ves toking plico.
The coingidénce botueen the appesrance of globule leucoeybes
and the onset of the lmmme vesponse may, bhowever,; have been sccidenial,

for 1% is equelly pospible that their occurrence wap wreloted Go



the arrival of the fourlh stoge lowvae in the smndl intestine o
woek eorlier (Barlen end Tolieforro, 1936), ov to some other avent
in the life eyele of the prehalbo,

The patvtern of selfwgure iz aliteved in vals vhich hove had

pravious expeorvicuce of N, bwxasilieunis end are theveby rendewed

Inmme, The inmme regponse In the small :i.nteai';;nm of gueh vabs
comenses ob the tine vhen fourth plase leaxvae reach the inbesiine 3
that ig ebout aix deys ecoxlier thon ln non-howume vots wvhich are
pluilerly infecbted, This difference in the timing of seli-ocura

in non-fmmomnoe aad Jwmune rete woy e used to deteynine vhether

the opourrengs of globule loucooybesd ig velated to the lmmune veaponso, '

ov 4f it hay o Qixed velztlonsbis to some othor feniuve of the life

oyole of N, bresiiicnsia, the dimlng of which im vot aliered by
changlng the bmumnologleal gtetus of the mat.

The inpontance of establishing the precise malture of the
velotlonghip betueen globule leuwcocyten and the e response
Lo in the posgibllity theat these cells play on pebive pord in
gali-oure. The puxposa of the present lavostlgeblion was o exemine
the globule leusooyite responae pccuzeing (0 & challenge ivfestion
with N. brogillonslg in o group of zats rondeved hypewimmuoe by
ropeabed 3;)::.*@3.011& infections, with the aim of flotornining the bimiag

s ]

of the response, and ite relotlonship to the gelfwcuve phenomonon.

MATERTATS AND METHON




MATERIALS AND METHODS

Adult femnle albino Wistar rats from nematbode~free stooks
vevre used, with a terminnl weight in the ange 200-210 g, They wexe

each infected initielly with 2000 infective lervee of N. brasiliensin

vhich vere injected under ether amnesthesis into the groin vegion,
The infeotion was repeated at intervals of two weeks; the dose of
Infective lamee being increased by 2000 on each occapion po thub
the fingl immunising dose vas 8000 lexves per rat. Six weeks were
then allowed to elapse In ovder thet sny globule leucocybe response
provoked by the immunising infections would subgide.

30 of these hypewimmune rats (R/1~30) were then infected
with 3500 larvae, adninistersd as previously deseribed, while a
further eight rats (C/1-8) vere retained as controls. Challenged rets
vere sacriliced in palrs at two day intervals over the next %0
dayey while the unchallenged controls were killed in paivs on days
0, 10, 20 and 30, Eagcal-egg counts were cavwled oul each day from
o randowly selected 1 g, sample obtained by mixing faecés from
the cages houging 1/1-30.

Rate were killed by en overdope of chloroform and the omall
intestine unravelled and placed on & gauge. Two lengths of unopened
Jojuaun were wemoved (aress 1 and 2) at a point calonlated Ly Brambell

(1965b) as being the mode of the distribution of & secondary infection

of N. bragiliensis &t less then six days duvation. Thie ares is






GL/’mm2

DAY EGGS/CGM. RAT NO. WORM
PAECES AREA 1  AREA 2  AVERAGE | COUNT
C1 13 5 9
0 ~ c2 5 4 7 0
1 0 8
g 11 5 3
2 0 R 2 6 16 . 7
3 66 -
R 3 4 5
4 133 R 4 25 31 16 91
2 2 3 3 5
R 5 5 8
6 66 R 6 a7 112 87 14
L > 13 13 11
R 7 7 0
8 e R 8 112 199 157 17
9 0 ' 7
C 3 19 19
Ca 11 7 14 9
10 200 R 9 305 931 9
% 10 15 87 174 6
T3 0
R 11 77 80 5
12 0 R 12 83 a6 62 8
1% 0
R 13 57 136 0
14 0 R 14 120 198 150 17
15 0
R 15 71 57 .
16 66 R ¥y o 111 4
17 0 .
17 27 29 9
19 0 R_18 49 58 40 7
15 5
C5 7 5 8 8
50 0 C 6 15 5 5
R 19 1% 12 5 1
R 20 55 44 0
21 5
R 21 50 %5 5
22 0 R 22 > - 25 3
5% G
R 23 12 57 7
24 © R 24 78 64 45 4
25 0
R 25 11 14 5
26 0 R 26 2 3 8 4
27 0
o8 R 27 1 4 7
° R 28 10 31 12 o
29 0
c 7 3 20 1
8 6 4 8 20
50 0 R 29 6 8 A 0
R 30 0 3 3




Table 6
Mxperimental results of o challenge infection with 3,500 larvae of
N, bragiliensis in hypevimmume rats (R1~30) and in & similar group

of uninfected hyp@rimmme controls (Cl-8),



spproxinetely 5.om furthen foruard then in o prloary imféc‘tion;

Blocks weve fized in buffered neuwtral formalin, embedded in methacrylate
end pectioned at 2u. The nunber of intraepithelirl globule leucocytes -
per gguard millivetre of tiBgue seation (GI-/rmna) ves enloulated ne
desorilbed previously. The fowe values of {él,/nm? for ench reir of

rots were pooled and an average cbiained, vhich ves uged as an expression
of globule leucocyte concentration on that particular day, A worm
count wap carried o;a:{; on each vat ab am;'bopmy. uging the moethod deaéribed.
in Section II (2). No differentistion was mde hetween immeture

aand fully adult formg.
WHSULTS
fumericel results are set out in Table 6.

Worm oounis

Sedld nuwbere:of worma wewa found in the majority of control
vato (0/1-8), These worms ropresented the vermants of the immuniging
m:’;‘c-aqtions rvemoining after self~oure, Considereble numbers of :tmatum
forms vere found in the swmall iatestines of the infected rats killed
on day 4 (R/ 3ed), indicating that a proportion of the infective .
larvae had escaped the inhibition of larvel stages associated with
challenge infee‘bion (Ogilvie, 1965b) za,mi‘ hnd aueceedéa in z:éa.t_:hine;

the small intestine., However, on day 6 the worm counte immedietely '
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deolined, again to the levels found in the control group, confirming
that seldf-oure commenced immediately the new infection reached the

sndl intostine.

Boe countn

The results of dedly ege counbs confiemed that the repeated
immuniéing infeations bad rendewed the rats solidly immmne, Mo
ege-laying peried ensued after the adulis reached the smull intestine,
in ocontrast to the normal patiern obmerved during o privery infection,
and the oconcentration of esge in the fagces renmined low throughout

the experiment,

Globule leucooytes in gontrol rats (C/1-0)

¢lobule leucooytes were premsent in low concentrations in

all the blocks examined. Thelr concentration did not markedly fluatugte
throughout the durvation of the experiment, enabling comperisons

vith the infected group to be made (Fig. 16). The presence in control
rats of globuie leucoayten corvelates with the finding of swall mumbers

of adult worms noted above.

Globule leucopytes in ohallenged ratg-(R/inaO}

The numerical walue obialned fox GL/bmg in each ares examined
is shown in Table &, and the bi-daily averages are plotted in Pig. 16,

A morkod globule leucocyte response (Fig. 17) commenced between









e AT
(lobule leucocytes in the JjeJunal cuypl epitheliwm and lomins propeie

of o hyperimwme ¥at oafter a challenge infection of N. brasgiliensig.

Methaowylate section stained with amido black and photographed undew

vhose contrast.

( mag ¢ 1300 x )
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daye 4 end 64 in the period iumedlotely following the entrance

of the woras inbto the small infestine, ond coinciding wilth the
onpet of self-ouve, The aversge concenbrnbtion of globule lovcocyhos
reached & masmimum on dey 10, and bhereaiter deolined so thet by -
day 26 the nmmbey of globule levcocytes in the infectod group wos

pindller to that of the countrol group.

DIHCUHETON

The globule lotcooyte vesponse in the ampll intesbinesn of
hyperimmwne w@%s subjected o fuvther expervimentnl lnfection with

N brapiliconis dip compored to spindlar winfecited contwol rabs

dn Fig, 16, Tn ondor to compave thilm vesponso o thad ocouwring in
normimpune xate she concenbration of globvle laucocytes produced
in veaponge to & prdwmsxy Infection, ond previously veported in
Section TIT (2), 1o inserted in the mame figuve.

The courae of inlection by N. brasiliensis in hyperimmmne neis

differs in o yumber of well dofined woys from & gimilar infection
of nows-inmme roabs. Those chonges are the mepult of the deovelopmeitd
of martind op complete Jmunity to relnfection, mitlmalated primgrily
by the oresense of adult worms iu the small indestine (Onilvie,
1965b), In o primory infection tho srrivel of pdult vorms in the
psrall intestine ls followed by an egeg-laying pevied which tevainmies

af dmmund iy dovelops, and which is clogely followed by the xepld
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expulasion of & lavge part of the adui-*b worm population {sce Neilson,
1965), Once immunity hag developed, the ebility of adult vorms

w0 osteblish themselvers in the swall ivtestine is iwpaired, vesulting
in the pertlal ov complete sbolition of the ega~laying phase end

the imediate onset of pelfecurs. These effects werse manifested

in the present case and resulted in the nesligable concentrations

of eggs in the faeces ond very low post moriem womn cownts noted
in the infeoted group R/1-~30, Since immunity is not stage specific
and hﬁli;bi-t:s the development of larvee to metueity (Ogilvie, 1965b),
it is p:r.'o'bable thet the mmber of fourth atege lexvae reaching the
arell intesbine was considerably lover than would have odcu::v:c:ed_

in & ginllay peimory infection.

The globule leuccoyte vesponse in the reinfected hyperimmune
grovp R/1-30 commenced hetween doys 4 ond 6 {Fig. 16); ebout six
daye eoxlier then thet obsenved previously when nonw-imumune ratbs weve
used. Consequently selfwoure and the globule leucocyte respousc
colrceide in hyperimmune rabts ap well an in primery infections,
denpite the different tining of the lmmune wesponsce wesulting from

pravions ezperience o N. brasiliensisg,This indicetes that the

occurrence of globule leucooytes in veleted to the onpet of an
immme vepedion againgt the worms In the swell intestine . and not

to mome other event in the life cycle of N, brasliiensis such as

the appesrance of womg in the intentine, the sinming of which is

not altered by changing the immmological status of the »ab.
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Part 5 ¢ Morphological comporison with the lisht microscope of

globule leucocytes and experimentally produced Russell

body: cally

INTRODUGTION

A high incidence of Russell bodies at different sites has
been apsociated with degenerative chanze (Bangle, 1963), chronic:
inflamration (Yoshida ¢t el., 1964) and iommmological procenses
(Mungick end Janoveki, 1963). White (1954) observed Russell bodies
in cells of rabbit spleen after repeated injections of Proteus
videgaris live vaceine, which were probably similar to certain large
*dead" ecsinophilic cells obmerved by Congdon (1964) in eplenic:
white pulp after antigenic stimmlation, Using flunorescent eantibody
and cytochemical technigues White (1954) demonagtrated that specific
antivody vas present in Ruesell bhodies or on their surfaces, Zlotnick
et 81.(1959), in similer expeviments on the vobbit, welated the
dévelopmeﬁt of aplenic "grape cells" (i.e. placma cells containing
Russell bodies) to immunisatlon, hyperglobulinsemis and plasms oell
hyperplasia. Peavese (1949) observed incressed nunbers of plasmn
colls end ﬁussell bodies sround malignent tunours, and it has been
puggented that this ls indicetive of en sutoimmune resction to abnormal
proteins produced by malignent tumowr cells (Zlotnick et al., 1959).

Connequently there is a considerable ampunt of evidence to xvelate



Pussell body colls to lumtme procegses,

Globule lencocyte ineclusions bedr some resenblonce to Rupmell
bodien; in feet both White (1954) and Kirkmen (1950) indicate thntb
they are very clogely veloted. Kend (3.9,‘52), on the other hand,
gtates that the two types of cell are veadily disitinguishoble using
morphologicnl and oytochendcnl criteria. In order 4o conpare the
twoe types of cell morphologleally, intestinal globule leucocytes

produced in regponse to two infections of K, brasiliengis ond Rnsgell

body cells , produced in spleen end submsndibulaxy lympbh node in

vouponse o repeated injections of Tmoteus wvulsaris vaccine, wore

examined with the light microscope.

VATERTALS AND METHODS

Pemnle hooded Limter rates, average weight 120 g. were used.
Vaterial contoining sglobule leuvcooybes was obbaivned fvom the Jejunna
of rats infected twice with 3000 N. bragitiensis larvas gt an intorvel

of 20 days, and kilied 10 days affter the second infection.

Culture collection catalogue no, 4175/13&%@!1_ A.The orgpnism was grovn
in tzyptle digest broth for 18 houws at 3‘?00 0 give a conceniraition
approximately equal to & nos 1 Wellcome opacity tube; squivalent
bo 2 % 10° organdlams/ml, 0.25 ml of the live vaceine was injected

Tatravennusly into the tall vein at throe day intervals, under
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trichloroethylene anseathesin, 10 injections were given ovexr 30
days, and the enimals killed six days lateor. This nmebthod was sinilen
to that described by Waite (1954). Pour vats were given,vaécine injections
end two additional nonrvaecinated bniwvals vere kiiled at the seme
bimg.
Mimdls were Killed by o blow on the heed, All tiseues vere
fixed in buffered newtrsl formalin and embedded in metheorylate.
Sectione weve cut at 2u snd sitained with heermstoxylin and eosin,

Cell neomurenents were carried oub using & Wetson miorometer eyepiece.
RESULTS

Huésell bodywcontaining colls were pregent in the spleen

and submendibular lymph nodes of vaccinated and non~wmoeinated rats.
However, they were muoh moxe plenibiful in vacclneted animels, and
the Russell bodles were in aéme coges very much larger. The highest
concentration of such cells occurred iﬁ the lymphatic medunllexry
covds, where they weve intorapervsed with plasme cells. The plasms
cells and Russell body cells occurwved in groups, so that meny fields
conbained fow or no cells of +this type.

| In Pig. 18 the cells axe about equally divided between mature
plesma oells and metaplasmocytes unden going Russell body formation,
fige 19 illusizates a Ruggell body cell of slightly move watune

types which is movphologically similar +to the globule leucooyie










Fig, 18
Modullary eord of a lymph nole from a rat dmmunised with repented

injectionn of P. vulgeris vaceine, showing & nunber of mature plasma

colln interapersed with cells at verious siagen of Russell hody
formetion.

Methaorylate pection sinined with haemstoxylin and eosin end photographed
under phase contrast. |

( mag 1 1300 x )

Fit—ﬁa 1 “2
Motoplespacyte containing relatively smzll Bussell bodies. Such

celle have o morphology which lg pimilar to that of the globule
leucoeyte.

Netheorylate sectlon stalved with haenatoxylin and eopin and photographed
wnder phase controst,

( mag ¢ 1300 x )
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except that the latter type of cell iz freguently elongated, povhopn
hocouse it i wdergoing aeﬁive_migration. Te changes which vake
ploce os he Russell bodies onlarge erve illuptrated in Fig. 20,
The numbaer of Russell bodies within each cell eppepve to decrease.
Thisn noy be due o coulescence or, alternatively, to the feot that
with increasing pige Tewer of them eppoar in o single section,
The bodies ave at flret roundedy lelter they become contoured ogaingt
oxie aﬁother and evenitvally sepdnst the surrounding bissue, go that
the cell finally ccases %o he spheriecnl. The nucleus becomes flatitened
vervipherally, but doeg not shov suy sigpp of degenerations o Russelld
hodles vere definitely identified es belng ewiraceliulpm.

Tho smallest Ruspell bedies could not he scceurately measured.
The dianeter of the lovgest inolusion obiexved wog 24, vbhile the
Kaw@est.ﬁusaell body oell locsted hnd o diametor of 30n. Celle
os’ comparable slse and morphology to globule leucocytes measured
akout 10u across, while thelr globunles, which were also of pimilar
slzne, meapuved approximetely Ip QOTOHE o

In combzoet bo the Russell body cells, globule leucooytes
werve of warkedly unifovm morphology. The bnly'vmriable noted wayg the
ghape of the cell, vhich tended % be elongebed in the lemina propeie
and rounded in the intraeplitholial pogition. Inclusdons weré of
Loirly walform gize fren cell o ol and within any aingle cell,
ond were epprovimntely 1y in diameter, They wore almost grherical

in shepe and did not appesy to indent the nucleus, which vas Lrequently
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Big: 20

Russell body cellg et vawvious stoges of development. One cell is

pohoriced and contains small round inclusiong. b second cell rebainsg

Lts spherical phoape but the inclusions heve become contouved 'agp—,inrst

each other. The third cell shows thiwoe large ineluglong. The muclous is
flatitened poviphevally, and tho cell hes lopt its spherical shape.
Mathaorylate seobtion gtainsed with haeﬁmisoxylin ond eoging and photographed
unée:e vhage convrast.,

( map s 1300 = )

Wigr, 21
[T T

(Lobule leucooytes in the Jejunum of on adult wat, produced in remponse

0 N. brapiliensis infection.

Mathoerylote section stelued with bacmatoxylin and cosin, end phobographed

under phovse contrant.

( mas s 1300 x )
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contrally placed within the cell. As has heen previovaly noted,

the chvomgbin digveibution of the mueleus mza.em'blad that of & plasme
cell. The globule leuvcocytos obsewved corrvesponded vexry closely

in their worphology, withia the limits of 1light miorosopy, bo 'hhe'
Fuepell body colls of the sype Lllustrated in Mg, 19, excopt thet
vhen viewed uwnder phape conbrest Ruspell bodies ayppeared whivish
vhile globule lewcocyte inclusions were wed in colouwe (Wigy, 19.

and 21 ) °

DESCUSETON

The process by wvhich plasms cells chonge into Russell ‘bod;y'
woontaining cells after antigenle stinviation 18 described by Besmsis
(1961), from obsorvations with the electron microscope. % is spparentd
from this investigaltion that o loxge number of smell Russell bodies
neke o simlionecus appearance in the oytoplesn. Thisg ig in neeordancs
with the resgults of the present investigabtion. The releasing of
derge inclusions found in the wmoet nature Humsell body celle, alithovgh
uoy observed during the premsent gbudy, muy wesult in the extracellular
Fusgell. hodles cbmerved in differont orgavs in a varioty of pathological
condisions, so thet Buspell bodlen ave somebimes desconibed op being
inbrocellulor (Apits, 1937), and sometimes exbracellulor (Yoshide
8l phey 1964).

In contragt o the Ruesell body cells, globule leveocyten
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wexre of guite vwalform morphology. Thely strustuce conformed veuy
closely to the type of Russell body cell occurring ot o velavively
early stage of Ruesell body dévelopmem;. Thiz obpoyvation cen bhe
exploined on the bapin that vhille the development of the Husasell

hody cell throvugh voarions slages is occcurving at o siugle alte

within o Ilymphoid orgen, the globule leuwcocyle matured to ilp obperved
piage of dovoloyment owbtside the orgpn in vhich it wes bedng obmorveds
this is besed on the aspumpiion that the globule leucosyte doen

not bhave o local ovigin, IT the globule louecocyte i o mlgratoxy

ocll this foot would asecovnt for the chonge in shape of cells botueen
the leming proprie find. the epitheliun, Rurssél’l body cells are known
4 be movile, £rom observations made on living celln (Taiowy, 1958).
Hovever, the subigenic gtimulus produced by introvenous injeoitlons

of P, viiggreds weeine s presumably not directionnd like that of

adult N beagilieveds, l.e. 19 not wrecdricted 4o one aves (’she
gt lumen) towards vhich the cells might wmigrato. Consequently
Raseell body cells wight be expeoted to undevgo their complete
development in the one saven withoult undewgolng wigeation, thus
enabling vll steges of Russell body fommablon to be obzerved,

In conteast, the local antigenic gtiwmulug of N, beasiiionsic,

pitveted in the lumen of the gub, would spvear 0 be directional.
Congeguently, cells migeoting tovards it would tend, atb oy one
lavel, to be ob the same stoge of developrent, The intense ilmmme

repponge bo N. brapilionsals way result in their wapld migration
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Ianto the lunen of the small Intestine, and preciude any further
dovelopment. Obmervations reporbed in Seobion ITI (6) also suppord
the theory that the globule leuvcocyte 1lr & migratory cell,

The gignificance of the different colouwmntion of Russell
hodtles and globule leucocyte inclusions vhen viewed wmder phase
conttrast ig difficult to amsess. It appears From observations renorted
in Seation ITL (9) that certain globule leucocyites do not exhibit
thid difference wader phase (Wig. 38), and these £indings arve discussed
in the'apyropriaté aeotlon.

I% 1g cohcluded that while the mojority of Ruspell body cells
are easily distingulshable fron globule leucooytes on & morphologieal
basig, cortoin early foms of the cell cannot be vendily distinguished.
Objections to a reletionship betveen globule loucocybes and Ruasell
body cells based upon morphologicnl criterin do not therefore sppear

%0 he valid.



Part & o+ Ultmatoueture of globwle leucooyles dn the yucoms of

the gmgll 3*ai.czst.ine of the rpt, prodused In wegponse to

Nl

sytun brasiliennls lnfectlon,

TETROTUCTTON

Weill (1919, 1920) hae descwibed, ia a mumber of EPeOlet,
the wovphology of the globule loucocyte wnder the light microscope.
% 1g 2 large cell with o nucleun sieilarw in eppearonce Lo that of
2 lymphooyte or plognn cell. The entensive cytoplasws is refyactovy
to roubine sitadning techuigues, but cowbtaing o conglderable numbex
of gpericel sosinophilic gromilos vhich meke identification melatively
gimple. The vivmotructare of Lowl globule leouceeytes hop heen studied
by Toner (1965), who shoved thet thelr inclusions ove homogereous
ﬁ;‘,’.!f&llul@ﬁ'p gome of which contedn vecueles. More recenbly Coxr (1966)
has exemived the struchoce of appareatly oxyptelline Inelusions
in globule leuecooybes from the mmocosa of the large ﬁixl‘;e.%:t:i.ne of the
moutio, and hap sentablvely sugmested thet dhey might be protein in
natuee,

Kent (1952) has descmibed & mowies of trousitionsl stoge
besvean lymphooytes and globule leucocytes in the intesbinel mucose.
Poner (;’!.965) Ime supported o iynghooybic ovigin on the basle of
uliragtruetoral observabions, placing particwlier enphasis on tho

pooxly developed rough endoplosmic rotleulum of the globule leucoeyle.
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Ligs,.22
A gmall bleod vessel in the musculeris exterva from the Jejuaum

of a rat infected with M. bresillenuis, showivg & globule leuvcoeyie

pltuated in e pevivescular pogition.
Methnerylate section stained with amido hinck,

{ mog & %000 x )



On the other hand, Kivkmen (1950) ﬁa& guggested o clome relationghilp
betveon the globule lewcocyte and the Rumsell body cell, thum implying
o plepes cell origin., In addition to theme morphologilcnl obsewvatlons,
) rei@tionﬂhip hes beon shown to oxigt belween the globule leucooyte

and the lmmume response which ocouwes in wats infected with the small

intestine nematode N, brasiliensis (Section ITI (2 and 4) ).
The examinntion of globule lewcocytes with the electron micromcope
ig uwnderteken with periicular reference to the role of this cell
in the immone éeeyonse and to the possibility of & reletionshiyp
to the lymophocoyite, plasma cell or mast cell., In order to obilsoin
maximum concenbrotions of globule leucosyler in the tismues to
bo exemined, all raberiel wos obtained on o dey of maxinald cell
raspbnﬂe o @ chnllenge infectlon, from the suell intesbtine worm
slte of woim previouwsly immmisged by o single infeotion of s brasilienils

Loy,

MAMERIALS AND METHODS

Vomm-free adult hooded Idsber rote, avernge welght 120 g,

vere injected subcuitaneously with 4000 infective lavvae of N. hvasilionsis.

On the twentieth dey of the Infection it wam vepented and samples
vere oollected 10 days later. fats were suacsthetised with trichloro—
othylene ond tisoves obiained from the Jejumm worm site, vhich

was located on the gauge dosoribed proviously (Pig. 9). Tissues









Fim. 23

Low power electron miorograph of the- columnae epltheliun ot crypt
level, from the jejunwm of a rat herhouvring H. brawilienﬂéa. The
umen of the cvypt, lined with microviili, is siltuvated to the right
ond o numbor of goblet cells mre presont. Six globule loucocyten are
present betveon the odlumnarw epithelial cells , and o seventh, visible
in the hothom 1e£%_hmnd'aorner, i situeted in the adjeceont lomins
propris (I £, |

{ mog & 5200 x )
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vere fixed in cbilled 1% buffeved isotonle osmic acid W Ted (Ze‘l:'bex'qviat,
1956) or in 5% buifered gluteraldehyde pH 7.4 (Sebatini gh al., 1964).
They were dehydrated in nzgceonding grades of ethanol and cleaved

in fwo changes of propyleve oxide., The araldiie ewmbedding method

of Imft (1961) wes veed. Silver-grey gecbions were cut on an IXKB
miczotone and wounted on wacoated. or carbon/collodion ~conted grids.

They were sbained in uwranyl scetate in 507% ethanol and screenad

on o Prillips M 200 electren micromcope alb 60 kv, Sccebions fox

Lightt wicrogcopy were fived im bhulffered neutral formalin, embedded .

in wethocrylate, seotioned at 1y and giteived with amido black,
RS ULTH

in 1p sechions of wrasitised matorield globuls leucoceytes
vore wendily identifieble ap lorpge cells with wngtained. cyloplomn,
containing the chevacteristic cloclk face-type of muelous and cytoplasmic
inclugions vhich sitoined intensely with amide black. These cells
vore identical to thome p:t:'éviouﬁzly deoscribed and illustreted by

Tolinferve and Serles (1939) in rate infeoted with N, bragiliensis,

They were present in very high concentrations in the mucoss of the
proximod Jejuwm, and were also frequently observed in i perivasculern
position in both the submucosa and the exbermal muscuwlar coot (Fig,
22}, In the mucosn ’che:} were about equally dimbtributed hetween the

laming propris end epithelium of the cryptis, vhile occapional cells









Dig. 24

Intreoeplthelind globule levoooyie showing the vewiable width of

the j.zl'bercel;ular HPACO and :Ll:Lusrbm'bing gt the bop wipght e loog
oyboplasmic process (P) inbordigltating betveon adjocent epithelisl

cella.

( mog @ L7400 x )
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vere pregent In the villus cove and epithelium, Some variation in
the general form of the cells was observed, depending upon ﬁhbir
location in the mucosp. Thus; globuwle leusocybes in the laming
propuin were often glongnted in the divection of the long pxis
of the oryph, vhile those in an intraepithelial position bended
to be more sphericel (Fig. 23).

Ohagervationg with the eleciron microgcope showed thet inbraeplthe
glial globule leucocytes weve sepreated from neighbowrivng cells
by axn intercellular aﬁace of varishble dimensions, Smell irregulax
provrugionn of the cyboplosm wore somebtimas prosent in this space
(Pign. 24 ond 26)s while cooasional longer processes penetrated
botveen the puzrounding epithelinl cells (Fig, 24). Phe naoleus of
the globule leucooyte wes sonewbat voriable in ghaove, renging fron
large ond approximately sphexicald to comprossed and ivvegular in
outline, In the latter type warked indeniation of the nuclous was
Lreguently vbperved (Pig, 26). The Golgi complex was situated neaw
the nucleous end was visible as o cluster of viowoles, vesicles
end flatbened sovs (Fig. 26). Bovgh endoplasmic rebiowlum was abundont
throughout the cytoplesm of globuls leﬁaoaytas containing fever
imclupions, bub there wasg less evidence of it in cells denacly
packed wilth these bodige. Polysomes wove quite mumerous in the
eytoplasn (Fio. 28} end o fev grhericel or short rod-sheped mitochondrie,
contadining loonely packed cristee were present in each cell (Rig. 28).

Tn meny of the globule leucooytem wows of vesiocles, thought to be









Gryafaa’.llineg homogeneous and intermediate typos of daclumion axre
{lilnsteated. These are surounded 'by. o olearly defined wombrone
which mey be conbtinvous with the rough endoplagmic reticulum (RER),
This ig exlenvive, snd conbinuiby with the outer nuclien® membrane
ig vimible at a nuwber of points (orrows). In the nncleus theve i
& central nuoleolus ond port of the chromatin is arm;:zgecl in clumps
pround the perviphery. Groups of wibomomes are plentiful in the cytowlesn. .

( mez 3 14600 x )
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pinoeytotic, vere seon adjecent bo the plaswa membrave (Figs 27).

The mopt chersoterigbio feature of the globule leucooyie
cwee the pregence of lopge wmabors of sphericel inelusions in the
oytoplasm. These veried iv gbhructure froun hiomogenocus , donse menbrpne
=hound pbrushuren o vesicles countrining rod-shaped oxysbtolloid
bodian, which appesred very similor to the orystnlline Loxn of
Bussell bodles and covitoin other ovysinlling inclusions of plasme
colls (Thicwy, 1958, 1960) (Mlg. 25). The mwber of thess apparenbly
cryaballine slruciurves vas roughly inversely propordioml o their
rize, ond at mediun wemificetion they appesred longltidinedly
pirioted § conglating of electron~dense lines eumbodded in or bhordering
t legs dense submtance {(Fig. 24), ound at hisher magnificabions
voguler longitudingl striotions were vigible (l?ig. 29}, Some globule
lencocybey contained one or olther wype of Inclugion, while in other
gells Both types vere prepents, togelthewn wi'th dvbermedinte Lorma
corvtelndng both the homoponecus matrdy onad ovystalline vods z.n

diflering proportions,

DISGUSBION

Deing the conrmenod the prepent invesbigoblon globule leucsocyica
wore ohgocrved In conpiderable nuwbers in the owbernal muscle layer

and gubnucosa in & perivesculbr position Indiceting o pource owtside









Fira26
Ruclevs of an intraeplthellal globule lsucocyte showing moriked indentation
by adjacont venicles (ax;rmﬂa}fs Theee apperent vaouoles within the

mcleus may be. portions of such vesicles mlnce they ave of mimilax
lectron denaity. The Golgl complex () and contwosome (C) awe visible

at the bobtom left., Small lrraguler cdytoplasmic procespes (?) vroject

inko the intersellulap gpace avonad the veviphory of the eell,

( mag 3 29700 % )
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the small intestine for ot leapt a proportion of intwaopithelisl
globule lewvcocyien. The lowel origin of globule loucocyses Lrom
Lymphooyten, through on obsewvmble pemies of bronslilong (Z{eni;v
1952), vould no% be confirmed. & lymphooytio ovigin 19 also conbuoe
indicatbed becovge intreepithellsl globule leucocyies in the gmall
intestines of rodents ond wean, su depevibed by Andrew ond Aadvew
{1945), Andrev end Collings (1946), Andvew and Sopa (1947) end
Andrew (1965) in studien with the 1light microscope snd electron
milerogsoope, differ moxkedly from the globule leuwvooyte in o nuwber
of wvempeobs. Thug, occording o the observations of thope euthors
lymphoeytos in the Jamlnn proprie differ morphologleally from those
in the eplthelivm by a mavked rodustion of wough ondoplasmnlc reticulun
and mitochoundria in the latber situvation. Secondly, lyuvhooyton
inceeade in gize upon enteving the epithelium, Thirdly, lyaphocyten
degenerate o gity, frequently wlithin the eytoplasm of the epitheliel
cells, Wo sinmller phenonens were obsekved in sownection with globule
lovncooyten. Finally, the constenl prosence of grenules In globule
leuvcocytes conbropty markedly with the completely esranular lymohocybon
invarinbly observed in the same locetlon by those authors,

The question of the pousibility of & wvelationwhip between
e globule leucooybe and the mast oell boe not yob beon considered,
Jarrett (1965) hes stotod thot observetions on globule leucotytos

duving cunperimental infeation of mheen with Ontertarsis app. hove

inflicated cervtoin simllerivien bebween the two vells, Tt ig Qifficult









Pigme 27

A rov of pinceytotic vesicles (V) aze vimible adjacent o the cell
mewbrone on the left side of the globule leucooyle. A nuuber of the
crystols present within the inelusions have the douvblewline appenrence

which vas frequently obsewved at wmoldiuvm power magnilications,

( mag @ 22900 x )



to deflne yrecisely the ultrastruaturel cheractervigtles of the maot
cell becsuge of gbructurel vexistions vhich appeny o exist when
the filadings of different auvthors ave comparved (KBkool, 1953 @
Aghoe~nngen, 1954 ¢ Bloom gt al., 1955 1 Bioeckenius, 1956 ¢ Rogers;
1956 ¢ Smith end bewis, 1957 ¢ Guoek, 1960 1 Polieawd ot ol,, 1960
Thiery, 1963). However, the meture gramule of the mast cell, as froguently
illugviated, hog .a very chevacterimtic appeorance which beers no
regembiance te the globurle leucooyie granvle as seen in the prosent
study or roporbed by Toner (1965) end Caxr (1966). This intewnal
shructarve is illustrated by CGusek (1960) and Thilexy (1963%), and
consists of granular menbrones srvanged in vhovle or scroll formabions.
fuch formationg are in contrast to the apparvently crystelline o
homogeneous forne of inclugion observed in globule leucocyies.

The significance of peorivwaonlor chavmnels has boen d,i‘sou.s;ﬁ:ed
by Sainte-Maxde (1964), vwho puggested that plasms cells migrate
along them to sites of entigendc stimulus, vhoere:they relense their
anbibodlon, In this conngotion, it has been showm that plasme cells
containing Russoll bodies are extromely motile (Thlery, 19%8).
The apparent sindlerity of the globhule leucocyte migration throush
the various layers of the intestine, vhere they veze obsecved in
e perlvapouler position, suggests o welationship vo the plasms coll
rather then to the Lymphooyite, since the lettor cell is nob essocieted
with migration In o pevivagculor position,

Mot of the colls obpewved wore concenityated in the lomivn









Dateldl Jrom Wig, 25. The homogeneous inclusions hove & five granvler
strnebure, The davker oxees within these iuclusions (%) moy reprement
areas of cuyatal fovmotion, resulbting In the development of the inteor-
wedicde type vhioch can be seon bo the wight of the lower cwyetalline
inglusion. The presencs of polydomes can be disginguished (arrous)

in addition o mowbronewossoocinted (RER) wibosomes.The mitochondrie
(M) owe pmaldl, sphericel or sherd rodwsheped struciuves, and nre

notb numerous,

( mag 3 29700 = )
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propeia aad opithelium of the enypis, while only e few wore seen in
the corves of the villi, iIndicating thot the mojority of them migzoted
from the lemins proprla into the epithelium ot the oxypt level,
Becouse of vhe congtawnt movement of epitheoliasl cells over the surface
of cxypbte and villl (Toblond owd Stevens, 1948 : Yeblond.and Mepaler,
1956 ¢ Leblond, 1965) ihe almost toitel abuence of globule leucocyien
from the epithellun of the wilili suggenta thot tho cells actively
migmbed into the lumen of the :m'i;@rs'biné aftor remainlog in an
latreepithelial pogitddn fox e Lfew hours at the most. Thore vas no
evidence of degeneration in gpitu.

The mo:rfphologi.eal ginilarlty of the globule leuvcouybe inclusion
8t a portioular phose of Ruseell body formation iun plepma colls
(Section IIT (5} ) sugeests o siniler development fox the Wwo lypos
of oells The hmnmgenénuia inclunlong, aud those contalning cryetnlline
maborial were both similor to the regpeotive bypen of Russell body,
while vhe ceygtals showed atriations ot high megnificotion vhich
eppenved to vosemble thot of peracryetalline structuresm in plesms
cells deseribed by Wellemsiel (1957), Thiery (1960) and Movat aund
Peraando (1962),

Indentestlon of the nuclevs by vesitlésowas sometimes observed
(3&1’:1.@;, 26), This phenomenon is aisnilor to that obsorved whon antlsorum
wor added Lo fibroblosts in btissue oulbtuve (Tatita, 19%59). Favt of
the reactlion conmigibed of the development of W large mphericnl vesicles

lying in contect with many nueiel end oven indenting then®, btogether









Pie, 29
A crystelline inclusion from & globule leucooyte showing orystals
contained within on othervise simoat enpty venicle. They e levegulerily

«shaped fragments, bul are clearly and vegularly longitudinally strioted, -

{ mpe ¢ 69800 x )



with 8 reduetion in nuclesr size. Examination of asuch vesiclesn

with the electron microscope showed thet their liniting metmbrands
wore derived from the outer nmuclear membrane and were cowbinuous

with the endoplasmic reticvlum (Tatita, 1959). It is thorefore pomaible
thet muclear indentetbtion observed in certain globule leucocytes,

vhich alao vas associeted with shrinkage of the nueleurn, msy have
been the wesult of interaction hetween antibody and antigen.

Vellensiek and Coons (1964) have reported the uptalke of anbigen
by plnocybosis, vhile Movat and Fexnando {(1962) state that the
finger-like processes of plogmn colla, mesgt colls and ‘momphagea
ere regevded as being concerned with the uptake of antigen by pinocytosis.
Such cytoplosmio proceopses vwere n songhont feature of globule leucocytes
end may have been rwelated to the prodnection of pinocytotic vesicles.
Viaile it Ls therefome possible that the pincoytotic vepicles obgserved
vere luvolved iun the upteke of M. bragiliensis onbigens, there is
e need for fuwther experimental investipntion of this point.

A number of morphological anit functional similarities therefore
soem o exist betveen Russell body cells end globule leucooytes, which
pugeests a pimilaxr ofigin. On the bapls of theme cbpervations it
appears reasonable o pogtulnte thet the globuie leucooytes observed
in the present investigation were similar in onigin pnd function
to Ruspell body cells, and that they wvere migrating to the sibte of
onbigenie stimulus vie the pewivascular chennels. They thon thaverse

The, lemine proprin of the intemtine to the cheractevistico intraepiithelisl



vosition vherve they wemnin for & folirvly shovd porlod, afiter whioh

the cellg, vogether with the sontents of the giobuwlen which ney
he entibody, sre Linnlly veleased Jnto the lumen of the intestine

whore they woy be offcctive sgoingt the womm population.



Fort 7 ¢ Mest cell and globule leucosyte response to Ni'érgos’nronglus

hrealilonsls infectlon snd to induced auaphylaxis,

TNTRODTCTION

Lli'ec*eion of rats with & suitable dose of larvae of N. bragiliongis

leads to a sgelf-vure uhich commences shout day 10 of o primpry infection.
Yhe eazpulsion of vorms &t the time of self-cure hns hbeen shown
40 bo on immune phenomenon (Mulligan gh al., 1965). An avapbyloctic
repchion is manifest in the omall intestine of Lmmmne rets when
inJocted with antigen propared from vhole adult worms, and there i
pome evildense t’h.a*t a sinilar snaphylaxis may aluo ocour dundng nell
W3NG (Ux'quhax?'h 8t 8l 1965), It hag beon swggented thot self
wpuee 46 '*ﬁzhe rapult of inorvessged capillany pemeabilit& and essoointed
antibody welease into the gubk, since h@'bmroi}.ogouﬁ intestinal enephylaxis
nlone connot initiote &:{alii”uéure, et accelegrates the action of |
hyporimmine gerun (Barth ot al., 1966),

_Mra,ﬁ'b ecolls play an jlumporbtent role in amphv.’lé.::iﬂ, dueing
vhich they d.égmﬁala’ne and probably relemse higtemine eud other
netive substances (Selye, 1965). Degranulation is detectable histologleally

and phould therefore be observable in the small intestines of xats

which sve immume to N, brasiliensis and which ave shocked by ¥he

jntravencus injsebion of vhole woen antigen. Unfortomstely, the



precise ldenbifilontion of magt cells iv the smwll intepting of the
ot g complicoted by wepovts that mast oclls in thia_area differ
morphologicplly from thome in other tissues (Moximow, 1906 & Hunt
ond Hunt, 1956 3 Ualiaferro and Sorles, 1939). It in even possible
that theme cells are not hrue mast dellg, since itrue mast celis
are reporited to be pmuctically esbisent fvem the suell intestine of
the rat (Mot ot ol., 1956b). There im in fach an obvious siuvilexnity
botvesn pomo of thoe descwviptions of morphologically atypieal wast
cells ond the globule leucocyie, Kent et al.(19%56) demonstratod
thet vhole body R-lrmrvodistion cauges o virtual disappesrance of
globule ieuoocy%es from the small ihtestine of the t, whille Bisen
ot 81.(1956) showed that the histamine level in the gustrelatestinal
troct of the vt is alee offected by thig vrocedure,. Waile this
higsanine might be bound bto cells other than globule leucocyton,
it ie pomsible that thesme two fladiops sre linked, Consequently,
no elepyr diffoventisbion cen ot prosent be made between cortain
abypical mest cells reporbed in the literature snd globule leoucooytes.
An previously shown {Section IIL (2 and 4)) there is o roletionship
bhotween the appearence of globule leuvcoeytes in the Jejunun and
the onset of seli-cure in rats Infected with N, bragiliensig, Thig
mzy indicote that the globule lovcocyie has some Cunctional role
bo play in self-curae. The preogent cxperiment, thevefone, seols to
elucidate the relationship of mogt ocells, mo-cnlled atypicol mast

cells and globule levcooytes to one feature of seli-cure, vomely
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enaphylosis, A nocessney prevequisite for such on :_inveatiga'hion
vas the identiflenilon of theme three types of cell and some eva}y@i:_imt
of their relationship to esch other,

In an atienpt o obtnin thig dnformmtlion meall intesbtines
from worn-free and M. bropilionsig=infeched zals vere examined nigbos:
loglanily after steining by o ruber of vechniques Inown to give
chiaracteriatic, though not vecesserily specific vepetions for mrﬁ: o
cells ond globule leucooyites, Becondly, iumume valy vere ﬁmb;]ec*ije;@ "
to anaphylexis thducsed by vhole worm antigen, and the smpll m'%;eﬁ:i;ié;éd -
vere examined histologloelly to c’ie'isermim vhe effects of the islte;at'j.imli

anaphylazis wpon magh cell end globule leucotyte gronulobion.

MANIRTALS AND MOTHODE

Adult hooded Lister fomle mum velghing belwesn 80-130 &
were uwsed. Tigsues wewe talery in infected and non-infected G)k_‘}.ill‘.t%:!,ta.::
aillke, from the yohition In the jejuaum where the worms apo found
in highewt concontrations (Brambell, 196%). ALl tlasues wewe fized.
in buffered neutral formplin, embedded in methscrylate end secticim'(i
2% 2. Bections vere stedned with Bl brown, foluildine blug,
Giemsn tissue olein (I41lie, 1954) and cheysoidin (Vorada, 1957).
for most colls, end with amido black (Puchiler ond Leblond, 1958) |
for globvle leucooyben, |

thole woun antigen ves prepaved from adult N, brosllleonnie






[ 6000 2arve |

. 6000 larvae

: infections vith N, bomsilienpis given to each group
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&

. received intravenous whole wom antigen to induoce .



concentrated in buffered N, saline at 1000/ml and homogenised.
This suspension was then transferred to an ice=cooled ultrasonic
disintegrator and given 6 separate bursts of 1 minute, after which
it was centrifuged at 2000 r.p.m. for 30 mimites. The resulting
supernatant wvhole worm antigen was used on the day of propamtiog.
The rats were divided into five groups and the experimental
procedures epplied to each were as follows (Table 7) t-
Group 1 consisted of non-infeoted rats.
Group 2 were killed on day 20 of a primary infeotion with 3500
N. brasilienais larvae, since it has been reported that at this
time mast cells are present in high concentrations in the smell
intestine (Wells, 1962).
Group 3 were initially infected with 3500 larvae and then reinfected
with a futher 3500 larvae on day 20. They were killed 10 days later
on day 30, at a time vhen globule leucocytes are present in high
concentrations,
Group 4 received an initial infection of 4000 larvee and a second
infection of 6000 larvae on day 20, 500 worm-equivalents of whole
worm antigen were injected intravenously under trichloroethylens
ansesthesia 10 days later on day 30, The six animals in this group
vere killed in pairs at three different periods- # hour, 4 hours
and 24 hours after receiving the injection of antigen.
Group 5 were treated as Group 4 but received only buffered saline
on day 30,






GROUP MAST CELLS ATYPICAL GLOBULE DEGRANULATION
MAST CELLS LEUCOCYTES

1 .. > -

2 = - +

3 - - +

4 - - + -~

p, - = * =
2able 8

Onmdumhthojojmﬂoou.aumoatofw
upon globule leucoayte granules.



Mast cells vwere absent from the mucosa of all the pections h
of jejumum examined (Table 8). However, morphologically typical |
mast cells vere present in the ndjacent mesentery, end these wer
to check morphology and staining reactions (Fig. 30). The
of these cells reacted very distinctly to all the stains used
except amido black (Table 9). No atypical forms of mast cell were k _f‘:'

obaerved in the mucosa,

-

Globule leucocytes were absent in Group 1, but present in K
high concentretions in both lamina propria and epithelium of rats "
in Groups 2 and 3 (Table 8). The cells stained distinotly with

arido black and Giemsa, but not with any of the other stains lis ‘-};‘:-»

o
=
i
s

(Teble 9). No morphological irregularities, or intermediate forms
between mast cells and globule leucocytes were present., Mast eol"‘f -
and globule leucocytes were therefore distinguishable on the basi

of their staining reactions, tissue distribution, and presence or

absence in the variocus groups.

Gveup 4 sate killed § hows after Who injestion of whels Sl
antigen showed maoroascopic gut changes similar to those previc
outlined (Urquhart gt al., 1965), and indicative of anaphylaxis, _-“

min with an inoreased amount and fluidity of muo
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T™hese cl;anges are similar to those observed during N, brasiliensis
infections (Symona, 1957). Group 5 rats, and rats in Group 4 killed
at 4 and 24 hours showed no gross changes, Microscopic examination
of the jejumum of both groups showed a complete absence of mast cells
y including atypical forms, from the mucosa and a high concentration
of intact globule leucocytes. Anaphylaexis had failed to disrupt

the globule leucocyte granules (Fig. 31) or to produce any visible
change in these cellas.

DISCUSSION

The absence of mast oells from the jJejunal rucosa of the rats
examined, which included normal as well as parasitised animals,
confirms the observations of Mota et 8l. (1956b). The presence of
intact mast cells in adjacent mesentery indicates that lysis of mast
cell grarmles did not take place accidentally during fixmtion or
proocessing. The absence of mast cells from the mucosa of rate in
Group 1 ie of partiocular significance in this connection, since
eny mast ocells in Groups 2-5 may have undergone degramulation during
anaphylaxis associsted with N, bmagiliensis infection.

Contrary to the present findings, & previous investigation
into the mast cell population of the rat jejwmm during N. brasiliensis
infection has indicated that mast cells are present throughout

e primary infection and reach their highest concentration on the









Big, 30

Bories of photography comparing the sieiaing resotlons of globuwle
loucocyves (lefs) with rapt colls (pight), Mest cells show o positive
reaction to each of the sdéaing vhich are, from the bop, cheyaoidin,
toluidine bluve, Bimmorlc brown and Glemse tlggue gitvin. Globule leucooyies
glve o positive resotlon with Glense, bub are negative o the other

gtoing wned.

{ mog & 1000 % )









Pige 31 ,

In the top photograph normal globule levoceytes from a Group H control
xat ave shown, The globule leuecooytes in the hotbom pleture arve

from o Group 4 snimal killed £ hr, after the induction of anaphylaxis.
No dimruption of grenules has teken place and the cells in the two
illustyationn ave identical in eppenronce.

Methacrylate section strined with emido black.

( mag ¢ 1300 = )
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twenty thivd day (Wells, 1962), The apparent sontumdiction may
be dependant on the faillure of 'bh:id guthor to enploy stadns other
than (iense, which slaing both globule Jeucocytes sed mest cells
(vig. 50};

The sbsence of mogl cells, jinoluding atypical forms, in the
Jejunum of the vets exomined is incongigtent wilth a nunber of previous
veports (Mbximow, 1906 ¢ Humt and Hunt, 1956 : Tlisferro and Sarleon,
i9 5%3). Thin mey be expylained on the bapis that the necessary condiibions
fomw the premence of atypilcal mast oelly 4id not exist in the ratbs
examined 3 altewmatively the atypicel mant cells described in this
region by preovious authors way heove been globule leuvcocytes. There
in gome evidence o support the lattor suggestion. Thus, Teliaferro
and Sarles (1939) descrivoed end flluatrated cells vhich ocourred

in the lenina proprin of the jejunum duving N. brasiliensis infeotions,

which they bellieved to be atypical mest cells and vhich they designated
commective tispue besophils. 14 appears Lrom ulbrastruciural obsorvations
(Bection III (6) ) that these celle sre globule leucocytes identical

to thoge in the overlylug epitheliun. In eddition the atypicol

st celle desoribed by Maximow (1906) end Saasonow (1908) sppeac

to resenmble globule leucocytes very clogely. Paresglbic infectlon

is ona fnctor stimulating the appearance of Zl.é,srge' numbers of globule
lensocytern in the ratls small intestive. The Lrequency with vhich

rats herbour intestinel porssites moleg it Llikely thet wmany of the

raports of atypical most cells in the smnll intestines of rots
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rofer b0 globule leucocytes.

Mast cells and abypical wast cells vere absent from the small
integtines examined and 1t wan not therefove possible to determine
the effects of whole worm antigen~induced onophylexis on these
types of cell. The view that the cells identified as globule leucocyten
are not a form of wast cell is reinfdrced by thelr failuve o degranulaie
after the injection of whole worm entigen. This svggests that the
gronules of most cells and globrle leuéocytes differ markedly iu
compositlon. Together with the differences of stedining and distriduition |
elready noted, this experdmentel cbservation strongly suggests that
globule leucooytes aund mast cells are not clogely welated to one
ancther,

fhe ehsence of most cells would suzgeat that the chemical mediators
of onaphylaxis oare either from e local non~mest cell souvce (Mote
et al., 1956a) or ave extwineic (Dale, 19%0), vhile the failuve
of globule leuvcooytes to degronulate sugsests thet they are not
involved in snophylaxis. This is in general agroeement with previous
ohservations which nuggest a welationship to the plasme celld and

anbibody produetion.
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Fars 8 ¢ Hisbochewiceld comparison of most cell end dcdiobvle leucooyte

pranules in vthe wat,

TRITRODTCTLON

As previously noved, iunvestigabtiony inve the cell populition
of the mucose of the gmall iuntentiue of the rat bave resulted in
reports indiceting the presence of mast cells, atypleal mapy cells
and globule leuccoyien. The apparently coantradictony results of
o number of these lnvemblpnblons has sugpested fhaﬁ goma or 811 of
thepe eells moy be idenbicel or at leasl closely wroleted to one
onother. n an atﬁemp% to repolve the velationship belbween thepe
cells; snall intestincs from vorm-free mats and from xotes ol wwelous

ploges of M. brogiliensis infecbion were ewamined for the presence

of atypleal and nowmml mest cells and globule leucocytes, which
were ddentified by sulteble oioining techniques (Section IIT (7) ).
and enaphyloxis was induced in the swell iutestines of mats which

were hyperimmige to N. bragilienails, The resulis oblained svggesbted

the't wapt cells and globule leucocyies woxe:digbinet and wwelated
colla,

The evidence thal globule leucouyites do wnot degranulote during
anarhylesis cannot be vegarded as eunbively conclusive, since anaphylexis
may occur wdow cewtain conditions without affecting mest collp

(Dimon, 1966 ). On this bosisw, o histochamical Inventigation of the
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globule leucocylbe granule hag heon undertalken which in designed
to phow whether or not it containg theee of the subaitonces asgpociated

vith the eramules of mast cells, nanely hepaiin, 5-AT and histomnine

VIATERTATS AND METHODS

Myberinl for higtoleogionl examination was obitained fron aduli

albine Wistar xats infected with 3000 larvae of W, brapgiliengis.

The rots were infocied ggain with & similar aosaé of lampae 20 days
later and saorvificed alber & further 10 days, at a time vhen globule
levcocyien sve present in very high concenbrablons in the jJejunal
mueost. An unopened segaent of Jejuouum spprovimately 1 om long waa
taken Srom each anivgd for the sxanination of globule leucocytes.

Magat cells in gubcuteneous comective tissue from the back veglon
gerved oy controls. Both tidsyes wvere subjected to identical procedures
"aih:rouglm';ﬂ'.., Two teslts each were undertaken for the de‘t.e;zﬁ:l.on of

heparing S5-HT and bhigtanine,

(1) Tissue from each aren wes fixed In 4% basic lead acetate
for 24 }_mv.mg followed by 104 neutral formalin for a furbther 24
hours, embedded in paraffin ahd cut ot Bu. Seolblons were plained
with 0.1% toluidine blue ab. vl 4.2 for I mimwbe (Gomori, 1952),

dehydrated in acetone, clearved in xylol end the grounles of both
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cells examined for netschromagia.
(2) Timsues were Fixed in buffered neuwtzal formelin, embedded
in paraffin end sectioned at 5u. They were stainod with periodie

acid Soniff (PAS) and the granules exomined.

Sl

(1) Frozen sections were cub at By on o eryosbat and fixed
for 10 minvbes in acid formalin at pH 5.5 A pecond set of tissues
vag fixed in buffered neutral Fformalin, embedded in paralfin and
cut at 5p. JDoth sets of pections were then expnined for gold-yellow
fluorescence under ultraviolet light (Bige end Mitchensr, 1961)
using o Wild fluorencence micromcope fitted with an Ogrzam 200 wett
meroury vapour lawp and darlk fleld illuminntion.

(2) Tissuen were fixed in calolum formol at pH 6. Frosen gocitlony
vore ¢ulb ot 10p, stalned with Schmowxlts ferricysnide solubion aad
moanted in giyaerine'(ccuplana and Rileys; 1960), The granules of
mpet cells mnd globule leucooytes were cxomined for o pomiﬁivé

blue peacihlon,

Higranine

(1) Tispues were fixed in Reineche selb ébmuﬁion (Bohauen
and Werle, 1959) for 24 hours, Fromen sectlons were cub ab 1L0u.
tnstained sections weie mounted in glycerine and examined wnder

daxlc ground 1lluminetion, Sectlons were also examined for light









Mgt cell of mai suboutancous bispue exhibiting mebachromasis with
soluidine bilue ot PF 4.2, after fixation Iin husic lead acetode
and buffored newtral fowmlin. |

{ mag & 1300 % )

e 33

Magt celld of wat subouwteneous btimsue from an pold-fompelin fired
yrepomtion eshibiting gold-yollow finoresconce wnder vwlibvaviolet
Light,

{ mag & 1300 2 )



red ptaining of the granules ofter dlame coupling {Schawew and
Yorle, 1959),

(2) Pigeues vore immersed in igopentone vhich had been precooled
In Liguid nitrogen, end were frozen-drled end embedded in an Bdwands
tinsue driew TD 2. Thoy were then out at 54, Tixed in formaldehyde
vepour, ond steined with diszobised pavebromeaniiine {lagmofs

b mle, 1961), The gravnles vwere oxomined for @ light orangs colour,

RESULES AND DISCUSSTON

Intenge metachromagia vas gilven by mast oell grawnles aftow
steining with tolvidine blue (Wig. 32), bub globule leucoeyte srenvles
failed to rencl. Although metechromasis lg not spzeific for hoperin,
it can ho apsuned that the positive reaction given by mogt cell
granules g due to hepayin, and that the negative reault for globule
loucocyte granules therefore indicates an absence of this substance,
Neither mast cell nor globule leucosyte granules were PASwpopliivo.
Tnconalstency ia PAS gleining of mast cell pranuies hos been nobed
previously (Compton, 1952) and wey be Gue to the fact that only
one form of heparing the monosuiphuric acid, has the necossary
two adjecent hydroxyl groups for veaction with periodic aoid to
ocour (Jorpes gh al., 1948).

Mast cell graoules in control sections viewed unstained in

ultraviolet light with the Wild fluvorescence mmicroscope exhibibed
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Most gells Trom o frozsen socilon of rabt subouvtoneous blspue fixed

in calelun foxmol at pH 6, and gtoined with Schmorit's ferricyonide

golntion,
( mag 8 3300 x )
Fifge, 35

VMasnt cells of yot subcuianeous tispue under dork field illuwmivnotion
in o frowven section fived with Reineche molt solubion.

{ vog s 1300 x )
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2, brilliant goldmyéllow Duorescence agpinst o blui@h backgeound
(Fig. 33), Globule leuocoybes in either type of mection failed

~to fluovesoca. Since goldwyeliow fluoresdeuce i xé@orteﬂ O be
characterigtic of H-HT (Benditht and Vong, 195%7) it is concluded
that whiie masd cell granules contained 5-HT the granules of globule
leucocytes 4ld not. After treatment with Schmorlfe fereicysnide
solubion the grenules of maat egllﬁ veve ptined o greenish-hblue
aherde (Fig~ %4} Q&Qbule.leuooeyte gramlen failed 4o give o positive
renction, Althovugh this m»enctlon is not enbtlrely specific Lfor Hu-HT
(Coupland and Riley, 1960) it ie taken to indicate the presence

of thip subztance in the madgt cell granules examined and the abpence
of H=HT from globule leucocyte gronuloes,

Ixgminotion of wast cells snd globule leucocytes eiter Relneche
salt fimation showed that while wast oell gramuies shone biilliently
under dorlk field illuminetion (Fig. 35), globule loucocyles were
not vigible, This suggests that Reineche solt had precipitated
fhe hisbtomine in the mast cells (Schaver and Werle, 1959) omd that
this substence wad absent from globule levcooyhes, However, ailtow
dinmo coupling no colour reaction was obgerwved in either cell.

The significence of this result is not known. Staining with dlagsotiwed
parabromeaniline after Lfreezge~dyying also produced 6 negabtive result
in both colis, |

" On the bosis of these.reaultm it im concluded that the gromules

of globule levcocytesn from the small Intestines of rots infected









Fip!&. ??_6
lobule leucooytes in thoe lawmina propris end crypt epithelium of

ot Jejunum, produced ivt pesponss to two lufestions of N. bragilicnsis.

Methaorylate section ginined with azure eogin ot pH 3.8,

( mag s 1300 x )
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with K. buosilienals (E’:i.go “56) do not oonbain heparin or Hi,

Mue to the iffloulty of demonstrating higtemine in west cell granules

the resulis of btests on globule leucooyies ave less conclugive

or this substance., This is due do the fallure of mast cells to

give pogitive weactionz Fox higtemine in two cames, and not hacause

off am;y'l Indicntion that hiztanine waes present in globule loveocyte gramiles,
The abuence of hepawin, 5T, and pogaibly histenmine from the granwlos

of globule leucocy'bes cleaxly indicaten that mest cells and globule
leucosytes are digbiaclt sud morelated typen of cell, and confivme

enxlier observations on this question (Seotion IXT (7) ).

These Dindings slso indicate that most cells, lneluvding atyplceeld
Lorms, dre abgent from the small inteshinal mcosn of apparently
normal rats. However, mast cells probably cceur ot bthie sile in
low concerirations as indicated by Mote gt al. (1956b), ond wnder
gpeeillo stimull their mwmbers pay Increase to a suffleient level

fox them o be readily detected.
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Port 9 ¢ Qlobule leucocyle response dn neonatel rats Infected

with Nippostrongylus brosiliengis and in puinfected

neonabel rabs.

TRTRODUCTTON .

A reloationshilp between the presence of globule leuvcocyles

In the smell intestines of rats and infeciion with . brasiliensis
hes been demonstrated experimenéally (Section TIL (2 aund 4) )..
It wag noted that globule leucocytes wowe absent during the pre-inmme
phase of a primacy infectioﬁ, but that high concentrations webe
pregent ot the timé'éf;-aﬁﬂ'in the peried fqllowing %hé inmune regponse
in primgry snd cﬁailenge infectiong. One posaibillty sugsested
by these wxepults 1s that the globule leuvcocyte plays an active role
v seliwcure. Mulligan gt nl.(1965), Urqubart gt al.(1965) and
Barth ol al.(1966) have shown that at least two fachore amé operative
during self-cure, lividence ilg ,resgnte@iin Seotion TIT (7 and 8)
that the glohile leucocyte is nob fnvolved in the anephylaclie
renction believed to be associated with mpelf-cure, but the pomsibility
that the glbbuia leucocyte is & carrier of antlibody agpingd N.‘brasiliensis
reguires further investigation,

If ‘the globule leucocyte was involved in &ntibo@yvpro&uction
or trangport it is probeble that the globule leuooﬁyte m@éponge

TN anze sigallfi 51y dn rats vhose immunelogical status o
wvould change sigelficantly t8 vhos logical status 1
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I, bresiliecnnis was altered. It is well known that the lmmmologicald
regpongen of vecy young aniwmals of corbain species arve impaived
(Yngram and Swmith, 1965 ¢ Smith avnd Ingren, 1965), and peeliminary

worle on infection of neonatel rols with M, bregillensig showed that

young :r.‘a;bs*; tolerated for more than o month ixlfec'bicns laxge onough
to be capable of inducing self~cure in adult xate. Jarretd L.l
(1966), and Kassai end Aitken (1966) have porformed more extensive
gxperimenta vhich indleste that F.;e'lf;vc:tme does not ocour in rate
infeotod under the age of four weeks,; and that such infections
porsist for many months, The inability of much xats o zespond in
the nomwal wey bo & challenge infection in leter life indicatos
that a. state of tolerance hnsg boen incltlcéd towards bthe prinsxy
infeation, |

Sinee anaphylaxiaa cax, be prodnced in switably senslblsed
rate within the perilod wl;én tolerance to N, brasiliensie primaxy
Infections may be induced, it ig likely that self-cure does
not telke plece ‘because of the absence or sigilicont veduetion
of precipitating anlibodies. Consequently, d@moﬁs’amble Lppadirment
of the globule leucocyte regponse in neonatal vate infected with

N._ braslliensis would sonsbitute indivecst evidence that %he globule

leucocyte was Ainvolved in the manufactuve ov bransport of anbibody

agadnat N, bragiliensis,

It ves necessaxy bo infect neonatal raty at difievent ages
>

in oxder to determine whebther any globule leucocyte regponse ohserved






RAT NO. ACE AGE NO. OF DAYS | WORM | GL/mm”
INFECTED | KILLED INFECTED COUNT
1R/1 0 5 5 41 5
1R/2 0 10 10 11 6
1R/ 0 20 20 17 19 -
"1R/4 5 10 5 97 2
1R/5 5 15 10 75 6
1R/6 5 25 20 71 27
1R/7 10 15 5 62 0
1R/8 10 20 10 110 2
1R/9 10 30 20 112 23
1RC/1. - 5 - 0 5
1RC/?2 - 10 - 0 1
1RG/3 - 20 - 0 2
2RC/1 - 0 - - +
2RC/?2 - 0 - - +
2RC/3 - 5 - ~ +
2RC/4 - 5 - ~ +
2RC/5 - 10 - - +
2RC/6 - 10 - - +
2RC/T - 20 - - +
ORC/8 ~ 20 - - 4




Tobl, 10

L4 LR WX

Daveils of experimentald N. hresilieuois infections in neonstal waie

shoving pogt morten woxm burden snd glohie leuvcosybe concentiatlon
in the Jejonum.
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ves due to the age of the yat or, altematively, vhether it occurred

at o fixed mwmber of days after infection, irrvecayective of age.

MATERTALS AND MOTHODS

Two Livters of. albino Wisinr rate vere uwsed., 0Ff the firveb
1itbter, three xats (13/1~3) vere infected on the doy of birth (Table
10), three at five days of age (LR/4-6) end three at ten doye old
(13/7-—9). Rats weve killed on the £ifth, tenth ovnd tventieth deys
after infection in order to obtain specimens at the periods cowvresponding
to the pre-immune phope, inltistion of selfepure, end immmne phape,
Thres wainfected rate from the same litter (1RC/1~3) vere killed
at five, ten and twenty days of age. Decauvse the resulits indiceted
the pogsibility of orvess=linfection from infected litber motbey to
contvols in the sawme cage, addibtlongl rats from & second and mwinfecved
littew (2RC/1-8) were I{iileﬁ in paivg at birth and ot £ive, ten
end twenty doyg of nge, and examined for the presence or absence of
globule leucocytes.

Animale for infection were angesthebised lightly with ether
end glven subcutonsounly a calenlated dope of 400 infective lorme
off N. bragiliengis in 0.1 ml of water ueing o modified Reuimann
Autowet syringe (Section II (1) ). The mate vere killed by en overdose
of chloroform end the intesbine carefully unvavelled. Jojunum avew

6 ves removed using the gauge deseribed previously, end o worm count
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weg carried out. Blocks were embedded in methecrylate and seotlons
vore sleined with amido black for counting globulo leucocytes, and

with hoematoxylin end eomin for general obaervation.
RESTLES
e wori counts in the thvee gvoups of rats infected at Oy §

end 10 deys of age shoved no differvence vhether killed 5, 10 or

20 doys after infection with N, brasilicnsis (Teble 10), The mverage

percentage toke { no. of pdult worms recoverad ot evbtopsy X 100)
N0, Of ANfEctive Iarvae injeocted

in the first of the three groups wes congldewebly lower then in

the other two g=

18/1-3 ¢ 6%
117/4~6 : 20%
LR/ 7-9 & 24

Ho worms were found in the inbestines of uninfected control rats
from the same litter (IRC/1-3).

(lobule leucoeybes were Ffound in sll the rate examined including
uwninfected control vale. Beoause of thim & mecond, completely wninfected
Llitter (2RC/1~8) vas exemined for globule leucocyton, in order to
determine vhether thelr premence in winfected coutrols from liblter
IR wvas due to cross-infectlon from infected litter mates, Small
numbers of globule leucooytes were found in all rats Lrow this litter

(2RG/1-8), The concontwation of globule leucooytos was wnilforamly









e, 37
Globule iecucoayibe sitvated in tho eplibelium of the Jejunum of o

Swdoy«old worm-ires b,
Methacxylote section ateined wilth anide block,
{ mog ¢ 1300 = )

Pie, 38
(lobule leucocyte in the epithelimm of o Jejunal crypt of B newbown

rat. The appeorance of this cell coiuncides closely with the Tmasell

body cell llustroted in fizx. 19, bub iz net typieal of the globule
leucocylon seon in adult rats {(fig. 21).

Methaozylote seotion sltained with hnemaboxylin and eosin mn&.pho%ogwaphed

undor phase conbrast.
( mog ¢ 1300 x )



low in 8ll wite exemibed, with tho oxception of 18/%, 6 and 9, -
vhore they were pregeni ilu highen -aonodntrations (Pigs 39)s These

rots were of diffevent ages vhen killod, bt had all boon infethed

with i, brasilleapis 20 days previously (eble 10).

In amido Plogk-gioined sgotionn. the globule lpnucooyten mp@ea:ge&,
to be similar o those obsexved in previove experimenty (Flz. 37),
but vhen evamined in sections siained with hoaenmstoxylin end eomin
under phase contrast the globules wore vhibtish (Plg. 38), in contradt
w0 thomo obsewved previously, whick hod a pronpunced red colounwabion -

(j?i{?;t 21 ) a

DIBCUSSION

Mo expulsion of worme boolk place during the period of the

experivent (Teble 10), Uhis flnding egrees vith the vosults of

d"

darpett gb al,(1966) and Kossed end Altken (1966) and indlcates -
the rate wveve immueodoglcally incompetent towexds the infection,
It 1o supgemtod that the lover poreeoniage itake noved 1n rats .mfec'tse&
on the first doy of lifo way hove been due o the intestine bhelng
too amall ol this age to twocomodte the larger nunborg of 1-roi=i'ns
peen in 1R/4-0,

A globule leoveooyse responge ovcurred bobvwesn the teanth and
twentieth doys of the infaoction {(Fig. 39), Irregpective of the ] E

of the animnl vt the time of infestion. In consequence these vemulte






. i
No. of daya after N. brasiliensis infeatation.

Globule leucocyte response in the jejumm of nconatal rats (1R 1-9)
infected vith N, hxasilienais, snd in similar uninfected control
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also leads to recognisable impairment of the globule leucocyte
response. However, in view of the very low concentrations of cells

observed it may be considered doubtful that they were present in
sufficient numbers to have instigated an immune response in an

immunologically competent rat.
The constant presence of globule leucocytes in low concentrations

in uninfested control rets and during the pre~immune phase of N, brpsiliensi

infection is oontrary to previcus observations. The signifiocance
of these findings is not clear, but the very small munbers which
were obaerved suggest that the causative stimulus is very slight
compared to that of N. brasiliensis infection. It is possible that
a very mild immune reaction ocours to proteins contained in the

cologtrum which are present in the small intestine during this
period (Miller, 1965), but the subject requires further investigation.

Under phase contrast, the globule leucocytes (Fig. 38) differed
from those previously observed, and were apparently identical to

the type of Russell body cell illustrated in Fig.19. The alteration
in colour under phase contrast may indicate & change in the compoasition

or density of the globule contents, and it may be related to the
immunological unresponsiveness of the necnatal rat towards N. brasiliensis

infection.
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thymectomised

........... non-thymectomised

25,000 +

Eige 40

; . Tascal egg ocounts of thymeotomised rat Rl and oontrel mat (1,
during the course of a primary infection with




of mats infected with

3 preliminary results.

Neonatal thymectomy results in measurable impairment of the
immne response of the adult in a number of species (Miller, 1963)
Among other effeots, this may give rise to depression of

-

antibody levels (Roosa et al., 1965) as well as depletion and

defects of cells of the lymphoreticular series (Miller, 1961, 1
1963 s Yunis gt al., 1964 1 Aschkenasy, 1965), These factors are
associated with partial or total inability to respond :
to antigenio stimilus. It eppears likely, therefore, that the norma:
course of N. brasiliensis infection would be modified in rats w,;
had been neonatally thymectomised, with the further possibility
that this would be reflected in impairment of the globule leucocyt:
ponse, Alteretions in the immme response to N. brasiliensis are
readily detectable by appropriate measurements, such as faecal '?‘
egg output , post mortem worm counts and worm population sex “
A previously reported experiment (Seotion III (9) ) using 2
rats which were immunologically tolerent towvards a primary :
of N, brasiliensis failed to demonstrate conclusively that impais

of the immune response led to demonstrable reduction in the
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group of similar weight end age which were imm

towards N, b is, againat which the globule leucocyte |
in tolerant rats could be quantitatively compered. Neonatal thy
as a means of studying globule leucocyte .mpome under conditions
of inmpaired immunologiocal capacity does not suffer from this
since non-thymectomised litter mates can be used for this purpose.

Comparison of globule leucocyte response in neonatally “
end intect rats vas undertaken to determine whether immmological
impairment was velated to significant reduction or abolition of
the globule leucocyte response. A nunber of other observations ’
vere made with the aim of determining that total thymectomy and

measurable immunological impairment had been achieved.

Neonatal thymectomy and the care of thymectomised animals

% -

is demeribed in Section II (1). Neonatally thymectomised rets and
. s

non=thymectomised litter mates were weaned at four weeks of age am

and kept in isolation. Because infection of rats under four to e
8ix weeks of age with N, brasiliensis induces a state of ' 3
tolerance which persists into adult life (Jarrett et al., 1966 13 .
Kagset and Aitken, 1966) no animals vere infected before they were
4% d"” old. A single dose of 1500 infective larvae of _bra,

B St o
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A non-thymectomised litter mate was similarly infected in each oase
end served as a control.

Daily faecnl egg counts were carried out by the method p

2 5

desoribed. On the day of killing blood was withdrawn from a tail
vein under ether annesthesia and filme were made. These were aix

end stained with leishman's blood stein, A differentisl white cell
count was performed on the films using the battlement method of |

LS

field selection. 200 cells were counted and the results
percentages. i

The aninals were then killed by en overdose of chloroform,
The small intestine was placed on a gauge end area 6 (Section III *i  ,:'

of the jejunum removed as an unopened length. A mesenteric lymph

node and part of the spleen were also removed and all these tie ;,,;""f

vere fixed in buffered neutrel formalin, embedded in methacrylate % 5

. O
Lt

and sectioned at 2u. Gut sections were steined with amido black
and haematoxylin end eosin. The number of intraepithelial globule '
leucocytes per square millimetre of tissue section (Gl./mz) vas 4
oaloulated as desoribed previously, and the number of eosinophil

leucocytes in the lamine propria of the same area was also calcul
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and lymph node were stained with amido black, haematoxylin and
eosin and agure eosin at pH 3.8, and they were exanined for changes
which might be associnted with neonatal thymectomy.

The thorax was removed entire from thymectomised rats and
fixed in buffered neutral formalin., It was decaloified in Zero-Carb
225 (Permutit Co., London) for two weeks and embedded in pareffin.
Serial sections were cut at S5u and sections at intervals of 100
were examined microscopically for thymic remnants after staining
with haematoxylin and eosin.-Remﬂts from rets found to contain
thymic remnants were disocarded,

Post mortem worm counts were carried out by the methed described

previously.

Rat Rl and control Cl

Both were mele albino Wistars. R1 was thymectomised on the day
of birth (day 0). Both received 1500 infective larvee of X. bragiliensis
on day 42 and were killed 10 days later (day 52).

Rat R2 and control C2

R2 was a male albino Wistar thymeotomised on the day of birth.
The non=thymectomised litter mate C2 was & femmle. Each received
1500 larvae of N. brasiliensis on day 43 and wes killed 20 days
later on day 63.









Pig. 47

Cortex of & mesenteric lympb node from & neonatelly thymectomised
rat. A nodvle Is shown and it is apparvent thet the peripheral leyer
of smell lymphooytes is ebsent alithough the gezmingl centre im of
relatively normol eppenrence,

Metheorylate peotion stained with hacnstoxylin pnd eosin,

( mog ¢ 300 % )

Il‘ig‘. 44,

Similer £ield to that shown in Fig. 43, from a non~thymectomired
ratys 1lluetrating the novmel oppearance of the aren.
Methacrylate ssobilon siteined with haematoxylin snd ecomin,

( mog & 300 x )
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Rt B3 exnd gontrol C3

135 was o male and €3 a female albino Wistar xet, B3 was thymeobomised

ont day O and both xats received 1500 larvee of N. bramilionsis

on dey 41, They were lilled 30 daywn loter on day 7l.

Deaths before completion of experdwentatlon btogether with rejoots
due ho Incompleto thymectomy regulted in & high valto of lops.
Consoquently results were obtrined Por ouly threo avnimnls and ove

veported as peeliminoyy fdudings.

ot BL ond gontipel O

Taceal ege cownts nrse shovn in Flgs 40. Fges weve present din
the faecer in smell numbovs on day 6, snd the concenbrabion wome
pieadily watil the rats wewa kRilled on doy 10. 4% this tiwe the
numher of eges in the fagees of the thymectomiged rot vas approximately
double that of the conbrol.

The pogh morion worm buvden of Bl was 378 (254) with a male

to fenple ratic of 1.44 1 19 o T the coutrol vat 01 the manbor
of worms recoversd at enbopsy wam 356 (28%) and the mox matio ves
ginilor bo thait of R1,

The resulte of the diffevential vhite cell count ore shown

in Table 1, The percentage of givculating lymphocyles ves lower









Figs 45

Medulle of o mesenterle lymph node fvom a neonstelly thysectonised
wt, Theve in & depletion of cells of the Llymphooyte meries together
with hyperplosin of the reticuloendethelinl clemonts.

Methacrylate section gitndned with heematoxylin and eosin.

‘-

{ mag s 300 x )

Plen, A6

Similew awven b0 thet showa in Fig. 45, fvrom g non~thymectomised xab,
ililusteeting the nomel appeavence of the veglon.

Vethooryiote section gitained with hacmatoxylin and ecosin,

( mag s 300 x )
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Jo the thymectomised ret then in the control. Hosinophil loucocylbos
wore prapent In & concentration of 79/rru112 in Rl end 256/5'91112 in Gk,
otmpepithelind globule leucooytes wvere pbaent fvom Rl and vresent
in & concentration of 4./rmn2 in C1.

The megenteric lymph node of the thymecotoniged wot Tl wos
depleted of small lympuooytes (Tlgs, 43%-48) end the nodules in the
cortex wera not surroymded by o pevivheral layer of these cells
(Fig. 43). Retioulosndothelinl hypsrplosis was apparent in the
madulla (Ii‘igfa. 45 pnd 47) axnd alpo in the splenic red pulp. The
white pulp of the spleen contained lveresped nwibers of degencvsting
cells and witotie figuresn (Fig.49). Russell body cells were not

located in the gpleen or lymph node of elther vt

ot 12 and control G2

Foecal ogg countp are plotied in 33’3.3. Al, Apext fzom o pomewhot
higher peal of egg production in the thyweotomlised enimal both pats
followed o simdlay poattern with the highest copcentration of oggs
on day 8 declining to near gero on dey 1%,

The worm. burden at pogt mowiem was 333 (229} in B2, compared
o 6 (0%) in the contirol C2. The worm sex watio of R2 was 2.38 & 19,

Blood smesrs were not obtedined from this palr of xats. The
concentratlon of eopinophil leucooytes in the Jejural mucose of
B2 vas 386/111{112 compared bo 3?5.“1./1111112 in 0P, Intraspithelinl globule

leucooytes at the same site wewe found in o concenbration of 155/m1n2









Tige 4

Higher megnificatioa of aren shown in Pig., 45. Yhe high proportion
of reticvloendothelinld elemonts is apparent.

Mothacrylote secblon stalued wivh basmoborylin and cosin.

( meg ¢ 1300 x )

Tig. 48

Higher megnification of area shown in Pig. 46, lymphooybes and plagma
cells ore more numerous thon in similor eoreas from thymectonised
rats (Bige. 47).

Methacrylate section misdined with haanatorylin and cosin,

{ mag ¢ 1300 x )
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in B2 end 406/mt in 02,
Tho pppesrance of the spleen and lynph nede of B2 wewve ainilor

$o thope of R,

Hot B3 and control (3%

- The ege count wone o g peak sxound doy 10 in the combrol

end to o congiderably higher level in the thymectomised rat on
doy 1i. Bne counbs dvopped 4o nenr gevo on doy 12 in the conrol,
but degpite = conpiderablco desline in wmbers in the thymectonisod
ret Yevels arcund 10000/g focces weve waiwbained webtil killing
on doy 50 (Fig. 42).

The pogt moxtem woxn cowats o the thynoctomised ot R woo
A58 29%) with 8 mex rotio of 0.98 1 19, A fotal of 39 womns (294)
were recovered from the control 3.

Differential white cell counbs are detadled in Table 11,
Theve wos & marked decline in the povcentage of cirowlatlng lymphocyies
in R% compared to (%. Fosinophil leucocytes were prewvent in o concentretion
of 210/m° in B3, ond 263/m° ia 03. Tn 1Y intracpithelinl globule
leveooyter were present in a concontration of 4/mm2 ap eommréti
t0 130/@112 in the control (%,

The appearance of the spleen and lymph node of the thymectomised

of ves ognin similer to that of Rl (Pige. 45-49).

DIGCUSSION









‘e 49

E
e

L

Yart of the gplenic %:-rhiie pulp of & neonatally thymectomised rat.
Groups of degenerating lyuphold cells coupled with increaped nuwbers
of mitotiec flgures are apporent.

Motbpevylate secbion stained with hoeomstoxylin end comine

( mag 3 1300 x )
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DISCUBSTON

The succers of neonatel thymectomny won recdily sghablished
by vefovence o mmn'te“ce:es vhich have bean demeribed by previous
authors, womely reduction in the percentoge of cdrculating lymphocytes,
and retvlcocvloendothelianl hyperplasie and depletion of small lyaphogytes
in lyopholid organs. Sveh findings confirvmed the negotive resulis
of a thorax search for thymic rmemnants, A further indiceition of
succeasful thymectomy was the ebsence of gpelf-curve v thymeotomlsad
eninale. Thiz vas appavent in R2 and B3 whose wown buvdens (224 and
29%) were in the same renge og the prelmmume vats RL end (3 (25%
ond. 2298) .

In viev of thiz finding the pattorn of faccal egy counts
ig not veadily expleined sivee although dxmmg the ogg=laying
period the concentration of egxe in the facces was iunverlebly higher
in the thymectomlsed wat than In the conirvol, the egg owbput of
such rate declined at the mene time asg or moon afber thet of the
control, This patteorn ig simllor to that cbsorvad by Kaseped ohd
Adtken (1966) in noonatelly iofected mﬁﬁa, but wvhether 1% i &
non-iummune phenomenon op is indicative of an lmmunc vesponge is
not knovm.

o significeant difference iun the globule levcooyte response
yas apperent between the thymectomised yvai Rl and the conbwol Cl.

Thig would be oxpected in view of the feact that these oniwals were
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tilled beforve the time at vhich gelfecure would nowmally ccout.
The fact thet seliwcure hog not taken place was confiymed by the

posl mortem worm counts, and the almogl total abuonce of globule

levoosyter from both vaty would be expected fxom the results

reported in Section ITL (2). The wather low coneemtmtlan of ecoginophdl
loucocyier in the jojunal Toming p:ccw.ia of ‘tho Lhymectoma sed xb
(79/mm2) ig not congidered to be o sigmificant finding.

In B2 and R3 4 both of whose non-thymeclhomiged 1itbor mabe
conirols had undergone self-cure, theve was marked imgodiement of the
globule leu.;:mcy‘ize regponge assoointed with the felluve of self~cure
to toke place. Bince in neither of these wate way thove any reducblon
1o the concehtration of eosinophil leuvcocyiterp in the *I;hymeotomisecl

padmaln, although these cells olde reprement o vosponse to N. brapil deaain.

it 1m coneluded et lmpaiyament of the globule leuwcooyle response
ig dirveotly walated to iwpaiyment of the lmmune respounse sgainad

We brapillengia resulting from neonpial thymeobomy.

Gince these concluslong sre dexdved fxom prelimivery wesulbts
they mugt be regorded ag tentotive. However the resulits provide

evidenos that the globule leucocoyte ig a cell of lymphorveticulaw

origin concerhed with the production of antibody sgaingt N. brapiliensis.
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CENTRAL DISCUSSION AND SUWMA;RY

Provious work on the globule leucooyte indicated the possibllity
thmt & relationship exdsted between the appearance of tvhin cell
and infection by nematodes, Teliaferro and Savles (1939) had noted
the ocourrence of globule lewcocytes in the epithelium of the small
intestine of vobs during infection with Nlppogtrongyius brasillensis,
vhile Sommervilie (1056) investisated the specifle gquegtion of
8 rvelotionshin by eﬁamining'abomaaa fron worm-free gheep and sheep
infocted with Optertagle clrcumeincta. Kirvkman (1947, 1949, 1950)

related Trichogomoiden crassicauda infecbions in the uwinary twacts

of mats to the appearsnce of ceriain inwraapitheliai granmule-contalning
cells which bore & cloge rosamblance o globule leucocytos,
The gestrointestinal draots of fouwr vorn-fvee and four sheep

Infeoted with Q. cirveuncinets weve ewmuined for iluntraepithelial

globule leucodyten. igh concentrationa weve found in the parapitised
shenp, od only very ninute nnmbeis in the worm~free wheap, indicating
Tt o reletionmhiy exigts botweon the presence of the nemotodes

and the cocurrence of globule leuéocytes. Sommerville (1956) had

baan wnable o demonstrate & precise site relationship between the

two foctoms, ond had coneluded that any relationghip betweesn the

wo must be regarded an tentative snd indirvect. In the present

cane, however, high concentrotions of globule levcocyies wore found

olmogt exelusively in the pontericr yert of the sbomasum and the
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Piret pegment of the smpll inbestine; thus there wag a reesonable
degree of site covvelation.

Hopving found that the hypothegis of a velationship bebween
globhnle leucooytos and __mmsii’.ic infection wag valid, this was
.ﬁeﬂted by attempting to produce globule leucocybes in response
$o nomnbode Infeotlon in previously worm-free mtocks, Rats were

experimentally Infocted vith the small intestine nowatode N. biogiliongis.

These oninmels vere killed ot diffevent stepes of the enmuing infection
and segoents from the sm‘é.ll j.nﬁ@mtiné gxanined for globule lencooyiesn
alongside an wninfected control group. Dempite thet the Ffourth slage
larvas ave present in the small Intestine from about two dagres altor
infection, globuie lemcocytéa appeared for the firet time between
days 10 and 12. Cencentrations of the cell were highest in the
anterior pmall intestine initislly, "bui; the response become mowe
seatterad lnter on. Thig gppeared to demonsivate conclugively that
certain nematodes produce o globule 1@110003’1;@ regponse, and ihat
it ip faivly closely weloted to the sctual site of the perssito,
Por the globule lewsooyte distribution mirwvored the disbtzibution
of the worms ot the varlous stages of the prlonry infectlon fairly
glogely. | | |

These ropulis were complicated by the presence of globule
levcocyten in the gamtric and large inﬁ@ﬁitiziai mucoss, not only

in infected bub alpo in uninfeoted conteol rats. This wes investignbed,

end infection by the lavge intesbine nematode Syphacis obvelatn ves
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found Go be endemis in the gvocks used. Howevewr, the occurrence of
globule loucooytes lu the ppebric mucoss hap not been satisfactorily
exploined.

An interesting feature of these vesults wves the apparend
relationshly which existed between the sppecroncs of globule leucocytea
and the immwme wesponse o N bresiliensis, vhich wesulis in the
expuladon of the adult worm population ot gelf-sure, commencing
aboud day 12 of o puimary infection, This wos invesbigated in o
prolininory wvey by reinfoctivg Live rabs on the twentieth day alber
the primpry dnfecblion, There woas an iucregse in the numbows of
globule levcooytes present dn the Jejumml eplithelivn, reaching the
higheat level on day 50, ss compered to vats whilch had only receldved
o slogle infectlon.

e rosults of thisg experiment dld nol demonsitvate that the
relationship betweon the globule iéucoc;y'i;e regponae and gelleonrs
vae dlvect., I fact, this redponse may have osouvered s & regulb

of any provious event in the developmeut of N. bipelliensie within

the homt. However, wats which have previously expevienced N. brasiliensin

Ry,

fafection 'br-;z::mmé imiunes ond the ability of the adult wvorms to
eaieblioh thenselves in the e;ﬁmill intestine is impaired, Thig resulis
in dntorfercnce with or ebolition of the egg-laying those end the
Tmnodiste onpet of self-ours. Tinlaz of prior events In the life
cyele is appovently wnaffected; consequently ﬂe‘be:mi.m,'bion of the

Giming of the globule lougoeyto yesponge in lmmwme yots would rovenl
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vhether or oot there ves o relatlonghlp to lthe onset of pelf-cure.

R_z;z_'bzg vere xonderved hyperiwmme o M. bresiliensis by ropeated
dnfactions with inereasing doges of larvoe, Six weelss weve allowed
4o elapge beltween the logt lwmmnlelig infeobion and the exporimentol
challevgze infection 0 ellow any globule Lleuvcoeyte Tesponro o subslide.

Tae experimgntal grouwp wors then lnfected with N. bresilieonsis

and killed at intervaly oven ihe next 30 doys. The eoncentration

of globwle leucooytes in the snterior Jejunum wag coupueed to 4wt
of mimilar hyperimmune uninfectod conbrols, Smell concenbrations

of globule leucosytes weve Howad lun Hhe cdn'brolﬁ; ond. these covvelpied
with the premence of wvery light wowm burdens, vhich rvepresented the

I

remnasss of the :hzmmming infootions. fn the ozperimental group

a mprked incrcase in globule leucocyles becswme dpparent by day G,
and rveached  peak on doy 10, he concentrotion then deol:imd Poixly
steadily ovew the next 20 dayg wrbil it penched the levels found

in the conlrol group.

Comporison of the globule 1@11@@0?&@' vegponse v primary infections
and. In hypecinmone robs showved that 1n the letter cape the wesponpe oteurred
about six da:ys eevliev. However, in both oomes the globule leucooyho

, responge solncifed clopely with the onged of the lLuwemmne response
in the mmall Intestine, X% wasg concluded thet & divech relotlonship
exirﬂ'ﬁm hatween ‘-i;he appeaxance of globule levcogyiber and vhe dumune
TOFPONHE y and sugseated thet the Iglo‘bule Jeucocyue may have some vole

to pley in the expulplon of the aduly wown population £rom the



intestine.

The demongtration of & reloticuship betwoen glo’buie levsooytes
and eeriain nemadodor increamed specwlation concerming the types
of stimuli capable of produging & globule leucotyle 1eoponroO.

A brief weview of the litorature on pothologicnl conditions of the
inteptine ndlcated that glebule lebcocytes wore not associnbed
with baoterial infeetion, Ib seemed likely, howeover, after repowta
by Pleros and co-workaws (1962, 1965) that globule lewcocytes vere
peegent in the integbtines of chickensn during cocaidint infections,
thet other types of poresite might also eiiciﬁ & globule leuccoyie
raésapoﬁge .

Wo expeorinentol worlk was woderieoken in this cconochlon, bub
sultable waterial vhich hecome avadlleble won exanined. Sections of

llver from o sheep suffering from acuve Famgiole bhopatico infectlon

were sxemined and found to sentoln lavge nudbers of globule levwcocybes,
They were sliuated in the bile duet epithelium and 1t oppoars reaponsble
to smggest thevefove that 'i;}ie:f ropresaited part of the cellular
responge to the partsite, The sanll inteptines of xpitp infectod

with the topevorm Hymenolends ndns were also examined and o heeyy

Jocplined concentrabtlon of globule levoesytos wags found at the norual
gpite of thig pemsile In the postexior paret of the ileum,in congeguence
it s -bezzi;a,"i.veiy sugeested that trematodes and cembodes, in a,ddit;i.on
o nem.i;sdeﬁ, axre copuble of oliciting a globule loucooyle response,

The common foetor in guch fofections wos not investigobted further,
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The origln, naburve and function of the globvle leucocytis
has been iInvestigated by & number of awbhors. Kent and co-woilkens
(1949, 1952, 1954, 1956) lmvd indicated that thig cell hen o lymphocytic
owigin and that intezrme&i&te gm,éﬁ:tions between ilynphocytes sad
globule leucocytes cgw be ob&%emed.. On the other hand, Kirkman
(1950) believed thet the colls oécuvring in the urinary trach epitheliwn
of vots during O, csmférs:lcau@, infeétion were closely velated to
Runsell body coells and plagsme cellg, . -

fince it is already well esntabliched that one type of Busgell
body cell originates from plasms cclls (Thiery, 1960), globule
loucooytes cmd Rusgell body cells were comprred monéphologica,lly‘
For thig purpose rats were given repented in'éea‘bions‘ of a vecoine
manufactured Af:mom Proteus valgards and adeinigtered intravenously,
vsing a mothodl adepted fzom Vhite (1954) and originally used Ho
produce Tustell body colls in the lymphold ovgons of wabbits. Fox
comparison, gldbule leucocylies weze produoeci in the wsmell intestines

of raty by infecting thom with N. brasilionsis. ALl stoges of Russell

hody ¢oll were present in the aplecuns and lymph nodes of waccinated

mats, and it voas apporvent thet these .celle srose from plegme colls.

Ab one phage of Russell body formpiion theme cellas appesred moryhologically
identicel to globule leucocytes, and it was coneluded that the two

types of alell could not be disbinguished at this siage using purely
morphological criteria.

Byen in the type of Mussoll body cell vhich resewbled the
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gﬁib‘bu:l.e leucosyte & conetont Alfference bhobweon the two wep noted,
Whon the two types of oell were obgevved in ploined sections wader
the phage contrast microgeope the Russell bodier repolved og light
waoloured bodles vhile the inclugions of globule loucooybes appesred
daiic, Whnile this diffavence might have been congidered slgailicant,
it vas noted during later studies on neonalal rats thet othowwine
typdesl globule levcocybton also had grenules vhich appesred lighd
~a0doured wder phose contrant. The gignificance of +this finding
is wot clear, bub 1t suggests that the previous diffevence obgeyvod
did not preclude o fairly close relationship betweon the two types
08 oell.

Toner (1965) published the Ffivad sccount of the uliragbiucitvre
of vhe globvle leucosyve. These cells vere locaited in the gasirointesblonl
tract of domeptic fouls and thelwr aetlology ves nol :Izwef;.‘t:{@ﬁ.‘i:c«ed.
The inclusions of these cells wewe found 4o be homogencous bodies,
vhile another nolable fesbure way the poordy developed rough endoplasmic
:acafi.cmlm, the latier guggesting to the avthor o Iymphooytic wather
then g plasns cell oxigin., Core (1966) hop recently xeyorited obpervetions
ons wouse globule levcocyies, with mrr:"u:l.cui&r empbasisg on the strmuoture
of the inclusions, many of which wore of & crygtelline nature,
In wbip case also the aniuwals bhad not been subjected to vy expervimental
proceduros, end the aetlology of The cells wer wiknowna

lobule 1@13.09@'&@3 in the swpll integblaes of wobe, produced

in vesponge to o obellonge infection with N, brosgilionsis, were
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exomined with the elestron wiovoscope. During the examination of
thicke (lp) sections it vas repeobedly observed that globule leuvcooyten
weve not regbtricted to an intraspitheliald location, Yhey veve also
vresent in the loming propeia and sulnnecoss snd were Teoequenbly
observed adjacent to the swall blood vepuels x%h:i‘eh nenetuebe the
musculerds exteomns from the suwounding meseubery. fhese obgervatlons
Indicace thot the source of mowyy 45 1ot all globule leuvcogyien
in owtgide the small lunitesbtine, and contradict the findings of
Hent (:€.949f, 1952) who weportad that globule leucooytes developed
from lympbocytes in the lanina propria, MW consegrence 1t is suggeated
That globwle 3.@#@005?‘3:@5 pre devived feom preciracrs in the nesentexry
o elgevhere aad actively mig 3&{‘.@ inbo the iatestine end Then oub
fabo L6¥s lunen.

Intwpopithelial globule lewoooytes were locvted almnost oxclusively
&b oyt level, end only a very oceasional gelld was noted in the
epdtholium covering villi. In view of the oot that investinsl
epithelinl celln move up tha eldes of the wiili from the crypt
vegion and are logt Jrom the ewirusion mone ot the tip of the willug
after two or three days (:i:;_cab:lox;&g 1365}} A% ._..'v;«;mld. 2PNeHT that the
Tine spent by the @.omz.a leucocyte withln the eplltheiivn is xvelatively
voptrioted, It algo :gamvide.é pddlsdlornd evidence thot these cells
do in fect migeabe out into the Iwnen of the lntestine

Under the electwon micvesgope the ghobule leveocyies sxamined

vere found bo oontaln threes otypes of inclusion. The fivat wvag honogensous
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and electron denge, the second type conteulned apporently crystalline
phrectores with sbeletions sinller bto thome described by Ceow {1966)5
while tho thivd type was Intermedinte bebveen Hhote 0. ’j“ham W
evidence thet thege inclusions wvere angociaied xr..a.bh the raﬁ.gh endoplenmio
reticulum, vhich in some cells vos wore exbensive then bhmb ohaeryed
by Yoner (1965) in fowl globvle leveooyies. While the 1}1':*@6#&@ nature
of the contents of the inclugions is wilnown Cpar {(1966) ‘:&ic‘i_:ltaﬁﬁxi:ad
that they mey be protein io mpture. This 01)}9&&% o be‘éo::.::;firmned.
by the wecent veport of Dobson ('1966) vho demensbreted by Amungiee
flnorescencs sechnigques that they contele globulin. Tiz@ ‘atruotuve
of the graoules and thelir epperent essociatlion with the falxly
extenmive novgh endoplemmic webiculun svggoests that @;ji,o}mla Aeuconyten
pre sinilaw to meltoplagmoeyies contadning Ruasell bodies. Pinceytotic
vesicles vers an alueat constant fea‘éwce of iviraeplithelinl globule
leuncocybten, snd it ls spsevieted thet these woy have b@(&}'ﬂ'5‘2‘2.;‘31300:@.&‘&9&
with the uptake of swbigen,. |

Degplie the morphological similaribtles existing bé'i:we 0 gltabule
Jeucocyten and Russell body cells, ‘!;1}@ naeure of these ohaervations
provivdes delinite conclusions ool:.lcze:en:ht@; g relebtionshinp, Blate
srophylexis bas beon demonstreted do be one factor luvolded in

the lnmune regponse of ravs, agelngt N, bregillenats (Mulligon et 8l

1965 @ Uequbert gb ale, 1965 & Bavth gb pl., 1966) &% became necespozy
4o clerify the wole of the globule leucceybe with wefevence to

avpphyloxig. AL the celluvlar level this problem wesolves imbo the




q_;:.c—;ssi:ion of & yosﬁ,i_‘bla relatlionghiy betwecn the globvle leucooyio
end the mast cell. This guestlon regulred invesbigntlon because
Totiaforvo ond Sprles (1939) veported the promence of atyplenl
mest cellts {comnecstive tisoue bawophils) in the lemina proprie
Draalill

of the small lntesbine dwsing N. anais dnfection, while

Welle (1962) noted o mowked inecresse in the concemtzabion of moetd
colls voder the same oonditlons,

The Jejunal mucoge of normal and N. boeiliensip-infectoed

e were exenined for the 1)3:@5@31&@ of mept celly, avypiocal wasd
cells and globule lewcoeyites wilth the we of suiinble r’hainmg |
sachnigques. Mast colle, including etypleal foims, were not found
in eny of the sections ozpmined, while globule lewncooyies were
prosent in pecbions from infacted rubtu. It hacome appervent whovt
thoste obmemvnbions vore eonbmdlotory to those of the previons
puthors eited , but that thip contradietion wes nesolved 1€ it
von assumed that o gingle coll type won belng rofevred to.

The dogeibllivy thotb globﬁlé leucooy e, “although appoveobly
morphologicolly distinet fwvom mesd celis, possgossed s:lmi‘l:_sm funeviong

vowained to be debormived. Anaphyloxis wos Iuduvced in the gmall

intestines of Jmmune vats lnfected with [, hwsililonsia by the
intravenous injectlon of an anbdigen preopared fron vhole adult worms.

The Intestines exhlbited macvopcoplo slgng of ausphyloxis bubh no
degroavlntion of globule Jewncoeyben ocourred, alibongh push o weacblon

woald nommelly have been expacbed of most cells undor tho some

L4
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conditions (Selye, 1965), Hoveyer, uader certain clwoumetance:s
aﬁmgﬁbymxirs ey coour withowb mmat ooll degrenulation {(lbme, 1966),
g0 that o hiptochomiced study of the gldbvle lsucogybe gromnle,

uging gebewbmmoous most oellds from the some andunl og conbrols,

wes widertcken for the purgose of &emané:'i:m't:?,ng whether ox not these
grsawleon contained hoporin, S«H0 ond histamine. The results clenyely
demonstrated the sbuence of haparin end 5810 from globule lewcooyte granules
wod thewe vas some evidence thet himtomine wee also abpent, On

the besle of these collegted rmesuldta 1t is conciunded thet +the globule
lovcoeybe in Duwactlonally vwavelefded to the mogt cell and playe

no et in amphyliochic veactions during Tthe lnnune pegponse o

Mo Drapilienada,

The zesults vopovied above, togethew with the fioadiongs of
othar suthors, notobly Jobgon (1966), px-'mnl;ﬂ.ed o gtrong basip
for pbbenpiing Yo determine the wole of the globule levcooyte in
the dmaune vesponse to N, brogllleosds with gexticulor roference
to the machealmm of jp:x:'odue'b:i.oﬁ and treagpoet of callebound antibedy.
The poapibility of wivng dmmwpolluoresconcs beomlgues for this stady
did notb eppenye to be dwmedistely veagticable heosuse of vospible
difficulty in obtaiaing rosponpes of the weguived degres of apacifleliby
gepinat the prohably couplexr antigenle stimuli dervived Lrom nenshoden,
Joxeott ob al.(1966) end Kassal ond Altkon (1966) bad dononsiveted
thet infectlon of waitr uwndew fouwr o six weoks of age with N, brasilionsds

wos tolorated indefinitoly, with the conseguent aboliblon of self~cure
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in such endrals. Secnatel rzats infecied with N brasiliensis were
thervefore axomined. In order 4o differenblete beltween & globule
levcogyte vegponse oconrring at £ particular age as opposed %o &

perciculer phase of N. buasiliensis iInfection three groups of rxats

vere infeoted at five dey intervals ond coeppred to wninfected

controls, A small globule levcosyte regponse occurred in oll infected

wabs wivhin 30 deys of infection, despibte the faet that post morionm
worm counts had indicaded thet selifweure did ﬁot take place. [t vag
nob possible to devise & sulbtable conbdrol group i.e. nonwbolevant
yotha of the some pgoe and welghi, so that 16 conld not he piated
with abgolube carbainty That immun@.unreaponéiveneas reaulited in
marked lmpairmont of the globule leucooyle response. Howover, the
globule ieueéoyte regponsy wag very mach lesy thon that previcugly
obaerved in odult rats during selfwcuve,

Contrary. Ho previous”fimdingﬂ, gmell wbern of globule levcooyien
were & comatant fenture in winfected neonntal wats, This war nod
inventigated forther, but it g tentetively suggested thet they
repregent o lov grade wepponge to proteins conteined in the colowibrum
preﬂént dun the smoll ifuntestine ev this tims. As previously noted,
these cells resenmblod cewdain typos of Ruapell hody cell rather
moxe ologely than the globule leucoosytes norxmally observed in adult
rats.

Review of the llterature on thymeatomy indicetbed thet this

operabion, when perfommed immedistoly aftor birvh, results in detectable
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Chrmanologicel fwmpalwnent. Ja view of the failuvre Lo demonstrate
conalunively that vhere was lmpaimnent of the globule leusocybe
responge in neovatal mails tolexent bto M, brosiliensls wete weve
neonatally Thynaetonined, in the hope of diminishing the lmvame

wepponse o N, brasiliensls in the adulig to much an exbent thatb

gali-cure Ic’iid not take place, Due to the very low swinwivael rete
In neonatally i;hg;meao*imm:iéed rohe end algo o 'bl:;e foct thet maay
puch yols vore subseguently found o contain thywnic rements the
vepudts of this juveshigetlon axe prel;imjma.ry in natura. |

Bats werso thymectomibed at birth end alloved to meture beyond
four weeks of age, after vhich time voral rate become immpnologiceally

competeont tovards N, bregiliensis (Javvetd @b ples 1966 3 Kopsoi

and Adtlken, 1966). They weré then infected with N, brosilienais

and killed at differant gtages of .;f.iﬁ;’eci;ion. Toch neonatally thymecbomised
vat vos conperaed to & nonwbhymectomized comtrol ret from the same
ilttor, Successlful thymectomy was confirmed ab subopsy byvemmination
of serinl thovax seoctlong, aud the occurrence of lowered lymvhooyte
pervcantages in differentiel blood white cell counds,; and by swail
Iymphocytopoonin in the spleen and mescuterdio lymph nodes.

fagcel egp counts did not show m’m;mml:@d ol teraiion oxocept
that there appeared to be e slight increame in the quentity end
duvatlon of egg outpul in thymecbomised wvats, Pogl mobbem vrowm
eounta, however, olearly ladicated thnt seli«ours hed not tolken

place in thymecstonised rats, although gonteol ate adheved to the
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nowel vatlern, Bxowmingtlon of seotions of JeJunwm showad that
although eosluophll lewcocytes weve peesent in ogual concentratlons
in Yhymectomized and control matm, the nuiubm? off globule leucocytes
way morkedly weduced in thymectomised sniwols,. These reoulds ave
interprated to indicote et olobule lewcocyies are dexived fion

celio of the lymphovebicvlen pewien and that thoy vre ddvectly

agnociated with the imumume respousa bo N, brosilienais,

Tho erperimentod ohs@mﬁieﬁs reporved in this thesls advence
kuowledge of the globule levcooyte in a number of directlons, It
ray now be avated that 1;11@ globule leusceyie 1y mfsgaciate& wiith
nennbode ond probably other types of parmplvic lafeetion. ¥ swch
Cinfogtiona the globule leveocyte is wolated 4o the ilumune repnovgc,
almogt ceptainly in conmnection with antibody wanufocture and fransport.
The eoll hos o Iymphovebiculor orlgin ond id probably develops from
o Plasue egiﬁ. or from o leose differventiated oell of the sewe pevlen,
Ty o process identieal or similer bo Uwh vhich Hussell body forxmation
opcuiay The Location of it progevnlions is wlmown, but wndifferenticoted
cells in the oQlacent nesenbery mugt bo congldersd as & Likely |
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